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ABSTRACT

The cotton plant in Nigeria is subject to the depredations
of numerous insect pests which have limited its potential yield.
In the Mid-Vest State, efforts to control these pests have

concentrated on the use of conventional sprays.

With the awareness. of the hazards posed by the use of
organochlorine compounds and the high mammalian toxicity of some
organophosphates, there is need to review chemical control of
insect pests to increase crop yiéld. The present study aimed
at designing suitable approaches to integrated control of cotton
pests on small-scale farms in Mid-Western State of Nigeria, by
limiting the use of chemicals and enhancing the effect of
natural enemies. The effects of mixed cropping systems was
investigated. The major pests of cotton and some of their
natural enemies were identified in different areas of the

Mid-West State.

A comparison of some available insecticides against
pests of cotton was made in the field in the hope that those
with selective action properties could be identifieq for
detailed studies, using a conventional spraying method with
the aid of the knapsack sprayer. Spraying of insecticides
began nine weeks after plant emergence in most of the trials.
In the final conventional spray trial, different rates of
the wettable powder formulation of the most promising
insecticide, endosulfan, were compared, and carbaryl was
applied as a selective killer of the natural enemies. Numbers
of the major cotton pests and their natural enemies were
estimated by sampling from randomly selected plants from

September to December. Damage caused by pink and spiny



bollworms was assessed. The efficiency of the various
insecticides tested were evaluated from the counts of insect
numbers, damage caused and the yields of seed cotton per

each treatment.

An ultra-low volume (ULV) spraying technique was
investigated using a suitable hand-carried sprayer for small
farmers which minimizes the burden of water transportation
to cotton fields. The highest rate of 0.75 kg a.i/ha ULV
endosulfan applied was as effective as the conventional
carbaryl sprays in reducing cotton pests and increasing
yield of seed cotton/ha. It also exhibited selectivity in
favour of the aphid predators (1974-75 season).

Mixed cropping systems were studied by intercropping
cotton with food crops. Numbers of insect pests, their
natural enemies and yields of crops were recorded in cotton

and associated food crops.
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SECTION T

GENERAL INTRODUCTION

1. BACKGROUND TO THIS STUDY

Cotton has been grown in Nigeria particularly the
Northern States for many years and was an important export
crop. With fhe development of local textile industries,
production by sméll scale farmers has become insufficient
and Nigeria is now an importer of cotton lint. Government
policy is to encourage production in Nigeria, including
the Mid-Western State where production is limited to the
Northern areas 60-90 miles north of Benin City, the State's

capital.

The Tederal Republic of Nigeria has twelve States of
which, the lMid-Yestern State is situated between latitudes

6° and 9° Worth and longitudes %% and 6° East.

According to the 1963 census, the population was 27
million people, 80 percent of which depend on agriculture

for theilr means of livelihood.

A feasibility study of cotton production in Mid-
Western State by Dennison (1966), for the Food and
Agricultural Organization (FiO) concluded that insect
pests were a major factor resﬁonsible for low cotton
vields. He recommended that research should concentrate

on controlling these pests.

Cotton supports a wide range of insect species

(Hargreaves, 1948) in all areas of the world where the
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crop is grown; but high yields can be obtained if the pests

are controlled.

As Principal Research Officer (Entomologist) Ministry of
Agriculture and Natural Resources, Mid-Western State, the
author decided to study the insect pests of cotton, their
natural enemies and the possibilities of integrating different
methods of pest control which is the most sensible approach to

cotton pest control (Falcon and Smith, 1973).

Little work on cotton in Western State of Nigeria (then
Centre for Cotton Research Development in Southern Nigeria) was
done until Golding, Lean and Laycock (1927) studied growing
of G. hirsutum and of Ishan cotton which is a variety of

Gossypium barbardense. The latter originated in Ishan in

the Mid-Western State and was subsequently cultivated in
Southern Nigeria. Pomeroy (1925) working on cotton pests

discovered that the duration of the pupal period of Diparopsis

castanea in Nigeria is very variable at the end of the cotton
season, some pupae remaining dormant in the soil for as long

as 300 days or more.

As early as 1927, Golding described the infestation by
cotton plants in Nigeria by numerous insect pests. Golding
et al (1921) eonducted a series of experiments at Moor
Plantation, Ibadan, in Western State of Nigeria, and showed
that in Southern Nigeria, the variety Allen cotton (G. hirsutum)

compared very unfavourably with the local G. barbardense.

Allen cotton was more
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susceptible in all stages of development to insect attack,
especially Dysdercus species. Golding (1928) studying the
bionomics of cotton stainers in Nigeria, recorded seven

specles of Dysdercus but only D. superstitiosus, D.

fasciatus, and D. melanodenes can be considered as major

pests of cotton. Of these three, D. superstitiosus is

certainly the most-important on account of its abundance
and ubiquity; the other two species were localised in
their seasonal distribution and irregular in their

occurrence upon the cotton crop.

k4

In order to improve cotton production, entomclogists
in Nigeria have concentrated efforts at controlling these
numerous pests by the use of chemical insecticides and to
a lesser degree by the use of cultural methods. Some of
the cultural methods investigated were the utilization of
time of planting to avoid infestation at a critical period
(Hayward, 1967) and the replacement of the exotic cotton
in the Southern Nigeria by an improved indigenous strain
bred by Lewin (1927). Although these chemical and
cultural methods were promising, they were not readily and
fully adopted by the native farmers, because of the
constraints they imposed on farmers viz:~ the hazards of
spraying dangerous chemicals, the costs (even though
subsidized) of buying chemicals and the labour involved in

spraying these chemicals in large volumes of water.

During the trade recession in 1932, Ishan cotton
production in.Southern Wigeria suffered a great set back.

Its lint was found to be very rough and this made spinning
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a very difficult operation. Neither selection, nor
cross breeding with a smooth linted variety (Montserrat
Sea Island) effected reduction in this roughness.
Consequently interest in cotton growing in Nigeria moved
to the North' where a variety of G. hirsutum had proved

superior to G. barbardense, and there prospects for a

large export crop seemed better and was more promising.
However, when cotton development was again revived in
Southern Nigeria, G. hirsutum variety Allen 26J was intro-
duced from Northern Nigeria. Hayward and Lee who worked
under the Empire Cotton Growing Corporation in the North,
were posted through the Department of Technical Co-operation
to take charge of cotton research development in Southern
Nigeria. .Hayward (1966) sited demonstration plots in the
Mid-Western State to study yield effects from fertilizer
application. The first study on pests is that reported

here by the writer.
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2. CLINMATE, VEGETATION AND CROPS OF THE MID-WESTERN STATE

During the rainy season from March to QOctober, warm
moist air blows in from the Atlantic. The Harmattan
brings the dry dust-laden winds from the north during
November to early March. Annual rainfall in the State
increases from 102 cm in the north to more than 254 cm in
the south coastai area. JIn the cobtton-growing areas 127
cm to 152 cm is usual with a brezk at the end of July oxr
early August. The skies are often overcast and the
diurnal fluctuation in temperature (Lee, 1966) commonly
does not exceed about 9.4°C. Monthly mean maximum and
minimum temperatures remain mostly within the range of 16
to 5200 throughout the year. The monthly mean maximum and
minimum temperatures at Irrua Research Station (one of the
sites used in this study) are shown in‘Figure 1 3 tThe
mean monthly rainfall for 1952-1974 including the period

covered by this study is given in Figure 1.

The vegetation of the Mid-YWestern State of Nigeria
reflects thelclimate and is mainly tropical lowland dry
forest between a coastal strip of wet forsst swamps and
Guinea Savannsh zone. The cotton-growing areas are
predominantly derived savannah, a humid climate with a
well defined three months dry seascn. The crop ecological
zones of the State (Fig. 2) illustrate this well. In
addition to cotton, farmers in the cotton-growing areas
also cultivate yam, cassava, cowpeas, groundnuts, upland
rice, tomato, pepper, maize and sorghum. In general,
these crops are often interplanted, except in the Govern-
ment projects where crops are planted in succession (e.ge

early maize followed by cotton ebc.).
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3, MAJOR COTTON PESTS IN THE MID-WESTERN NIGERIA

The main cotton pests in the Mid-Western State of

Nigeria are spiny bollworm (Earias biplaga, Wlk. Noctuidae),

pink bollworm (Pectinophora gossypiella, Saund. Gelachidae),

cotton stainers (Dysdercus superstitiosus, (F) Pyrrhocoridae),

aphids (Aphis gossypii Glov. Aphidae) and flea beetles

(Podagrica spp.). Where tomato is interplanted with cotton,

the ‘'American' bollworm (Heliothis armigera, Hb. Noctuidae)

appears as a pest. Although these pests are important in 1
liniting yields of cotton in Mid-Western Nigeria, the relative
importance of the individual species varies between seasons

and localities.

E. biplaga and H. armigera are present in large numbers
in some areas and almost entirely absent from others.
Pomeroy (1925), Golding et al (1927) and Hayward (1967)
recorded variations in infestations which may be due to the
presence or absence of alternative host plants. In the
1974-75 season, for example, H. armigera was rare in sole

cropped cotton while E. biplaga and P. gossypiella occurred

quite commonly (Table 1); E. biplaga was abundant throughout
the cotton growing season reaching a 'Peak' of 72.4% of the
total moths collected from a light trap of Ilele (Site I) .

16-17 weeks after germination of the cotton crop.

The biology of the major pests of cotton, their natural
enemies and other host plants have been summarised by

Pearson (1958) and Liby (1968).



PERCENTAGE OI' BCLLWORIM LICHT-TRAP CATCHES AT TLELE RESEARCH STATION, MID-WIS

MERN

PENATRR TN §

WIGERTA
MONTHS SEFTEMBER OCTOBER NOVEMSER

I PERCENTAGE AND PERCENTAGE 4ND PERCENTAGE AND

BOLLHORI NUMBER CAUGHT

NUTBER CAUGHT

HUMBER CAUGHT

EDARTAS BIPLAGA

PECTINOPHORA GOSSYPTIELLA

104 71.0%

79 29.1%

570 72.0%

143 28.1%

152 72 1%

58 28.6%
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4. FPEST INFESTATION IN REILATION TO COTTON CROP DEVELOPMENT

IN MID-WESTERN STATE OF NIGERTIA

High yields are obtained from cotton sown in July
(Lee, 19663 Hayward, 1966); although most farmers sow
their cotton later. Cotton sown after July has a shorter

growing period before the end of the rains in October.

Cotton sown early in July begins to flower about nine to
ten weeks later in September, and flowering reaches its peak
in October. Some flowers may still be produced in December
and early January. Flowers formed after the end of the rains
seldom develop to mature bolls, as the majority shed within
10 days (Pearson, 1958). The peak number of green bolls is
by the end of October and the earliest bolls begin to split
open during November. Picking starts at this time and is
ended by January. For convenience, pest infestation of cotton
from the time of germination to harvest can be classified

into Pre-flowering and Flowering stages:-

Pre~-flowering Stage

The only insects that cause a serious problem are
flea beetles (Podagrica spp.) which can destroy the entire
crop at the seedling stage as observed in one of the experi-

mental plots planted close to a source, - kenaf.

Adult flea beetles eat numerous small holes on

leaves so delaying plant development.

A single early spray application with carbaryl has

suppressed this initial pest attack.
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Infestation of 4. gossypii Glov. occur regularly

and can build up to large populations throughout the season.

G
T -

Larly E. biplasa tip boring rarely seems to be important.

Flowering Stace

Populations of the major pests (bollworms and
cotton stainers) begin to build up from September with the
onset of flowering. The populations increase to give a peak

in November. The few D. superstitiosus found on crops in

Mid~October cause shedding of buds and young bolls. Apart

from P. gossypiella, no diapause has been demonstrated for

E. biplaga and H. zrmigera in the lMid-Western State; hence
infestation by the latter two pests, no doubt originates
always from alternate host crops. Populations of these boll-
wornms reach a ‘Peak' between October and November, thus
coineciding with a critical period of the crop development

when 'Peak! boll formation occurs.

Figure 3 represents the development of the cotton

crop with time eand the major occurrence of the pests.



FIG. 3 DIAGRAMATIC REPRCSEINTATION OF THE DEVELCPMENT OF
COTTON CROP WITH TIME AMD OCCURENCE OF THE
MAJOR IMSECT PESTS IN MID-WESTERN STATE OF

NIGERIA
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5. COTTON PEST CONTROL WITH SPECIAIL REFERENCE TO NIGERTIA

(i) General pest problems and conventional spray approach

In early years most of the cotton pest control
measures investigated were mainly biological. For example
Lewin (1927) working at Moor Plantation, Ibadan, bred
cotton for growing.in the Southern Provinqes of Nigeriaj
with the objective of conferring resistance to the pest
complex. Since thén many trials have examined the effect—i

iveness of various chemicals in controlling cotton pests.

Geering and Baillie (1954): working at Samaru in
Northern Nigeria, established the annual cycle of activity
and found that egg and larval population of red bollwornm
reached a peak in October or November. Geering (1951),
Baillie and Geering (1952) and Baillie (1953) sprayed and
dusted cotton crops with DDT against the red bollworn
between October and November. Yields obtained were low,
between 400-500 kg seed cotton per hectare. Although the
ylelds were low, the small increases above the peasant
farmers level of production, were a-result of the chemical
sprays applied. The uneconomic yield obtained was
attributed to poor soil conditions and the fact that no

fertilizers were applied.

Isobenzan, carbaryl, monocrotophos, dicrotophos, DDT
plus BHC, fenitrothion, dimethioate plus DIT were effective
against bollworm complex and Dysdercus (Choyce and ILyon,

1955; Hayward, 1967; Fadare, 1974), but carbaryl was

considered the best in terms of effectiveness and safety.
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It was commercially available, and even when marketed as a
wettable powder with 85% active ingredient it can be used
with little supervision. A major disadvantage of carbaryl
is that mite infestations are induced. Also it would be
easily washed off by rains unless it is deposited on the
underside of the leaves (Matthews, 1966; Hayward, 1967).
Therefore additidnal sprays might be required during the

rainy season, and this would increase the cost.

(ii) Chemical control by ultra-low volume approach

The trials described above used conventional methods
of spraying. ZRecently, a newcapplication technique has
béen introduced, namely, the ULV (Ultra-Low Volume) spray,
which has been defined (4Lnon, 1971) as the minimum amount
of liquid per unit area compatible with economic require-

ments of achieving control.

Joyce (1955) applied about &4 litres DDT concentrate

per hectare to control cotton jassid, Empoasca lybica

(De Berg) in the Sudan Gezira. Messenger (1964) controlled

Apnthonomus grandis with undiluted ULV malathion. Vene

and Sheets (1965) who compared undiluted malathion with .
an aqueous emulsion aerially sprayed at a dosage rate of
1.4 kg insecticide per hectare, confirmed that effective
control of cotton pests except for bollworms would be
possible. Other cotton pests that have been successfully
controlled by malathion sprayed as the undiluted chemical

are the carmine spider mites (Tetranychus telarius) and

Aphis gossypii Hopkins et al, (1967).
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Control of cotton pests with ULV application of DDT
has been studied in East Africa (Sayer, 1967; Johnstone,
1970; Parish and Robertson, 1967). DDT combined with

malathion and toxaphene were also effective.

In Malawi, Matthews (1973) sprayed ULV formulations
of carbaryl and DDT and obtained best control of bollworms,

Diparopsis castenea (Hmp) and Heliothis armigera (Hbn)

with 10% sprays at 5 1/ha. ILindley (1969) has used ULV

to control a gréat number of pests on citrus, date palm, '
wheat and cotton. Although this new approach to chemical
control of cotton pests has ngt been widely used in Nigeria,
the first attempt was made at Samaru and Kadawa in

Northern Nigeria by Beeden (1974) and by Usenbo (19749 in

Mid-Western State of Nigeria.

Usenbo obtained control of A. gossypii and D. super-
stitiosus by spraying a ULV formulation of 25% endosulfan

on cotton crope.

Unlike in the U.S.A. and Sudan where cotton is grown
on a large scale, and pesticide usage and pesticide
problems are widespread; in Nigeria, cotton production is
on a small scale by peasant farmers who have so far used
few pesticides. In order to avold the future risk of
harmful side effects from intensive use of chemicals, an
integrated control approach is urgently needed in Nigeria.

This aspect of pest control is reviewed below.
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6. THE INTEGRATED CONTROL APPROACH IN RELATION TO INSECT

PEST CONTROL ON COTTOM

Many problems have arisen as a result of the intensive

use of chemical pesticides to control insect pests.
There is the well-documented phenomenon of insect resist-

ance with over 228 insect species in the world reported as

resistant to chemical pesticides. Several pests of cotton

including bollworms and leafworms are involved. A clear
African example is the red spider mite in Rhodesia which ;
developed resistance to dimethioate and related organo-
phosphate chemicals (Duncombe, 1973). Pesticides applied
to other target species usually eliminate the natural
enemies, and thereby allowing unrestrained increase of the
mites (Huffaker, Van de Vrie and MclMurtry, 1969).
Georghion (1972) reported that the heavy use of pesticides
for cotton pest control in Central America has led to
selection of resistance and cross resistance by a malaria-

transmitting mosquito, Anopheles albimanus which inhabits

many kinds of vegetation including cotton.

Another example of pesticide induced resistance is
found in the cotton production work at the Canete Valley.
Resistance of many important cotton damaging insects to -
insecticides in the Canete Valley was discussed by
Barducci (1972). A. gossypii proved resistant to BHC,

Anomis texana to toxaphene and Heliothis virescence to

DDT and mixtures of DDT and BHC.



28

Ta MidAWesfern Nigeria, the areas that are grown to
cotton lie in the guinea savannah (Mid-West Ecological map
Figure 2) region where alternative host crops grow to
pfovide shelter and food to cotton pests and their natural
enemies. On the contrary, in the Canete Valley cotton is
cultivated in irrigated arid land. There are few aiterb
native host plants; thus intensive use of chemicals has
induced heavy selection pressure on the pesfs. Pegts like
the leaf roller which web themselves within the leaves
required more sprays to develop resistance. Similarly,
the major leafworms that feed on the-leaves were among

other insects to develop resistance in the wvalley.

In Mid-West State, the "closed season" is observed
for cotton from February 11th to July of every growing
season, This is provided to stop a carry over of P.

gossypiella and other insect pests from the previous

season. Although similar regulations were enacted in
Peru (e.g. the ban on ratooning) this was broken due to
the lower cost of ratoon cultivation in comparison with

new cotton plantings.

A list of undesirable effects caused by indiscriminate
use of chemical pesticides have been given by Smith and
Falcon (1973) and these include among others, the flareback
or resurgence of the target pests following application of
pesticides, the release of non-target species by the
destruction of natural enenies which otherwise hold their
population in check; the problems of environmental

disruption outside the pesticide treated area, human health
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hazard and hazards due to the presence of chemical pest-
icide residues on food crops and the problems of the

accumnulation of harmful pesticide residues in wild life

species.

The integrated control approach aims to minimise the

ills caused by such use of chemical pesticides.

"Integrated control is a pest management system that
in the context of the associated environment and pop-
ulation dynamics of the pest species, utilizes all suitable
techniques and methods in as compatible a manner as
possible and maintains the pest vpopulation at levels balow
those causing economic injury" (Doutt and Smith, 1971).
Smith et al (1967) states that this system achieves this
ideal by harmonizing techniques in an organized way, by
making techniques compatible and blending them into a multi-
faceted, flexible, evolving system. ZFEach control has a

potential role to play in harmony with others.

An evolving example of integrated control of cotton
pests is illustrated by the Nicaraguan integrated pest

control progremme for cotton.

The objectives of this programme were: to reduce the
excessive use of insecticides and minimize associated
undesirable effects especially those causing insect
resistance and pesticide residue problems; to lower cotton

production costs; and to increase cotton production.



Promising achievements are being made through this
programme and thus cotton industry was once again

revitalized in Nicaragua (Falcon and Smith, 1973).

In East and Central Africa a foundation for integrated
control was laid in 1920's with host cottons resistant to
jassid and also a closed season, established in the 19%0°'s.
Superimposed on this, scoubing procedures (Matthews and
Tunstall, 1968) were developed to minimize the use of
pesticides. Thus a basis for integrated control concepts

"were formed (Matthews, 1968).

Insecticides will continue to be used by small-scale
farmers in Mid-Western Nigeria snd in Africa as a whole,
as a cheap and reliable means of checking pest damage.
Fortunately, there is the prospect in most countries in
Africa of developing and implementing integrated methods,
involving the rational use of insecticides before the
onset of severe besticide—induced problems as witnessed
in Nicaragua and Canete Valley, although even in these

cases, 1t was reported that the locally harmful effects

of indiscriminate insecticide use are not irreversible.
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7. OBJECTIVES OF THE STUDY

The major objectives were to determine whether a
greater understanding of pest ecology would indicate
whether improvement could be made by limiting the use of
selective insecticides and by developing alternative crop
systems which could be used to increase cotton yield

economically whilst also decreasing pest damage.

Although it is recognised that insecticides play an
essential role in crop protection, theif use in agro-
ecosystem has led to drastic reduction of natural enemies
in these systems. As already mentioned some of the
undesirable effects of the use of pesticides have been
demonstrated (e.g. Smith et_al, 1973; Reed, 1965; Matthews
and Tunstall, 1968); There is every reason, therefore to
believe that similar ecological disruption and pest out-
break due to heavy use of insecticides might occur with

time in the Mid-Western State of Nigeria.

Hence in developing this study, the author has as one
of his objectives, the limited use of chemical pesticides
for the control of the major insect pests of cotton (e.g.

Earias and Dysdercus) such that pest infestations e.g. of

aphids are not made worse.

A second objective of this study was to evaluate
certain mixed cropping systems. Mixed cropping has been
used successfully under indigenous technology to increase
crop production in Northern Nigeria by Norman (1971).

Reports from IRRI (1973) in crop combination and insect




interactions, showed that the traditional intercropping
(nixed croppinse system)'of reanuts with corn decreased
corn borer infestation. Way (1073) has stated that in
fisia ond Lfrica, the bollworm H. armicera a major pest of
cotton, caused insignificaent damags to cobtton in the Sudan
Gezira until the mid-1960's. Since then, ho#ever, this
Pest has increased its damaging activities as a result of
a change in cropping practices to include ground-nuts,

The inclusion of ground-nuts in the cropping system
coincided with a decrease in the cropping of Dolichos,

which is known to act as a "diversionary’ host plant.

In part of Tanzenia and elsewhere, it was reported
Smith (197%) that intercropping of maize with cotton
apparently increases Hellothis danage to cotton, whereas

-

in Peru the szome kind of dive reporved to be an
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aid in management of Heliothis. However, the reason for
this is not knovm; it mey be ascribed to differences in

the cotton variety grown znd could also be due to differ—~
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ences in the species making up the Heliothis
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example, . 7zea may prefer maize, whereas Hellolthis
arnlgera oviposits on wherever crop is flowering at the
time, that is, a generstion may breed up on maize and

later transfer to the cotton crop.

Hence there is the need to understand why incidence

is increased or decreased in a mixed cropping system.

Some guidelines to the understanding of this phen-

omenon are well outlined by Way (1973), and these include,
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for example; pﬂssible enhancement due to natural enemy
action, presence of diversionary hosts, camouflaging
effects of other plants, lack of contact between plants of
the same species so decreasing the success in plant-to-
plant colonization; lack of coincidence of pests with the
at-risk stage of the crop or conditions detrimental to
dormant season survival. A full grip of the knowledge of

these attributes of the mixed cropping system would lead

to the third objective, that is, further understanding of

cotton pest ecology so that better control measures can be

devised for the pest complexes in an integrated control

prograume.

Thus the ultimate realisation of these objectives

would make increased cotton producticn more likely.
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S=CTION IT

CIEHMICAL CONTROL BY CONVENTIONAL SPRAYING

1. INTRODUCTICH

Ls a first approach in the development of an integrated
control programmne against cotton pests in the Mid-Western

State of Wigeria, a comparison of some available insect-—
icides against the insect pest complex was made in the
field so that those with properbties such as selective
action (i.e. reduced kill of natural enemies) could be
chosen for more detalled studies. 5Such detailed studies
would include an examinabtion of dosage rates, timing and
number of insecticide applications which hopefully would
optimise the selective action needed for a successful

integrated control programme.

In the second season (1972-73), the dominant boll-
worns causing yield decreases were identified and the

demage they cause assessed.

Finally, in the 1973-74 season, a study of a range ol
dosages of the readily available endosulfan wettable

powder formulation was undertaken; to compare 1ts possible

selective e¢ffects in terms of net
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which are predacious on aphids and other cotton pests.

There was evidence from the earlier work (1971-72
season) that endosulfan may be selactive especially at low
doses (e.g. kills aphids but not predators). The problem

was therefore to assess how much control of pests was
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exerted by the natural enemies spared by the low doses of.

endosulian and whether or not lowering the dosage had

ot

ndesirable repercussions in control of the total pest

complex on cotton.



36

2. DNATERTATS AITD METHODS

The insecticides used in the first and second trials
(1971-73 seasons) were endosulfan, monocrotophos ‘*and
carbaryl belonging to the different chemical groups namely;
organochlorine, organophosphate and carbamate. Their
choice was based on reasons explained in the introductory

passage (Section II). Two formulations each of endosulfan

and carbaryl were used.

The treatments and rates of application were based on
recommendations of Choyce et al (1963) and Hayward (1967) for
control of cotton pests in Northern and Western States of
Migeria., Different rates were used in order to obtain
possible selectivity in favour of the natural enemies,
thus:~

i) Indosulfan 5% granules at 2.8 kg a.i/ha

ii)  Endosulfan 35 E.C. at 0.39 kg a.i/ha
iii) Carbaryl 85 W.P. at 0.95 kg a.i/ha
iv)  Carbaryl 20 E.C. at 0.22 kg a.i/ha

) Monocrotophos 60 W/V  at 0.39 kg a.i/ha

vi) Untreated control

The insecticides were made up in water and sprayed at

224 litres per hectare.

At the time the emulsifiable concentrate (e.c.) form—
ulation of carbaryl and endosulfan insecticides were not
readily available commercially in the Mid-West State.

They were howvever compared with the more readily available

and cheaper wettable powder carbaryl forrmlation (the
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recommended spray in the State) especially as they provide
better deposits on the leaf surface for bollworm control

(Matthews, 1965).

In the final conventional spray trial conducted in
the 1973-74 season, Endosulfan 50 ané Carbaryl 85, both
wettable powders, were used at higher rates than previoﬁsly
applied. Carbaryl was included in this trial because it
was hoped that it would act as a selective killer of
predators and so indicate the level of pest damage reached

when predators were excluded.

The treatment and rates of application in 224 litres

of water per hectare were:-

i) Endosulfan 50 W.P. at 1.12 kg a.i/ha
ii) " " at 0.56 kg a.i/ha
iii) " " at 0.28 kg a.i/ha

iv) Carbaryl 85 W.P. at 1.12 kg a.i/ha
v) Untreated Control

The cotton variety Allen 26J was sown in all the
triala. It was planted during the first week of July in
the 1971-7% seasons but in the last week of July in the

197374 seasone

In all the trials 22.5 kg seed were sown per hectare
treated with "Agrosan" chemical which was to act against
seed borne diseases. Six seeds per hole were sown zbout
2.5 cm deep in ridges 90 cm apart. On germination, plants
were thinned to one plant per hole. The trials received

nitrogen fertilizer as calcium ammonium nitrate (26% N)
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applied as a side dressing at 225 kg per hectare, 2-3

weeks after sowing and immediately after thinning.

A 6 x 6 latin square design was used and the experi-
ments duplicated at two sites in the 1971—72 séason, Site
I at Ilele and Site II at ifrua Govefnment Farm Centre.
In the 1972-3 season only Site II was used. In both sets
of trials the plots were 0.07 hectare in area but all .
counts and yield were taken from é central area of 0.03 °
hectare (Figure A). . At the final trial in 1973-74
season, a 5 x 5 latin square design was used and it was
located at Site I only. Plots ;ere 0.07 hectare in area

and all biological data were taken from the central 0.03

hectare in each plot.

All insecticide applications began from the first
week of October in the 1971-73 trials, i.e. 12th week
after germination contrary to the 9th week, which is the
recommended period to commence spraying. However, the
12th week after  sowing was chosen in this trial, as
a time to begin spraying in order to cormnare the effect
of delayed spraying with the recommended period. ZEndo-
sulfon granules were applied by hand, by sprinkling them
over the top of the plant, with care, so that as few as
possible dropped directly to the ground. DMost of the
granules did not stay on the leaves, rather they collected
behind the tracts; on most occasions wind shook many of
the granules to the ground which must have reduced the

effectiveness of this treatment.
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A simple syringe type lancet sprayer (Manufactured by
Cooper Pegler & Co.) was used to apply %he sprays. The
sprayer consists of a tank which is usually fitted on the
back of the operator when in use, a hand-operated pump and
a pressure chamber to reduce changes in pressure with each
pump stroke. There is a variation in this sprayer which
includes piston and diaphram pumps operated left or right
handed by underarm or overarm levers. The sprayer also
has a lance with trigger valve and a nozzle for the distri-
pution of the insecticide dropletg. Separate lancet
sprayers was used to spray the different insecticides so as
to avoid cross contamination of chemicals. Care was taken
to avoid spray droplets drifting to adjacent plots, also
spray was directed sideways between the rows to obtain some
underleaf and stem cover. In the 1973-74 trial, spraying
began in the 3rd week of September nine weeks after
sowing. Ag in the previous trials, separate lancet
sprayers were used to apply each of the treatments and the
plants were sprayed both above and beneath the leaves with
the endosulfan treatments only. The carbaryl was apcliled
from above to kill predators but hopefully have minimal
effects on aphids. The sprays were applied six times at
weekly intervals; thus the spray operation was terminated
in the last week of October when the cotton crop was 14
weeks old. Six spraying occasions were observed in this
trial to cover the early and late pest infestation during

crop development (Figs. 11-17).
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Treatments in 211 trials wers assessed on the basis

of:-

(i) (a) the number of lepidopterous larvae, mostly
Pink bollworm (P. gossyvislla) and Spiny boll-
vorn (Z. biplaga),

(b) adults and nymphs of cotton stainers (D.
suverstitiosus),

(c) cotton aprids (&i. gossﬁnii),

(d) syrphid larvas

(e) coccinellids (C. lunata and P. ferruginea)
and

(f) spiders found by examining in the field 40
rendonly selected plants/plot in the 1971-73
trials and 64 randomly s=lected pleants perxr
plot in the 1973-74 trial.

(ii) total yields of seed cotton of the sampled areas

of the plot.,

Samp.iing for insect pests and predstors began two

davs before ths first insecticide treatment (i.e. Pre-

<

spray sample) and was then done wezkly two days after

each treatrnent end weekly during ©

)
@
¥3
o)
0}

ct
I
67]
Y

Q
0

»>

ray perio

The sampling procedure adopted for A. gessypll was

%o}

as given by Benks (1954)., Bach plont sampled was examined

carefully for aphids. When the population on a plant was

below about 700 snd evenly distributed, direct counting
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using a hand counter w one. Where the population was

larger, estimates were made. These were obtained by
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first counting the actual number of aphids on 2 cm of the
stem, then noting the length of the stem surface covered

and multiplying accordingly.

More aphids were found on the stem than on the under-
sides of the leaves, contrary to the conclusions of
Pearson (1958) who observed that more aphids were

found on the underleaf surfaces.

The populations of bollworms, cotton stainers and
natural enemies were assessed by directly counting the
numbers found on the randomly selected plants. Three

pickings of seed cotton were made at two-week intervals.

The totzl fruiting bodies (squares, bolls and
flowers) produced during the 1973%-74 trial were recorded
and damage to unshed bolls caused by bollworms and covton
stalners was also recorded. This was assessed by counting
all bolls damaged from the sixty-four randomly selected
plants sampled for pests. In the 1972-7% trial, damage
assessments were taken from 30 bolls and 30 flowers per
rlot examined for damage caused by either E. bipnlama or P.

egossypiella. A total of 180 bolls and 180 flowers was

examined for each treatment. Bollworm larvae character-
iztically damage bolls by boring a tunnel in the bolls.
Openings in the bolls often predispose affected bolls to
secondary infections which may lead to boll shedding.
Damage by E. bivnlaga was easier to recognise than by F.

gossypiella; the tunnels made were usually blocked with

xcrement in both the flowers and green bolls. The bores
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or tunnels are usually made at an angle to the Penduncle.

In the case of the smaller larvee of P. gossypiella damage

is very difficult to identify from the outside. However,
the bolls and flowers are usually attacked below the
calyx. The bolls and flowers were dissected and any
larvae caught was identified and recorded against the

treatment.

The data on population counts, damage assessments
znd yield were analysed by analysis of vaeriance and sub-
sequently finding the least significant range (ISR)
between the means of the treatment at the 5% probability
level for nurmbers of the insect pests, numbers of natural
enemies and yields (Duncan's New Multiple Range Test;

Steel & Torrie, 1960).
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(4) Comporis on of candidate insecticides for control of

cotton mests in Mid-Western State of Nigeria, 1971-

72 seasor

(i) Bffects on Pecbinophora zossyvniella
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y Y. gossyplella numberg were approx-

imately halved by endosuf%ag e.c., monocrotophos and the
carbaryl 85 treatment compared to the untreated plots and
endosulfan granule (Tabvle 2). This represents a signi-
ficant reduction (FPL0.05) of population size by 52, 50

and 48 percent respectively. Similarly, carbaryl 20 e.c.

also significently (PL0.05) lowered P. gossyniella

—

.

numbers below those in endosulizn granule end untreated

controls (Teble 2). At Site II, fewer larvae were
recorded from insecticide treatments during spraying.

Mean number of larvee recorded per plant from monocrotophos,

endosulfan e.c. and cavbaryl treatments were significantly
lower (P<L 0.05) than in untreated control plots. There
wes as in Bic2 T on

sulfan gramile trestment and untrested controls (Table 2).

e}

difference (P = 0.05) between endo-

4lso carbaryl 20 e.c, did not differ significantly

(PL0.,05) from endosulfan granule treatmeant,

The mean number ver plant of P. gossypiella

larvae recorded during the post—-sproy period

vas 0.%05 from the unbtreated contrcol in Site I. AT this

CL

same site cott ;reatsd with carberyl 85, monocrotophos,

3

carbaryl 20 and endosulfan e.c. had the lowest population



TABILE 2. MES

A NUIMBERS OF PINK BOLLVWORM (P. GOSSYPIELLA) IARVAE/PTANT DURING CONVENTICNAL SFRAY

WHOLE SEASON

SFRAYING PERIOD

POST-SFRAY PERIOD

(Means joined by line or with similar underlining are not significantly different at P = 0.05

according to Duncan's New lMfultiple Range Test)

1971-72 SEASON

Carbaryl Endosulfan
Monocrotophos E.C. Granule
0.87 1.02 1.68
0.072 0,21 0.26
0.16 0.20 0,30
0.042 0.15 0.24
0.16 0.16 0.7%0
0.046 0,086 0.069

Urntreated
Control
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off 0.15, 0.15, 0.16 and 0.23 per plant respectively and

thi

4]

neant a significant reduction (P £0.05) of pop-
ulation by 52, 48, 48 and 26 percent over untrsated
control. However, monocrotophos and the two carbaryl

treatments significantly depressed P. gossypiella numbers

(P£0,05) more than endosulfan e.c. Again no differences
occurred in larvae numbers recorded from endosulfan
granule and untreated controls (Table 2). Similar
results were obtained at Bite II, except surprisingly that
endosulfan c.c. had no effect wheresas the endosulfan
pranule treatment significantly reduced (P £40.05) P.

rossyoiella numbers then untreated controls.

Thig lowering of P. gossypiella by endosulfan

granules was verhaps due to some of the granules being

retained on the small plants in Site I, and subsequently

picked vp by the newly emerging larvae.

monocrotophos, endosulfan e.c., and carveryl 85 than av
Site I where the population.tended to rise even during the
spraying period. However, at S8ite II, the population rose

after the lash svray anvplication (Figure 4),

At bobth sites, the population pattern was

3T

U 5

similar in the untreated controls and in the plots treated
.ith endosulfan granules (Table 2) svcent at Site II

during the post-spray period when endosulien granules



n9

significantly lovered (P£0.05) the I, mossymiells pop-

ulaticn,

Despite sprays, P. gossypiella numbers incresssad

0

at both sites over the period of 9-13 weeks after germ—
ination (Fig. 4). This could probably have been

due to later generations of P. soszypislla larvae produced

in the crop at this time, which were less affected by

sprays dvue to the diluting effect of the more luxuriant

vegebative growth of the crop.
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(ii) ©fTects on spiny bollwornm (E. biplaga)

197172 aseason

Althoush monocrotophos, carbaryl 85, endosulfan
35 c.c. and carbaryl 20 e.c. kept . biplaza low (Table 3,

Le. 5) s

2]

=

Tthe

C‘[‘

aajor difference between sprayed and
unsprayed treatments was in week 14 after germination
(Fiz. 5). 4t both sites I and IT there was no signi-
ficant difference between untreated control and endosulfan

grrnule treatments throughout the season,

During spraying and post-spray periods mono-
crotophos, endosulfan %5, carbaryl 85 and 20 e.c. btreab-
ments recordsd sisnificantly lower (Eﬂi0,05)'g; biplssa
population theon vntreated controls at both sites (Table

2) .

-

jonocrotovhos and carbaryl 85 w.p. recorded the
lowest pest infestation compared to the other treatments
(Table 3). he mean nuaber of L. binlaga larvae found

per plant dvring post-snray counts for these two chemicals

vere respectively 0.027 and 0.0456, at Site I and 0.015

and 0.008 at 3ite IX. Whereas from untreated control

These results again confirmed the persistent
effect of monocrotophos and carbaryl 85 w.p. However, in

Site I there was a more rapld rasurpence of the pest after

0
ct
N
=
T
('x)
=
=
TN
)
9]
(1
L ]
\J1i
bt
0y
Ul
e’
{®
o
N~
°
=
]
(7]
e}
!

spraying than
sulfan %5 e.c. was about as good as the monocrovophos and

carbaryl 85 w.p. (Table 3, TFig. 5).



TABIE 3, MEAN HUMBIR OF SPINY BOLLUCLRM (E. BIPLAGA ) /PLANT DURING CCNVENTIONAL SPR.Y PRIAL,

1971-72_STASCH

WHOLE SEASON 2ite 1
Site 1T

SFRAYING PERIC Site I
Site 1T

POSTSPRAY FERIOD Site I
Site I1

(Means Jjoined by line or with similar

according to Duncan's

Carbaryl Endosulfan Untreated

Monocrotonhos 85 v.p. 20 e.c. 2.Co granule Control
.088 .108 .1%1 129 .82 - 190
.05 . 065 . 107 .08 s 228 0 254
019 .020 .0%7 .0%5 L06% » 269
L0173 .015 .0%2 .O%4 . 158 23
027 - 046 . 048 . 055 .07% . Q84
015 .008 .025 .028 . 026 « 107

underlining are not

significantly different at P = 0.05

\n
Q
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(iii) =Effects on cobton stainers (D. suparstitiosus)

187172 season

Cotten stainer rnumbers were low in all the treat-—

O
u1

ments until weelt 17 after germination (Fig., 6)

after which population rose.

Results of counts (Table 4) showed that during
spraying monocrotophos and carbaryl 85 w.p. significantly

reduced (EHiOoOE).Qn superstitiosus population compared

with untreated controls at both sites; both treatments
vere not significantly different from each other.
Similarly, during the spraying period there was no
difference between the controls and endosulfan granule

treatment in Site II (Table 4)

In the post-spray period, 2ll treatments bub

€.

endosulfan granules significantly lowered D. superstitiosus

numbers below those in the control at Site I (Table 4).

At Site IT durirg this same peri the numbers

o
@]
Qs

-,

in the two carharyl treatrents and endosulian 35 ec.c.

oo
]
O

wvere not cignificantly different (X .05) from each
other and as in Site I was less than in the conltrols and

endosulfan applied as granules

Fore D. superstiticsus were recorded during the

3

nost-spray period than during sprayins especially from

ayed plots (Table 4, TFig. 5). At Sites I and 1T,
unsorayed cotton had D. supnerstitiosus numbers of 2.1 and

0.85 per plant respectively at post-grray and sprayed
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TABLE 4. MEAY MUFBER OF COTTCI STAINER (D. SUPERS

TRIAL 1971=72 S1ASON

DINIOSUS) /PLA

I DURIK

TG CONVIRTIONAL SERAY

Carbaryl I'ndosulfan Untreated
N o e

Monocrotophos Ve P. %.C. E.C Graonule Control
WHOLE SEASON Site I 0.7% 1.29 1.85 1.65 2.50 2.81
Site 1T 0.5% 0.51 0.71 0.71 1.07 1.09
SFPRAYING FPERIOD Site I 0.10 0.17 # 0.30 0. 31 0,26 Q.36
Site IT 0.01 0.02 0,10 0,07 0.15 0.13
FOST-SPRAY PERICD Site I 0.%0 0.68 1.29 0.7 86 2.1
Site I 0.5%5 0.45 0.52 0.6 0.87 0.85

(Means joined by line or with similar underlining are not significantly different at P = 0.05

according to Duncan's New IMaltiple Range e Test)

4



corresponding to the two sites had 0.68 and 0.45 stairers

s

per plant. The increase in numbers of 1. superstitiosus

found in untrested plots n2y nave been a result of late
irmigrants from cther host plants to the plots, or it may
heve been due to the insecticides repelliag the late
arrivals to the treated plots. The late fruiting of

-

unsprayed co

fon may alco have caused this increased pop-
ulation by making the crop more attractive than treated

plots at a later stage.



(iv) Effects on cotton aphids (L. rossypii)

4]

1971-72 season

During the spraying pericd all treatments
incliuding untrented controls showed significantly (P&
0.05) lower aphid numbers than carbaryl 20 e.c, at Site I,
monocrotophos and the twe endosulfan treatments gavé
significently (P £0.,05) lower aphid numbers then the
untreated controls and the hish carbaryl treatment

('Mable 5). A% Bite II nonocrotophos and endosulfan 35

€.C. gave best control but were not significantly

Similerly, endosulfan granules and the untreated controls

showed no difference in aphid numbers.

Fowever, at bBite II monccrotophos and the two
endosulian treatments, carbaryl 85 w.p. and the control
significantly (P £0.05) reduced 2phid population comparsd

with carbaryl 20 e.c. (Tsble 5 ). In general, mono-
crotophos probably gave best control followed closely by

endosulfan 35 e.c.

During post--spray, the aphid numbers recorded a
Site T, from monocrotophos and endosulfan 325 e.c. Lreated
b L4
plots were sirnificontly (P Q.05) lower than untreated
< o v
control, carbaryl treztments
(Table 5 ). The untreatsd control and the carbaryl

Ltrestments were not different.

: - . .
Althouph there was seasonal increase in sphid

population in 21l the treatments st Site II (Table 5 ),



- PTANT
TABLE 5. POPUTATION OF APHID (A. GOSSYPII)/DURING CONVENTIONAL SPRAY TRIAL 1971-72 SEASCN

Carbaryl Endosulfan Untreated

Monocrotophos 85 w.n. 20 e.c. €.C, granule Control
WHOLE SEASON Site I 1.07 18.8 44,07 %.25 13.25 25.21
Site II %.97 9.49 42,88 8.32 3648 3%.1%
SPRAYING PERIOD Site I 0.21 6.65 29.92 1.25 3.91 5.86
Site IT 0.4% 1.44 9.29 0.70 2.49 3.6%
POST-SPRAY PERIOD Site T 0.08 10.%8 10.97 1.02 7.13 17.97
Site II 2.56 7.50 3%.18 7.12 32.89 28.82

————

(Means joined by line or with similar underlining are not significantly different at P = C.05

according to Duncan's New Multiple Range Test)

45
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mwmbers recorded in monocrotophos,‘endosulfan 55 e.c. and
carbaryl 85 w.ip. treatments reached significantly much

(P£,0.05) lower than carbaryl 20 e.c., endosulfan granule
and untreated control; these latter three treatments were

not different (P = 0.05). Sinilarly, monocrotophos, endo-

suvlfan 35 e.c. and carbaryl 85 w.p. were also not different.

In contrast monocrotonhos and endosulfan 35 e.c.
cave protection even for about three weeks after spraying

ceased in Site I (Fig. 7).
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(v) Effects on natural enemies

197

-

-72 szeason

The only natural enemies recorded in appreciable
numoers vere spiders and ladybirds (g, lunate). All
insecticide treatments reduced C. lunata population in

both sites,

During sprayiﬁg moenocrotophos, carbaryl 85 w.p.
and endosulfan %5 e.c. recorded significantly (PZ.0.05)
lower numbers of C. lunata at both Sites I and II than in
untreated controls, endosulfan grsnules and carbaryl

20 e.c. treatnents. The ef

-

ect of monocrotophos, carbaryl
85 and endosulfen 35 e.c. persisted throughout the post-
spray period in Site I for the three inssecticides and at
site for only monccrotovnhos and carbaryl treatments only
not endosulfan e.c. C. lunata numbers recorded from these
trestnents abt Site I, were significantly (¥ £0.05) lover
than numbers obtained from untreated nlots; and at Site IT,

they were similarly lower than endosuifan 35 e.c. and the

CoONTrols.

With the exception of the endosulfan grenule
treatment snd uvatreated control (Fig. 8) the pop-
ulation of C. lunata was low during spraying occasions.
LfTber the last spray, the population was sbill kept low

by carbaryl treatment and much lowsr in the monocrotophos

=

treated plots, This was more obvious at Site II than in

[¢]

i

)

3

populaticn dropped in

ct

Site I. Ailthough the C. iluna

)

ct
[¢H]

endosulfan treated plots at Th

penulfimate counts at both
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TABLE 6 . MEAN NUMBERS OF LADYBIRD (9, TUNATA)/DURING CONVENTIONAL SPRAY TRIAL, 1971-72 SEASON

WHOLE SEASON Site
Site
SPRAYING PERIOD Site
Site
POST-SPRAY PERIOD Site
Site

IT
I

IT

1T

Carbaryl Endosulfan Untreated
Monocrotophos 85 w.De. 20 e.c. €.Ce granule Control
.19 .26 .68 .58 .57 <79
.0% .06 - 356 023 ‘[57 « 35
.09 14 46 A7 - 36 .52
.01 .05 .26 .03 <29 - 250
.01 . Ol .15 .09 .10 .18
.01 .00 .07 .20 .07 .04

(Means joined by line or with similar underlining are not significantly different at P = 0.05

according to Duncen's New Multiple Range Test)

c©




sites, they vere otill bigher than in monocrotophos snd

corbaryl treatmenbts.

4s with C. lunatz, all insccbicide sprays
decreased cpider numbers. At Bite I during the spray
period, monocrotophos, carbaryl 85 and 20 e.c. and endo-
sulfan 35 s.c., significantly (P £0.05) lowered spider

nunbers below the wntreated coantrols snd endosulfaen

iy
n!

granules (Table 7). In Site II, spider populations vere

significantly (@

P

,0.05) reduced in monocrotophos, and

-

carbaryl Greated crops comnared with endosulian and

untreated controls. Both untreated controls and endosulfan
treatments were not dilferent (Table 7)) nor also were
the C°“U"r"l treatments. During the post-spray period,
apart from,the endosnulian granule tyeatnent in Site II,

S A ey S TR SRS 3 1 R, ; L my LY a2
spider numbers vere decregased TtThrouchous by the other

(Mavle 7). This decrzase may be =zeszocliated with residual
effects of the insecticide in the vresabted vlots, which

either exerted dirvect mortality efiecct on the natural

/

Q
Cr
)
Q
i
[
=

enemies or by causling redu tha numbers of avhid
and other wrey wmade the vlots less altractive or suitable

for predator revroduction.

Throuzhout the ssescn, spider porulation dropoed
in Site II, followin: =ac nrey avvlication (Fig. ),

- . - o JO - s .
however, the numberg incressed graZaally after spraying

ceass

(J

L3 PR Mgt~ P v e Ty vt

d; bub in Site I spider populstiocn fluctuated during
H R P ie L N . e

post-spray possibly es a rezalt ol intsr crop movements of

the natural enemics in sesrch of pPrey-



TABIE 7. AT NUMBERS OF SEIDER PER PIATT TURING CONVENTIONAL SPRAY TRIAL, 1971-72 GEfGON

Carbaryl Indosulfan Untreated

Monocrotovhos W.P, E.C. E.C. Granule Control
WHCTE SEASCN Site I . A5 .85 8% .91 .15 1.%8
Site IL .13 .20 .20 =39 .5 .25
SPRAYING PERIOD Site I 029 « 59 o G .72 N 1.4
Site II Nolt .09 .10 .26 .17 .12
POST-SFRAY PERIOD Site I : .02 06 .07 .05 o A )
Site IX .01 L Ol 05 .0% e 2% .06

(Mesns joiped by line or with similar underlining are not significaently diflerent at P = 0.05

according to Duncan's New Multiple Range Test)

79
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(vi) TYields — 1971-72 season

The cotton was picked three times at two week
intervals, from the 19th week after sowing. Data on
mean percentage seed cotton picked (both sites combined)
in the sprayed and unsprayed plots are shown in Figure 10.
The sprayed cotton gave more early and less late crop than

the unsprayed control.

Spraying resulted in a significant increase in
the potential yield. Cotton sprayed with carbaryl w.p.,
monocrotophos and endosulfan 35 e.c. significantly out-
yielded (P£0.05) cotton treated with céfbaryl e.C., endo-
sulfan granule and the untreated controls at Site I
(Table 8). . But yields from the carbaryl e.c. treatment
were significantly (P 2.0.05) higher than those in endo-
sulfan granule and untreated controls. The three insect—-
icides (carbaryl w.p., monocrotophos and endosulfen 35 e.c.)
were not significently (P = 0.05) different. Similarly,

yields obtained from endosulfan granule did not differ

from those in the untreated controls (Table 8).

At S8ite II, yields recorded in monocrotophos and
carbaryl w.p. treatments were significantly (P£ 0.05)
higher than those from the other treatments and also from
untreated control. There were no significant (P = 0.05)
differences between yields in monocrotophos end carbaryl
w.p. treatments. So also were differences not observed in
vields from carbaryl e.c. and endosulfan e.c. treatments,
and between endosulfan granules and untreated controls
(Table 8). Generally, yields were higher in Bite I than
in Site IT.
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TABIE 8.

S5ite IT

JHA IN A CONVENTIONA

I, SPRAY TRIAL, 1971-72 SEASOU

5 sulfa -
Endosulfan Untreated
. . Control
%5 e.c. Granule ontITo
21k 197 179
9
0
43l 239 271

Carbaryl
Monocrotophos 85 W.D. 20 e.c.
955 1008 46%
668 408

Feans joined by line or with similar underlining ere not significantly different at P = 0.05

according to Duncan's Wew Multiple Range Test)



(B) Assessaents of domase cansed by ¥, possvoiella and T,

bipla~a in sprayed and unsprayed cobton, 1972-73

(i) Damaged bolls and flowers (fruiting bodies)

It is apparent from th

<k
w

Tesults given in Table
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atments had substantially
different effeccts. Table 9 indicates that monocrotophos
and carbaryl 85 w.p. reduced bollworm damage greatly. The

damage caused in these two treatments was significantly

(P£0.05) less than that in the two endosulfan treabments,

carbaryl 20 s,c. and the untreated control. The endosulfan

1

and carbaryl 20 c.c. treabments were not significantly
better from the uatreated controls (Pgble 9O ) in serms of
boll protection. Similar effects wers shown on the bases
percentase demaced flowers (Table 10) except, that the
e.c. formulations of carbaryl and endosulfan indicated
significantly (P £0.05) less damage than in the endosulfan

eranule treatment and the untreatzd contrcl.

Details of damage to eampled fruifting bodies are

shown in Table 141.

Hoﬁocrouophos and carbaryl 85 w.p. consistently
reduced the mercentase damage throughout the sampling
period, =nrd this resulted in a sipnificant]
lower percentage damapge to the fruiting bodies than in

untreated controls and the other treatments (Tabdle 11).



TABIE 9 . (A) TERCENTAGK DAMAGED BOLIS IN FCUR SIRAY TREATMENTS, 1972-735 S EASON

Carba Endosulfan
arbaryl Endosullion Untreated
. . - Control
FMonccrotophos 85 WaD. 20 e.c. 35 @.Coe Granule

1563 16,6 29.2 519 Z .0 %25.5

(Feans Jjoined by line or with similar underlining are not significantly different at P = 0,05

according to Duncan's New lMultiple Range Tagl)

<
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CTABIL 10,

(lMeans joined by line or with similer underlining are not significantly d
J N ;

according

(B) PERCENTLGE

SaT Ml

DAMAGED TLOUERD IX

072175 SLASCH

Monocretoohos

10,7

Carbaryl
85 w.pa 20 e.c.

11.5 19.9

Granule

Untreated
Control

o
G
3

N

to Duncan's New

Jultiple Range Test)

ifferent at P = 0,05

L4,



DABLE 41. MEAN % DAMAGED TOTAT, FRUTTING POINTS SAMPLED FROM COTTON IN FIELD TRIAL IN MID-WESTERN
STATE OF NIGERIA 1972-73
- a&/ba Yy
S H
SHE
AR &
=
RN .
- : HE
% DAMAGED BUDS % DAMAGED BOLLS 4E5
TREATMENTS 28R
1 2 3 y 5 6 v 1 2 3 4 5 6 v
T AN 28,33 26.66 23.33 30.00 28.88 28.88 22.77|31.11 48.88 30.00 38.88 20.55 19.44 31.11 58.402
%D%?gx.ﬂm 30.55 27.77 16.66 15.55 17.77 11.11 16.66|57.77 58.88 36.11 31.11 6.66 13.88 18.33 51.258
g‘;%*}gf’l’ 21.11 16.66 B8.33 12.22 8.88 7.77 5.55|37.77 32.77 17.22 10.00 8.33 6.33 4.00 28,133
ggRgAgYL 30.55 23.33 11.11 21.66 17.22 16.66 18.88|48.88 52,77 35.22 20.00 13.33 1%.33 20.55 49.069
MONOCROTO- 18.88 23.35 5.55 9.4 7.77 7.22 2.66{31.11 22.77 16.11 8.71 6.00 5.55 3.11 24.029
CONTROL  35.55 25.00 26.11 31.66 20.00 21.66_23.33]50.55 61.66 41.66 38.33 21.11 21.11 13.88  61.658
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(ii) DBolluorm nooulotions found within the fruiting

bodies samplead

The bollworm numbers found within the fruiting
bodiecs sampled are recorded in Tables 12 -« 15. The
numbers of P. gogsypiella recorded from the fruiting

bodies were similar to the percentage damage fruiting

L»\Lb s

bodies obtained, except that fewer P. rossypiella were

found within bolls in the crops tresated with carbaryl than

monocrotdphos treated crops. The 2. gossypiella numbers
found in bolls treated either with carbsryl or mono-

crotophos were significantly (F2.0.05) fewer than numbers
obtalned from untreated control plots. Numbers of P

.0

n

sypiella found within flowers (Tadle 1%) were not

N

significantly (P =0.05) different as bebween carbaryl s.c.
endosulfan e.c. and granvle treatments and the untreated

controls.

™ e LY P \ - oo 33
E. biplaga recorded from the frulting bodlies

follovwed a similar pattern as P. gossypiella, in that

fewer E. hinlesa numbers were found on monocrotophos and

carbaryl 85 w.p. treatments,

Trom counts taken within the flower buds samvled,

=

. biplapa numbers in carbaryl 25 and monocrotophos treat-
nts were less than nn the untreazted control end the
difference was gignificant (P = 0.C%), very hig

ficant (P = 0,01) in the case of counts of larvae within

the bolls (Table 14).



TABTE 12. PINK ROLIWORM (P. GOSSYPIEIT.) LARVAE FOUND WITHIN 180 GREEN BOLLS TIN FOUR SPRAYTING

TREATMENTS, MID-WESTERN STATE CF NIGERIA, 1972-73 SEASON

1 -

erbarys Endosulfan Untreated

Monocrotovhos 85 W.p. 20 e.c. %5 e.c. Granule Control
0.7 8.6 12.7 12.7 1%.7 16,71

-

(Means joined by line or with similar underlining are not significantly different at P = 0.05

according to Duncan's New lMultiple Range Test)

i,



TABLE 15 . PINZ BOLLWORM (. GOSSYPIELIA) LARVAE FOUND WITHIN 480 FIOWIRS IW FOUR SERAYIAG
Cret T ENTE , NID-VESTERN OULTE OF WIGERIL 1972-7% HEAS0N
Carbaryl Zndosulfan Untrested
) . Contrcl
Fionocrotophos E5 wape. 20 e.cC. 325 e.c. Granule
2.5 2.9 5.1 4.4 s 5.3
~J
U
(Mesns joined by line or with similar underlining ere not s:.pni icantly different at ¥ = 0.05
according to Duncen’s Wew Multiple Range Test)



TABLE 14 . (&) SPINY BOLLWORM (E.

IPLAGA) LARVAE FCOUND VITHIN 180 BOTILS IIT FCUR SPRAYING

TREATMENTS, MID-WRHTERN STATE OF NIGERIA, 1

1972-7% SEASCN

Carbaryl
Monocrotophos 85 WeDe 20 e.cC.
004‘5 O./]l‘l‘ :K_:_e/)

Endosulfan

Untreated
35 e.c. Granule Control
1.3 2.9 %0

(Means

according to Duncen's New Multiple Range Test)

joined by line or with similar underlining

are not significantly different at P

= 0905

Y,



TaBLE 15. (B) SPEINY BOLLWORM (E. BIDPLAGA) TARVAR FCUND WITHIN 180 FILOVLRS IN FCUR SPRLYING

TREATHENTS, MID-WESTERN STATE OF MICERIA, 1972-7% SELGCH

- A e

Sarboryl Indosulfan Untreated

Monocrosophos 85 WeDo 20 e.c. 35 e.C Granule Contral
2‘9 5'5 501 1;'¢'7 C).% 64"/;'

(lieans joined by line or with similsr underlining are not sign ificantly different at P = 0.05

according to Duncan's New Multiple Range Test)
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liore E. biplaga were recovered within the flowers

than P. gossypiella, whereas inside the boils‘g. BOSSyp-

iella predominated. The fewer E. bivlaga found in the
bolls is to be expected as they frequently move about on
the plant boring holes into stems and flowers as well as

bolls. The high numbers of P. gossypiella found within

the bolls agree with the suggestion of Pearson et al
(1958) that this species has affinity for bolls which they
use as diapausing sites, and besides, they also feed on

seeds within the bolls.

The low pest population found from the fruiting
bodies treated with carbaryl 85 w.p. and monocrotophos
suggest that these two treatments were efficient in the

control of bollworms.

(iii) Yield - 1972-7% season

The yields summarised in Table 16 showed no
significant differences between treatments though carbaryl
85 w.p. and monocrotophos gave the highest yields. Yields
were however very low in this trial, due to poor rainfall
conditions during growing season (Table 17 ). In July,
the monthly total rainfall was extremely low, thus maliing
it difficult for early establishment of the crops. Rain-
fall was below average in August and even émaller in
October which is the month when maximum water demand is
needed to support heavy boll formation. There was also a
heavy initial attack by grasshoppers and crickets which

considerably reduced the plant stand to below 100 plants




B -~ B it o~ -— raee T ~p
TABLE 16 . TIRID REBULTES CF T'IELD TRILL CF

CONVENTTIONAT

SERAY, 1972-7% SEASON

TREATMIET

ONC ITT, fy

TICK

YIZLD IN KG.

SEED CCTTON/ha

MONOCROTOLEOS 60 W/V
CARBARYL 85 W.P
CARBARYL 20 £.C.
BUDOSUTFAT %5 E.C.
EWDOSUTTAN GRANULE

Ul EATED CONTRCL

Monocrovonhos 85

N2, 5 453 4

Carbaryl

Oe5/ ko
2.8 kg

Endosulfan

44'2« 5

ntreated
7~
- ntrol
35 2.Ca Granule vonLro
%97.9 382.2 287

(Means

Jo
Range Test)

oined by line are not significantly different at P =

0.05 according

to Duncan's Few Multiple

64



TABLE 17 .

FCHTRLY MEANS FOR MO
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Month

Rainfall (mm)

July
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Sentember
Cctober
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July-December
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per Dlot. The replants supplied later to

1

(4 oo

renlace those

lestroyed by Uhe zarcly pests did not msture to give onen
bolle at the time of hawvest. Finnlly, some of the holls
from the vlots were removed as samples,

The trend in yields, althouzh differences were
not significent, reflect the domage to total fruiting
bodies (Table 11 ), where the least damage occurred in

carbaryl 85 w.p. and monocrotophos trested

these plots highest yields were obtained.

confirmed the work of Haywerd (1967) who s
85 v.p. at a rate of 1.5 1b a.ifacre to re

nage to bolls from 50% to 20%. In

demonstroted. Matthews and Tunstall (1657
gignificant reduction in the numbsr of rre
and bollworm—denaged bolls from eprayad tre
0.5 percent active ingredient of carbaryl

Similar results were also cbtained in Ugan
(1953) wvhen he spraved carbsryl at 1.5 and
to reduce the demace caused by belluorns e

armimero,

plots; and from
These results
prayed carbaryl
cuce percentage

o~

elf

eatnent using
against Diparonazic.
da by Davieg

2 1b a.ifacre
specially H.
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(C) Study on dosage variation as a possible meana of

obtaining selective toxicity, 1973-74 season

(1) ®ffects on pink bollworm (P. gossypiells)

197574 season

P

Ag a result of 1nsufficient cotton seed, only

Site I was used in the 1973-74 studies.

Endosulfan 50 w.p. and carbaryl 85 w.p. sprayed
at the same rate of 1.12 kg a.i/ha reduced the P. gossyp-
iella population to an average of 0.07 - 0.08 larvae per
plant and never more than 0.1% larvae per plant (Fig. 11,

Table 18 ) during spraying period (i.e. until weesk 14

3
e

after germination). These numbers we

]
®
[6)]
l.._l-
m
B
}-4%
o]
(SR
(@]
g
ct
}..J
<

(P 20.05) lower than those recordesd in untreated controls

0.48 larvae per plant and in the two lower dosages of
endosulfen 0.%1 and Q.40 larvae per olant (Table 18);
vhich were 0,50 and 0.28 kg a.i/ha respectively.

From analysis of variance these three treatments
(endosulfsn applied at 0.55 and 0.28 kg a.i/ha and
untreated controls) weres not significantly (P 0.05)

differens (Table 18).

The P. gossypiel icn increased after

®
}..J
)
1 (.5
o]
3
e
%3]

spraying had been terminabted, probably as z result of
4

later generation of -ink bollworm developing on the crops,

but P. gossyniella nurbers in endosulfan and carbaryl

[]
N
A
\J
3
3
}.J
®
[33]
\: .
H
®
w
I.J .

rested plots at the rate of 1.12 kg a.i/h ign

ficantly (F£0.05) lower than in the two lower endosulfan



~~
0]
U

te snd the untreated controls during the post-
sprav period (Fim. 11 , Table 18 ). Results for the two

lovwer endosullan treatments were not different. However,

[q}}

significantly'(Pg;OaOS} lovier pink bollworm numbers wer

found in them then in unbtreated controls (Taeble 18 ).



TABILE 18. MEAN NUMBERS CF PINK BOLLWORM (E. GOSSYPIELTA) IARVAE PER PLANT DURING CONVENTIONAL

SPRAYING, 1973-74 SEASQN

Endosulfan Untreated
Control
Carbaryl 1.12 kg/ha 0.56 kg/ha 0.28 kg/ha atro
1.12 kg/ha
WHOLE SEASON 0.450 0.806 1.533 1.810 2.353%
SPRAYING PERIOD 0.080 0.071 .313 400 432
POST~SPRAY FERIOD 0.308 0.6471 1.174 1,254 1.840

(Means joined by line or with similar underlining are not significantly different at P = 0.05

according to Duncan's New Multiple Range Test)




MEAN NUMBER PER PLANT
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FIG. 11.
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(1i) Iiffects on spiny bollwo: rrr (5. binlama)

buring the spraying period carbaryl and the two
hizher cndosulfan treatments significantly (P4.0.095)
lowered spiny bollworm population below those Found in
untreated cortrols snd in the plots treated with endosulfan
applied at the lowest dosaze rate of 0.28 kg a.i/ha. This
effect was clecarly indiczted especially from wesk 13
(Tig. 12 ) after ger rmination, though 0.56 kg a.i/ha endo-

sulfan had comparatively little effect. There

.’)

Ja S

o

-~

significant difference betweasn untreated controls and
endosulfan epolied at 0.28 kg a.i/ha. Population trends

in these two breabtmnents were similear

~

Fig. 12 )

those ewperienced durineg the spra
. bhinlars numbers recomded from carbaryl and
higher doses of endosulfnn were significantly (P &0.05)
lower thon numbers found in untrzated controls &nd in

endosulian =orayed

mn
O
2
S
[89]
)
»
‘-J
iy
—
o
~~
=
() !
oo

Endosulfan at 0,55 kg a.i/ha scemed poorly better than

untreated controls.,



MEAN NUMBER PER PLANT

.8 Six Insecticidal Sprays
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TABLE 19 . MEAN NUMBERS OF SPINY BOLLWORM (E. BIPLAGA) IARVAE PER PLANT DURING CONVENTIONAL

SPRAYING, 1973-74 SEASON

- Endosulfan Untreated
Carbaryl ~ 1.12 kg/ha  0.56 kg/nha  0.28 kg/ha Control
1.12 kg/ha
WHOLE SFEASON 0.304 0.%27 0.501 1.2%1 1444
SPRAYING PERIOD © 0.0%6 0.43 0.129 0.369 0.460 o
@
POST-SPRAY PERIOD 0.018 0.034 0.092 0.582 0.704

(Means joined by line are not significantly different at P = 0.05 according to Duncan's New Multiple

Range T-st)




(iii) =®=ffects on cotton stainers (D. superstitiosus)

19737 geazon

During the season populations of D. super-
stitiosus rose in all the treated plots and also in the
untreated controls (Fig. 1%). However, statistically,
carbaryl G5 applied at 1.12 kg a.i/ha significantly
greatly reduced cotton stainer numbers during sopraying;

and the populatilon recorded per plant was significantly

(P20.05) lower during the whole seascn than that in the
endosulfan treatmentvs and in the untreated control

(Table 20). The endosulfan treatments also showed signi-
ficent control except the lowest and also the .56 kg

a.i/ha treatment during the spraying periocd.

)

_o

e

t
(P &0.05) lower D. superstitiocsus number than in the

untreated contreol and eadosulfan appiied &

and this effect persisted throughout the season (Table 20

(Fig. 1% ) show that endosulfan was less well protscting

design no doubt gives a falgse impression of inefficiency

because D. supenstiticsus is a very ac

from plot to plot as an adult and also as a larva. 5o

plots could be readily recolonized unlike a larger field.



MEAN NUMBER PER PLANT
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TABLE 20. VAN NUMBERS OF CCTICN STAINERS (D. SUPERSTITIOSUS) PER PLANT DURING CONVENTIONAT

SFRAYING, 1973-74 SEASON

Endosulfan Untreated
Carbaryl 1.12 ke/ha 0.56 kg/ha 0.28 kg/ha Control
1.12 kg/ha
WHOLE SEASON 8.33 U 46 17.88 22.37 26, 2L
\:{.3
SPRAYING PERIOD .34 2.9% 4, 5. %7 6.27
FOST-SPRAY PERIOD 5.73 11.30 13,60 16.8% 19.81

(Means joined by line or with similar underlining are not significantly different at P = 0.05

according to Duncan's New Multiple Range Test)
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(iv) Effects on Aphis mossypii

197%-74 season

During the spraying and post-spray periods, all
the insecticide treatments significantly (P£0.05) reduced
aphid numbers ﬁer plant'cdmpared witﬁ the untfeated
controls (Taple 21'), and they were all significantly
(r = 0;05) different from one another. The lowest aphid
population at the spraying and post-spray occasions was
recorded from endosulfan applied at 1.12 kg a.i/ha. Thisl
was followed by carbaryl 85 w.p. applied at 1.12 kg a.i/ha.
Figure 14 also confirmed that carbaryl 85 effectively
reduced aphid numbers in this trial, contrary to results
obtained elsewhere e.g. in Rhodesia (Tunstall and Matthews,
1966}, in Western State of Nigeria (Hayward, 1967) and in

Northern States of Nigeria (Choyce and Lyon, 1965).

The low aphid numbers found on the crops treated
with carbaryl 85 could be partly explained by the fact
that this chemical applied only to the top of the crops,
was not selectively killing off the naturalsenemies that
vere found on the surfaces of the leaves; infact many

larvae of the predators P. ferruginea and C. lunata and

spiders were found buried within the aphid colonies
underneath the leaves and were not affected by carbaryl
spray. These natural enemies may have been partly
responsible for the aphid reduction in the carbaryl
treated plots but, even so, carbaryl may have had a
direct effect on the aphids especially at the highest

dosage (Fig. 14).




O
NY

There was a gradual decline in aphid numbers in

~ty

v}

a1l plots after spraying ceased (Fig. 4). This is
probably due to the fact that either the crops were
matured and weve theresfore not providing enough food to
support increasing aphid population or the natural enemies
viere common enough to exert a direct effect on the aphid
preys. 1t is also possible that the combined effects of
insecticide strays and natural enemies were affecting

aphid numbers during post-spray pericd.



TARIE 21. MEAY IUHBER OF AFHIS GORSYPIT PER PLANT DURING CONVENTICNAL SPRAVING, 197274 SRACCN
Endosnlian Untreated
. Control
Carbaryl 1.12 kg/ha 0.56 kz/ha 0.28 kz/ha
WIIOLE SEAZCH 59597 55518 52051 HE322 59459

SPRAYING PLRIOCD 12662 6229 21051 21859 25154 \g

FOST-SFRAY PoRICD 5175 1039 9140 12573 6325



MEAN NUMBERS PER PLANT
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(v) Effccts on natural enemies

197374 sanson

Ao Platynaspis ferrusinea

P. ferruginea numbers were higher than all the

other predators sampled during the trial.,

During spraying, P. ferrupginea nmuubers per plant

in the treated plots were significantly (P£0.05) lower
than in untreated controls, though treatments were not
significantly (P = 0,05) different betveen themselves

(Table 22).

However, the post-spray pcpulation of P.

ferruginea in the carbaryl treated plots remained signi-

ficantly (PZ£0.05) much lower than numbers in the untrested
ontrols and in the three endosulfan treatments (Table 22,

Fig. 15), bub numbers fell in the controls and in 21l

treatments after the 4th spraying.

'Peak! P, ferruginea was atiained in the

—

untreated control 12 weeks after germination (TFig. 15),
thereafter population declined gradually to less than 6
number/plant at week 21. This decline may have been due
to a number of factors e.g. either low prey population, or
direct mortality effects or to the combination of these
two factors. Carbaryl 85 seemed definitely the most toxic.
Endosulfen applied at 1.12 kg a.i/ha was by far more
selective in fevour of the natural enemies than carbaryl

applied at the same rate of 1.12 kg a.i/ha (Table 22),



TARLE 22. VMEAN NUMBIRS OF PIATYNASPIS FERRUGINEA PER PILANT DURING SPRAYING, 1973%-74 SEASON

Endosulfan
Carbaryl 1.12 kg/ha 0.56 kg/ha 0.28 kg/ha
1.12 kg/ha
WHOLE SEASON 28.8 2244 312 31.6
SPRAYING PERIOD 8.4 g.A 10 11
POST-SPRAY PERIOD 2.4 3.8 Fe 4.6

2

Untreated
Control

57.2

194

8.8

(Means joined by line are not significantly different at P = 0.05 according to Duncan's New Multiple

Range Test)




MEAN NUMBERS PER PLANT
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B. Chilomines lunata

Iike P. ferruginea, C. lunata populations

recorded per plant in 21l the treated plots were signi-
ficantly lower (¥£0.05) than in untreated control during
spraying period. There was no difference (P = 0.05) be-
tween numbers of C. lunata recorded in carbaryl and endo-
sulfan applied at the rate of 1.12 kg a.i/ha, similarly,
the two lower endosulfan rates did not differ signi;
ficantly (P = 0.05) either during spraying or at post-

SDIray.

Throughout the post-spray period fewer C. lunata
were recorded, indicating persistence of insecticide in
the case of the treated plots or fewer prey. Aigain,
nvmbers of C. lunata taken from the treatments were signi-
ficantly (P &£0.05) fewer than in untreated controls. The
lowest . lunata population was found in the carbaryl
treated plots, followed by endosulfan applied at 1.2 kg/
ha. The fewer numbers of C. lunata recorded at the post—‘
spray in the untreated control and in the treated plots
mey be directly due to scercity of aphid preys, which at
this time of plant development were reduced owing to
maturity of the crops or were small because of predation
(Fig. 16 , Teble 23 ). C. lunata may be more sensitive to

scarcity of prey than E. ferrugzinea and spiders.




MEAN NUMBERS PER PLANT
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TABLE 2% . MEAN NUMBERS OF CHITOMINES LUNATA PER PLANT DURING SPRAYING, 197374 SEASON

Endosulfan Untreated
Carbaryl 1.12 ke/ha 0.56 ke/ha 0.28 ke/ha Control
1.12 kg/ha
WHOLE SEASON 1.03 1.20 1.54 1,92 3,84
SPRAYING PERTOD .297 .39 .585 734 2,03
POST-SPRAY PERIOD .063 .185 .350 .359 .875

(Means joined by line are not significantly different at P = 0.05 according to Duncen's New

Multiple Range Test)

LoL
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No significant difference (P = 0.05) was
observed in the number of spiders during sproying in
carvaryl 85 and endosulfan treatments sprayed as 1.12 kg
_aoi/ha° Similarly, was there no difference between spid

umberg recorded in the two lower endosulfen btreabtments
(Table 24 ). Hoﬁever, all the insecticide treatments

ignificantly reduced (P £ 0.05) spider population compared
to the numbers found in untreabed plots. These insect-

icide effects persisted into the post-spray period.

Figure 17 shows that population of spiders also

Ll]

<

droppad in all the treated plots after spraying ceaczed,

but in the wntreated contrel, population increased to a

'Peak' of 1.%5 spider per plant four weeks of cessstion of

l'l‘\

N

spray; and this number dropped to 5.5 spider/plant at week

»_J

21 after germination.

The higher spider and other predator numbers
recorded from endosulfan (especially a2t the lower dosages)
over carbaryl treatments throughout the season (Tables 22 ,
2% and 24) suggest thet endosulfan treabuents had
selective effects for the natural enemies. This was
further supported by the results of the ratio of predators
to prey (Table 29) from samples taken from the untreated
controls, carberyl and endosulfan treatments applied at
the seme rate of 1.12 kg a.i/ha. Here the effect of
carbaryl treatments was seen to be most drastic on the
natural enewmies during the six post-spray occasions, wnich
regulted to lower ratios compared with the highest endo-

sulfan rate used.



TABLE 24, MEAN NOIMBER OF SPIDERS FPER PLANT DURING CONVENTIONAL SPRAYING, 1973=-"74

Endosulfan Untrested
c Control
artaryl Carbaryl 1.12 kg/ha 0.55 kg/ha 0.28 kg/ha
WHOLE SEASON . 595 56711 1.008 16547 2,106
SPRAYING PERIOCD . 167 .26 o 4K} 607 - 839
POST-SPRAY PERIOD . 100 .1%0 283 428 086

(Means joined by line or with similar underlining are not significantly different at P = 0.05

according to Duncan's New Multiple Range Test)

¢oL




MEAN NUMBER PER PLANT

104

FIG. 17

4-1 i
d SIX INSECTICIDAL SPRAYS |
T T 2 ;
-2 | |
e
Q,
.8
(2
B
0
S ®.
@
-~ - O
O
,
o%
0!
- D < \ O
\ A
P
) ] i ! |y ) 1 [ 3 L i ] i
9 10 N 12 13 4 15 1B 17 18 19 20 2
WEEKS AFTER SowiNG :
SEPT | CCTOBER | . NOVEMVIBER DECEVIBER

PLANT
MEAN NUMBER Spider RECORDED PER COTTON , FROM
SPRAYED AND UNSPRAYED PLOT.

o—-o ENDOSULFAN 50 WP [-12Kg[ha

" T 1

o—0 056 Kg| ha
6—0 1 1" T 0-28 Kgi ha
Le---A CARBARYL 85 " M2 Kg I ha

o—->o + CONTROL



S
(@)
\n

(vi Tields - 197374 season

The data on Table 25 shows that yields obtained
from carbaryl and endosulfan treatments at 1.12 kg a.i/ha
were significently (P&£0.05) hicher than from the
unsreated control and the two lower endosulfan lreabtments.
This reflects degree of pest control. Although yields
obtained from carbaryl treated crops were higher than

yields from endosulfan aoplied at similar rates (1.12 kg/
ha), the difference was not significant. Similarly,
vields from untreated control plots and endosulfan applied
at 0.56 and 0.28 kg a.i/ha did not d1¢fer significantly

(P = 0.05) from each other,

The percentage bolls demared per plant was taken

from the 1th to the 20th week after germination (Table

26 ). The lowest percentase damage was recorded fronm

?....l

crops trected vwith corbaryl. Thig was followed in that

followead
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order by the highest endosul:

hus reflectin

d-

by the two lower endosulfan trsabtments
the same seguence of gignificance as was found in the pest
povulation (Table 27 ) and yields (Table 25 ). Although
there was no significant difference between endosulfan
treatments in the totzal buds andvflowers sampled (Tabls

28 ), results from this trial demonstrated that doubling
the endosulfan rates resulfted in ziznificantly increaced
yield (Table 25 ). Subseguently, low endosulfan dosages
did not stov sipnificent 1lncreszses and in some cases

doubling of pest numbers during spraying and post-spray
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TABLE 25, MEAN YIELD SERD COUTON KCG/HA IN A COWVENTIONAL

SPRAY TRIAL, 1573-74 SEASON

Endosulfan
Control 0.28 kg 0.55 kg 1.12 kg Carbaryl
%71 4G 502 835 932

oined by line are not significantly different at

J
P = 0.05 according to Duncan's New Multiple Range Test)



i SEHTAGE DAVAGED BCIIC DIRIYNG CCNVENTICONAL SPRAY TRIATL, 197374 SEASOR
DS > am _ o
tndosulfen Intreated
\ - X . \ Control
Carbaryl 1.12 kg/ha 0.56 kg/ha 0.28 kz/na i
VHOLE SEASON 8.6 18.9

(Means joined by line or with similar underlining are not significantly differcnt at

according to Duncan's New Multiple Range Test)

I
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o
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P = 0.05



TARBIE 27 .  MEAN PEST AND FREDATOR NUMBERS PER PTANT DURING CONVENTIONAL SPRAY TRIAL, 4197%-74
SIASON AND YIELDS
- e o MEAN NUMBER PREDATORS PER
MEAN NUMBER PESTS PER DIANT N YIELD
TREATMENT SEED SOTTON
PINK | SPINY |COTTON |, mre |emrms PIATYNASPTS|  kg/ha
BOLIWORM | BOLIMWORM | sTaTiEr |AFHIDS |SPIDER [LADYBIRD bepya TR
ENDgsggFig 0 WePel 6 0092 | 0.055 | s.942 | 7295.7] 0.186] 0.392 6.846 833.%
ENDgsggFig 20 WePel 5. 603 | 0.122 | 7.471 |16608.8| 0.370] 0.496 8.000 502.5
EmngsggFig 20 WePel 0,710 | 0.448 | 9.375 {18682.6] 0.516| 0.597 8.9%2 46,3
CAR§A§§Lk§5 WePe | 0,166 | 0.043 | 3.020 |10944.0} 0.151| 0.238 4. 230 935.2
CONTROL 0.960 | 0.538 [11.009 |21197.3) 0.852| 1.499 14,528 71.6

0L



TABIE 28. MEAN TOTAYL FRUITING BODILES GAMPLED DURING CONVENTICNAL SPRAY TRIAL, 1973-74 SEASON

AND % DAMAGED BOLLS

ENDOSULFAN 50 1.12 kg/ha 60.5 6.8 68.7 22.5
ENDOSULFAN 50 0.56 kg/ha T 56.7 6.8 88.8 41.0
ENDOSULFAN 50 0.28 Xkg/ha 60.3 7.3 85.6 4 4
CARBARYL 85 ~4.12 kg/ha 54,7 7.3 5%.0 25.2
UNTREATED CONTROL 5%.9 7.1 89.9 48,7
P. 0.05 N.S. .05 0.05

6oL
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DISCULsI0oN

The 1971-72 secson's trial produced evidence to shou
that carbaryl w.v., monocrotophos and endosulfan e.c. zave

increases in cotton yield under the prevailing conditbions

0.

in the IMid-vWestern State of Wiceriz. In the yield of

crops, and in the degree of infestztion by insect pests,
plots sprayed with monocrotophos, carvaryl 85 w.p. and

y -

endosulfan %5 e.c. received b

,

D
ok
ot

ter protection and out
yielded the vasprayed cobton and cothton trested with
eilther carbaryl 20 e.c. or endos
highest yield was producsd by cotton treated with carbaryl

85 v.p. followed in that order by ylelds from monocrobophos

and endosulfen 35 e.c. trsated plots.

Lithourh csrbaryl

asainst aphilds. Asainst carbaryl 85 w.p. and endosulflan
. i o
55 ¢.c., monocrotophes is & fash-scting insccticlde with

both systenric end contact actlion; snd in this wriel it
effectively reduced arhids and
has a rather high mannmalian toxicity ths acute dermal LD

for rabbit being bebtwee

very expensive, a litre
(Twenty Naira, Figerizn Monev; compared with cerbaryl w.p.
costing M1.87/1 kiloerem weight). Thus it cannot be
recommended to the peasant farmers in the State, whose low
level of education cannot cowne with nndling voxic

' M > 1 2 T —~a -~ ~ R R ] )
chenicals and their {irnancisl rasources cannot afford such

costly insecticide.
J
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In view of these results and having due regards to
the toxicity of carbaryl 85 w.p. to natural enemies
together with its poor aphid control and the scarcity of
endosulfan 35 e.c. in the State, it was decided to carry
out the 1973-74 trials comparing only different rates of
endosulfan 50 w.p., and using carbaryl 85 w.p. as a

possible selective killer of predators.

The choice of endosulfan wettable powder was based on
the investigation of Matthews (1966) that wettable powder
might remain more readily available to the pests as a
contact insecticide compared to the emulsifiable
concentrate sprays which are absorbed to some extent by

the leaves or may even collect at the base of the hairs.

In addition the wettable powder formulation of endo-
sulfan was now eas’'ly available to the farmers in the State
just as carbaryl 85 w.p. end is also guite cheap and

relatively safe to handle.

Results from 1973-74 trial showed that all the major

cotton pests (pink and spiny bollworms and D. superstitiosus)
in the State were significantly reduced (P = 0.05) by
carbaryl 85 w.p. and endosulfan 50 w.p. sprayed at the

same rate of 1.12 kg/ha. But endosulfan sprayed as

0.56 kg/ha was still significantly better (P = 0.05) than
the untreated controls in reducing the E. biplaga pop-

ulation during spray and post-spray period (Tzble 19).

Apart from E. biplaga, the other pests investigated

were found to be high in population in the plot treated
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with the two lower endosulfan iates and in the untreated
control plots, indicating their ineffectiveness at those
rates of application. Carbaryl was ‘toxic to natural
enemies, but waes effective against the bollworms and
Dysdercus. Therefore in addition to causing direct
mortality on the predators, carbaryl also imposes indirect
effect on natural enemies through its supression of the

pests preys on which the later feed.

Crops treated with carbaryl nevertheless produced the
highest yield of seed cotton per hectare, and the least
damage to the fruiting bodies (Table 265. The effects of
carbaryl on yield in this report supports the resultis

obtained by Hayward (1967) in the Vestern State of Nigeria.

Althouzh endosulfan applied at 1.12 kg/ha, 0.56 kg/ha
and 0.28 kg/ha was less severe on the natural enemies
than c¢arbaryl 85 w.p. treatment, indicating potentiality
for integrating it (endosulfan treatments) in control
vork, but their ability to control cotton pests w:3
poorer than carbaryl 85. The population of cotton pests
rose gradually in the crops treated with endosulfan treat-
ments during post-spray. Thus it 1s apparent that the
reduced mortzlity of pests due to the smaller rates
(0.56 and 0.28 kg/ha) of endosulfan applied was not
adequately compensated for by the enhanced activity of the

natural enemies compared to plots where the full rate of

endosulfan (1.12 kg/ha) was sprayed.
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However, further investigations have to be conducted
to assess the potentlals of these dosage variations in
carbaryl and endosulfan with particular references to
their effects on the pest complex of cotton, their natural
enemies and finally on yield, as these would determine

their inclusion in integrated control programme.

In particular, the potential of ULV sprays as a means
of obtaining selective insecticide action is worth

investigating and this is reported in the next section.




SECTION ITTL

CHEMICAL CONTROL BY ULTRA-LCW VOLUME (ULV)

SERAYING

4. TNTRODUCTION

The recommended method of chemical control of Lepid-
optera attacking cbtton in the Mid-West State of Nigeria
is carbaryl (Vefox 85) at 1.5 1bs active ingredient pér
acre in 20 gals of water (i.e. 1.7 kg a.i/ha in 224 litres
of water) based on the conclusions from work done in

WVestern State of Nigeria by Hayward (1967).

The decision to investigate ultra-low volume spraying
as a new technique in the Mid-West State was based on the

following considerations:-

1) Suitable hand-carried sprayers for the small
farmers are now available (e.g. the Micron

sprayer) .

2) The area where cotton is grown in the Mid-Vest
tate is prone to drought e.g. the drought of
1971-"72 which occurred especially in the Northern
States of Nigeria with which the Mid-West State

has a common boundary.

As in Malawi (Matthews, 1973) the provision of
large quantities of water to spray cotton farms
as recommended by Hayward (1957) and Beeden

(1974) poses a big problen to cotton farmers in
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the Hid—West State, where the nearest source of
water to cotton plots can vary from a distance
of about 1-3% kilometres. There is therefore
considerable incentive to minimize the heavy
burden of water transport to cotton fields as
well as decreasing the burden of carrying heavy

weights of water during spraying.

3) VWhen ULV sprays are properly applied by drifting
droplets downwind away from the operator, there
is less danger of contaminating him than from a

conventional sprayer.

Furthermore, ULV application involves less
handling and mixing of the concentrate in the
farm compared with water-based sprays, so the
operator is less likely to be exposed to

contamination during this process.

4) Evidence from elsewhere (Maas, 1971; Matthews
19733 Beedeﬁ3_1974 and Bals, 1970) indicates
that ULV application can give good control of

some cotton pests.

A preliminary Ultra-low Volume application trial was
therefore undertaken to test different rates of endo-
sulfan, and then in the following season two more trials
vere done to compare in more detz.l ULV endosulfan and a
relatively high volume carbaryl svray. ZEndosulfan was

chosen because a ULV formulation was available, unlike




PR A B SO U el P ., 1 . o A
carbaryl at that time, end because there is evidence tha

and therefore is likely to be morc selective in saving
h

en is carharyl.
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2. MATERIALS AND METHODS

In the preliminary field trial in Tthe 1973-74 season
a randomized block design was used with four replications.
The overall plot size was 24 m x 24 m (0.06 ha). All
biological data and yields were taken from a central

sampling area of 18 m x 18 m (0.034 ha).,

In 1974-75 season, each trial was 5 x 5 latin square
design. The gross and the nett plot size was the same as
in the previous season. FEach plot was surrounded with a

0.9 metre path and the blocks were 1.8 metres apart.

In all trials, a small battery-driven spinning disc
sprayer, the ULVA made by Micron Sprayers, U.K. and

designed by Bals (1970) was used to apply endosulfan,

The sprayer had a centrifugel energy nozzle consisting
of two plastic discs which atomized the spray fluid into
droplets with a volume median diameter (VMD) of 70-120
microns. Droplet size increases with a decfease in the
voltage applied. The discs were driven by a small
electric motor (12 volt D.C) powered by two sets of eight
1.5 volt batteries. On the sprayer, flow rate into the
spinning disc was altered by interchanging feed tubes;
thus a yellow feed tube had an orifice diameter 1 mm, red
1.5 mm and grey 2 mm. The nominal flow rates of these

were 0.5, 1 and 2 ml/s respectively.

In these experiments, the red stem was used and the

flow rate of endosulfan was 1.12 ml/s, similar to the
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flow rate used at Bamaru in the Northern States of
iigeria (Beeden, 1974). A 6 metre swath-width was adopted

in these trials.

The preliminary experiment was conducted at Irrua
site IT but the 1974-5 season's experiment was duplicated
in two locations: Ilele site I and Irrua site II. Details

of the two locations are already given in Section I.

A 25% W/V active ingredient ULV formulation of endo-
sulfan supplied by the Hoeschst company,'was used in the
preliminary trial at two rates namely, 2.5 kg a.i/ha
applied by walking four times along each spray swath and
on 0.625 kg a.i/ha applied by walking once along each

spray swath.

During the 1974-5 season, the rates of endosulfaon
0.75 kg a.i/ha, 0.38 kg a.i/ha and 0.19 kg a.i/ha were
applied by walking four times, twice and once respectively
along each spray row. The carbaryl wettable powder was
applied at 1.9 kg a.i/ha in 224 litres of water per
hectare using a knepsack sprayer with a single nozzle.
This was sprayed above and beneath the leaves. In both
years' trials the insecticides were applied six times at

weekly intervals from nine weeks after sowing.

The cotton variety was 4llen 26J (G. hivsutum).
This was sown using seeds treated with 'Agrosan' a copper

fungicide to control seedling diseases (e.g. Xanthomonas

malvecearum). Sowing was late, on the 4th of August 1973
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Tor the prelininary tricl, due to lete srrival of cseeds
but in the second week of July 1974 for the season 1974-5.
22.5 ke/he of seeds wvere drilled about 4 per hole, with

-

holes 2.5 cm deep on top of ridges vnich were 4 m apars.
ceedlings wvere later thinned to 1 or 2 per hole Calciuxn
erronivm nitrate was applied as a basal fertilizer at

251 Ze/ha.

d in Section IT.
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The following insects were sampled in the preliminary

¥ - = N\ ) .
studies: - avhids (Aph rogsynil), cotbon stalner
. : IR - : e K : ~ LS
(Dysdercus superstitiosus), lady birds (Chilomines lunata)
end spiders.
In the 11974-5 trials insects sampled were pink boll-
worm (Pectinovhora gossypiellad, spiny bollworm (Barins

I3 —- BT -~ cvbe e g e s — Y T ey o A~ - (ORI v
biplama), cotton stainsvs (Dvedsrcus superstitiosus) and
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aphids. Predators zampled included the
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411 ingects data were snalyzed, using analysis of

Bollworn numbers in the preliminery trial were very
scarce and wers not reccorded. Counts cf buds, healthy
and dareged redium sized bolis retainsed on 40 plants
sampled per plot were recorde
cotten at both sites during the main trizl. Yields wers

recordéed and snalysed as for the iunsect dzta.
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%.  RESULTS

(A) Preliminary experiment with a ULV formulation of

endosulfan apvlied at two dosage rates - 1973-4

season (Usenbo, 1974b)

(i) Aphis gossypii

Unfortunately the population of A. gossypii in
the untreated plots was higher ( 600 per plant) than’
sprayed plots (300 per plant) before spraying. However,
after the first and second sprays, the aphid numbers
declined to almost 100 in the untreated controls and to
less than 10 in plots treated at the higher rate of endo-~
sulfan. After week 16, aphid populations began to rise
in the controls and low endosulfan treatment despite
continued application of endosulfan. Numbers in the lower
endosulfan treatment remained less than in the untreated
control. 1In plots treated with ULV endosulfan at 2.5 kg
2.1/ha the aphid numbers remained below 50 per plant
until just before the last spraying when there was a rise
to ebout 150 followed by a fall coinciding with spraying.
The drop in aphid numbers recorded on wntreated control
plots during most of the spraying period may have been
caused by rainfall and possibly in part by spray drifts
from treated plots, though great care was taken and this
is unlikely especially as the increase in numbers towards
the end of the experiment cannot be explained on this
basis whereas it coincided with the end of the wet season.

By comparison endosulfan applied as 2.5 kg/ha drastically
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reduced aphid numbers and kept them very significantly
less (P £0.05) then those in untreated plot as well as in
plots treated with 0.625 kg endosulfan.

(ii) D. superstitiosus

Population of D. superstitiosus was low

initially in all treatments and did not begin to rise
until after the third spray zpplication when there was a
steady increase. Numbers initially kept lower in the 2.5
kg/ha endosulfan than in the untreated and 0.625 endo-
sulfan treatment which was similar until after the fourth
spraying, when numbers in untreﬁted controls rose
considerably to 90 per plant compared with 2bout 60 per
plant in the endosulfan treatments which appeared similar
in their efficiency. The significent control (P 40.01)
suggests that endosulfan was very effective, the live
individuals caught being immigrants which seemingly later

died.

The increase in numbers of D. superstitiosus

despite spraying was probably due to fresh mnigration from
the surrounding host plants (e.g. Okra farms cultivated
by native farmers and maize cobs left to dry on the
Government demonstration plots). Adults of D. super-—
stitiosus also hide in the leaf litter at the base of
plants and so may not have contacted the spray deposit on

the aerial parts of the plant until after eggs were laid.

(iii) ©Natural enemies

The natural enemies sampled were adults and
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larvae of Chilomines lunata (CGecciullidae) and spiders.

Numbers of C. lunata in plots treated with the higher endo-
sulfan réte were less (P£0.05) than those in unsprayed
plots, as well as in plots treated with 0.625 kg endo-
sulfan which did not differ significantly. No significant
difference was observed between treatments in the total

number of spiders.’

It is important that endosulfan exhibited
differential selectivity in favour of spiders over aphids
when compared with the ratio of spiders to aphids in
untreated controls. Thus the rétiO'ranged from 11-41 per
1000 aphids for 2.5 endosulfan compared with only 2-20 per
1000 aphids in untreated controls. The ratio of numbers

of C. lunata and spiders to D. superstitiosus in treated

and untreated plots varied considerably between sampling
periods (Reprint, Table 2, page 73). However, more
predators to prey were found in untreated controls, with
the ratio of predators to prey in the 0.625 kg/ha treat-
ment next in rank to the control. The worst ratio was
recorded from 2.5 kg endosulfen treatment; thus implying
2 higher toxicity of the latter treatment to predators

relative to toxicity to the D. superstitiosus prey.
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CONCLUSIONS

As a preliminary study, the trial indicated that
significant control of aphids and cotton stainers was
obtained at 2.5 kg/ha but not at 0.625 kg/ha ULV endo-
sulfan. 2.5 kg/ha endosulfan also resulted in a signi-
ficantly (P 0.05) higher yield of seed cotton/ha than
0.625 kg/ha and untreated control (Table 38); however, it
was rather toxic to the natural enemies and reduced their
numbers compared with 0.625 and untreated control (Usenbo,

1974Db) .

0.625 kg/ha endosulfan did not result in significant
depression on abundance of the predatory spiders and
caused less mortality of C. lunata than 2.5 kg/ha, thus
suggesting its suitability for inclusion in an integrated
programme, but this tolerance to natural enemies did not
compensate for the increased pest infestation recorded
on 0.625 kg/ha treated plots and also the yield losses
(Table 38). However 2.5 kg/ha endosulfan showed a valuable
differential protection of predators relative to aphids.
The ratio predators/aphids being greater than in the lower

endosulfan treatment and the untreated (Usenbo, 1974b).
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(B) HMain experiment — to compare the effects on cotton

nests and their natural enemies of different rates

of an endosulfan ULV formulation and a carbaryl

wettable powder — 1974-5 season

The results are given for both sites in the following

order:— effects on Pectinophora gossypniella, effects on

Earias biplaga, effects on Dysdercus suverstitiosus,

effects on Aphis gossypii, effects on natural enemies and

effects on yields.

(i) Effects on Pectinophora gossypiella

Prior to spraying which began nine weeks after

sowing, the mean numbers of P. gossypiella larvae were

extremely low, less than 0.41/plant, and showed no
discernible change in either treated or untreated plots

until the 12th week after sowing.

In the untreated controls, there was a notable
increase in numbers after week 15 with a 'Peak' of 2.5
larvae/plant in week 20 at Site I and 2.0 larvae/plant
in week 18 at Site II followed at the latter site by =
rapid decline to 1.0 larvae/plant in week 21 after
sowing (Figure 18). In Site I harvesting was completed

in week 20, so it was not possible to sample subsequently.

The insecticides had similar effects at both
sites. Carbaryl at 1.9 kg/ha, ULV endosulfan at 0.75 kg

a.i/ha and ULV endosulfan at 0.38 kg a.i/ha kept
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population significantly lower (P£0.05) than in the
untreated control (Table 30 ). The carbaryl treatment

was possibly the most effective but numbers of P.

gossyoiella larvae were not significantly less than in the

two higher endosulfan treatments.

Endosulfan ﬁas probably more effective when
applied at a rate of 0.75 kg/ha than at 0.38 kg/ha. ‘Plots
Ttreated with carbaryl and endosulfan at the highest dosage
had a mean infestation of less than 0.2 larvae/plant for
the whole season. At 0.19 kg a.i/ha endosulfan did not
sicnificantly (PZ 0.05) reduce %he total infestation
(Table 30 ) and at Site I, this treatment resulted in
more larvae during the spraying period than on control

plots though the difference was not significant.

Differences in P. gossypiella population between

treated and untreated plots z .=se largely in the Post-
spray period, since during the spraying period there was
little increase in numbers even in the treated plots

(Fig. 18 ).

Among treated plots the bollworm population rose
in the second half of the season only in the plots treated
with the lowest endosulfan dosage where the rise was
comparable to though less than that on the untreated

ccatrol plots.

Only the medium sized larvae were counted. The
majority of the small ones were difficult to find or see
and tais may explain the apparently low populations early

in the season.




TABLE 0. MEAN NUMBERS/PLANT OF PINK BOLLWORM TARVAE DURING ULV INSECTICIDE TRIAL 1974-5

TREATMENT

Endosulfan
Untreated
Carbaryl 0.75 kg/ha 0.3%8 kg/ha 0.19 kg/ha Control
1.9 kg/ha 2onTtToL
WHOLE SEASON Site I Q.15 0.18 0.25 0.95 1.39
Site II Q.14 0.15 0.28 0.96 1.8
SPRAYING SEASON Site I 0.06 0.09 0.13 0.17% 0,15 g
Site II 0.004 0.004 0.016 0.06 .05
FOST~-3PRAY SEASON Site I 0.09 0.09 0.12 0.82 1.23
Site II 0.016 0.018 0.03 Q.11 0.29

(Means Jjoined by line are not significantly different at P = 0.05 according to Duncan's New

Multiple Renge Test)
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(1i) @Tfects on Zarias diplama

Just before spraying commenced, the mean numbeors
of L. biplaza larvae vecorded in the plots ware very low,

",

less Than 0.1 larvas/plant. A notable increase in numbers

of larvae occurred in the untreated control plots abt Site

I, and in Bite I plots treated with 0.19 kg a.i/ha of ULV

D

]

v

endosulfan from waek 13 after germination (i.e. after the

t

fourth spray apnlicabtion), 4 'Paak' of 2.1 larvaee/plant
was reaached in the control plots in week 18 (Tig. 19 ).
At Bite II, an increase in populabticn in untreated coatrols

at the 12ith wveek after germination and reached a 'Peak' of

1

3.2 lawvvae/plent in week 18 followed by a decline to 1.7

larvae/plant in weck 21 {(Fig. 19 J.

The numbers of E. biplesga kepl wvery lou

following application of carbaryl, and ULV endosullan at
Site II. IMHowsver, after the last spray application (Fig.
49 ) the larxval population in the ULV endosulfan applied
at 0.19 kg a.i/ha increased 2s in the untreated conbrol.

Throughout the whole sampling period (I'able 31 )
gipnificantly fewer larvae per plant (P7.0.03) were
recorded from plots vreated with the insecticide than from
the control plots; nurbers in carbaryl and Tthe two highes

ULV endosulicn treatments were lsast and did not differ

9]
(BN
-5
.
¢

significantly (Tabl

During the sprsying psricd (Tsble 31 ) carbaryl,
ULV endosulfan abt 0.75 kg a.i/hz and at 0.%8 ke/ha kept
®. bivleca lervel rumbers significently less (P£.0.05)

=
O
.

than in the control p
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TABLE 31 IMEAN NUMBER/PLANT O™ EARIAS BIPLAGA LARVAE DURING ULV APPLIED INSECTICIDE TRIAL

19745 SEASON

WHOLE SEASON Site
Site
SPRAYING SEASON Site
Site
POST-SPRAY SEASON Site
Site

IT

II

IT

TREATMENT

Endosulfan

Carbaryl. 0.75 kg/ha 0.%8 kg/ha
1.9 kg/ha

0.09 0.10 0.18

0.0%6 0.03%4 0.0kt

0,03 0,04 0.09

0.002 0,004 0.01

0.026 0.028 0.056

0.018 0,018 0.020

0.19 kg/ha

1436
0.352
0.49
0,04
0.83%
0.30

Untreated
Control

2.20
0.580
0.76
0.16
Tel1
0.40

(Means joined by line are not significantly different at P = 0.05 according to Duncanis New

Multiple Range Test)

Ll
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Endosﬁlfan at 0,19 kg a.i/ha significantly
(P £0.05) decreased the bollworm numbers except in the
post-spray period in Site II (Table 31 ), so except f~r
ULV endosulfan applied as 0.19 kg a.i per hectare (Table
%1 ) at Site II during the p ost-spray period, E. biplasa
number was always significantly less in all treated plots

compared with untreated ones.

Overall the controlling effect of the insecticides

was more pronounced in Site I than at Site II (Fig. 19 )
e.g. in the post-spray period in Site I there are about 50
times more larvae per plant in ﬁhe untreated plots than in
the carbaryl treatments compared with about 20 times more

on equivalent plots at Site II.
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(iii) Effects on Dysdercus superstitiosus

At Site I, the mean numbers of D. superstitiosus

in the pre-spray period was less than 1 per plant, and
except for the untreated control, there was no rise in
population (Fig. 20) in the treated plots until after the
last spray treatment which was applied in the 14th week
after sowing. At Site I, the numbers in untreated
controls rose steadily to a 'Peak' of 178 stainers/plant -
at week 418 and then dropped to 80/plant in week 21 (Fig.
20 ) when harvesting was complete., The numbefs reached a
'Peak' in the treated plots of Site I in week 20 with the
highest peak of 180 stainers per plant in ULV endosulfan
at 0.19 kg a.i/ha, and the least in carbaryl and endo- .
sulfan at 0.75 kg a.i/ha where the peak number was about
110/plant.

At bite II, the mean population of D. super-
stitiosus prior to spraying, varied from 30-60 per plant
(Fig. 20 ). The numbers decreased during the treatment
period in plots treated with carbaryl and ULV endosulfan
at 0.75 kg/ha. There was increase in numbers in the plots
treated with ULV endosulfan at both 0.38 and 0.19 kg/ha
- only after the third spfay was applied i.e. 12 weeks after
germination. Numbers in untreated control increased
steadily from the beginning and the 'Peak' was 129 per
plant in week 18, declining to 101/plant in week 21 (Fige.

20 ) when harvest was completed.
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The insecticide treatments showed somewhat
different eff:cts at the two sites, perhaps related to
initially greater infestation in Site ITI, and latterly
greater in Site I. In both sites all treatments exerted
control during the spray period especially in the less
intensely infested Site I. Subsequently, numbers of D.

superstitiosus rose in all plots but least in carbaryl

and the highest endosulfan ULV treatments though even with
 these, the numbers rose to probably unacceptably high

levels by week 20 (about 110/plant). The delayed peak in

treated plots at Site I (Fig. 20 ) is probably related to
attractiveness of bolls in such plots in relation to the

untreated controls.

At Site II, D. superstitiosus were colonising

the crops throughout the spray period and were not kept so
low in treated plots as at Site I. However, in the post-
spray period there was less build-up than at Site I (Fig.
20 ). This however was not due to greater persistence of
the insecticides but to less overall infestation as
indicated by numbers on the untreated controls. Again the
carbaryl and highest endosulfan treatments gave best
control, though seemingly carbaryl was better in the post-
spray period in Site II, though not in Site I (Table 32).




TABLE 32. IMEAN NUMBER OF COTTON STAINER DURING ULV INSECTICIDE TRIAL 1974-5 SEASON

WHOLE SEASON Site
Site
SPRAYING PERIOD Site
Site
POST-SPRAY PERIOD Site
Site

I
II

1T

IT

TREATMENT

Iindosulfan
Carbaryl 0.75 kg/ba 0.3%8 kg/ha 0.19 ke/ha Untreated
~elDaliy . Control
1.9 kg/ha QL TOL |
57.2 5542 79.8 139.8 192.0
18.5 21.1 31.7 40.1 Lz 4
N
0.56 0.56 - 1.27 19.06 54.3%6 N
3.2 3.6 6.6 10.% 1%.2
6.5 -~ 54,6 78.2 120,.8 1577
8.5 11.0 171 17.6 22.6

(Means joined by line are not significantly different at P = 0.05 according to Duncan's New

Multiple Range Test)




(iv) TEffceets on Anhis possynii

Before Trsatment, nine weeks after germination
the mean numbers of L. gossypiil were less than 2C0/plant

.
o
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site I, INumbers increased in untreated plobts to 1300
per plant at week 17. In the plots treated with endo~

sulfen at 0.19 kg/ha and 0.38 kg/ha spraying reduced

nunbers but after the spray period thers was a rise Lo
about 1000 and 700 aphids per plant respectively (Fig.
21 ). However, aphid numbers kept low (below 200/plant)

throughout the season in the carbaryl and the highest

<t

endosulfan btreatmen

At Site II (Figure 21 ), thers was a genasral
decrease in ephid numbers in the treabted plots during the
treatment perlod except on the plots given the lowesst
dosage of endosvlfan vheve numbers rennined fairly

constant.

In the untrented controls, numbers rose from
the berinpins ond reached a 'Peak' of 4800 aphids pex
[ o Ly =

plant in week 18 followed by a decline to 14C0 aphids/
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(Mable 3% ). These btwo Lreabments had a seasonal mean

Py
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tation of less than 200 aphids/plant at both sites.
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In view of its relatively poor aphicidal action.

in many other conditions carbaryl gave surprisingly good

control while endosulfon was less good than expecthed,
good at the highest dosage but probably inadequste at the

!

lowsst desage of 0.19 kg a.i/ha.



TABLE 5. MOEAN NUMBERS OF COTTON APHIDS (A. GOSSYPII) PER PLANT DURING ULV INSECTICIDE TRIAL

19745 SEASON

TREATMENT

Endosulfan

Untreated

Carbaryl 0.75 kg/ha 0.38 kg/ha 0.19 kg/ha Control

WHOLE SEASON Site I 85.2 8.6 180.5 250.8 44,1
Site 1T 82.7% 117 4 160.5 : 2144 471.6

SPRAYING FPERIOD Site I 17.8 15.0 26.6 63%.0 96.6
Site II 16.6 18.1 T 23.8 43,6 137.5

POST-SPRAY PERIOD Site I 35.5 37.9 118.9 151.8 219.4
Site II 32,2 50.9 88.7 131.6 204,9

(Means joined by line are not significantly different at P = 0.05 according to Duncan's New

Multiple Range Test)
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(v) Effects on Natural Enemies

A. Syrphidae

Syrphids were scarce in Site II, so were not
counted there. A mean of less than one syrphid larvae per
plant was present in Site I before spraying (Fig. 22),
The population increased slightly in the untreated plots
during the svraying period but, increased more quickly
after spraying ceased except in plots where carbaryl was
applied where numbers remained below 0.5/plant until the'
end of the experiment. A 'peak' population of 2.4 syrphids
per plant was attained in the untreated plots at week 17

after sowing, and this gradually declined to about 1.9

syrphids/plent at harvest.

411 insecticide treatments gave significantly
fewer (P 0.05) syrohids/plant compared with untreated
control during spraying and in the post-spray period
(Table 34). In general, numbers éignificantly decreased
with increase in dosage of endosulfan and were least in

the carbaryl treated plots.

The effect of carbaryl treatment persisting
after the last application could be related to a
persistent residue of carbaryl or to relative scarcity of
prey, notably aphids, on the carbaryl treated plots, or
perhaps to a combination of both. That carbaryl is
persistent 1g indicated by its effects on some of the
pests (Tables %1 - 3% and Figs. 18 - 20) and likewise it

could remain toxic to syrphid larvae. Furthermore, there
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was lowest aphids in the cerbaxryl treated plots.

.. . C o o
ever, syrphid mwibers rose 1n the highest endosulfan

-

reatment desvite similorly fewsr aphids (Fig. 22 ). It
seems possible therefore that the persistence of carbaryl
residue wes then more important. ¥adosulfan could have

the vredator or it nay

o

been more selective in favour of

have persisted less,
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TABLE 34,

PCPULATICN OF SYRPHID PLANT DURING ULV INSECTICIDE TRTIAL 4974-5 SEASON

WHOLE SEASON

SPREYING PERIOD

POST-SPRAY PERTOD

(Means joined by line are not significantly different at P = 0.05 according to Duncan's New

Multiple Range Test)

TREATMENT

Endosulfan

1?Srig§%i 0.75 kg/ha 0.38 kg/ha
Site I 0.51 1478 2.12
Site I 0.29 0.57 0.81
Site T 0.08 1.08 1.17

2.73

1.19

1.40

0.19 kg/ha

3.82

Untreated
Contrcl



145

9]

t
untreated throughout the gpreying period, and very little
increase in numbers occurted after spraying stopped (Fig
23) . A 'peak' number of 2.2 splder per plant vas
obtained in untreated plobts at Site T in week 18, and
2.6 spiders/plant in Site II at week 47. Population
trends were similaer in all the ULV endosulfzn treated
plots at both sites. Bndosulfan at 0.19 kg/ha had least

effect on the spiders followsd by endosulfan ab 0.38 kg/

3
l

ha. The ‘peeXk' population rzcorded in these two lower

endosulfan treatments we:s

»

s1licghtly higher than that

obtained in 0.75 kg/ha ULV en
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Carbarvl seenmed notably the meost toxic to

sniders. On plote treated with carvbaryl, The population

rzcorded was consigstently significantly lower than in the
other plots (Mebie 35 ).

A1) treabments resulted in gignificantly lower
(P £.0.05) spider populations compared with the untreated
coentrol during both the spraeying and post-spray vperciods

at both sites.

differences during the post-spray periocd. FPersistence
of the chemicalg and relative scarci
important as well as delay in build-up by the pest from
the snall population left after destructicon of spide

during the sprey vperiod.
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TABLE 35. POPULATION OF SPIDER DURING ULV INSECTICIDE TRIAL 1974-5 SEASON

TREATMENT

Endosulfan
o . Untreated
arbaryl 0.75 kg/ha 0.38 kg/hs 0.19 kg/ha Control
1.9 kg/ha —
V'.THOLE SE.A.SON Site I 1e 02 ,] .4‘4" 1. 75 : 2. 25 q‘o 1 3
Site 1II 0.35 0.39 0.54 0.62 0.71
Site II 0.04 0.10 0.14 0.19 0.28
POST-SPRAY PERIOD Site I 0.3%9 0.69 - 0.8 0.95 1.73
Site IL 0.12 0.16 0.17 0.22 0.41

(Means joined by line are not significantly different at P = 0.05 according to Duncan's New

Multiple Range Test)
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C. Platvnasnis ferruzinea

[]

The populaticn of P. ferrugirea larvae in the

plots treated with ULV endosulfan applied as 0.19 kp/ha
at Site I followed a similar pattern as thot in the
untreated control plots (Fig. 24) in which numbers
increased after the last sovraying date at both sites

reaching a 'peak' number in week 22. Otherwise, numbers

remainred low in other treatments.

The insecticide treatments gave similar trends
in both sites. &1l treatments showsd significant (P =
0.05) lower larvae in treated compared with untreated
control plots (Pable 356 ). Carbaryl exerted the most
drastic reduction on the predator population a2nd the nmean
nunber was less than 0.2/plant throughout the season

(Table 36 ).

During the spraying period all treatments gave
mean numbers significantly (P £.0.05) less than that in
untreated plots. But during spraying end post-spray
periods the effects of carbaryl and higher endosulfan

rates on P. ferruginea were similar at both sites.

No doubt, as with syrphid larvae the post-soray
differences are related both to insecticide persistence

and abundance of aphid prey.
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TABLE 3%6. MEAN NUMBER OF PLATYNASPIS FERRUGINEA/PLANT DURING ULV INSECTICIDE TRIAL 1974-5 SEASON

WHOLE SEASON

SPRAYING PERIOD

POST-SPRAY PERIOD

Site I
Site II
Site I
Site 1T
Site I

Site II

TREATMENT

Indosulfan

1?;?;;?%; 0.75 kg/ha 0.3%8 kg/ha
0.19 0.24 0.29
O.14 0.17 0.20
0.05 0.07 0.09
0.01 0.02 0.03%
0.10 0.12 0.17
0.05 0.07 0.09

0.19 kg/ha

1.1%
0.39
0.26
0.09
0.8%

Q.17

Untrested
_Lontrol

2.32
0.62
0.71
0.18
1.58
0.33

(Means joined by line are not significantly different at P = 0.05 according to Duncan's New

Multiple Range Test)

051



D. Chilomines lunata

The population of C. lunata adults and larvae
decreased duvring the applicabion of inscchbicides in the
treated vlots (Figure 25), Very few C. lunasta; an
average of less than 0.6/plant remained on plants treated
with carbaryl. Once spraying had started (Dable 37) the
endosulfan treatments were less haraful and supoorted

¥

averages of more than three C. lunata per plant.

lore C. lunata were found in the plots treatved
with the three dosage rates of ULV endosulfan than on the
carbaryl plots. The population in the untreated plots
showed gradual increase reaching a 'TFeak' of 2.2 GC. lunz

17

(]

per plant at Site I and 1.77/plant at Site IT in weel

after germination (Figure 25 ).

AT both sites during the spraying and post-spray

period treatments reduced the population of C. lunata

compared with the untreated plots on which numbers
increased vo 10.8 and 1.8, at Sites I and II respectively.
Mevertheless number of C. lunata were greater on the endo-

sulfan treated plots than in carbaryl plots.

Thus carbaryl was shown tc have more effect
either directly or indirectliy, or both, on populations of

this predator (Table 37 ).
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TABIE 27 . MEANT NUMBER OF CHILOMINES ILUNATA/PTANT DURING ULV INSECTICIDE TRIAL 1974-75 SEASON

TREATMEDNT

Endosulfan
Carbaryl:  0.75 kg/ha  0.38 kg/ha 0.19 kg/ha  goreated
1.9 kg/ha —
WHOLE SEASON Site I 2.82 10,34 10.8% . 12.15 21.69
Site II 2.04 8.59 9.49 11.95 21.4%
SPRAYING PERIOD Site I 1.13 5.17 5.65 6.29 10.3% 2
Site II 0.11 0.62 0.66 0.90 1.77 !
POST-SPRAY PERIOD Site I 1.06 4,22 4,05 4. 30 9.85
Site II .28 0.7 0.85 0.9% | 1.64

(Means joined by line are not significantly different at P = 0.05 according to Duncan's New

Multiple Range Test)
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(vi) Yield
In the preliminary trial, endosulfan aﬁplied at
2.5 kg/ha resulted in a significant doubling (P 0.05) in
yield of clean seed cotton over the lower dosage rate of
ULV endosulfan which did not differ from that of the

untreated control (Table 38).

A1l the insecticide treatments in the main
trial gave significant increases (P 0.05) in the yield
of seed cotton compared to the untreated control (Table
%9) with the relative increase greater at Site II than

at Site I.

Carbaryl was the most effective insecticide,
producing a 14 - fold increase in yield at Site I and 2% -
fold increase at Site II. Overall, at Site I there was

significantly higher (P = 0.05) yields than at Site II.

The overall yields of clean seed cotton were
greater at Site I where the plant population was higher
than at Site II (500 plants/plot V. 300 plants/plot); at
both sites treatments were ranked in the following order
according to yield: Carbaryl endosulfan 0.75 kg/ha
endosulfan 0.38 kg/ha endosulfan 0.19 kg/ha

untreated control (Table 3%9).

Ficure 28 shows the mean numbers of the fruiting
parts of cotton per plant during the 1974-5 growing season
in sprayed irrespective of insecticide and unsprayed

cotton., These data indicate that the insecticides were
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protecting the plant from a pest which affected bud
production either by debilitating the plant or by
attacking the buds direct. Aphids could cause this but
it seems likely that an unrecorded pest was also
involved. Otherwise it is difficult to explain the much
greater number of buds in treated plants, since buds

are less attractive than bolls to Earias, Pectinophora

or Dysdercus. The data also indicate that very many
green bolls were produced on treated than in untreated
plants; more than would explain the yield increase. No
doubt, many of the "green bolls" were already attacked
or could be damaged later. TIurthermore many of the bolls
were unripe at the time of final harvesting when the crop
had to be uprooted. Much value of the chemical treat-
ments in particular at late crops is therefore lost

because of closed season regulations.

'Peak' boll production occurred in this in
October at week 1%3. This is in accordance with July sown
cotton and it was also observed in Vestern State (Lee,
1966) and in Northern States of Nigeria (Choyce et =21,
1963), coinciding with increasing numbsrs of the major

pests of cotton.

There was excellent correlation between pest
numbers in the post-spray period and yield. Thus linear
regressions (Figures 26 & 27) indicate that at both sites,
higher pest numbers were associated with lower yield.

Multiple regression analysis (Appendix Tables 4 & 5).
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indicate corrélations between insect numbers and yield in
both sites I and IT, at the post-spray period, partvicularly
with aphids and cotton stainers. Significant correlation
occurred during spraying period, but less strong. This

was better for P. gossypiella at Site I (Figure 26)

and D. superstitiosus Site II (Figure 27).

Although aphid attack is generally associated
with the early sfages of plant development, aphids can be
common or later as in the present experiment so, increase
in numbers of aphids in thé post-spray period may perhaps
critically affect the crop. Most of the sugar that aphids
take as sap is excreted in the form of honey-dew. This
sticky substance forms a cover to the leaf surface and
obscures respiration and retards photosynthetic activity.
Honey-dew and associated fungi also discolour the seed

cotton and therefore reduces its guality.

The increase in numbers of D. superstitiosus in

the post-spray could cause serious damage which could be
eritical in determining yield. First, by feeding on the
young developing seeds inside the green bolls, the insects
may kill the embryos and consequently cause the bolls to
rot; secondly, they introduce pathogens into the unopened
bolls which may invariably destroy the cotton lint and
thirdly, their feeding on the ripe seeds may reduce their
perminating potential and their quality as a source of

0oil and cotton seed cake (Pearson, 1958).




TABIE 28 . YIELD OF SEED COTTCN FROM PRELIMINARY ULV INSECTICIDE TRIAL 1973-74 SEASON

TREATHMENT

Endosulfan ULV

2.5 kg a.i/ha 0.625 kg a.i/ha Untreated Control

Mean Yield Seed Cotton kg/ha 809 4.37 411 -

(Yields joined by line are not significantly different at P = 0.05 acbording to Duncan's New

Multiple Range Test)

2"




TABIE 39, TOTAL YIELDS OF CLEAN SEED COTTON FROM MAIN ULV.INSELBICIDE TRIAL 1974~75 SEASCN

Carbaryl W.P. C.75 kg/ha  0.38 kg/ha  0.19 kg/ha Ugggiigid
Site T 1001 959 777 7241 672
Mean Yield Seed Cotton kg/ha
Site II 932 858 599 543 564

Site I x 1.5 X 1.4 X 1.5 X 1.2

Increase in yield over
untreated control

Site 11 X 2.6 X 2.4 X 1.6 X 1.5

Means which are joined by line and with similar underlining are not significantly different at

P = 0.05 according to Duncan's New Multiple Range Test.

85l



ILELE SITE 1

Flg 26 LINEAR REGRESS!ION VYIELD Vs INSECT ATTACK IN ULV ENDOSULFAN AND CONVENTIONAL
VOLUME CARBARYL TREATED COTTON 1874-75
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Fig,28. FRUITING BODIES IN SPRAYED AND UNSPRAYED COTTON
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DISCUSSION

Briefly, the preliminary studies indicated that good

control of A. gossypii and D. superstitiosus was achieved

at 2.5 kg/ha but not at 0.625 kg/ha endosulfan ULV.

Similarly, 0.625 kg/ha endosulfan seemingly had no
significant control of spiders and caused less mortality
of C. lunata than 2.5 kg. Endosulfan at 0.625 kg/ha
therefore seems a suiltable concentration for use in an
integrated programme, where natural enemies need to be
preserved; but yields obtained from plots treated with
endosulfan 0.625 kg/ha were significantly (P& 0.05) less
(Table %8 ) than that from 2.5 kg/ha endosulfan. Thus,
the dosage which is least harmful to beneficial insects
is not necessarily the best for higher yield and for the

control of the pests.

The main studies (1974-5 season) showed very signi-

ficant decreases of P. gossypiella, E. biplaga, D. super-

stitiosus and A. gossypii numbers with ULV sprays of
endosulfan at the two highest dosage (0.75 kg/ha) and
also with LV sprays of carbaryl. The lowest dosage of
0.19 kg/ha endosulfan was much less effective or
ineffective. This was probably due basically to the low
dosage of active ingredient used but may have been
influenced by uneven distribution across the 6 metre
swath when plants were over 100 cm high. Control with
0.3%8 kg/ha endosulfan was as good (statistically) as
0.75 kg/ha ULV endosulfan and IV carbaryl both during
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the spraying and post-spray periods against E. biplaga.
Control by 0.38 kg/ha endosulfan of A. gossypii at Site II

and of cotton stainers (D. superstitiosus) at Site I was

as good as by 0.75 kg/ha endosulfan during spraying period
(Section III, Tables 32 & 33%). However, significantly
greater resurgence of aphids occurred in the post-spray
period in the lower ULV endosulfan treatments at both
sites compared with ULV endosulfan applied at 0.75 kg/ha
and carbaryl (Table 33 ).

The total predator populations were reduced by all
spray treatments perhaps partly because of direct mortality
due to the pesticides used, but also indirectly as fewer
predators and parasites were attracted to the sprayed
plots when populations of the prey had been reduced
(Table 40 ). During the spraying period, significantly
lower pest populations were recorded from plots treated
with carbaryl and the highest dosage of endosulfan where
also the lowest predator populations were found. After
spraying the predator numbers failed to increase on
these plots perhaps because there were no increase in the

numbers of aphid prey to Jjustify their presence.

The predator-prey ratio (Table 41 ) in the plots
treated with ULV endosulfan at 0.75 kg/ha was higher than
in plots sprayed with either of the two lower dosages of
endosulfan or the untreated contrcl. This may have
occurred as a result of intercrop movements of the

predators. The effect of carbaryl was more drastic in




164

killing off both preys and predators, and this resultved in
the lower ratios of predavors Tto preys found on plots

treated with endosulfan treatments.

At 0,75 kg/ha ULV endosulfan, there was evidence of
differential selectivity in favour of C. lunaba, spiders

syrphids and P. ferruginea over aphids as compared to the

ratios of these vredators to aphids in carbaryl, the two
lower endosulfan ULV and the untreated control olots.
However, in the untreated control plots, the ratios of the
natural enemies to aphids were similarly higher compared
with carbaryl and the lower endosulfan trcatments (Pable

a1 ).

0.75 kg/ha ULV endosulfan thus appeared to provide
satisfactory level of vpest conbrel while sparing natural
enenies (predators) to a higher dcgree than LV carbaryl.
This conservation of natural enemies could be importznt in
the long-term particvlarly if partial insecticide-

resistance appears in vest managenent,

o
o

Matthews (1971) has discussed different swath widths

-~
o

for a ULV ground sprayer with particular reference

cotton.

Basically, he emphasized that, as the speed and
direction of the wind are variable, wide swaths are liable
to result in uneven distribution of spray. When plants
are 25 cm (10 ins.) high, he recommended six mebtres swath
since at this stace of plant growth, less restriction of

air movement occurs within the foliage. Four metres swath
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is recommended for plant 25-30 cm high and two metres
swath for plants over 50 cm (20 in) high when row-svacing

is 0.91 metre apart.

In the 1974-5 season's (main trial) ULV trial, a
narrow swath could easily have besn adopted as the spray

o

[

operator had to walk along each spray line four times
achieve the required dosage using a 6 metre swath when
only one concentration of spray was applied.. So apart
from differences in droplet distribution due to fluctuations
in wind speed and turbulence, droplets were deposited over
approximately the same rows, droplet distribution would

have been different, and no doubt coverage of the plots

would have been more even. Thus, with relatively few

droplets deposited on some TOWS, lT.e. those furtherest
from the sprey line, control was not as good as in tha

o

rows nearer the spray operator. Conversely, with a higher
wind velocity, rows nearest the spray operator may have
had poor coverege. This effect of reduced coverage vas
probably in part the cause of poorer pest control and

lower yield from the lowest dosage of endosulfan.

The . owest dosage might therelore have given better
pest control when applied at narrow swath width and also

do no more harm to predators. This needs further study.

In the Mid-West State experiments using © metre
swath for the ULV endosulfan treatments throughout the
spraying period mzy have been one factor which resulted

in lower, thoush not significantly, yield compared with
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carbaryl treatmént. Much better control might have been
obtained if 1.8 metre swath had been used especially on
the older cotton which reached a height of 100 cm and for
which Matthews (1971) recommends 1.8 metres swath in
Malawi. In these circumstances the same dosage/ha is
applied, but the flow rate from the sprayer is decreased

approximately.

A yield increase of 400 kg seed cotton/ha over the
untfeated control was obtained from the highest ULV endo-
sulfan treatment. This compared favourably with the
average yield increase of 466 Eg seed cotton obtained in
a ULV application trial at Daudawa and Malumfashi in
Northern Nigeria (Beeden, 1974). Although low swath
width (4.5 metres) was used in Northern Nigeria, yield
increase was considered to be relatively low and was
attributed to the luxuriant crop growth which resulted in
inferior spray coverage. But in Malawi Matthews, (1973)
obtained an average yield increase of 961 kg seed cotton

over untreated control.

In Mid-West State trials, the dosages of endosulfan
(0.75 kg, 0.38 kg and 0.19 kg/ha) applied at a flow rate
of 1.12 m/s were somewhat higher than the range (0.5,
0.25 and 0.125 kg/ha) of ULV endosulfan used in Malawi,
but these high dosage rates were not reflected by

corresponding yield increases over control.

Differences in yield obtained from Malawi, Northern

Nigeria and Mid-West State due to spraying may have been
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due to differences in swabth width, as well as plant girowth
and density and many other factors like plant variety,
intensity and differing weather, soil moisture and soll

fertility factors.



TABLE 40.

MEAN NUMBERS OF PREDATORS/PTANT 4974-75 ULV TRIAL

SITE I. SITE IT.

I — CHILOMINES | PLATYNASPIS . | CHILOMINES |PIATYNASPIS

TREATMENT | SPIDER | SYRPHID THNATA rERRUGTNEs | SPIPER TUNATA | FERRUGTNEA

ENDOSULFAN '

0.75 ke/ha 7.23 8.74 10. 34 1.18 8.11 8.59 2.80 .
)
0

g?ggsggﬁﬁg 8.65 | 10.61 10.83 1.46 10.24 9.49 3.93

ENDOS 3

0.385§é§i§ 10.37 | 13.66 12.15 5.66 12.96 11.95 7.92

gngigiﬁa 5.08 2.55 2.82 1.03 5.32 2.9 2.00
NTRERA
R 20.65 | 19.08 21.69 9.14 20.76 | 21.43 15.13




RADTO OF FREDATCRS TO PREY L. GCSSYPIT IN SFRAYED AND UNSPRAYED PLOTS DURING ULV SPRAY

o411,

TABLE

RATTCS X 107

TRIAL 1974-75 SEASON
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SECTION YV

MILZED CROPRPING 117 INTEGRATED

CONTROL PROGRAIMME

1. IBRTRODUCILION

(4) General effects of mixed croppingz

b

Mixed cropping has been defined by Kassan (1973) a

ED’

v

husbandry system whereby an area is sown or planted with
more than ons crop type, and where the growth of some or
all of the component crop types overlap in space and time.
This system alsgso covers practices such as intercropping

interplanting or intersowing.

There are other systems where crops are grovn on the
same land but do not overiap significantly in space nansly,
relay—-cropping and multiple cropping, which is defincd by

Harwood (197%) as the growing of crops in succession on

@
3‘
D

the same piece of ground in one year hese systems have
been described by Worton (1975) as characteristic of many

subsistence economies.

P

Wilson and Burto:: {1938) stated, "Although mixed
cropping has long been in use in agriculture little
progress has been made towards an understanding of the
origin of the benefits arising from the pri-tice”. Lven
now little information is available on the comparative
merits of different forms of intercropping and monoculbture
cropping. However, with more research on increased food

production to provide for the increasing world population,
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interest in mixed cropping has been renewed.

Fisher (1972) reviewed productivity of mixed cropping
in the tropics from a plant physiologist viewpoint; and in
1974 in Tanzania Finlay et al embarked on a programme  to
study and improve intercropping systems through plant

breeding, agronomy and crop protection.

. In Nigeria, mixed cropping is a cropping system of
traditional agriculture. A sfudy by Norman (1971) in the
Northern States of Nigeria in indigenous conditions showed
that in general, thé profitability of annual crop mixtures
over monocultures was about 60%. Norman suggested that
under the existing agricultural technology in Nigeria, the
practice of mixed cropping was not only consistént with

both profit maximisation and security of subsistence but

was founded on sound biological attributes.

Some of these attributes include:-

(1) Increase in the utilization of environmental factors.

This has both space and time dimensions. With
reference to space, some crops need more space be-
tween plants than others (Aiyer, 1949) while differ-
ent species have different nutritional requirements
and different rooting systems (Russell, 1961;

Wards, 1965). Thus from his work on mixed

cropping, Igbozurike (1971) has suggested that
groving crops in mixtures can maximise utilization
of light, water and nutrients for any given area at

one point in time. In terms of time, under-sowing




(iii)

172

and overlapping of crops enables full use to be
made of light by spreading the pericd of leafl cover

and in maximizing the leaf area over tine.

Reduction of adverse conditions in the ecosystem.

o~

Although sole cropping tends to attract fswer

(3%

0]
193]

Jp

of diseases and insect pests fhese are individually
likely to be present in such quantities as to caus=
greater damage. In mixed cropping, however, a
greater variety of disease and iasect pests is
likely to be present, but the overall damags 1is nob
likely to be as great (Liyer, 1949). Furthsrmoere,
the denger plaat population which usgally results
from crop mixbtures helps to conbrol the incidence

of weeds (F.A.0., 1968; Gzerte, 195%).

Soil Protection. Since many of the crops in mixed
cropping overlap in the times they are in The
ground, they extend the period of the year in which
the soil is protected by leaf cover and rootb
systems (Igbozurike, 1971) together with some

econonic advantages:-~

(a) A reduction of inputs and an increase 1
output. Results of work done by Andre.s
(1972), Anthony and Willimott (1957),
Evans (1960), Evens et 2l (1962) have
concluded in general that mixed cropping
results in greater gross returns per

aclce



(b) Insurance against total crop failura.
lixed cropping has the adwaniage
assuring farmers of gebtiing some
refburn from their efforts on a given
piece of land in any one yesar since not
all crops are likely to bhe equally
affected advefsely by environmental
conditions including weather, vaoriation,

diseases and pests (Webster and Wilson,

1966) »

In the United States some sbudies corducted, using

=
v
v
»

>d cropping systems have producasd positive results,
e.g. intercropping corn aﬁd soy-beang in alternate pairs
of rows (ilexander et al, 1952), alternating strips of
corn and soy-beans as solid planting (Pendleton et_al,
19563%), nixed cropping corn as a windbreak for soy-bean,
(Radka, 1968) and mixed cropping which tekes advantage of
nitrogen fertilizer from leguninous plants (Vilson aad

- 3

the potential of mixed

[N

Vyss, 1936) have all demonstrated

has also been practised

@)

eropping systems. Iiixed croppin
in Europe for silage production e.g. pood yiclds of dry
matter and feed value have been obtained with inter~
cropping maize and soy-bean by Kalaidzhieva (1669). In
general, beans and oabts, cereals with clover or other
forage crops are common mixed cropping practices in

Burope.

A considerable body of literature exists in Africa on

mixed cropping. Evans (1960) in Tanganyika, showed that



1774

over a wide range of populations intercropping maize or
sorghum with groundnuts generally leads to a greater
overall crop production per acre than by growing these
crops in pure stands. This was shown for two sites of
contrasted levels of soil fertility and in two years of
differing rainfall, one favourable, the other less
favourable (Table 42 ). At both sites the production of
both crops was appreciably greater from intercropping at
comparable levels of plant population; Evans et _al (1962)
interplanted castor-bean with soy-bean or groundnuts and

obtained an overall gain in production per .acre (Tzble 43 ).

Since insect pests attack can reduce castor-bean
yield drastically, intercropping with other crops may give
a compensatory yield of the other crops as indicated in

Table 43.

Anthony and Willimott (1957) conducted a feasibility
study on mixed croppirg in South-West Sudan, to determine
the possibility of growing cotton in association with -
other crops (legumes) planted at the beginning of the
cropping season, so that cotton grew for some weeks prior
to harvest. Despite reduction in the cotton stand and
set back in growth with delayed budding by early planting
of the legumes and cotton, good crops of both were
obtained. Intercropping of cotton in later-sown crops
resulted in a significant loss in cotton yield but was

compensated for by the yield of the other crops.




TABLE 42. COMPARISON OF YIELDS (IB) FROM ONE ACRE OF INTERCRCPRING AND TWO HATLF-ACRES OF PURE

STANDS - SOUTHERN PROVINCE, 1958* -~ TANZANIA

POPULATION I=VEL TWTERCROP PURE STANDS
MATZE GROUWDNUTS MATZE GRCUNWDNUTS MATZE GROUNDNUTS
MTAMA : -
B L 923 575 552 465
L H 1,154 862 567 654
Significant '
Difference at 5% 270 8o 155 40
MNACHO: =
H L 1,644 192 1,163 107
L H 1,550 151 877 61
Significant
Difference at 5% 238 o4 119 | 54
H = high population ‘ L = low population

* Eagt African Agricultural and Forestry Journal (1960) .

Gl




TABIE 43 .

*COMPARISON OF YIELD (I.B) FROM CNE ACRE CF INTERCROPPING WITH TWO HATIF-ACRES OF FPURE

STANDS - SOUTHERN PROVINCE, 1960* ~ TANZANTA

INTERCROP WITH

GAIN OR TOSS FROH

CASTOR FURE STAND GROUNDNUTS TNTERCROPPING
Planting Date Castor G'nuts Castor G'nuts Castor G'nuts
Early 268 468 476 500 208 22
Medium 279 468 350 1146 71 678
Late 3C0 468 295 1096 -5 630

With Soya-bean
Castor G'nuts Castor Soya Castor Soya
Early 268 807 477 904 205 187
Medium 279 807 &4 1708 =195 201
Late 300 807 26 1700 =274 893

African Agricultural and Forestry Journal (1962)

UL




(B) Effects of mixed cropping on insects snd other nests

Evidence of the potential effects of mixzed cropping
on insects and other pasts was demonstrabed in the United

States. Interplanting alfalfa with cotton wes shown to

-

reduce damage by ILygus hesperus which is one of the most

destructive insect pests of cotton, beans, and many seed

crops in Californis.

Strip barvesting of alfalfa (Stern et al, 1964, 1967,
1969) has been shown to produce greater stability in
altfalfa environment. This process in turn, prevents
emigration of certain species during the- harvest period
and brings aboult improved spatial and btemporal syanchrony
between pest populations and those of their natural
enemies., This evenbually results in a dual benefit from
strip cutting: (1) reduction in the population of Lygus
in susceptible crops e.g. cotbton and (2) alfalfa strips
serve as an ‘insecbary' for natural enemies which later

migrate from the alfalfe into cotion, where they attack

eggs and small larvae of bollworms and other insect puazts.

Dempster and Coaker (1974) in U.K., showed that
clover interplanted with brussels sprouts greatly reduced
numbers of the cabbage caterpillar, Pieris : ae, on the
brussel crop. Similarly, O'Donnell and Coaker (1975)
have demonstrated the effect of intra-crop diversity on
insect pest populations on brassicas by undersowing
brussel sprouts with clover. Cabbage aphid infestations
were reduced by over 80% due to interference with their

immigration into the crop. ©Soil dwelling predatory
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arthropods were enhanced by the additional shelter
provided by the clover and were responsible for the lower
survival of cabbage caterpillars (30%) and cabbage root
fly (60%). Although clover competed seversly with
brussels sprouts on light soil, this effect was remedied

by irrigation.

Much observational information has been recorded in
Africa (Pearson, 1958) which suggests the role that mixed |
cropping could play in insect pest management; In
Ehodesia considerable oviposition by H. armigefa occurred
in maize and beans, so Peat (19%2) considered these two
crops as potential trap crops in a mixed cropping system
with cotton. Maize just coming into tassel and silking
was more attractive to H. armigera at that time than were
cotton plamts. Similarly, Bebbington and Allan (1933)
confirmed the usefulness of maize as diversionary crop for
the American bollworm (H. armigera) in Zambia. Maize thus
used, is attractive for only a short period, say for 15-20
days as suggested by Pearson (1958). So as a diversionary
crop, sequential sowings are required to ensure that some
are in tassel throughout the period when cotton plants are

prone to attack by bollworms.

Results so far known provide little factual evidence
of the effect of mixed cropping on pest control management,
especially in Africa where scanty work has been done and
little gquantitative data have been published. The main

aims of this study, therefore, were to determine the
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extent to which insect pests would be attracted to,
diverved away from or otherwise affected cotton in a
mixed cropping system, considering these uanderlying
factors which have been indicated by Way (1973) as sound
requisites to ecological research needs in relation to

population dynamics and control of insect pests:

(1) the possibility that mixed stands produce

0
5

favouranle environment to enhance natural enemies

T

action,

L.

(ii)  the presence of diversiomary hosts in the mixtures
which could serve to attract pests from the target

CTOP,-

(iii) 1lack of conbtact between plants of the same snecies,
so decreasing success in plant-to-plant colon-
ization; and lack of coincidence of pests with the
at-risk stage of the crop or conditions less

favourable to dormant season survival; and

(iv) the attractive properties of crops i she mixtures,
as this can affect the visual and olfactory stimuli
that attract insect pests into the crops or prevent

then from finding the crops.

Furthermore, il was desirable to assess the possible
benefits from mixed croppring systems in terms of increased

yields.
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2. MATERTATS 40D METHODS

Treatments were:

(1) Rows of cotton (Allen 26J) planted as 10CH% crop pop-
ulation per plot spaced at 45 cm on ridges 90 cn

aparta.

O™~

(2) Rows of cotton interplanted with maize as 50% cotton
crop population per plot. Here cotton was planted at
90 cm spacing on ridges 20 cm apart and maize 90 cn
on ridges 90 cm apart i.e. 45 cm between different

CTopS.

(3) Ag treatment (2) but okra interplanted instead of

maize,

(4) As treatment (2) but cotton interplanted with tomatbo

natead of maize.

(5) Cotton interplanted into maize, okra and tomabto and
cotton as 25% crop population per plot of each species.
Fach crop was planted at 180 cm spacing on G0 cm
ridge i.e. 45 cm apart between the different crop

speciese.

The five treatments were replicated five times in a5x5
latin square design (¥Fig. B ). All biological data
including yields were collected from the inner portion of
each plot, a nett area of 72 sq. metres. Sowing dates for
the three trials were the first week of July 1972, the
beginning of the second half of July 1973 and 197%. The

sowing dates were rather late for crops like maize, tomato



FIGURE B .

SCHEMATTIC

DIAGRAM OF A MIXED CROPPING TAYOUT FOR 1972-74 SEASON
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and okra whidh wou1d normally be sown as early as April
for uptimum yield, but they were chosen to coincide with
the cotton sowing time recommended by Hayward (1967),
Choyce and Lyon (1965). TFor the trials, tomatoes were
sown into trays and transplanted into the field two weeks
after sowing. All plants of all species were thinned to
two per hole 2-3 wéeks after planting. Artificial fert-
ilizer was applied to cotton at the rate of 225 kg/ha of
26% N calcium ammonium nitrate while the other crops.were
treated with 15% : 15% : 15% N.P.K. compound fertilizer at
225 kg/ha. No insecticide sprays were applied to the

mixed cropping trial.

Treatments were assessed on the basis of the total

number of larvae mostly P. gossypiella and E. biplaga, and

of adults of flea beetles essentially Podagrica spp,

cotton stainers (2, superstitiosus) and ladybird adults

and larvae C. lunata and P. ferruginea taken from eight

randomly selected plants per ridge in the 1972-3% and
1973~4 trials. In the 1974-75 trials samples were taken
from 84, 42 and 14 randomly selected plants to correspond
to cotton planted in the proportion of 100 : 50 : 16.6%
(Pables 44 - 50 ).

Sampling for insect pests, natural enemies and yields
were from the nett plots and methods of sampling and
analysis were similar to those used in the insecticidal
trizls (Sections II and III). Four separate trials were

conducted.
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First, a preliminary survey of the use of a mixed
cropping system was undertaken in 1972-73 season, to study
the numbers and species of insect pests and their natural
enemies in a cotton growing community (Usenbo, 1974g).
Four crops used in this trial were cotton G. hisurtum
(var. Allen 26J), maize Zea mays (var. N.S 1), tomato

Lycopersicun esculentum (var. Ife 1) and okra Hibiscus

esculentus. The trial was repeated in 1973-74 season.

In 1974-75 season, two separate trials were conducted; one

in which %the crops were combined as in the two previous (Fig. C)
seasons (1972-73) and in the other in which the different

crop species were sown as sole crops in strips with a view

to collecting yield data used for determining the land

equivalent ratlos for each crop.

In these final trials, sorghum and cowpeas which were
now avallable were included. Numbers of insect pests and
their nabtural enemies were also counted as per previous

trials.




FIGURE C . SCHEMATIC DIAGRAM OF A MIVED CRCFPING TAYOUT ON THE FIELD. 107475 SLASON
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3. RESULTS

(4) Mixed cropping 1972-73% season

(1) Effects on bollworms (P. gossypiella and E.

bivlaga)
The populations of these two species were
relatively low on the crops throughout the season, and .

both were patchily distributed.

First larvae were recorded on samples during the
first week of September, and the subsequent changes in
larval populations (Fig. 30) indicate three possible
phases of attack perhaps corresponding to peaks_of ovi—
position in late September, at the end of October and in

the third week of November.

The numbers of larvae per plant, per plot and

per hectare of P. gossypiella and E. biplaza are shown in

Tables 44 & 45 respectively. Analysis of variance of the
mean larvae recorded per cotton plant either of pink boll-
worm or spiny bollworm showed sigrificant (P = 0.05)
effects of the treatments, and on per plot or per hectare
bases more of both species were found on cotton planted as
monoculture than in mixed situations (Tables 44 & 45 ).
Thus except in the treatment where cotton was inter-

planted with okra and in the four crop mixture (i.e. cotton with

maize, okra and tomato) the mean numbers of P. gossypiella
larvae on cotton in the cotton/maize and cotton/tomato

treatments were significantly (P £0.05) less than in the
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TABLE 44 .,  PQFULATIONS OF PINK BOLIWORM (P. GOSSYPIELLA) IN MIXED CROPPING SYSTEM 1972~-73 SEASON

, ‘
% CODngRPgEg%ATION CROP COMBINATION Fec Nos. larvee/Plant|Mean Nos/Plot|Mean Nos/Hectare
/sample /sample /sample
100 COTTON ATONE 2.0 ** 200 2857
COTTON 0.82* 40 574
50 COTTON + MAIZE  py77o : s /
COTTON 1.3 ** 6l 914
50 COITON + OKRA . gg= 21 e 2ar
COTTON 0.82% 40 571
50 COTTON + TOMATO  pohwiee X 5 o
COTTON 2.1 ** 52 42
5 COTTON + MAIZE  MAIZE 0 0 0
> + OKRA + TOMATO  OKRA 0.18 5 71
TOMATO 0.09 - 5 28
3 b

** Means are not significantly different at P = 0.05

* Means are not significantly different at P = 0.05, but are significantly different from **

L8l
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pure cobtton (Table 40y, It would therefore, secn
advantageous to interplant cotton especially with maize or

tomato to reduce P. possypiella infestation.

<

Unlike P. gossypiella, the mean numbers of .

bivlesa lervae/cotton plant (Table 45) were significantly
(P £.0.05) higher in cobton planted with tomato than in the
other crop combinations though it was not significantly

(P = 0,05) different from numbers found on .cotbton inter-
planted with okra or as a sole crop (Table 45 ) and on a
per plot basis they were significantly fewer on cotton

in all the crop mixtures. The numbers of L. biplaga
larvae found on okra were four times those on Ttomato crop
in the twe crop mixbures (Table 45 ). The fewer numbers

f

o
s

» biplagze found on tomatoes compzred to the other

combined crop (cotton) indicate that intercropping of
obtton with tomato enmhances the builduv of spiny bollworm
It must be noted however, that the presence of E. biplama
on tomato is by chance as this crop is not a known host to

Farias spp.

Overall, the best combination secemed to be the

50/50 cotton/maize mixture (Table 45; Fig. 31)



TABLIE 45 . FOPULATIONS OF SPINY BOLIWORM (E. BIPLAGA) IN MIXED CROPPING SYSTEM 1972-7% SEASON

% COTngRPgEg%ATION CROP COMBINATION Mean Nos. larvae/Plant|Mean Nos/Plot|Mean Nos/Hectare
/sample /sample /sample
100 COTTON ALONE q.28%%x 128 1828
50 COTTON + MAIZE — SOT700 0,757 37 528
' : N .00 %% ~
50 COTTON + OKRA corTo 3.32 %2 ggg. K
50 COTTON + TOMATO  oouiof deaemr 3 noxe.
COTTON 0.36* 9 128
25 COTTON + MAIZE  MATZE 0 0 0
+ OKRA + TOMATO  OKRA 0.36 9 128
TOMATO 0.98 5 94

*** Means are not significantly different at P = 0.05; but significantly different from ** and *

** Means are significantly different from * at P = 0.05
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(1i) Effccts on cotton stainers (D. supsrshitiosus)

)

Cot

<r

on stainers were fairly uniformly distributed
throughout the trectments (Fig. 32 ). The highest peak
number/plant was wecorded in the middle of October on
cotton interplanted with okra. Opn per hectare basis, the

mean number of D, suverstitiosus found on cotton plented

as a sole crop (i.e. 100% crop population per plot) was in
the order of nearly half a million (Table 46 ) and this
was notably more than numbers on cotton in the crop

combinations (Table 46 ),

The analysis o variance of the means of D. supzn-
stitiosus per cobton plant (Table 46 ) showed that D.

superstitiocus recorded from cotton plantced as

6]
O

le crep

and colbton interplented with okra were signifilcantly
(»€.0.05) higher than nuabers counted from cotton inter-
planted with the other crop combinations. There was no
significant difference (P = 0.05) between cotton stainers
recorded from cotton sown as 100% crop populalbion/plot
(i.e. cotton as sole crop) and cotton planted with okra.
Similarly, no differences were observed in cotton stainexr
numbers found cotton interplanted with either mailze,

tomato or in the four crop mixbtures (Table 46 ).

The low numbefs of stainers found on cotton
interplanted with maize, okra and tomato or cotton with
okra or maize, suggest that these crops could be inter-
planted with cotton as crop combination as against cotton

sole cropping, in order to reduce stainer incidence on
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cotton‘cropo The high stainer populaetion on cotton mized
with okra was probably beceuse this combination of host
plant was exerting a great attractive effect from the
second half of October, a period which colncided with the
peak boll formation and early opening of the first formzd
bolls. Okra had also matured and the adult stainers
could feed oﬁ their seeds while the young nymphs toék
shelter within the loculi of the ripe fruits. 4 cotton/
okra mixture was therefore behaving like a pure cotton
stand. In maize, the adults and nymphs of D. supsr-
stitiosus werzs attracted to the early formesd Lassels which
they sucked os nutrients; but this did not coincide with

the period of maximum attractiveness of cotton.

Ezeminations of the green bolls for amount of
staining were nob carried ouv, hence the damage effect

due to the fungus MNematospora was not assessed.
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TABLIE 46.

POFULATION OF COTTON STAINER (D. SUPERSTITIOSUS) IN MIXED CROPPING SYSTEM 1972-73

SEASON

% COTTON POPULATION

CROP COMBINATION

Mean Nos. larvae/Plant

Mean Nos/Plot

Mean Nos/Hectare

FER FLOT /sample /sample /sanple
100 COTTON AILONE 33, 9% * 2400 47,200
COTTON 21.1% 1100 15,200
50 COTTON + MAIZE  y7z5 .6 730 10,100
\ COTTON 35.6%% 1800 25,000
50 COTTON + OKRA OKRA 25.8 1500 20,800
COTTON 18.%* 900 12,500
50 COTTON + TOMATO TOMATO L.9 270 5:200
COTTON 19.8% 480 6,670
> COTTON + MAIZE MATIZE 9 200 2,730
> + OKRA + TOMATO OKRA 12.4 300 4,170
| TOMATC 2.9 70 970

** lMeans are not significantly different at P = 0,05

*

Means are not significantly different at P

[}

0.05, but are significantly different from **

ol
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(1iii) Effects on flea beetle (Podagrica spp.)

Flea beetles were the earliest pests to arrive

on the crops. The population trends are shown in Fig. 33 ..

The highest peak number per plant was observed on cotton
planted as a sole crop (Fig. 33 ), followed by cobtton
interplanted with maize. Numbers of flea beetle in both
treatments increased in a similar pattern, although’
numbers decreased more on cotton planted with maize after

week 11.

The analysis of variance of the mean flea beetle
pexr cotton plant showed that all the treatments were
significantly different at P = 0.05 (Table 47). Cotton
planted as 100% crop population or as crop combination
except with tomato recorded mean numbers of flea beetle
significantly higher (P£0.05) than the numbers found on

cotton mixed with tomato.

In the mixtures, the highest mean numbers per
cctton plant/hectare was again on cotton planted as sole
crop. This was followed by those on cotton in the cotton-
maize combination (Fig. 33 ). These results indicate that
tomatoes give very notable protection to cotton against

flea beetle attacks.

Evidence from Table 47 shows that okra carried
the most flea beetle per plant and this therefore, suggests

okra as the most favoured host for flea beetles.
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TABLE 47. FOPULATIONS OF FLEA BEETLE IN MIXED CROPPING SYSTEM 1972-73 SEASON

% COTTON POFULATION CROP COMBINATION  |Mean Flea Beetle/Plant|Mean Nos/Plot|Mean Nos/Hectare
: /sample /sample /sample
100 COTTON ALONE 78.6%** 7860 11228
COTTON 52, G*** 2625 37500
COTTON 15.6%* 780 11142
50 COTION + OKRA kg 3uk.6 17230 246142
COTTON 0.50* 25 357
50 COTTON + TOMATO  momymo 1.6 80 1742
- COTTON 25 ** 625 8928
25 COTTON + MAIZE  MAIZE 0.75 19 271
+ OKRA + TOMATO  OKRA 106.5 2700 38571
TOMATO 5¢3 133 1900
*** Means are not significently different at P = 0.05

* %

Means are not significantly different at P

0.05, but significantly different from *** and *

Lol
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(iv) Effscts of nixed cropping on vredabors

=

Figure 24 represents the predator vumbers in

]

beginning of

¢

the plots, All tended to fluctuate from the

CI

sampling and this resulved in many 'Feaks’. DThis fluct-
iation is perhaps associated with novement of the natural
enemies from one plant species to another in ssarch of

Prey.

Analysis of wvariance showed that the mean numbers

of P. ferruzinea larvae recorded from cotton interplanted

-

with either tomato, okra or into the four crop nixtures

were significantly higher (P £0.05) than those found on

@

cotton interplanted with maize or with cobton as sole crop
(Table 48 ). However, on per hectare basis mumbers of P.

rom cotbton planted as monoculiure, and

=

ferruminea taken

from the mixtures of cotton with either oxra, tomato and
maize were not significantly different (P = 0.05), dbut
these were significantly higher (¥£.0.05) than tho

sampled from cotton in the four crop mixtures (Table 48 ).

The highest mean number of P. ferrurinea per cotvton plant

and hence vper hectare found cotton/tomato mixtures
indicates tomato crop as possible atiractant of natural
enemies. Similarly okra ané maize could act as abttract-

ants for P. ferruginea because cotton intercropped with

either maize or okra, carried proportionately higher
numbers of this predator. However, as assoclated crops,
few predators were recorded on tomato, okra and maize.

Yet, the high peak numbers of P. ferruginea recorded on

cotton interplanted with either okra or tomato are
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these other

o]
rh

probably influenced by the presence

associated crops (Fig. 34 ).

The mean numbers/cotton plant of Chilomenscs

Junata showed significant differences at P = 0.05. Illean

nunbers of C. lunata recorded from cotton as sole crop,

cotton interplanted with okra or tomato gave significantly

(PZ0.05) higher nmumbers than those found on cotiton

planted with maize or in the four crop mixtures (Table 49

[

There was no significant difference (P = 0.05) between C.
lunata munbers found on cotton planted as 100% crop pop-
ulation and cobtbton interplanted with okra (Table 49 ).
Similarly, there were no differences bebtveen cobton/maize
treatment and the four crop mixtures (cobtton/maigze/okrma/
temato). Cobton/maize and the four crop mixtures sesm-—

ingly carried low C. lunata numbers on cothon (Fige 24 ).

Spiders were not identified but most of them

C)

were Lycosa spp. associated with bottoum leaves of the
plant. They were far more abundant on the crops than the
other predators samp 1. High numbers of spiders were
recorded per cotton plants and these were very sign-—

-

ificantly (P = 0.01) more than on other associated crops
(Table 50 ). The spider numbers per cotton planted as
100% population/plot and per cotton interplanted with
tomato, maize and okra were not significantly different
(P = 0,05) though significantly higher (P£0.05) than

those on cotton in the four crop mixtures (Table 50).

In general, the other crops, maize, okra and tomato,

Do



especlally tonatoes seeined to be attracting some of these

o

natural enemies but less than did cotton (Table 50 ).

The rise in population numbers of these natural
enemies during week 14 after crop germination (Fig. 34 )
was possibly responsible for the drastic fall in hollworm
mumbers at the same period (Fig. %4 ). Conversely, the
drop in predator numbers at weeks 16 and 19 might have

permitted rise in bollworm numbers at the same time in the

plots.
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TABLE 48 .

SEASON

POPUTATIONS OF THE TADYBIRD BEETLE (P. FERRUGINEA) IN MIXED CROPPING SYSTEMS 1972-73

% COTTON FOPULATION

CROP COMBINATION

Mean Nos/Plant

Mean Nos/Plot

S Mean Nos/Hectare
FER PLOT /sample /ssmple /sample
100 COTTON ALONE 6 * 600 8570

COTTON 7.2 * 260" 5120

50 COTION + MAIZE  y;17m 0.09 5.5 6it
COTTON 1.3 ** 560 8050
50 COTTON + CKRA OKRA 0.73 36 591,
50 COTTON + TOMATO gggggg 1(2). 25**.. 6; g 8760
COTTON 101 ** 250 3600

25 COTTON + MAIZE MATZE 0.18 4.5 S

+ OKRA + TOMATO OKRA 0.82 21 293%

TOMATO 0 0 0

** lMeans are not significantly different at P = 0.05

* Means are not significantly different at P

0.05, but are significantly different from **

coc



TABIE 49. POPULATIONS OF THE IADYBIRD BEETLE (C. LUNATA) IN MIXED CROPPING SYSTEMS 1972~-73

SEASON

95 COTTON FOPUTATION iean Nos. adults :
o - CROP COMBINATION Mean Nos/Plot{Mean Nos/Hectare

PER PLOT * larvae/plant/sample /sampée /samgie

100 COTTON ATONE 10,5 **% 1045 14929
* -

50 COTTON + MAIZE — SOTZO0 2 qgg zﬁgg

s .

50 COTTON + OKRA COTTON “i'% e 682 %ﬁgg

R %

50 COTTON + TOMATO — potrO 8'15 522 5%22

COPTON 2,7 * 68 975

5 COTTON + MAIZE  MAIZE 0.64 16 228

> + OKRA + TOMATO  OKRA 0.36 9 128;
TOMATO 0.7% 18 267 -

*** Means are not significantly different at P = 0,05

*%  Means are not significantly different at P

N

0.05, but significantly different from *** and *

¢oe



TABLE 50. POPUTALTIONS OF SPIDERS IN MIXED CROPPING SYSTENMS 1972-73 SEASON

5/ COTTON I i
7 COET%%RPgig%ATIOh CROP COMBINATION Mean Nos/Plant Mean Nos/Plot|Mean Nos/Hectare
/sample /sample /sample
100 COTTON ALONE 30,3 % 3227 16106
rrt o witom  COTTON 21,7 *x 1086 15520
50 COTTO + MAIZE MAT7E 5 250 3571
_ COTTON 21.8 ** 1090 15580
20 COTION + OERE  oxwa otk 218 2214
COTTON 28,3 ** 1400 20190
50 COITON + TOMATO  Sor+on ¥ i A
COTTON 11.6 * 289 1425
25 COTTON + MATZE  MAIZE 0.55 14y 190
+ OKRA + TOMATO  OKRA 2.6 66 ou2
POMATO 9.6 240 4D

** Means are not significantly different at P = 0.05

* Means are significantly different from **

w702
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(B) Mized cromping 197%-74 season

(1) ffects on pink bollworm (P. mossyoiclla)

———

Cotton planted as sole crop and cotbton inter-
planted with maize as well as in the four crop mizture had
a higher pink hollworm infestation than cotton planted
either with okra or tomabto (Table 51 ). After the 11th

week of germination, (Fig. 3%5), the P. possypiella

numbers increased significantly in cobton planted as mono-
culture snd this increase came up distinctly in cotton/
okra mixbture from week ‘14 (Fig. 35 ), both periods thus
coinciding with boll formation; and this increase was
fairly constantly maintained throusgh the remaining
sampling period. The high numbers of P. gossvpiclla
recorded on okra per se (Table 51 ) indicate this crop as
a host te pinlkt bollworm which couwld act as reservoir from

whence P. gossypiella can migrate to infest cotton plant

Analysis of variance of the mean numbers of P,

cossypiella per cotton showed significance between tr. .5-

ments. Cotton planted as sole crop recorded mean numbers
significantly (P£.0.05) higher than numbers on cobtton in
the other treatments. Similarly, mean numbers P.

gossypiella on cotton in the cotton/maize, cobtton, cotton/

okra and on cotton planted as 25% crop population per

plot were significently (P4 0.05) higher than those taken
from cotton in cotbton/tomato treatment (Table 51 ). Thus
from the results (Table 51 ) it is possible to interplant

cotton with tomato which seemingly had some repellent

effects as in the 1972-75 season.



TABLE 51. POPUTATION OF PINK BOLIWORM (P. GOSSYPIELIA) IN COTTON MIXED CROPPING SYSTEM 1973-74

SEASON

% COTngRngg%ATION CROP COMBINATION Mean Nos. larvae/Plant|Mean Nos/Plot|Mean Nos/Hectare
/sample /sample /sample
100 COTTON ALONE 0.35%** 35 500
50 COTTON + MAIZE - SOT-o0 0.2 6:3 9
50 corzon + okra  JOTTON o2 i ot
50 COTTON + TOMATO — Sow:on 0.03" 123 18
COTTON 0.1%%* 3.1 un
- COTTON + MAIZE  MAIZE 00 00 0
+ OKRA + TOMATO  OKRA 00 00 0
TOMATO 00 00 o

*** Means are significantly different from ** and *

** Means are not significantly different at P = 0,05 but are significantly different from *

90¢
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(11) XBffects on spiny bollworm (. binlama)

As with P. gossypiella larvas, numbers of E.

bipL;gg larvae recorded per cobton plont was significantly
aifected by treatment. Numbers of E. biplaga wer
generally higher than those of P. gossypiella (Table.,

52 )o

The mean numbers of E. biplaga sampled from
cotton planted as sole crop were significantly (P (.05)
higher than those from the other treatments. Numbers of
E. biplaga taken from cotton in cotton/maize, cotton/ckrz
and cotton/tomato wers not different (P = 0.05) but were
significantly more than those from cotbton in the four crop

mixture (Table 52 ),

.

Except in week 9O (Fig. %5 ) when Earias infest-
ation was high in cotton/maize and cotton/okra mixture

throughout the season the highest E. biplaga numbers and

hence the greatest infestabion was ge - 2ally observed from
cotton planted solely (Fig. %6 ). Ur e the P. mossyn-
iella whose presence in cotton was most noticeable fron
the second-half of October, E. biplara numbers were

fairly evenly disbributed througnout the season (Fig. %50 .



TABLE 52. POPULATION OF SPINY BOLLWORM (E. BIPIAGA) IN A MIXED CROPPING SYSTEM 1973-74 SEASON

% COTTON POFULATION

CROP COMBINATION

Mean Nos. larvae/Plant

Mean Nos/Plot

Mean Nos/Hectare

PER PLOT /sample /ssmple /sample
100 COTTON AIONE 0,38**x* 38 542
COTTON 0.,18** 9 128
50 COTTON + MATIZE MATZE 00 0o 3
' COTTON 0.15%* 8 114
50 COTTON + OKRA CRBA 0,03 1.3 i
COTTON 0.10%* 5 74
50 COTTON + TOMATO  mAmamo 00 o6 .
COTTON 0.05* 1.3 18"
25 COTTON + MAIZE MATIZE 00 00 0
+ OKRA + TOMATO  OKRA 00 00 0
TOMATO 00 00 O

*** Means are significantly different from ** and *

** Means are not significantly different at P = 0.05, but are significantly different from *
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The mean nombers of cotton ouﬂlﬁ“?ﬂ/bOttOn

planted wvith ckra were significantly higher (P 0,05) than

numbers on cotton in the other crop combinations exce
cotton planted as sole crop (i.c. 100% crop population/
plot), (Pable 55 ). There was no difference in stainer
numbers in the cotton/maize and cotton/tomato combination

(Pable 53 ).

Against the mean stainer numbers/cotton plant
found on cotton interplsanted with cotton, the pgreatest
stainer infestation per plot and hence per hectare was
found from colbon sown as 100% crop population per plot
{(i.e. as sole crop); this was followed by infestaetion
observed on cotton interplanted with okra (Table 53 ).
The level of cotton steziner infestation per plant and per
plot in the cotton/okra treatment (Table 5% , Fig. %7 )
wos at least significently (P £.0.05) double the infest—
ation numbers on cobtton in the mixbtures of cotton/maize
cotton/tomato. This high number of stainers on cotton in
the cotton/okra treatment as in - 272-73% indicates that

okra is not serving as a diversionary crop bub as an

attractant equivalent to that of cotton alone.

Figure 37/ shows that maize and tometo crops

carried some D. superstvitiosus. The high cotton stainer

nunbers found on the crops began to build up from weesk 12
(Fig. 37 ) and this coincided with boll formation in
cotton and maturation of okra which are then being

harvested.

)

S

or

A



TABLE 5% .

197%-74 SEASON

POPULATION OF COTTON STAINERS (D. SUPERSTITIOSUS) IN A

MIXED CROPPING SYSTEM

% COTTON POFULATION

CROP COMBINATION

Mean Nos. nymphs and

Mean Nos/Plot

Mean Nos/Hectare

PER PIOT adults/plant/sample /sample /sample
100 COTTON ALONE VR 738 10542
. COTTON 4.6 * 230 3285
50 COTTON + MAIZE  17g 3.1 154 2200
COTTON 9, 50** 494 6771
50 COTTON + OKRE  ogma 6.20 310 BA2E
COTTON 4,1 * 204 2914 -
COTTON 3.5 * 88 1257
25 COTTON + MAIZE  MAIZE 2.5 63 900
+ OKRA + TOMATO  OKRA 2.4 85 1214
TOMATO 0.80 19 271

** Means are not significantly different

* Means are not significantly different at P = 0,05, but are significantly different from **

cle




3

-4

TARI

et
s

1

2 I

I

NTAT]

iy

L

BOEAS

)

B

<UTB

i

-

A

I

A

JRrOn

KEY

CoTTon
COTTOr
COTTCON
CORTCH
CCTTON

+ PCrATO

|
< S
=]

<>

<

NN

S

A TEIYA TN CETETR emNe \TN e~ AT TN o o

el
11

~

ol




214

- . ~

(iv) EBtffects on flea bestles (Podazecica =zpp.)

Ag in 1972-7% flea beetle infestation was
highest on okra and on cobton interplonted with okra
(Nable 54 , Fig. 38 ). The mesa numbers of flca beetle
counted on cotton interplanted with okra was significantly
greater (P£.0,05) than numbers recordsd from cotton
planted either as sole crop or in combination with either
of the associated crops (maize or tomato) (Table 54 ).
Flea beetle numbers recorded on cotbtton planted as mono-
culture and in cotton/maize and cotbton in the three crop

L

mixbture were not different (P = 0,05), but were signi-
24y &Y

H,

ficantly higher (P«£0.05) than numbers taken from cotton

in cotton/tomato mixture (Table 54 ).

The high population of flea bectle (Table 54 )
on okra indicates that this pest had a greater nreference
for okra than cotton and the ocvher associated crops on the

mixtures (Table 54 , Fig. 38 ).

It has been suggested Pearson (1958) that if
alternative hosts of flea beetles were well grown by the
time the cotton germinated, they tended to act as traps.
Thus if this tendency of flea beetle to develop on other
host crops is exploited, by establishing okra crops before
cotton germinated; then the former can be used to trap or
divert flea beetles away from cotton. In addition, okra
plants remain longer on the ground producing fresh food to
support pests; and thus by this provision pests (flea
beetles) are prevented from migrating to infest cottom

CTQOPS.



TABLE 54 . POPULATION OF FLEA BEETLE (FPODAGRICA SPECIES) IN A MIXED CROPPING SYSTEM 197374

SEASON
/
7 COTngRngg%ATION CROP COMBINATION Mean Nos. sdults/Plant|Mean Nos/Plot|Mean Nos/Hectare
/sample /sample /sample
100 COTTON ALONE L250%* 25 3571
COTTON J375* 18.8 2685
COTTON 2.68 *** 133.8 19142
50 COTTON + OKRA CREL 6915 31533 493143
COTTON 0.10 * 5 214
>0 COTTON + TOMATO  mairmo 0.43 271.5 3942
COTTON 0.250%* 6.3 857
25 COTTON + MAIZE  MATZE 0.12 3.7 428
+ OKRA + TOMATO  OKRA 20.51 512.8 D342
TOMATO 1.63 25.7 514

qLe

** Means are not significantly different at P = 0.05, but are significantly different from ***

and *
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(v) Effects of mixed

_____ i

cTOPHIiNG on DeS

and the

(adults and lervae), and

s

2

coccinellids Chilome:

lunata

atynaspils ferruginea

larvae)

season, and their numbers

57. Spiders and C.

Vith the excepti

numbers of predators count

vere the common predators

lanat

~

nced

;._l.
by

ares

repre

8 Were more numerous

on of P. ferruginea,

-

ed on cobtton plaunted

as

(mainly

the mean

10055

crop population per plot were significantly higher (Eﬁ:

0.05) than numbers taken

from
57

MisTtures.

).

ignificantly greater

Spider numbers

5

coston nlanted as 25%

-

), but were nob

from cotton plented in crop

per cotton
("‘ L--s O O?)

CYOp pPop-

Similarly, C. lunsita numbers/

cotton planted as sole crop (i.s. 10C% crop popula ation/

plot) and per cotton interp!

(i.e.

(P = 0.05) but were significantly hlvher (P£0.05)

those rTecorded from cotton

as 50% cobton population/plot)

nbed with okra or

interplant

1eE

were not differsnt

with mai: .

15

ToTaco

than

and in

the threc crop mixbures (i.e. 25% cotton population/plot)

(Table 56 ).

In general, with

C. lunata and especially s

cotton planted ¢

the exception of P. ferruzinrea,
spider numbers recorded per

as 50% crop population/plot (Figs. 29

significantly (P £0.05) doubled the numbers sampled fron

cotbon sown as 25% crop population/plot.

This indicates
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that a combination of cotlon crop with more than one
associated crop mixtures reduces predator populations on

in the

Uy

cotton and thus enhances pest development. Just a

v

1972-73 trial and except for the P. ferruginea, the

predator populations recovered were high on cotton sown as
sole crop and in the combinations of cotton with either
okra, tomato or maize. However, more predator numbers
were sampled during the 1972-73 scason than in the 197374

trials.



TABIE 55 . POFPULLTION OF TADYBIRD (P. FLRRUGINEA) T A MIXED CROPPING SYSTEM 1973-74

SEASON

% COTTON PORUTATION ' Mean Nos. P. ]
/e Y 4 = v V] e -
PER PLOT CROP COMBINATION forruminea/planty samge Mea?éggs{glot hcan/gggéggctare

100 COTTON ATONE 0.050% 5.8 8%

o COTTON 0,08 * 4 57

50 COTTON + MALZE  py7om 0.078 0.9 12

COTTON 0.08 * 3.8 54

50 COTTON + OKRA CREL 0.0 504 20

COTTON 0.10 * 5.0 7

50 COTTON =+ TOMATO  qopamo 0.022 1.1 15

COTTOR 0.19 * L.6 65

- COTTON + MAIZE  MATZE 0.014 0.4 5

+ OKRA + TOMATO  OKRA 0.017 0.4 6

TOMATO 0.018 0.5 6

* Means are not significantly different at P = 0,05

6Lc




TABLE ©56.

o

SHASON

POPULATION OF TADYBIRD BEETLE (C. LUNATA) IN 4

MIXED CROPPING SYSTEM 1973574

% COTTON POPULATION

CROP COMBINATION

Mean Nos. C.

Mean Nos/Plot

Mean Nos/Hectare

FER FPLOT lu-atg/plant/saﬁble /sample sample
100 COTTON ALONE 0.50 ** 49,8 7411
_ COTTON 0.12 * 6 85
50 COTTON + MAIZE MATZE 0 Ol 5.2 31
, COTTON Q.60 ** 29.3% 4,18
50 COTTON + OKRA OKRA 0.087 . s 62
, . COTTON Q.40 ** 18.% 2,61
50 COTTON + TOMATO  fiuvmy 0.0%3 1.9 =
COTTON 0,130* 3.3 47
o5 COTTON + MAIZE MAIZE 0,015 LU0 5,
+ OKRA + TOMATO  OKRA 0,057 14 20
TOMATO 0,030 0.8 10

** Means are not significantly different at P = 0,05 but are significantly different from *



TABLE 57 .

POPUTATIONOF SPIDERS IN A

MIXED CROPPING SYSTEM 1973-74 SEASON

% COTTON POPUTATION

CROP COMBINATION

Mean NMos. spider/Plant

Mean Nos/Plot|Mean Nos/Hectare

FER PLOT /sample /sample /sample
100 COTTON AIONE 14170%* 117 1671
COTTON 0.900%* 4h 628

50 COTION + MAIZE  ay7g 0.268 134 185
COTTON 0.840** 41.8 600

50 COTTON + OKRA OKRA 0.251 12.6 185
COTTON 1.0 ** 49,8 711

50 COTTON + TOMATO  pivimo 0307 14 San

COTTON 0.48 * 11.9 170

5 COTTON + MAIZE  MAIZE 0.219 5.5 98
> + OKRA + TOMATO  OKRA 0.202 5.1 72
TOMATO 0.280 2 160

** Means are not significantly different at P = 0.05, but are significantly different from *

Lec
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(vi) Dffects of miwed cropping on yields

Yield data are tabulated in Table 53. Irom
cotton cultivated as 100% crop population/plot, yield was
not high but comparable to typical yields from unsprayesd
crops. However, cotton yields were significantly greater
(P£0.01) than yields obtained from the other treatments
(Table 58 ). Yields obtained from cobtton intercropped
with either okra or tomato were significantly higher
(P £0.05) than yields taken from cotton/maize and cobton
interplanted with the three crops nixture. Only in one
mixbure, the cobtton/okra combination were yields of seed
cotton more than half the yields derived from cotton sown
as sole crop (Table 58 ). The significantly lower ¥ields
of seed cobton obtained from cotton/malze and cotton/
tomato treatments were perhavs due to the fact that maize
overshadowed cotton and possibly tomato plants grew more
rapidly and aleco shaded the cotton crops. However, a

atisfactorily high yields of the associated crops were
realised from the treatments where cotton was intersown
with okra and tomato (i.e. as 5085 crop population/plot).
Table 58 further showed that the yields from the component
crops were good, and the maize yield was as good in the

four crops mixture as in the 50:50 cotton/maize mixture.

The values obtainsd from cotbton crop reflected
differences in the treatments. In terms of Naira, cotson
planted as sole crecp significsntly out-weighted the values

obtained from cotton interplanted in the other treatments

(Table 58 ). The value of cotton interplanted with okra



was about half and that from cotton/tomato miwbures lass
than half the value obtained {ronm cotton sovn as sole
crop. ALlthouch high populations of insect pests developed
on the four crop and six crop mixtures, the total values
of crops per hectare from these treatments (Table

58) . were comparsble to the highest values
obtained tomato/cotton combination and were also higher
than the values realised from the other treatments. The
high yields/values obtained from the combination of cotton
and tomato also suggest this latter combination is

Promising.



TABLE 58. MEAN YIFLDS IN Ke/Ha OF CROPY HARVESTED FROM MIZED CROPPING SYSTEMS 1973=74 SEASON

CROP COMBINATIONS YIELDS IN Kg/Ha VALUE OF CROPS IN (N/ha) Totals
COTTON ALONE 6714 89 89
. _ COTTON 134, % 18 -
COTTON + MAIZE MATTE 4.3 05 93
, COTTON 366.7 48
;
COTTON + OKRA KB 2004 o8 76 N
P
. COTTON 271 J4 36 ~3
COTTON + TOMATO  nenmo 196203 b 178
COTTON I & - 9
COTTON + MAIZE MAIZE 459,49 - 72 115
+ OKRA + TOMATO  OKRA 83,7 8
TOMATO | 214.6 26
y
N = Nigerian Naira. (N) = 100 Kobo

The official Marketing Board price of grade I seed cotton in 1973-4 season was 13.2 Kobo per kilo-
gram in Mid-West State. All cotton picked from the nett plots were virtually grade I. Prices of
the other associated food crop varied within localities in the State, but the ones given here

were the prevailing prices during 1973-74 season. These are given in Kobo/Kg:—~ Maize 15.7,

Okra 10, Tomato 12.2, Sorghum 6.62 and Cowpea 22.6.
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2

) Nixed cropping 1974-75 season

(i) IBEffcets on pink bollwornm (E. smossvpislla)

—

g Site I (Fig. 42 ) cotton planted as sole crop

Te

recorded the highest 'Peak' number of 0.7% larvae per
cotton plant in October. There was however, a sudden rise

in nmumber of P. mossypiella on cobtton in the six crop

mixture at the beginning of November, when coltton was
maturing and had bolls to support pinlk bollworm larvae.

P. gosswpiella showed a consistent increase in population

on cotton sown as single crop/plot (Fig. 42 ). This
pattern was similarly followed in cotton/sorghum aand

cotton/tonato treatments.

5

In Site II (Fig. #2 ) the general 'Peak' was

distinetly shown for all treatments except cotton/tomato.

The highest 'Peak' number of P. gossypiella/cotton plant

was found in the six crop mixbure treatment. The high
nunbers recorded in this treatment is perhaps associlated
with the presence of the “her crops attracting pink boll-
worn to the plot. However, populations decreased steadily

throughout the month of November.

hnalysis of variance showed that the mean

munbers of P. gossypiella/cotton in treatments for cotton

planted as sole crop and where five other crops are
combined with cotton were not different, though they were
significantly more (P& 0.05) than these recorded in the
other treatments at Site I (Table 59 j. Similarly, at

Site II (Table 60 ), the larvae of P. gossypiella recorded
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Jcotton in treatment, for cotfon planted as sole crop, va
significantly higher (¥ 0.05) than numbers found on
cotton in the other treatments except in the combination
of six crop mixbures (i.e. where cotton is internlianted

with sorghunm, cowpea, maize, okra and homato).

Okra was the only associated crop on which P.

rossypiella was found breeding.
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Flg AZ_Mean numbers of ﬂ.gossygiella in a cotton

mixed cropping system.
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TABIE 59.

POFULATION OF PINK BOLLWORM (P. GOSSYPILLIA) IN A

MIXED CROPPING SYSTEM.

SITE I.

197175 STASON

ol COQ oM T
7 CCTT%gRPgig%*~IOB CROP COMBINATION Mean Nos. larvae/Plant|Mean Nos/Plot|Mean Nos/Hectare
/gsample /samnle /sample

100 COTTON AIONE 0,13 ** 13 186

. ‘ COTTON 0.07 * 4 57

' ‘ COTTON 0.05 * 3 43

. I COTTON 0.04 * 2 29

50 COTTON + MAIZE ot o ° 4

o COTTON 0.05 * 3, 2y

50 COTTON + OKRA Cint 0 002 ¥ )

, . COTTON 0.06 * 2.2 46

50 COTTON + TOMATO HOMLNO 0 S o

COTTON 0.10 ** 2 29

COTTON + SORGHUM oot 0 0 0

16.7 + COWPEA + MATZE  prro— o o 0

. A 4
+ OKRA + TOMATO OLEE 5 o o
MOMATO 0 ) 0
> v

** Means are nov significantly different at P = 0.05 but are significantly different from *

Lee



TABLE 60,

197175 SEASON

FOFULATION OF PINK BOLLWORM (2. GOSSYPIELIA) IN A MIXED CROPPING SYSTEM.

SITE TI1.

% COTTON PCPUIATION

CROP COMBINATION

>

Mean Nos. larvae/Plant

Mean Nos/Plot

Mean Nos/Hectare

PER PLOT /sample /sample /sample

100 CODTON ATONE 0.09%* 8.7 124
o .  COTTON 0.05* 2.5 55

50 COTTON + SORGHUM  Cotiot. 0 5 g
PO 4 GOl COTTON 0.05* 2.6 37

50 COTTON + COWPEA  Goupma 5 5 6
| tom  CODTON 0.05* 2.7 39

50 COTTON + MAIZE  pprao 0 5 8
50 COTTON + OKRA CoEr N < o 28 2

VOV R

50 COTTON + TOMATO — Sobron 0.85" 2t g
COTTON 0.08%* 1.3 19

COTTON + SORGHUM — SoRCilH o 0 0

16.7 + COWPEA + MAIZE o o
O TALZE yprzm 0 0 0
TOMATO 0 0 0

** Means are not significantly different at P = 0.05, but are significantly different from *

N
\H
no
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(ii) Effects on spiny bollworm (E. biplaga)

Spiny bollworm distribution throughout
the season is shown in Figure.' 43 for Sites I and
IT respectively. The highest E. biplaga populations
occurred in September and October in both sites; and as

for P. gossyniella, most E. biplaga were found on cotton

planted as sole crop as a treatment of six crop mixture in
Site I; but in Site II, numbers recorded from treatment df
six crop mixture were highest folloﬁed by those found in
treatments of cotton/sorghum and cotton planted as sole
crop (Figure 43). i Thefe was however, a third rise
in population found in November at Site I (Fig. 43 ) from
cotton/cowpea, cotton/okra and cotton/maize treatments.
This later peak population may have been caused as a
result of late sowing of cotton giving rise to late flower
and boll production which attracted a new generation of

E. biplaga. As in Site I, there was a decline in E.

biplaga numbers during the month of November (Fig. 43 ).

Apart from treatment of cotton planted as sole
crop, Site IT (Table 62 ), high E. biplaga infestations
were also found in the treatment of cotton/okra, cotton/
sorghum and six crop mixture. The high number of spiny
bollworm found on okra and on cotton in the treat-
ment of cotton/okra suggests okra as a favourable host
crop. Seemingly, the low E. biplaga larvae recorded from
cotton in cotton/cowpea, cotton/maize and cotton/tomato
combinations indicates that these other crops were

possibly helping to reduce spiny bollworm infestation on




2%

the cobtton cron (Mable 62 ), but in Site IT (Table 62)

Kngd

only tonmato seemed to show this reducing eiffect

<

At Site I, the mean numbers of L. biplaga

serapled from cotton in the treatment of cotton sown as

sole crop were significanktly more (¥£0.05) than numbers
found from the other treatments. INumbers recorded from
cotton in cotton/cownea, cotton/maize, cottonfokra, cotton/
tomato and six crop mixture treatments were not different,
but were significantly higher (P£ 0.05) than thossz from

cotton/sorshum (Table 61),

Put at Site II (Table 62) all treatments were
not different except cobtton/tomato vwhere they were sign-
ificently less (15’350,05)° This indicates the possible

reduction of E. Dbiplages infestation by intercrepping

cotton with tomatoes.
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F‘_ng'B Mean numbers of E . biplaga per plant in a cotton
mixed cropping system.
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TABLE 61.

POFULATTON OF SPINY BOLILWORM (E. BIPLAGA) IN A

1974-75 SEASON

MIXED CROPPING SYSTEM.

SITE T.

% COTTON FOFULATION CROP COMBINATION Mean Nos. larvae/Plant]|Mean Nos/Plot{Mean Nos/Hectare
/sample /sample /sample
100 COTTON ATONE 0.07%** 7.3 104
50 COTTON + SORGHUM — Soion 0.917 -85 2
T * s
50 COTTON + COWPEA  gortob 0.05%* 20 7
l—ﬂ' * Xk
50 COTTON + MAIZE Soon 0.93 1.6 22
50 COTTON + OKRA COTON 0.93" 18 e
TN *
50 COTION + TOMATO  SOmvor 0.8 1-2 27
COTTON | 0.05%* .89 1%
COLTON + SORGHUM ~ SORCEIE 0 0 0
16.7 + COWPEA + MAIZE U0 0 5 o
+ OKRL + TCMATO oo 0 9 0
DOMATO 0 0 0
3]

#%% Means are not significantly different at P = 0.05, but are significantly different from ** and *



TABLE 62,

197475 SEASON

POPULATION OF SPINY BOLLWORM (Z. BIPLAGA) IN A

MIXED CROPPING SYSTLIM.

SITE II.

% COTTON POFULATICN
PER PLOT

CROP COMBINATION

Mean Nos. larvae/Plant

Mean Nos/Plot

Mean Nos/Hectare

/sample /sample /sample
100 COTTON ATONE 0.41%* 11.3 167
. COTTON 0.08%* 3.9 56
50 COTTON + SORGHUM  gotion 0 5 2
It x ok Y
50 COTTON + COWFEA  oorrol 0.2 Sec e R
. | COTTON 0.06%* 3.0 43
50 COTTON + MATZE oo o 5 :
i E 3
50 COTTON + OKRA gggEON 8-82 2-2 gg
50 COTION + TOMATO  oOrao0 0.0 18 26
COTTON 0.08%* 14 20
COTTON + SORGHUM Sgﬁg%gh 8 8 8
46.7 + COWFEA + MATZE OO
; MAIZE 0 0 0
TCHMATO o} 0 0

#* Means are not significantly different at P

l

L

0.05, but are significantly different from *
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(iii) Effects on American bollworm (H. armigera)

Heliothis armigera population was generally low

at both sites, but was higher at Site I. At Site I,
(Table 63) the highest numbers of H. armigera larvae were
recorded in the treatment where cotton was interplanted
with tomato followed by numbers recorded from the treat-
ments of cotton planted as 100% crop population/plot and

cotton interplanted with sorghum.

Although the numbers of H. armigera in the plots
were low, generally less than 0.1/plant, analysis of
variance showed that at Site II (Table 64) mean numbers
of Heliothis sampled/cotton from treatments of cotton
planted as sole crop and cotton interplanted with tomato
were not significantly different (P = 0.05), but were
significantly more than those in the other treatments.

But at Site I (Table 63), the mean numbers of H. armigera
from treatment cotton/tomato and the six crop mixture were
significantly greater (P£L0.05) than those from the other

treatnentse.

The high numbers of H. armigera sampled from
cotton interplanted with tomato and the amount taken from
tomato plants, suggests that this crop is a favourable
host to Heliothis. Similarly, some of the Heliothis
numbers recorded on okra, maize, cowpea and sorghum at
both sitegs indicates them as hosts and as probable

diversionary crops.




TABLE 65.

POPULATION OF AMERICAN BOLLWORM (H. ARMIGERA) IN A

MIXED CROPPING SYSTEM.

SITE I.

1974-75 SEASON

% COTTON POFPUTLATION

CROP COMBINATION

larvae/Plant

Mean Nos/Plot

Mean Nos/Hectare

i Mean No
FER PLOT 7samp le sample sample

100 COTTON ALONE 0.01* 1 14
COTTON 0.01* 0.45 6
50 COTTON + SORGHUM  Sprrmny 0.01 .65 9
COTTON 0.01* .30 I
, COTTON 0.01 * .25 I
50 COTTON + MAIZE  wy7zm 0.002 .10 1
N COTTON 0.0 .60 9
COTTON 0.04 ** 2.1 30
50 COTTON + TOMATO  monmo 0.01 .65 9
COTTON 0.0 .63 9
COTTON + SORGHUM — SORGHUM 0.04 .18 3
) 0 COVPEA 0 0 0

16.7 + COWPEA + MAIZE
+ OKRA + TOMATO — LAIZE 0.0 e 2
gh OICRA O - O’] ™ 1 8 5
TOMATO 0.04 .63 9

** Means are not significantly different at P = 0.05, but are significantly different from *

6%¢C




TABLE 64, POPULATION OF AMERICAN BOLLVCRM (E. ARMIGERA) IN A MIXED CROPPING SYSTEM.

SITE II. 1974-75 SEASON

1 POTUTATION '
% COTTON FOXUTATION CROP COMBINATION Hean Nos. larvae/Plant|MHesy Nos/Plot|lesn Nos/Hectare
i sample aysamp e /sample

100 COTTON ALONE 0.003#** .3 i

50 COTTON + SORGHUM  SOutor 0.002 g ;

50 COPTON + COWPER  Soiiol 0 050 2 °

X 3
50 COTTON + MATZE ~ JOToOF 0 0 o
50 COTTON + OKRA cnion 0901+ . .
A K K &

50 COTTON + TOMATO — Soriow 000 2 2

COTTON o * 0 0

COTTON + SORGHUM  SORGHIM 0.012 5 3

16.7 + COWFEL + MATZE s 0.012 "5 3

+ OKRL + TOMATO  (ppy | 9 "0 0

TOMATO 0.0 o1 1

*%* Means are not significantly different at P = 0.05 but are significantly different from ** and *

Otfic
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(iv) EBffects on cobton stainers (D. supsrstiticsns)

D. superstitiosnus did not avpearn in the plots at

R

Site T until October. Populations gradually built up, and
the highest vovulation was recorded in treatments of
cotbon sown as sole crop in the middle of November with a
nean number of 134 stainers/cobtton plant (Fig. 44t R
'"Peak' populations were recorded on cotton in the other
treatments a week later. Besides treavment where cotton
is cultivated as sole crop, the 'Peak’ population recordad
from the other treatments followed the order of cotton/
okra, cotton/couwpea, six crop mixture, cobton/sorghum and

cotton/maizen

Fal

Against Site I, the highest 'Pealk' population of

D. superstitiosus was observed in coftton planted as mono-

culture in Site ITI during the lasw week of October. Tha
'Peak' generation found on cotton in the other treatments
occurred irresularly., each appearing at different times

between October and November (Fig. 44 ).

On per plot basis the mean numbers of D. super-
stitivsus found in the treatment of cotton planted as 1007
crop population/plot were highest in treatment and these
were followed Dy numbers recorded in cotton/cowpea, cotton/
okra, cotton/sorghum, cotton/maize and cotton/tomato
treatments (Table 65 ). Similarly at Site IT (Table 66 )
stainers numbcrs found per cotton in treabtments of cotton/
okra, cotton/cowpea, cotton/tomato, cotton/sorghum and

cotton/maize followed numbers found in cotton planted as



2i2

sole crop in that descending order; thus indicating that
thess other crops, okra, tomato, cowpea, sorghum could

possibly reduce stainers incidence on cothon Crops.
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TABLE 65.

OPULATION OF COTTON STAIVERS

SITE TI.

1974-75 SEASON

(D. SUPERSTITIOSUS) IN A

MIXED CROPPING SYSTENM.

-
% COTTON FOPULATION

]

: CROF COMBINATION lMean Nos. larvae/PlantiMean Nos/Plot{Mean Nos/Hectare
PER PLOT /sample ;Eamp{; sample
100 COTTON ATONE Q4 ** 941 13442
O ﬁ COTTON 5.60 ** 288 4914,
50 COTTON + SORGHUM SORGHUM .675 34 486
N o COTTON 8.30 ** 416.5 5950
50 COTTON + COWPEA  giimmy “izo o1 509
e ; COTTON 5.89 ** 250 3571
50 COTTON + MAIZE MATZT “32 52 157
A COTTON B.32 ** 416 5042
50 COTTCIT + QOKRA OKTA 2.549 125 1785
e ’ COTTCH 3.53 * 177 2528
50 COTTON + TOMATO — -ovmd "85 5.5 47
COTTON 0,38 ** 157 2242
COTTON + SORGHUM — SORCHUN .96 65 Jua
16.7 + COWFEA + MAIZE - 80”5£A 2.22 &7 2n2
+ OT’\‘T{A_ {. TOI\L%_TO lJ‘AIéII.‘J .72 1200 /l?/l
e QFRA 5,07 85.7 1224
TOMATO . 087 2 29

i
c3

.enificantly different at P = 0.05 but are significantly different from *

tric



TABILE ©66.

SITE I,

197475 SEASON

POPULATION OF COTTON STAINERS (D. SUPERSTITIOSUS) I A -

_MIXED CROPPING SYSTIMNM,

% COTTON PCPULATION

TER PLOT CROP COMBINATION Mean Nos. larvae/Plant|Mean Nos/Plot|Mean Nos/Hectare
/sample /sample sample
100 COTTON AIONE 2.182%** 218 1) 3194
COTTON 0.248* 12 p

50 COTTON + SORGHUM  {irernmy 0950 : 121

no

. | COTTON 0.928+* 46 6 v

50 COTTON + CCWPEA COWETA 00508 10 12; N}
_ COTTON 0.%28* 16 oo
50 COTTON + MAIZE MATZE 0558 3 ,28
COTTON 1.716% % * 86 1229
50 COTTON + OKRA ORRA A hoo % 1ee?
, COTTON 1,272%** 64 Qi
50 COTTON + TOMATO TOMATO 0. Ghe s 929
COTTON 0.494* 8 114
COTTON + SORGHUM  SORGHUM 0.472 8 114
16.7 + COWPEA + MAIZE  onioé 0220 8 14
+ OKRA + TOMATO -2 57
OKRA 1.978 33 491
TOMATO 0.071 1 a4

*** Megns are not

significantly different at P = 0.05 but are significantly different from ** and *




(v) Eifects on flea beetles (Dodasrica spp.)

e s i h e

Flea beetle populabion build-up wes more
proacunced in treatment cothon/okra. At both sites
(Figure 45) . three 'Peak' populations were recorded
on cotton planted into treatment cotton/okra. The high
population recoxdad in the treatment of six crop mixbure

was definitely dvue to the presence of okra. The highest
Podacrica spp numbers recorded from treatments of.cotton/

okra and cotton sown as cole crop occurred in the month of

October at both Sites I and II (Fig. 45).

trestment of cotbon plonbted as 100% crop population/plot
and this was followed by numbers recorded from cotlton in

treatments of cotton/okma and cotbton sown as six crep
mixture. Mumbers of flea beetle/cotton in cotbton/okra and
e

cotton/tomnato treatments Site T (Table €7 ) were not

different, similarly, nusbers foundé from the treatments of

I

d
o
O
ot
c‘r

cotkton as sele crop, cobtton/sorghum =2nd on/cowpra were
not significently d
significantly greater (PL0.05) than those from cotton in

-1,

T e At
cotton/msize treatment (Table &7 .

planted with okra further confirmed earlier season's work

vhere very heavy flea bestle irnfestabicon wes found on the
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TABLE ©7. FCPUTATION OT FLEA BEETLES (FODAGRICA SPP.) IN A MIXED CROPPING BYSTEM.

SITE T. 1974-75 SEASON

ele OPUTATTON S - |
& COTION FO-DLatiol CROP COMBINATION Mean Nos. larvae/Plant|{lMean Noe/Plot{Mean Nos/Hectare
- /sample /sample /sample
100 COTTON ATONE D, 435% %k 214 3057
COTTON 0.080% 3.1 by
\ (o \/
50 COTTON + SORGHUM oot oi 0000 24 4o
. COTTCH 0. 1245 * 6.2 89
e JPL
50 COTICN + COWFEA  ooupmy 0,083 Lok 63
N COTTON 0.040* 2.9 4
50 COTTON + MAIZE S 0 0 : p
COTTON 0.697 % ** 35 >00
)
50 COTTON + OKRA OKRE 19,175 9%0 13714
‘ COTTON 0.0u1* 2.1 30
20 COTTCH + TOMALO  pomarmo 0.165 8.3 179
COTTON 0.830% 14 200 -
COTTON + SORGHUM  SORGHUIN 0.37% & 86
16.7 + COWPEA + MATZE  CUOWIEA 0.129 2 42
L Ter  MAIZE 0.104 g o8
: * OFRA o1, 10 402 5742
TOMATO 0.132 2,2 31

**% Means are not significently different at P = 0.05, but are significantly different from ***¥*,

** gnd *



TABILE &8. POPULATION OF FLEA BEETLES (FODAGRICA SEP.) IN A [MIXED CROPPING SYSTEM.

*5% Veans are significently different at P = 0.05, but are significantly different

A 81,](1 b

SITE IT. 1974-75 SFASON
A i > AM \ . .
7 COTT%ngggg%“ ION CROP COMBINATION Mean Nos. larvae/Plant{lMean Nos/Plot|{Mean Nos/Hectare
52 - /sample /sample /sample
100 COTTON ALONE 0.0u0** 4 o7
mreme  COTTON 0.066* * 3.3 47
20 COTTION + SORGHUM  goper 0.127 6.4 o4
. i COTTON 0.043%* 2.2 31
50 COTTON + COWPEA  Sopra 0. 0% 5 5
: COTTON 0.022* 1.1 16
50 COTZON + MAIZE  yj7zm 0.067 3.4 49
- , COTTON 0.999* **x 50.0 vl
50 COTTON + OKRA OKRA 16. 3l 817.2 11674
. . COTTON 0.193*** 9.7 138
50 COTTON + TOMATO — ooims 0,053 505 29
COTTON 0.268*** 4.5 64
COLTON + SCRGHUM ol o 17 o
16.7 + COWFEA + MAIZE oo - 107 . 26
+ OERL + TOMATO  |otoE 0-0%2 S 18
OKRA 11,441 191 2728
TOMATO 0.101 1.7 24
l

sk sk ok ok
from * "

N7

O5¢



(vi) Trtects on predators

b, Cao L“'L"”b"t

Fig‘u_re G represen ts C., lunata distri-

— e st i rn.

-

buticn in the plots. Treatments of cotton planted as sole
crop ond the zix crop mixbture harboured the most C. lunata
per cotton plant and at Site I, (Fig. 46 ) the sole
cropped covton treatment had the highest numbers of C.
lunata, 4 larvae per plant, at the middle of November;

thercalfter T sulation dropped greduslly to zero at the

=
®
'
Q

last sompling date in December.

bl 4 ] o2 - T pem 0N -1
Similarly, abf Site IT (Fig. 46 ) 'Pesl
ulations recorded in the treatments oi cov

crop and the zix crop mixbture were more than psalt numbers

o

talken from the other crcoo combinations.

Analvsic of variance showed that the mean
nuwabers of C. lunatz found per covton scowa into

of six crop mixbure Site II were significantly higher

h

(P £0.05) then numbers recorded from cotton in either

the remaining five treatments (Table 70 ). However, in
treatment of cobbon cultivated as 1007 crop population/
plot C. lunala n numbers/cobton viere cignificently pgreater

+mants of cotton/
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numbers sampled on cotton grown in combination with the
other crops (Table 69); and with the exception of cotton/
tomato treatment, these other treatments were not different
from each other at P = 0.05. At both sites the treatments
of cotton/cowpea, cotton/sorghum (Table 69) and cotton/
tomato and cotton/cowpea (Table 70) carried higher C.
lunata population per hectare compared to the other treat-
ments. The number of C. lunata per cowpea only per
hectare (Table 69) was at least twice the numbers per
hectare taken from each of the other crops grown in
combination with cotton; thus éuggesting cowpea as better

host for C. lunata than the other associated crops.

The general increase in C. lunata numbers found
on the crops in Site I was associated with the luxuriant
growth of the cotton crop at this site compared to Site II.
The higher C. lunata numbers recorded on cotton in the six
crop mixture is probably due to growth differential of
cotton crop in the mixture, and also to the presence of
the other associated crops (Table 70 ). On the contrary,
at Site I (Table 69 ) high C. lunata numbers were sampled
from cotton plented as sole crop compared to the treatment
of six crop mixture. This is probably accounted for by
the fact that the greater crop population in the treatment
where cotton was sown as 100% crop population/plot was
well established to attract more predators than in the six
crop mixture treatment where cotton was grown as 25% crop

population/plot.
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TABLE 69.

1974.-75 SEASON

POTULMTION OF LADYBIRD (C. LUNATA) IN A

TIXED CROPPING SYSTEM.

% COTTON FOPULATION

CROP COMBINATION

Mean Nos. larvae/Plant

y

o A Mean Nos/PlotiMean Nos/Hectare
PER PLOT /sample /sample /sample
100 COTTON ATONE L0364+ 9%.6 1337
50 COTTON + SORCHUM ~ Soiton 330 163 i
M " I @ .
i} e COTTON 235+ 1.8
50 COTICN + MAIZE - ma17m 563 e 157
1 T S = 2
50 COTTON + OKRA ComTon °§22* 13’% 33@
50 corron + Tomazo  SOTEON il iy 124
. COTTON S ALOY x 8.2 117
COTTON + SORGHUN — SoncEll -2 p F
16,7 # GOMFRA + TRIZE iy -0os i 2e
.- OKRA + TOMATO v . .
OKRL Rein .7% 10
DCMATO .055 .92 1%

d

** Means are not significantly different at P = 0.05, but are significantly different from ***

-
and

G



TABLE 70. POPULATION OF IADYBIRD (C. LUNATA) IIT A ' MIXED CROPPING SYSTEM, SITE IT

197475 SEASON

% COTTON POFULATICN N ‘
% COTTON FOTULATLCH CROP COMBINATION Mean Nos. larvae/Plant|Mean Nos/Plot|{Mean Wos/Hectare
- /sample /sample /sample
100 COTTON ATLONE L2l o714 39
e COTTON .056% 2.8 140
50 COTTOR + SORGHUM  copeymy . 168 8.4 120
e COTTON .059% 3.0 42
= O DR A
/O COTTON + CCOYWPEA COWPEL . Oll-5 2 . 5 55
) COTTON 035+ 1.8 26
m 7 A T
20 COTTON -+ HALZE  yp1zm .025 1.3 18
o . COTTON .OLO* 2.5 36
nalen :
50 COTTON + OKRA OKRA 060 5 .0 45
e " COTTOR .068* 3.4 4
50 COTTON + TOMATO  porand "85 275 72
COTTON J7EQREN 12.% 176
COTTON + SORGHUM — SORGHUL - 110 1.8 26
16.7 + COWPEL + MAIZE L po 052 1% 20
» Y l.—[:\ f\ﬂ““ d F'.L :JE o/'< __./l 30
+ OKRA + TOMATO oy .088 1.5 21
TOMATO 157 2.6 | 3.
[+ u

* Veans are not significently different at P = 0.05, but are significantly different from **

and ¥**

gse
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P. ferruginea were irresulnrly distribu

the plots, Several 'Peaks' were formed especially at Site

I (Fig. 47 ); and these may bhave been caused by intercrop

Iy

movements of this predator. AT both sites the highest

predator numbers were taken from treatment in the six
Iﬁ

crop mixture. AL Bite this treatment was followed by

numbers reccerded Irom Lreatment of cotton planted as sole

crop; but at Site IL, the traatments cobbton/okra =2nd
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from cobtlbon in the treatment cotbon/cowpea were signi-

‘.

ficantly less (P> 0.05) than those bteizen from the other

-

. . « - - SR ~ N 1. .)
other. Sinilarly, in SHite IT (Rable 72 ), the mean P,

ferruzines nmuwmibers talken fron treatments cotbon/sorsghun

. “ e o ~\ ey
and cotton/couwpea were significantly lower (P>»0.0%) than

-

numbers in the obher treatments. 4Llthough numbers from

o]

b

thesc latter two treabments were nct significantly

different (P = 0.05).
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TABLE  71.

PCPULATION CF LADYBIRD BEFTLE (P. FERRUGINEA) IN A

SITE T

1974-05 SELSON

MIXED CROPPING SYSTHM.

o/, N MO MmTOM
” COT&gﬂqléggEA*IOL CROP COMBINATION Mean Nos. larvae/Plant{Mean Nos/Plot|Mean Nos/Hectare
Pl PLOY /sample /sample sample
100 COTTON ATONE AG7* 16.7 238
el T * -
50 COTTCN + SORGHUM — SoilOf St ° g e
m %
50 COTTION + COWFEL — gotor -8;% 2'% gi
OV O # ok ]
50 COTTON + MAIZE oo ‘oo 22 128
T ok z
50 COTTON + CERA COTLON Zae 125 eee
shtiver &k
50 COTTON + TOMATO — goiroh -229 " 2
COTTON .309%* 5.2 ol
, c TTTV
COTTON + SORGHUN — EORCEUM - 199 17 °
16.7 + COVPEA + MATZE  orion °o§9 s 5
+ OKRA + TOMATO  putt 003 s 4
SOHATO | .024 .40 6

=% Means arc not significantly different at P = 0.05, but are significantly different from *



TABLE 72. POPUTATICON OF TADYBIRD BEETIE (P. FERRUGINEA) IN A MIXED CROPPING SYSTEM,

SITE II. 1974-75 SEASCN
o/ TON 1
o COLTON FOPULATION CROP COMBINATION Hean Nog. larvae/Plant|leay Nos/Plot|tean Noo/Sectare
e : /sample /samp sanple
100 COTTON ATONE 1.05 ** 105 1500
- oy COTTON *.398* 19.9 284
50 COTTON + SORGHUM  gomtot e 23 o
m ~™ tk
50 COTTON + COVPE oo 250 182 act
. y COTTON 1.450%* 72.5 1036
50 COTTON + VAIZE TToT “439 502 >
SOTTON NEO* %
50 COTTON + OLRA R 1098 723 1929
COTTOL L3R . 1
50 COTTON + TOMATO — ~oLTOR 128 -1 s
COTTON 8%%* 13.9 199
ST VT L]
COTTON + SORGHUN . goisl) °ggg 4'89 o
16,7 + COWFEA —E—\?’]}LIZE T’-‘l[\%.ZE 00?5 :58 . 5
+ OXRE & TOMATO opme L0665 1.10 16
TOILTO .035 .58 8
{

sicnificently different

at P = 0.05, but

are significantly different from *

652



The gspider population recerded throughoubt the
seascn is shown in Ficurs 48, Tilore spiders were found in

spider populotion dbullt un higher in Treabtments of cotton

ol
=
;3
<t
(9}
o]
jav)

1 sole crop end in the six cren mixture

the other cron comblnations in : but at Sive IL,

n

pider population on cobtton in the six crop nixture was

distinctly hisher than population on cotton and in the

th sites, several 'Peak’

intercrop novements of

At Bite I, the mean nwrbers of spider recerded
on cobton in the treatment of
significsntly hicher (PL0.03) then nuwbers found on cobion
in the othar croy combLinntions; bubt numbers sampled from
covbon on treatvments o on/maize, cotton/tomato and in

Lt S D (T a
the six crov mixture wers not differant (F = 0.05), thouzh

L ficently grecter (PL.0.05) than those in treab-

ment in the six crop mixbture wvers significantly higher

(PZ£ 0.05) then means somoled from cobten in the treatmen

on sorghun, cowpeas, maize, bomato and cira intersown

St

with cotton (i.e. in the six crop mixture) at both sites,
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suggest that more prey were probably associated with
cotton crops especially when interplanted with more crops
which were seemingly attracting more predators to the

plots.




Mean Numbers Per Plant

Fig 48 Mean numbers of spiders in a cotton mixed cropping system
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TABLL 73. POFULATION PREDATCRY SPIDERS TH 4 NIED CROPPING SYSTEM. SITE I.

197475 SELSON

o/ PO POFPUTATICN - . -
7 COBL%%Rrgigé-i~c CROP COMBINATION Mean Nos. larvae/Plant|lMean Nos/Plot|Mean Nos/Fectare
: /seample /sample sample
100 COTTCN LIONE 3,195% %% 319.5 4564
o . COTTON .592% 29.6 423
el Y 9
50 COTTON + SORGHUM ot on. "S5 e sah
o o COTTON .785* 39.3 561
50 COTTON + COWFEL  golzof “Len 243 220
‘ N COTTON .881% 1y A 630
[+ MAIZE :
50 COTTON + MAT MATZE . 35,] /|'7¢6 25/1
e . COTTCN <657* 32.9 470
50 COTTON + OKRA Sonn *574 2525, pre
- - COTTON .98 * 49.5 707
MO monm 7
>0 CORTOR + TOMATO  mopmo - 594 29.9 42u
~ corTew 1,203 20.1 287
COTTCH + SCRGHUN - ORGHUN - 428 2o 101
16.7 + COWFBA + FAIZE — Crar=t - 222 2 129
+ OFRA + TOMATO — LALEE -207 52 29
- OXRY. . 556 9.5 136
TOMATO .682 1.4 16%
] i

#%% Means are significantly differcent from ** and * at P = 0,05




TABLE 74 . POFPULATION OF FREDATORY SPIDERG IN A I"TXED CROFPING SYSTIM. SITE IT.

1974-75 SEASCN

o/ \ ~ . N r
7% COTTON FOFULATION CROP COMBINATION iean Nos. larvae/Plent!Mean Nos/Plot|NMean Nos/Hectare
e /szmple /sample /sample
100 COTTON ALOWE .05h* 5.4 77
. COTTON . OLO* 2 29
50 COTTON + SORGHUR sy -368 18.4 262
S COTTON .056% 2.8 40
50 COTION + COWERE  covpms .0%3 1.7 24
W CCTTON .073* 3.7 o2
] o . COTTON .059% .0 I
i S , COTTON .oug* 2.4 30
bO COTRCY + TOMLTO TOMATO .01 9 1.0 14
COTTON - 469* B 7 .8 111
COTTON + SORCHUN . SORGHUNM -472 79 15
16.7 + COWPEA + MATZE ~ OOWELA - 253 5.1 87
o OIRL 4 TOMATO FATIZE 418 7.0 100
' : OIRA 165 2.8 40
POFAT .298 5.0 71
A 3

#% Means are significantly

different from *

at P = 0.05

792
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(vii) Yields 1974-75 season

A comparison of yields from intercrop and pure
stands of cotton, sorghum, cowpea, maize, okra and
tomatoes on a production per hectare basis is given in

Tables 75 - 79 .

As in 1973-74 there was clearly an all-round
loss in cotton production from intercropping it with
either sorghum, cowpea, maize, okra or tomato (Table 75 ).
The percentage losses were very high in the treabtments ofl
cotton/sorghum, cotton/covwpea, cotton/maize and in the six
crop mixture. At both sites comparable yields of seed
cotton were obtained from cotton sown into okra and
tomato. Although losses were also sustained from the two
treatments (cotton/okra and cotton/tomato) these were less
than in the other treatments. Yields of cotton from
intercropping with okra were the most promising in the
trial, followed by yields from cotton/tomato combination

(Tables 75 and 76).

The yields from sorghum, cowpea, maize okra and
tomato intercropped with cotton were compared with yields
from the same crops planted in strips as pure stands
(Table 79 ). Results obtained by comparing these yields
(Table 79 ) showed that % gain was obtained by inter-
cropping sorghum, maize and tomato with cotton (i.e.
planting cotton as 50% crop population/plot); and
increases in the yield of maize and cowpea when cotton is
plented as in the treatment of six crop mixture in Site I.

Similarly, at Site II (Table 79 ) there were overall
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palns when sorgmiun, cowpea, malue and tomato but not okra

wvere interplanted with cotton. Only in maize Ccroos vizre

o EN

incrzases obbtained when cotbton was nplanted as in the six

-

To evoluate eofficiency of the crop combinations
and in this study to increass total land productivity,
land equiveslent ratio which is the totzl land recuired
using crop of pure stands to give bLotal nroduction of the

same crops equal to that of one hectare of intercrop, was

- debermined for ecach crop in the 1074-75 ceason.

by determining the ra
combination and compared with its yield in the pure shtand

1 N - e v de oy A 3 “ 3
trial kept under the same experimental conditions (i.e.

)

crops in the mixture vere added to give The land eguilvalent
ratic (IER) (Tables 80 and 81 ). Yields of cobton were

taken from trestment whers cotbon was sowm as 1007 cxrop

owpea, malze, okra

i_
@]
0
H
A
b
e
1
-
o

populztion/plot and those o

and tomsto Ffron the pure stend trial.

cotton vields from the purs stands (Tsble 80 ) were less
thaa 1 at bobh sites. The highest ratios wers recorced
from the Lreatients of cotton/okrz and cobtton/tomato
(Tebles 20 and 81). There was an overzll increans in
the totsl productivity in Bite I eicept in the case of

cotton miwed with cowpea where there was a loss of 22



o

3
iy

=
1

produetivity. here was no logss in Hite I, The na

high land eguivalent freom cotton/waize, cotbon/tomato and

in the giz ceop mixbure treatwments in Site Y, and cobton/
sorghum, cobvbon/tomato and in the six crov mixture in Bite
IT had been Gue to the high ratio values obteined from tha

other fine associated crops (sorghum, cowpea, mailze, okra

and tomato).

..

These results indicate however, that
3

inter-
cropping cobtbon with okras, tomato, maize sorghum snd
cowpea could be more vnroductive although al Site L, there
vere losses from cobtlbon sown into cowpea. Time of planbting,

sests which wore present, though not taken

into eccount in this study together with other physzlological

ol N T e by oo o 1 Jo1 - - 2 . - S PR 3

factors moy hove affechbad the cotion/cowpea combinavtions
by T S, - ERPUNPUTS, PR, P I - L T T ~ ] 1 -~

and thus were probobly rezponsible for these losses.

Fvidently, okra ond Ctuumatoss nave

crops vhich coo be mixed or intcrcronnesd with cotton to
obtain increnzed nroductivity. The tobel value of cropa/

- I3 T} - 1 o
ha foxr 1975-75 (fobles 58

okra nnd cotton/tomsto combinstions which led to increased

revenue (Section V) repezted trials must be carried out in

o 3 - -~ | 4 S~ oy - T
the eld for o longer period To Justify these results,
: 1 A 3 ] ~ atr 14 ITh o
before these gystoms which lseked opray apnlicetionsg can

determine its success or Failure.
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IZ 75. FEAY YINLD Tif Ke/He OF CROPS MaRVELQYD FROM MIVED CROFPING EYSTEFS, 1078-75 SHASCH.

SITE I

CROP COMBINATICNS YIELD: IF Kpy/fe | VAIUS OF CROES IN (i) PODLT, TELUR/E
| |
GOPTON ATOUE 853 ; 110 110
|
VT ONT S ¥
COTTCN + SCRGIVN  Gemion 2e2 ! 20 ‘
CCRGHUM 20k g i 1l
| : N
) coVTCN 179 : S
TOTTON . (T A el | It H (=) N
COTTON + COIE  Ciirh 0 0 ol &
COTTON -+ MATZE COTTON 500 40
FLOR 2 MATZE 506 62 102

N COTTCH 758 10

TGN 4 QLR it ”

COTLOT + Ok K2 50 5 105
on l"

COTTON + TOMATO  geiip

77
) "0'/9 , 241

11 203

T y -

COTTOH ’7’1 23

s SORGHUM 8%

COTTOK + CORGHUM iy : S

+ COVPEL + M OOl 12 2

il haliia "”m‘“‘” ATZE 187 29

4+ CIFRA + TOMATO OXBL 2% 3 3
PCHATO 1053 ; 1%0 104

3
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TODS T R i
CROPS T RVESTED

PROM 1TOE]

CROFPPING

SITE IT

CRCT

COMBEITHAT

ICrS

YI=LD5 I

T /Ha
Le/na

ViIUE

DOTAL V. LU

COTTON ATOWE

COTTON +

CCT20H +

COTTOoN +

COTEOK

+

COTTCY -+

COLTON +
+ COVWFBA
+ CER4L +
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COWPREA

MATZE

OKRA

3

Tor

5

AT
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g lJ.‘LIZ)E
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TOMATO
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f"‘l’\ =IOy

I/L,}._L',T‘
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O

M
O

b
44

198



I

COTECH

TOT ™
:’.. — u) AU

| ‘I ’r“(n—

LN .~.._1__

0D

IMN A COLTON M

IXED CRCOP

LAl

oG

31775 1

’“V 15 STAND §

el iy LA - e g e e N
Ty . 5 GATN OR LOSS FRCOM INTIRCROPPING P
1000 CROP SORGHUHM, o o . ;
3
’ 3 ¥ 7
; Scrshum 4+ cowpes ! Sorchum + cowpeal
Cotton Sorghum|CownsaitlaizeCura tTomatol+ maizne + okra +iSorzhumiCowpealilaize{Oira (Tomato{+ maize + okra +1
o , 3 < ¥
i tomato { tonato :
] I
s g ]
]
P B Yol . =y i ) - i (2 8 - A ]
&35.% 225 {179,210 §7Du.) Le6,7 ; 70,8 - 72,91- 78.51-64 o i - L - & é
¥ ¥ h

SITH II

PURE STAND COTTON INTZRCEOP WITI GATN OR 1OSS TROM INTRROTOPPING
1005, CROP SORGIUM, CO@PiA, MAIZE, CKRA AND TOMATO T OR LOSS TROM INTSRCROPPIL
&
- H T -
g hum + coupes Sorshum + cowoea
Cotton iSorchvmiCowoeallinize{Oira iTomato}l+ maine + okra + ZorghumiCowpea{lMaize Ckra {Tomatof+ maize + okra +
i tonato ! tomato ¢
1 i
i ¥
- - - o . 1
i 350 0 .2 116.7 %2“?.( 15C.% Be5 - 100 - 99 ~95.2§— 17 1 - 55 ~ o8 {
2 2 3 < N K

04T



c~ o 0w <=

E 3 -] a " e &

%) <« L\ SR O Q Cd

£ = (o8] W0 Y \0 L™

i~ O AJ o o
[

27

- o \C (I X
[ 2 a8 L] i
gl T 0 I (&N ¢
— (I (@) < n o (BN
= < <~ 2 o~
w <
=l
) . -
e < R o oy
o e = ® & O
O S T A T
o 0% - 3 e L
O 2 O < ) > O
8] O P53 O = i)
TAT TR NI TR I TUNLS £ TIPS M S 7 T W 0 4 D, Wi DAL e et AL STALI AN DB
[
=4
(-
i
=

2
13}

i

oG

4 i Q

[ RAT O = bt = = =

1. et

i Al
i

O o3

(AN

i3

O




TLELE 79

COMPARISON OF YIFIDS OF 433CCIATHD CROPS FRCK INTZRCRCP AND PURE STAND IN A MINED CROPPING S
197/1-75 STASON
SITE I

FURD SL:’T' . A . . . -
I CROP WITH SORGHUM, COWPRIA, CiiRa, TOUATO S GAIN OR L0S3 TaCH INTIRCROPPING
uo}l’ CRC:
B, B} ) 3 l P
= = Ay
= o c 3 = 0 5] i3 c 3 = ) o)
v [ Q - ey w ©w - = ) @ =2 | 03 @ -~
3 e 13 jod s ) o W o) [od 8] S BN Ky I &) o N [ %]
£, & o £ & e i 2 & [ & o VR B T A = o £ =
5) & w M1 B o o w ~ G o o o 2 8 103 & & i &
w2 © s P &) > Ml o e w D = < (e i N O o O =i
Sorghum 159 20h.2 05%.% +22.7 -1
Coupea O 0 12.5 0 +100
Maizc 115.9 95,8 183.3 +70 +75,1
Okrao, 55.6 50 333 - 11,2 Y
DPoaato  1099.7 1975 1062.5 . Wi, - %.5
¥
A
SITE TT
P ! Vel :
Sorghum  341.71750 104 .2 g-;—‘j%.%- { -228
Cowpea 3531 129.2 56.3 ; Rl =-51.5
2659 300 237.5 : 11 .h | + 7.5
, - 3 at | o e i
Qxra 5 z t ) : 5.95 s -161.74 -555
- [P - - . -
Tomato  860.71% i 1450 Lo ; i+h0.5 -913
H : H H i 2




TABLE &GO ., DOTAT, PRODUCTLIVINY BASTD ON EVATULTING TIELDS OF CROP COMRIVATION, 074-75 SEASON

CRCEF CCIrEINARTON 2 PECTD

% MCTLL PRODUCTIVITY

t
|
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3
f

COMRON + BSORGIHUM °

Cn~J
=~ O
PN
®
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.;-
+
g
i

s
COTTON + COWEEA i 22 - T8
,000 . / o
~J
N

CODPOE + ORRA

©
ATTON POMAT .
CCTTOXN + TCNATO 1.7
2
2

PO
@
M
)]
-+
RN
ol
0

CORTON .
DORGHUM - .
COWPFIA  + .0CO
VATAE + 1.542
CKRA + .59
TOMATO . G606

3.8 + 284
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. TCDLTL PRCDUCTIVITY BASED ON TVLLUATING YIELDS OF CRCP COMBINATION.

CRCEY CCOMBIILATICN RaTICS ! LARD EOUTVALENT
¢ !

NGO
O~
3
(@]
3
)
)
u
29
-
(S
!
(@]
3
.__{
<<
=
5

!
(RPN Rt

COTTON + GORGHUN o090 2.20 + 20

N
]
.Y
O
\J

COTLON COVIEY, 012 p - . o7
LOPON + COULEBA 1.516 1.5% + 57
L
A 018
COMTOH + MATZE ) gq‘ 1,18 + 15
e |2
NN L OIS E%% o) i >
COTCH + QKRN %60 1.2 £ + 22
v ) !
|
VatrilaTass ey Ll'%tr:}. ) 1- ll
COoT2CH + TOMATO p 2o 14 + 114

COTTON  + -0z
SORGHUM + 295
COWELA  + -650 2 =75
N‘ILIZE M /[ ‘08/[ ey’ 75 - ‘75
CKRh -127
norama .525

14,2
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On the other hand, cotton grown as sole crop and
sprayed against insect pests would at the moment be

considered advantageous for many reasons:-

i) In terms of economics, cotton is produced in
Nigeria both for domestic consumpbtion and possible export
which earn the nation some foreign exchange; up to a
value of more than 80 million Naira (Prentice, 1972) was
gained by African cotton producing countries including
MNigeria. As at now tomato or okra is mainly produced for
local utilization and no foreign exchange earnings are
derived from either of the crobs. Unlike seed cotton,
neither tomato nor okra can withstand long storage. The
latter crops are prone to decay and hence cannot command
high cash value in the market, especially, if they have to
be stored against period of scarcity when prices are

bound to be high.

ii) 0il with a high nutritional value is
obtained from cotton seeds, and in addition, its byproducts
are also converted to protein seed cake fed to livesbtocks
to increase animal nutrition. These products command a

premium, unlike tomato and okra, in the world market.

Cotton/maize mixture is a promising crop
combination that could also be recommended, however, the
revenue realised from it in this trial was less than those
of either cotton/okra or cotton/tomato mixtures. However,
a well grown maize could out-yield either okra or tomato

under favourable weather conditions. IMaize has a higher




! h)
~J
(]

q
i

quality valus than okra or tomato, and bacause of its

higher prics many farmers grow it in Igeria.
Thne yvellow maize (variety Zijianthen SBynthatic
v s

25L) is populaxly grown in Higeria for livestock feed.
EST) is popularly grown in Nigeria for livestock feed
It has an added advantage of the yellow pigment wnich
contains caroteen conbtent, a prescurscer of Vitamin A,

neeced for nignt vision.
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Digcusnsion

PRIl

A major problem of producines cotton in Mid-liest State

b

been nesis. Chemicel insecticides by the use of

conventional gsprsys have been the recommended practice for

the

1.

contwol. of these pessts. This practice has not been

embraced by farmers for weascns advanced carlier in the

Introduction (Cection I). ALs vpossible alternatives the

results of three seasons' briazl on the use of mied

crovping systems are hereby discussed.

bollworm (B. gossypiella) populations developed on cotton

planted as sole crop and on the fonr crep and SLK Crop

mixtures during the 1972-75 seasons. OHimultansously, the

two lowest wopnlotions per plant of P. mossypiella were

maizo durinzg this same period. The
populations smnnled from cotto
mai
crons perhans have the potentials

and

=2 s L

ow pink bollwornm

},.J

n
sa or Homabo indicate that these latter associaved

O

-
o repel P. gossypiolls

hence could be nlanted with a cobtton crop to reduce
I

pink bollworm infestation.

Simillarl: , the two lowest populations pex plant of

three seasons of trial (Table 8% ). The low populaticn of
E. binlars seen in the four crop mixture (Table 83 ) is

bably ascociated with the presence of tomato and malze.

Ca s
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Cotbon planved as sole crop and cotbon =own in the

crop wixture further recorded t Lghest B, binlaga poo-
ulstion/cotton plant. Althoush oaly in the 197%-74 season
was a bollworm population (Pable 82) recorded as the
lowest number/cotton plant interplented with okra, numbers

the crop
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wers highest on okra plents. This therefore confirmed the
crop as a suitable host to these bollworms which could be
effeetive in reinfesting cotbon crops rathsr than as a

diversionary CIoD.

Hayward (1967) working on the control of coi

in Yestern Stale of Higerie found that P. gossyoislla zad

T L . K 3 £ 2 3 4
. bainlewss vere restricted in

Okra (H. esculentns) and kenaf? (H, cannabinug) wers mosily

prefaerred.  The survey of pests svtaciing food crops 1n
MMiserin by Tiby (1968) strongly supported the Ifindings by

similar sitvation has been o

Fr)
o]
&

5
~ly
oY)
=
e
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zf‘

Vid-tlest State. OF the five food crops interplented with
cotton, onlv olre, a malvacsous crop, was rovnd To harbour
o B

all the major cotvon pests (bollworms, cotton steiners end

: 3 PP - B
he other associated food crops excenv ifor

. . R . . . }
H. arnisera vhich were significently more on tom2To Crops.
g T 3 - N A 4 A - =
Furthermore, Heyward (1967) observed that in 2ddition o

nalvales, various species of Bombacaceae (Ceiba ventendra,

Andemsonia dimitats and Bombax epp found in forest zonecs

£

e

could acts ag alternmative host plants te bollworns.

UnTortunately, forest zons plants and other uncultivated
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crops were not sampled during this trial.

a—

Although H. armigera numbers were low during the
1974~75 season (Tables 6% and 64), the populations
sampled from the crops showed that cotton interplanted
with tomato recorded higher Heliothis numbers than cotton
grown as sole crop or interplanted with the other
associated food crops. From these associated crops,
tomatoes, okra and sorghum carried higher population of
H. armigera at both Sites I and IT (Tables 6% and 64).

The effects of diversionary crops on pests of cotton
have been shown in many cotton growing zones of Africa.
Reed (1965) working in Tanzania, demonstrated that the
numbers of eggs laid by Heliothis on cotton which was sown
next to silking maize, was significantly lower than on the
rest of the cotton field; thus maize was acting as
diversion crop to Heliothig. However, Reed concluded
that a system of trap-cropping for cotton protection could
not be feasible in Tanzania because of the rainfall
pattern which did not allow sequence of trap crops to be

cultivated.

In Botswana, Roome (1970) has shown that of the
possible alternative crops which could be used as trap-
crops, sorghum appeared to be most attractive to ovipositing
H. armigerz adults. He also observed that maize and sun-

flower were successful trap crops for H. armigera.

4 number of examples of the effects of trap crops on

cotton pests are well exemplified by Pearson (1958).



280

Although maize was found as attractive as trap crop for
Heliothis in Tanzania (1965), Botswana (1968) and in the
lake Province of Tanganyika (1947), the story was the
opprosite in Sudan (1937) where maize crop failed as a

diversionary crop.

In the mixed cropping experiments conducted in Mid-
West State, the ‘associated food crops (maize, okra and
tomato used in 1972-74 seasons and repeated in 1974-Y5
season to include sorghum and cowﬁea) were interplanted
with cotton as alternate crops spaced at 45 cm apart on
top of ridges (Fig. C ) thus showing that each associated
crop was behaving exactly like a cotton monoculture,
serving to attract insect pests rather than divert them
away from cotton. Unlike in the examples of the effect
of diversionary crops on insect pests cited in parts of
Africa, tomato crops were found in Mid-West State to be
most attractive to the ovipositing adults of H. armigera;
and thus higher numbers of H. armigera larvae were found
on cotton interplanted with tomato and also on tomato
crop itself. Okra and sorghum crops were next in the
order of attraction for this bollworm. Maize and cowpea

come laste.

Way (1970) stated 'that from field evidence diversity
exemplified by a sequence of host plants may encourage
pest build up and be directl& responsible for damaging
nigrations to cotton. Hence, artificially decreasing this
diversify can, by removing important alternate host plant,

control the pest by dislocating its life cycle. On the




other hand, the malntenance or enhancement of host »plant
diversity can somebtimes provide the all-the-year round
continuity of breeding of pests snd natural cnemies vhich
fective biologicnl control. ?or

I o

example, the ell-the-yezr round continuity of breeding of

H. argicerza =nd its natural ensmies in Uganda, in a

sequence of muny host plants is considerad to be respon-
sible for its relabilive minor pest status on coltiton,
Coaker (1960)'. Therefore, the presence of tomato,

=

malze is thought to be responsible for

[an

sorghum, okra an

A5

the low nvmbers of . armigera larvae sampled from cotton

crops wown cither as sole crop or infterplanted with any of
the other five nssccicted creps during the 4974-75 zeason.

depend on the time of flowering, the latter wvhich
invariably depends on tiue lanting. ~t the tinme of

peak boll formation in Cobtober, rsinfell is usually very

low in lid~ifest Stete and cazanot support tomsto abt Thils

time vhen heszvy domand for water is wreguired for tomato
fruit formzbtion which is most attractive to Heliothis,

Hence alternzbive mesns of water supply e.g. irrigation
must be provided to suvport tomato develcpment. Ior

sorshum and maize to be effective as trap crops, &
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total crop failure as was the cose in 1074-75 mixed

cropping trinl at Site II (Table 76).

Adult cobtton stainers first appesred in the crovs
from about the middle of September before any rips bolls
were present. Peak numbers occurred in October and
November. 2o far, obserwvations and counts taken, showed

-

that the btwo highest D. superstitiosus populations developad

on cotton grown as sole crops and on cotton interplanted
th okra during 1972-75 seasons (Tabls 84). Within this
same period the two lowest cotton stalner populations were
found on cotton interplantced with Tomato and in the four
crop mixture (Tsoble 84), The high numbers of D. super—

stitiosus recorded on olra and on cotton interplanted with

okra, is a further confirmation of the ability of malvales

ESNUEE ST Sars

to support cobton pests end could thus act as sources of

£

intestation. The low population of . supercstitiosus

taken from cotbon sown with tomato demcastrates the
poieibility of intercropping cotton and tomate together to
roduce cotton stainers infestabion cn coltton Crops.

Cotton planted as 10 crop population/olot and
cotton interplanted with malze consistently recorded the
hichest flea beetle population per cotton plant for two
scasons (Table 85), znd only from cobtton interplanted with

tonato crons were the lowest flea be
recorded throush three consscutive seasons. This
indicates that tomato was probably repelliang flea beetles;

and thus could be interplanted with cotton to reduce the

incidence of this pest on cotton.
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Althour eotvon croons suffered henvy dnfestntion fvrom
flea beetle, they arve able to compensats for the leaf
demage caused by thece pests by . additional vemetabive
growth with eopbtimuw rainfall; but if drought cccurs, tetal

crrop loss covld be enviseged frenm pest attock.

82 ~ 85) rcocorded on cobbon in the trestments of four

o

crop and siit crep mixbture were indicative of the lower
cotoon crop population per plet (d.e. 25 and 16.60 cotton/

plot) which wawe more easily or guilckly colonized by the

‘\J—‘

available pest species compared to the trestments of 50:50

ma

conbination (c.z. cobton/tomato and cotton/maize). Thue
it would seenm unjustifiable to adoph =my system wnere
cobton is prown with more than one crop in which insact

TEDS

infestation could develon to a stabtus causin

u?
[9)]
[

n B gm ey by - rem Sy e (3 - >
The counts of nabtural enemies mainly C. lunata, F.
o~ - L. ~ ey o~ KIS | TN, B 0 .
ferruminsa ond epiders veken Irom the crops, snowed wnat

the two higheat vopulation per plent of spiders vere
obtezined fron cotbton planted as a monoculbture and from
cotton interplented with tometo (Table 88). With C.

lunata, the two highest population per cotion plent were

yecovered from cotibon sown as sole crop aud from cotton
interplanted with okra (Teble 85). Dubt P. ferrucinea
two highest nlation/ ton were taken from cotton

-

interplanted eitler with vomato or oXra (eple 87).
T

Cotton interplanted with meize and in the four crop

mivturce recorded the lowest pradabor population per plant



during the poriols of frial (Pables 85, 87 and £88).

The results showed that of the ascociated cxrops in
the mixtures, tomato and okra interplanted with cotton
scemed the most hosts of these natumnl enemies;
which they possibly scrve as hibernation or ovipositing
sites, from where they migrate to cotton crops to effect

%

biological control of the insect pests.

It is therefore concluded thaet on the bases of the

1

aumber of insect pests recorded p
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vield of the associated food crops znd vhe degree o
hibernation or ovipositicn opporbtunities provided to the
natural enemlies, the results obtained from the three

season triacls on mixed crooping denonshtrate that Iinter—

cropping cf coftbon especially with tomato =2nd nalze and to
some extent oltra seemed a feasible system vhich can be
hermoaized with ofther techaicu in on integratzd coatrol

PLOSTATIE o



TABIE 82. THE TWO LOWEST AND TWO HIGHEST FOFULATIONS PER PLANT OF P. GOSSYPTELLA ON COTTCN TN

CROP MIXTURE. 1972-75 SEASONS

COTTON COMBINED WITH:-

TEAR COTTON  SORGHUM COWPEA VMAIZE OKRA  TOMATO FOUR CROPS  SIX CROFS

19723 T - - \L - l T -
A

SITE I 19745

ag8e

SITE II  4974-5 T - - - - A

Lowest per plant

-

Highest per plant

—>




TABIE 8% . THE TWO LOWEST AND TWO HIGHEST FOPULATIONS PER PTANT OF E. BIPLAGA ON_COTTON TN CROP
MIXTURE. 1972-75 SEASONS
COTTON COMBINED WITH:-
YEAR  COTTON SORGHUM COWPEA MAIZE OKRA TOMATO FOUR CROPS  SIX CROFS
IT .
1972-3 T - - \ B \Jr B
: N l
VI S L :
M
SITE I~ 1974-5 - - - -
4
SITE II  1974-5 /i* - - \L - \L _ A

Lowest per plant

Highest per plant

o8¢



TABLE 84. THE TWO LOWEST AND TWO HIGHEST POFPUTATICNS PER PLANT OF D. SUPERSTITIOSUS CN_COTTCON

IN CROP MIXTURE. 1972-75 SEASONS

COTTCN COMBINED WITH:-

YEAR COTTON  SORGHUM COWPEA  MAIZE  OKRA  TOMATO

R | -
19734

1
SITE I 1974-5 ’I\ ‘L
T

SITE II 1974=5

A
<
]

Lowest per plant

Highest per plant

FOUR CROPS

l
l

SIX CROPS

M

482




TABLE 85 . THE TWO LOWEST AND TWO HIGHEST POPULATIONS PER PLANT OF FLEA BEETLES (FODAGRICA SFP)

ON COTTON IN CROFP MIXTURE. 1972~75 SEASONS

COTTON COMBINED WITH:-

YEAR COTTON  SORGHUM COWPEA  MAIZE OKRA  TOMATO  FOUR CROPS  SIX CROPS

w925 _ _ 0 1, \L i ]
19734 - - _ 1‘ \L \L -
_ 3 fr ) i T

Lowest per plant

.,
per- g

SITE IT  1974-5

(un—b
.l
N

—
I

Highest per plant

L —>
I

88¢




TABLE &6. THE TWO TOWEST AND TWO HIGHEST POPULATIONS PER PLANT OF C. LUNATA ON COTTON IN CROP

MIXTURE. 1972-75 SEASONS

COTTON COMBINED WITH:~

YEAR CCTTON SORGHUM COWPEA  MAIZE OKRA  TOMATO  FOUR CROPS  SIX CROPS

925 | - - A I -

I T A B

st 1 95 ) - - | \L \L } fl\‘s
(A |

Lowest per plant

19724

>

-,
[

SITE IT  1974-5

Highest per plant

— e
1

63c




TABLE 87. THE TWO IOWEST AND TWO HIGHEST FOFULATIONS PER PLANT OF P. FERRUGINEA ON COTTON IN

CROP MIXTURE. 41972-75 SEASONS

COTTON COMBINED WITH:-

YEAR COTTON  SORGHUM  COWPEA  MATIZE  OKRA

19725 |, - - b1
73| - - \L -
SITE I 19745 l - ‘IJ - /l\ ‘

SITE IT = 1974-5 - \L ‘L Ir T

Lowest per plant

L
n

Highest pef plant

—_—
!

TOMATO

f
l

FOUR CROPS

f

SIX CROPS

062




TABLE 88 .

SITE 1

SITE II

THE THWO LOWEST AND TWO HIGHEST POPULATIONS PER PLANT OF SPIDERS ON COTTON IN CROP
MI¥IURE. 1972-75 SEASONS

COTTON COMBINED WITH:-

YEAR COTTON  SORGHUM COWPEA  MAIZE OKRA  TOMATO  TFOUR CROPS  SIX CROPS

S
19734 T - - - ~'¢ 'T“ J’ | -

w4 e
1974-5 - ,!, - T - \l, - o

= Lowest per plant

= Highest per plant

—_—

L62
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SECTICL V

¥

e e e At a s
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ECOMONICsS O

VIR ULTSPRAYED MIXED CROZZTLG

1.  IFNTRCHUCTION

The incentive of The subsistent farmer for groving

return depends alsost entirely unon thrse major Cactors,
namely the inputs involved, labour force and the markev
price offered for the produce. Therefore in recommending
a control vrozreume to The farmer these underlying factors
mist be taken into consideration. In the study of an

approach to intesrated control of cotton pests in the Mid-

estern State of Nigeria, three differcnv facbtors have
been cxamined vigm: nventional Spreying, Ultra--Low
il ar a1 CLLLL ) Vo e OV ST e DOt L 70 g dddis s U, L2500 e

whethar each is accephable or not acceptable to the Tarmer.

&
o
ot
ot
o
g.l
!
@
l.__.
o
3
(@
Ol
0)
o

: = P Ay s T~ =}y oy P -
nicques sznd for assessing the fubture worlk that needs to be

done to determine what is economicslly justified.

The present study conr ared the profitability of

cultivating sprayed sole cotton crops with an unsprayed
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cotton mized ¢roy

likely beneficial system to the farmer.
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2. METIO]

————

The preject was carried out at Ilele Governmeant Farm
Centre. Data for the cotton sole cropring were collected
from Sections IT and IXI, and those fox the cotvon nixtures
from Section IV. Unlike in the cothon sole crop bthe
cobbon mizbures were not sovrayed. Costs of seeds sowm,

~

fertilizer applied, the va
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labour involved in spraying are given in Teble 89, The
lahour cost for establighing the land (i.e. cost of

(&)

. - . - A
clearing, weeding, hoelng 2nd burning includin

etc.) is not considered here, as this varies with the

the farmer. The family wnit (including wives, children

and young relatives) which Torams the nucleus of the labour

8]
y
=3
o}
n
ot
0
f:
_/
"
™
4]
.:-.-
1-.
)
ct
-
)
4
=
]
=
-
9]
3
O
&

. ' -1 S en oy
force at the disposal

esides, land was not a limiting factor.

NSRRI Y

(1) Compericon cof insecticides

The vse of endosulfan 50 wettable powder instead
of carbaryl 85 w.p. increasces the cost of gpraying by

1,20 per hectare based on prices in the year 1973-74.

Similarly, using endosulfan 25 ULV formulation also puv 1n
an increase of 75,50 per hectars (Table 20 ). These

overall increases could be mors or less especlally if
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scouting for ingsct pests 1ls cone a5 2 basis
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spraying e.g. as practised in Malawi (Matthews, 1968).

Table 91 shows that the highest returns from
one hectare of sprayed cotton was obtained from carbaryl
85 w.p. treatment. This was }ollowéd by the ULV endo-
sulfan and endosulfan 50 w.p. treatment in that descending
order. Although the difference in returns between
carbaryl and endosulfan ULV treatment was not significant,
safety devices are required for the endosulfan ULV form-
ulation to be used e.g. face masks, protective gowns,
gloves and boots would be needed; and so these can be an

added overhead cost to spraying.

Whilst therefore, ULV endosulfan is promising
there are difficulties which however could be minimiged if
the safer carbaryl is used at ULV; a ULV carbaryl form-

ulation is now available.

(ii) Comparison of inputs and returns from svrayved

® sole cotton and unsprayved cotton mixed cropoing

The costs and returns involved in growing one
hectare of a sprayed sole cobtton and unsprayed mixed
cotton crop are shown in Table 91 . For convenience,
these items are presented under three sub-headings:-

Inputs, Gross Returns and Difference. Under sole cotton

crop system, cotton was cultivated as 10C% crop population/

plot and in the mixed cropping, it was sown as 5075 crop

population/plot (Section IV).

Table 91 indicates that the lowest input

involved in growing one hectare of cotton was obtained




ron the Treatment where sole cotvon crops viere spravad

L

with carbaryl &5 w.p. The total involvement was approx-—

imately I'29. Fronm the cobton mixtures, cotton/tomato and
£

otton/maize combinations gove the least inputs of

kS " 7

approximately N/ per combination, and thus constitute 255
of the least tobtal inputs of cultivating sole cotton
crops sprayed with insecticides (Table 91 ). Conversély,
the highest revenues from growing one hectare of cotton
singly or in mixtures were realised from cotbon/tomato,
cotton/maize and cobtton sole crop sprayed with carbaryl

vhere the loast vas expended in the two systenms,

Thereifore, on the bases of inpubt, yields and
revenue, cobtton wistures ceapecially, the cotton/tomato,
cotton/maize rnd covton/okra seemed the more promising
systems than sole crop cotton; but sole crop cobtton

"
L

sprayed with carbaryl gave comparazble revenue to either

-

tomaso on cobtbon/maize and would therefors be

combination whercby cotton in a

0]

is sprayed with carbaryl would Dbe




TABLE &C,

DS AND SPRA

TING OF 1NS

SECTICIDES (BACLUDING

With ¥napsack Sprayer

COTTCH

CROP

1 ULVA Spray

T
AI\,_J

D CRO:

PPTNG

iii)
r
I's
\
.1rq) N t 2
La (x & sprays)
iv) Sceds 22.5 kp/ha
at 3.4 kobolvp

TCTAL

2.20

16.00

20

15 litre U

2 H1.50/14%

1¢ batleric
POEfnwﬂ

I
at least 1

ot 2 ha (x
SCaSOH)

Seeds

22.5

vobo/ir

A
IV endosulfan - o
N 2;’.,\)

( P92

(PPOJL for %.20
.-311)
en of sprayer
re (cost N13)

~
mn
»
i
(@]

Hroys
I3 e
iren /ey o Sl

NESTEL w2 D

InTaG e
LUl AL =

25.6

&

RN e
Chos

ATIONS

CCHBIl

Cotton
' +
Scrghun

Cotton

‘

-+

Coupea

Cotton
_i_

[P

Lomaco

Co

V|r

Qam

S 0" 8%

wh

e m

JU N7 L2
kg sced/ha @ T.b
1! 1 " ,3'2
1 1 1 B-LL
H n noo25.5
" 1" 1 -jrj:_
" t 1 i
" i H n
n It "2,
1 it tr 3.'16'
" it 29,1

kobo/kg

1

o
b



297

CCETS OF SPRAYING OGRS,

LiCH CONPRISING wlX aAlPLLICATICNS PER

TOMmC T T O ARSI QML mIY (VTR 3T
I ._JJJ._.LLLL) L I‘ j JJ' ‘,‘ y_f DE:‘LFADL DL‘ LG ,J?...LL

197%~74 SEASOIT

Using the Standard Recormmended Txibra Cost in
Carbaryl 85 w.p. at a cost of - - D(y)
;;,25./] Haira ( )

Using Endosulfan 50 w.p. instead of :
Carbaryl S5 w.p. (¥25.30) 1,20

Using ULV Zndosvlfan 25 instead of
Carbaryl 85 w.p. (¥28.60) %.50

(X) ZExbtra cost of the alternative programme compared

-4

sith the cost (P25 1) of the Carbaryl 8% uged in



TABLE 91 .

COMPARISON OF COSTS OF INPUTS AND RETURNS FROM GROWING ONE HLCTARE OF COTTON

1.

INPUTS (2
Spraying
Seeds
Fertilizer:-
Calcium Ammonium Nitrate
15 ¢ 15 : 15
N: P: K
TOTAL

GROSS RETURNG

Yield Seed Cotton kg/ha
Value of Cotton ()

Yield of other crops

kg/ha
Value of other crops
(£

TOTAL
DIFTFERENCI
(Gross returns - Inputs)

i SOLE CROP COTTON COTTON MIXTURES
CONVENTIONAL SFRAY ULV SPRAY COTTON MIXED CROPPING
7
Carbaryl|Endosulfan EndULVlf Cotzon Cotzon Cotzon CotEon CotEon
85 Vfop. 50 \’I'po osu an ) »
25 Sorghum}CowpealMaize | Okra jTomato
24..42 27 .42 35 3 - - - - -
0.68 0.68 0.68 1.88 4,38 0.76 %438 0.98
4 4 4 2 2 2 2 2
- - - 4 4 4 4 &4
29.1 %2471 40,02 7.88 10.38 6.76 8.3%8 6.98
(935) (8%3) (959) (225) [(179) (300){ (758){ (467)
123 110 127 30 4 40 100 62
(204) (0) (396) (50)§(1975)
14 0 62 5 240
123 110 127 iy 4 102 105 302
O4 78 87 26 14 95 06 295
! i

862




SECTION VI

LABORATORY EXFERIMENTS ON THE EPFECTS OF

ULV SPRAY FORMULATION, MIXED CROPPIIN

)
>
£
o

WATURAL ENEMIES ON PESTS OF COTTON

Experiment I.

Laboratory tests to evaluate the effect of ULV endosulfan

sorays on cotton bollworms: (g. gossypiella, E. biplaga

and H. armigera)

1. INTRODGCTION

Several investigations have reported results of field
experiments on toxiclity of ULV insecticides to insect
pests of cobtton; however, little work of this nature has
been conducted in the laboratory. Laboratory bioassays
together with field trials (llatthews, 1966; Tunstall and
Matthews, 1966) showed that carbaryl and DDT were the most
effective insecticides for the control of red bollworm

(Diparopsis casteneca Hmps) and Americsn bollworm (Heliothis

armigera Hb) respectively.

Beeden (1974) has concluded from
field studies that ULV formulations were very effective
against pest complex attacking cotton in Worthern States
of Nigeriz. Usenbo (1974Y%) observed that ULV endosulfan

was effective against A. gossypii and D. superstitiosus in

the Mid-Vestern State., Further assessments of ULV endo-
sulfan formulation usinrg laboratory bloassays are

discussed in this Section, with particular reference to
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dosage variation. The bioassay tests, conducted at Irrua
farm centre (Site II) laboratory, were used to assess the
toxicity of ULV endosulfan insecticide sprayed on cotton

in the field against P. gossypiella, (Saund); E. biplaga,

(W1lk) and H. armigera, (Hb).

2. MATERTATS AND METHOD

Mostly second instar larvae of P. gossypiella, E.
biplaga and H. armigera were collected from cotton and
tomato crops in the mixed cropping experiment where no
insecticides were applied. La;vae of the different
species are recognised by their characteristic colour.

The second instar larva of P. gossypiella is distinctive

by being yellowish, with a prominent dark brown head,
becoming creamy-white with dark brown to chestnut-brown
head. Those of E. biplaga are grey-brown with dark brown
markings, paler dorsally, with.characteristic-spines in the
segmentsj_ head and shield dark brown; hairs are |
almost black. DIeter instars are similar in colour but
colours are non permanent. The larvae of H. armigera vary
greatly in colour, from greenish to brown, some almost

uniform in colour, others with distinct stripes.

A simple method of treatment was adopted, using
plastic containers. Two openings were made, one each in
the shorter opposite sides of plastic containers measuring
12 x 9 x 6 cm high. One opening was covered with fine
linen using an adhesive (Evostick) to allow air into the
container; the other end carried a "six inch" long test

tube filled with water to half the capacity, and then
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olugzed with fine cotton wool. The plug

into the container and the cotton wool zbsorbsd water

wilch served Ho ool the chpvbor and its conbents.

After spraying with the different ULV endosulfan
rates in the field, bolls or fleowers were coll
the plots and five bolls or flowers ars placed in
The plastic containers. Ten of each species of bollworm
were introduced into the plastic centainers. Tach treab-

ment was replicated three times (Fig. 49 )

&

In this study, two dosege lesvels of insecticide were
compared, the highest and the lowest UiV endosulfen rates
(0.75 and 0.19 ke a.i/hz). All tests were ccnducted at

eneine from 24°C to 28°C. The

(&)

]

rocm temperaiures

H

mortality was recorded every 24 hours throughout a seven

day period.

WN
°
=3
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As csn be seen in Teble 52 and Figures 50 and 52 ULV
endosulfan avplied at the higher rates gave consistently
higher kills of the bolliworms. Although the highes?t
control kill wes recorded in H. arnmicera (Figure 52 ) at
the 6th and 7th day of exposure to the treated bolls, the
lower ULV endosulfsn rate (0.419 %z a.i/ha) applied d41d not

show any effect on H. armiraera confined +ill after the
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day when the number of H

As against this result, E. biplama confiner to bolls

'\

treated with 0,19 kg a.i/ha of ULV endosulfan gave a kill
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¢h day; thus indicating L. binlaga tTo be wore

susceptible to ULV endosulfan treatment a2t this lower
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rate of application. However, thers
differsence shown in the % kill between the higher and
lower rates of ULV treatments throughout

experiment (Table 92, Tig. 50 ).

Higher %0 Xkill were recorded in the higher ULV endo-

sulfen rate applied to H. zrmigera and . biplaga than P,

possypiclla (Table 92 and Figs, 50 - 52), and at the lover
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rate of application, only Z. biplaga bo 0xX

o+ s eom.

% kill than H. zzmigera and P. gossyniclla; end at the

5th day of exposurc % kill recorded from the latter two

species (10%) was similar but less then in E. biplesa

(Pable 92 ). The high cumulative % kill obtainad in H.

(S

LI . U T S ~ de L RINELI | . + ~d- ~ " [N
armicera and [, Livlasa at the higher dosage rate suggssts

that both gpeciles are more susceptible to control by ULY

endosulfan treatment than P. gossyviells.

-

During the 2nd doy of exposure, 205 of P. gossvoiella

were killed in 0.75 ki/ha ULV endosulfaa against zero
percent kill recorded in 0,19 kg/ha treatment; and only at

the 5th day was 10% kill of P. gossypiella observed in ths

0.19 kpg/ha treatment, and this did not change Till the

experimant was terminated.

Thus at the 6th end 7th day there was a difference of

10, i1l of 2. gossypiella betwezen the higher and lower
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endosulfon rates sprayed int

with E. bivlasz the difference was 20%, snd in H. armigers



thiat L. Divlaza was suscepbible and that . amigera was
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even nore susceptible teo endosulfsn contyrol.
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The results oblained from the bioassay tests may notb
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y be the sames on the fleld. Weather conditions,
crop develovnent, droplet size and distribution of the
chemicals on the crop; sizz and age of the bollwoxrms and

thelir feedinz habits are factcors that could further
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1n71uvuce the % kill by the toxicant in the sprays.

The highesr endosulfan rate gave z good kill especlally

in the case of L. biplega, that could be further studied
in the field, The 1007 kill observed in H. armigera is

perhepa not the idezsl needed in integrated control
programme. ouch situaticns may aflfect the nefurzl enemies
that intepgraved control is out to conserve but could
otherwise b2 affected through direct morvality or by

starvation throush ftetal extinction of the naebtursl encrles

food by the chemical sprays.

Therefcre o further investigation into the higher,
intermediate and the lower rates of the ULV endosulfan may
help define the ideal dosages that msy be included in

integrated control systenm.

The bioassay results agree with those obtained during
eld application (Baction III) where ULV endosulfen
appliecd at the rate of 0.75 kg a.i/ha and not 0.19 kg

significantly (£<0.05) reduced the vollwornm (E. biploga

and P. possyplellr) population compared %o the untreated

rSe 50 « 52).  Thus further ceafirming
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controls during spray end post-spray p=riods., There was

no difference in 5. bivlaga numbers between untreated

coatrols and endosulfan sprayed et 0.19 kg a.i/ha
31 , Section TIL).

Although no stotistical analysis was performed with

the results (Table 92 ) showed that the

the biloassay data,

cunnnlative 9% %ill recorded from 0.75 ki/ha treatment were

higher than the kills obtained from 0.12 kg/ha for all the
bollworms tested. However, kills
ment were clearly shown <
controls especlally in the case of I
STnisera.

extent in P. gossypiella and H.




0.75 kg a.i/hz
O qq ix.,_) k»ov.__/hd

Untreataed Control

60 400

10 10

10 10

TABLI G2 . Cur UTaTIVE ToROmITAGH RILLS O BOLLVORM T A
TABORAMNORY BICASSAY MRS T A SERAYTED
ATD UMSPRAYED CCTTON
Cumulative percentage kill of
T .
Treatmant L. biplaga
Days of exposure
1 2 3 4 5 o 7
0.75 kg a.i/ha 20 60 70 70 80 90 a0
0.19 kg a.i/ha 20 40 o0 &0 70 70 70
Untreated Control 0 0 0 O 0 0 0
Curmulative percentage kill of
o ToogT 1
Treatment i = L 'ﬂ‘e*la
Days ol erposure
1 2 % 4 5 S 7
0.75 kg a.i/ha 0 20 20 20 20 20 20
0.19 kg a.i/he O 0 0 C 10 10 40
Untreated Control 0 O 0 0 0 0 0
Cumulative percentage kill of
1. armigera
Treabmnent = -
Days of exposure
1 2 3 : 5 6 7

100
10
10
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Experiment T1.

Effects of natnral enemies on cotton aphids (Aphis moscyvii

1. INTRODUCDLION

Methods cited (Beingolea, 1970; TFalcon and Smith,

1973) for the evaluation of the efficiency of natural

enemies of cotton pests include:-

1)

2)

3)

4

5)

Laboratory biological studies to determine
the effectiveness of a predator or parasite
by such criteria as the shoriness of its
life cycle in velation to that of its host

or prey, and its reproductive and predation

Cage studies, cowparing the fate of hesv or

prey popula
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Field mnd eyperimental studies involving
reduction or exclusion of natural enemies
throush pesticide treatments (inseeti

checlk) ;
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natural enemies involved;

The application of regression 2nalysis to

rvn

data collected through routine field
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observation (e.z. within technical assict-
ance programme on integratzd control of

Pe

cotton pests as practised in ru and else-

vhera) s

6) TLife tables or life budgebs s, prepared with
field data collected according to a given
scheme. The analysis of such tables or
budgets will allow the idenbtification of
mortelity factors and give insight into the

R,

impacts of various natural enemles.

In the present experiment an attempt has been made to
conpare the fate of measured cotton aphid population

1.

confined with known nabtural ensmies.

2. MATIRTATS AWD MIIHODS

Plastic contaoiners were used which were like those

for the bioasszy tesvs. Aphids, srd the 4%th instar larvau
of the prcdators Chilomenes lunnta snd Platynaspis

ferruminea wvere collected from - treated cotton ple .

Aphids end the predators wers put on to a fresh
cotton leaves placed in the ploastic container by means of

contained
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a carmel heailr brush.
20 medium sized apbhids confined with one each of eilther
covton leafl were
ated. Iach
experiment was set up uwnder the preveiling room temper-—

ature as per the biozsszy tests; and treatments were

replicated three times. The mean numbers of aphids
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consumed pexr 24 hour pariod are renresented in Table 9% .
5.  RESULLS

When one Chilomenes lunata and one Platyazspis
fervuminesz were separately confined in small plastic
containers containing a cotton leaf infested with A,
possypii, they induced notable reduction of the aphid

population eating a daily average of 12 and 6 Tespect-

ively.

The results indicated untreated C. lunata as a more
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r of aphids than P. ferrvminea, since iv

consumed twice as meny aphids as did P. ferrusinea. Both

C. lunato and P. ferruminea have the advantage Tor being

PR

~

able to feed an aphid during their larval and adult

stages.

Both C. lunata and P. ferruginea are found in large

numbers oa food crops in the I
and, if properly supplenented Through the use of desirabls
chemicals, could he nicely included in an integrated

control prosromme.

Ilore needs to be known about their feeding habits as
adults and aboulbt their alternats sources of food besides

aphids on cotlton.
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TABLE 935 . APHID-PREYING- CAPACITY OF UNTREATED Ca. TUMNATA

AND P, FERRUGINEL IN A 24 HOUR PERIOD

Nos. of aphid fed to . .
° iy No, of aphids eaten
% = [ e T-Ya ! o wR VD
Predators each ptgaator per per predabor
Z4 hra.
C. lunata 20 12
P. ferruginea 20 6
3
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Repellent offoct of tomato on flea bes

1. INTRODUCHION

Barlier results from 1972-74 mixed crovping trials
demonstrated that cotton interplanted with Lomabo received
the minimum infestation by Podagrica species. It was then
declded to investigabte in detail the possible repellent

characteristic suspected to be responsible for the low

Yodagrica attack on cotton-tomato mixture

2. MATERIALS AND METHODS

4.8 and 2.4 gms of tomato leaves collected from
unsprayed plots were weighed out, squashed in a homo-
penizer and each made up to one litre in a distilled

water. 4 potted cotton plants, were placed in a larze

wire netting cage (300 cm x 300 cm x 150 cn). Two of the
potted plants were each sprayed with the two concentratiocns

eparacely. 45 flesa beetles were

n

made from tomato leaves
gently collected from unsprayed plots and released onto
the four sprzyed potted cotton; and readings of the number
of the flea beetle retained on the spreyed plants and the
nunmbers repelled were teken after 1 hour (Table ou ).

-

This cage trial was repeated twice, A further third trial

was conducted directly on cotton plants in the field.

It
e -

Results are chovm in Table <

3. RESULDS
Results from the potted plants znd field cotton
t

demonstrated that squashed tomato leaves sprayed onto



cotbteon directly repelled Podagiica sop. fron

The bigher concentration of tomato leasves xepelled most

flea beetle from cotton.

This revellent effect 1is probably due to olfactory
response from the Podegrica species, and was thus
responsible for the lower Podagrica population and hence

lovwer Tlea beeble attack on cotton and tomato inter-

[¢)

cropped. This charascteristic is worth 1nvestigating
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TABLE Q4

TN T TNt ey NI s T S . SAT
LCUNTAGE TR BERILES (FODAGRICL HTP.)

PRV -— PSR S S

LBPELTLD BY COTNON PTARNTS SPRIYED VImd

POMLTO LEAVES

Cace Test
2ot LeSU

it

w ]
No. of flea!
beetle
No. of flea 0011;“ted ,
Treatment beetle . ; % repelled
relezzed Tox
sprayed
plant
4.8 gm Tomato leaf ’
nb tr " 90 7 92
2.0 en u 1 .
T-n{‘:I ) n S0 : 20 § 78
i 1 . !

Cags Test IT.

2 . i‘
4.8 em Tomato leaf - -
8!:"’ 1 v ﬁf' 90 /]9 89
. 2] 11 3] , -
2.b 8 ) 90 24 7%
i

4.8 gm Tometo leaf 125 2. 82
2.4 gm Tomato leaf 135 57

e
[ PR —
\U1
Qo]
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LCTION VIT

GENERAL DISCUSSION

Chemical sprays and mixed cropping have been examined
as a means of reducing the damage caused by insect pests
of cotton. The implications of warious attributes of
these systems in terms of theilr possible effects on the
abundance of pests, their natural enemies and vield of
cotton crop are discussed to assess which system might be
effective and practicél for an integrated pest control

programne.

1. Pactors which affect the distribution of cotton insect

pests during the growing season

Fluctuations of numbers of cotton pests observed
during the trials, for example at the preliminary studies
(Usenbo, 1974b) and in the main studies (Figure 29 ,
page 317a ) are well known (Pearson, 1958).

Pearson (1958) indicated that such fluctuations
are probably due to ﬁarying and interacting effects of
weather conditions, host plants and natural enemies, and
to effects of diapause and time and length of the cotton

SE€838S0N.

Rainfall can have both indirect and direct effects on
pests. When there is sufficient rainfall during the
growing season, especially at boll formation, plant growth
may be such that sufficient food is aveilable for the
available pests and perhaps even for the plants %o produce

good crops despite pest attack. Changes in humidity may
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TOTAL INSECT NUMBERS/18 % 18 m PLOT

8004

100-4

317a

Y T T T T T o T T 1 T 1
9 10 1 12 13 14 15 45 17 18 19 20 21
WEEKS AFTER GERMINATION
SEF}L OCTOBER | " NOVEMBER | DEC.

Figure.28. Cotton pests in untreated plots during

1974—75 season in the ULV Endosulfan and _
Conventional Volume Carbary! spray trial. Sites Teli.

o——a Mean no

»—— - Mean no
4—a Mean no

o——o  Mean no

Pectinophora gossypiella
Earias biplagg
.Dysdercus superstitiosus

Aphis gossypi
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affect the survival of pests. Thus early morning humidity
allows first instar bollworms to find food before they
desiccate. However, humidity could also enhance develop-
ment of pathogenic fungi which may help reduce incidence

of some pests.

The presence of other host plants may provide food on

which the pests may 'carry over' between seasons and also

provide food early in the cotton season before significant

cotton is available.

Natural enemies can also exert a high degree of
influence over cotton pests e.g. the adults and larvae of
coceinellids (g, lunata) are important predators of A,

0ssypii, Bracon brevicornis is a predator of E. binlaga
k] —— — e 2

and the Reduviid Fhonoctonus nigrofasciatus of D. super-

stitiosus (Pearson & Maxwell Darling, 1958). . All these
factors weather, host plants, and natural enemies no doubt
contributed to the seasonal distribution of A. gossypii,

'E. biplaga, P. gossypiella and D. superstitiosus observed

in the experimental cotton plots.

Superimposed on these, there are changes in pop-
ulation of pests in the treated plots associated with

insecticide spraying.

2. Patterns of cotton insect control in lMid-Western State

of Nigeria

The production of cotton in an agro-ecosystem can,
according to Smith (1969), be characterised by five

different stages, namely, the subsistence, exploitation,
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crisis, disuster and intepgrated conlrol stopes.

iatthews (1974) hzs commented that in changing from

—t
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subsistence agriculture to higher yielding '

woloitation
stage', Tor cmample in Central America, new cotbton
varieties were introduced and svrayed heavily wvith insect-

] Nal

icides. h dosages of a mixture of chemicals like

,

toxaphene, DOT and lethyl Parathion were used against the

pest complex; and resistance to insecticides developed,
Subseguently into crisis stage; the cost of chemical
sprays escalated go.it was not profitable to grow cotton
and this inverizbly led to the disaster stage. A similar
situation was observed in leru. 5% DDT, 3% BHC and
mixtures of both with sulphur in a %-5-40 formula, and

2075 Loxaphene vere used in lzrme enmounts to control boll--

Ls 2 result of this, the integrated control approach hus
been introcducad in parts of Central fmerica and inm Cancte

Valley of Peru.

In Mid-/estern Higeriz, farmers generally lack funds
to buy chemicals to spray their farnsz; hence most of

their crops remein at the syl sistence cbage. £Although

Government subsidizes the cost of burying sprayers,

adventase
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chemicals and geeds reletive
of this. Toan schemes for fertilimer snd the hire of

tractors are also availesble, bub not adeguately utilized.
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Yoarmers who carmot operote under the suvervision of ths

povernment exbension staff (d.e. follow recommanded

inproved '7r4“vf) cannot secure this loan for their farm
operations. Thus with few chenicals used the "crisis

stage” carmot et be envisaged in I'id-lestern Higeria at

prescent.

To avoid a occurring in lligeria,
emphasis should be on integrating the use of cheomicals
with other euitable control measures. For exaunnle, the
enforcement of "clogsed season” snd the vuse of the high
vielding cotton variety (allen 26J) resistant to certain
pests, notahly Jjossids (Lmnouoca spp) ai1d the discase

bacterial blight (Xanthomonas malvecearum) (Fearson

hese importent contmol measures have been well estavliche

=1
]

s

in the Mid-~estern State.

(i) Choice of insecticides

A cheap and szafe insecticide is required that is
effective asainst the key pests reducing yields. Owing to
the diversily of insect pestz (i.e. vollworms, aphids end
cobton staincrs etc.) it is ¢ifficult to select a single
chemical, so careful screening of a ronge of insecticides
is needed to determine which anpnrosched most nearly the

tzsted (Section

aQ
n

required specifications. Zome chemicsal

4

)
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cainst

4]

II) were locally available end ars effective
cotton vests clscuners. The basis of the insecticide
sproving schedule was that used in Torthern and Yestern

Fiperia in walch six sprays are app
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intervals beginning nine veeks 2
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the first trizl only four sprays were applied.

In the present trials in Mid-VWestern Nigeria,
carbaryl formulated as a wettable powder proved very
effective against bollworms, cotton stainers and aphids.
This result confirmed studies by Hayward (1967) in which
the amount of damaged cotton was reduced from more than
50% to 20% by carbaryl sprays. Carbaryl has been
effective against cotton pests elsewhere in lligeria

(Hayward, 1967) and in Central Africa (Matthews,
1966) end in the U.S.A. (Presley, 1972). The rate of
application is generally in thé range of 1-2 kg a.i/ha
although less has been used in Central Africa where the
recommended rate varies from 0.25-1 kg/ha depending on the

size of the plant.

(ii) Timing of spray apvlication

Sprays in Central Africa were timed according to
pest populations by scouting fields (Matthews and Tunstall,
1968) but in Tigeria they have been applied on a fixed
schedule (Choyce et al, 1963; Choyce and Lyon, 1965;

Lyon, 1971). Rather than attempt to train farmers or
agricultural essistants on how to sample insect pests, the

farmer is recommended to apply six sprays starting from

the Oth week after sowing.

Lyon (1974) showed that yields of the order of
1000 kg seed cotton per hectare can be obtained in
Torthern Nigeria by spraying either early or late in the

season but that the harvest is delayed the later the
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Sprays are aé?lied. In the Western State, seven sprays
were no more efficient than four late sprays applied to
timely sown cotton (Hayward, 1967). So the main period of
pest damage was probably in Cctober. Spraying in

September was seemingly unnecessary.

The importance of spraying in Cctober was
confirmed in lMid-Western Nigeria when cotton sown in the
first half of July and sprayed four times with carbaryl
from the first week of October, was well protected with
yields of the order of 1000 kg seed cotton per hectare.
This yield was comparable to that obtained in Northern

Nigeria.

In Northern Nigeria Lyon (1971) regarded it
unsafe to adopt a spray regime designed purely for late
pest attack in October. In some years, even under the
best crop management, weather conditions might prevent
compensation for loss of early fruiting points; that is,
there must be sufficient moisture in the soil late in the
season to enable compensatory growth to occur. Where
cotton is grovn in fertile soil with good cultural methods
for conserving water such as cross tied ridges, 2
satisfactory yield potential worth protecting with insect-
icide is achieved even in season when rainfall is poor
and or late. Where soil conditions are less favourable
for retaining moisture, protection of the early crop is
of greater importance so in these circumstances this is

advocated to control early pest attack and so permit early

crop maturity.
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(1iii) Application of insecticides

Insect control and yield data on cobtton
obtained using ULV application of insecticides were not
significantly different from that obtained with carbaryl
conventional spraying applied at 225 litre sprays/ha,

though insect attack was not heavy throughout the trials.

In Northern Nigeria (Beeden, 1974) and in

Malawi (Matthews, 1973) ULV sprayed cotton produced yields
comparable to a conventional IV gprayed crop. This is
particularly important in those areas where there is great
difficulty in obtaining sufficient water for spraying.

ULV application is better at the end of the afternoon or
early evening when inversion conditions tend to exist to
achieve maximum deposition of insecticide on the cotton

plants (Johnstone, 1270).

3. Resistance problems

No resistance to carbaryl or endosulfan has been
reported with either bollworms, aphids or cotton stainers
in Nigeria as might be expected in view of very limited
use. Development of resistance would be serious as no
suitable alternative insecticide are available at present.
Endosulfan either formulated as a wettable powder or ULV
formulation presents some environmental risks due to its
toxicity to fish if it contaminates local streams or
rivers. In addition, the dermal toxicity of the ULV
formulation necessitates more protective clothing than if
the wettable powder is used. Aidequate protective clothing

makes application difficult in the tropics due to
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discomfort to spray operators especially under hot and

humid climatic condition.

Resistance of H. armigera may not be induced in
present circumstances as part of the population is on
other hosts which are not sprayed (phough some like

tomatoes are likely to be treated in future.

4, Cotton mixed crovping system in Mid-Yestern State of

Nigeria

The present system of cropping by farmers in the Mid-
West State is to plant yams in(March~April. Some early
maize is also sown in March and before these early crops
are harvested, cowpeas, okra and tomatoes may be inter-
planted. At present cotton is less commonly grown as a
sole crop in the State. It is generally plented with
vams sown in March-April, and with early maize planted in

March late maize may be interplanted from August.

Yams are planted on large heaps spaced about 2 metres
apart. Cotton is sown on the side of the same heaps, but
if the yams are harvested late, the yields of cotton may
be depressed. Early maize is generally well on to
maturity by July when cotton is planted, so yield of
cotton or maize is little affected. Tomatoes and okra
planted at the same time as early maize do not affect

vield of individual cotton plants. Ishan cotton (variety

G. barbadense) seems well adapted to this method of mixed

cropping, so is popular with the farmers.
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o stridt crop rotation is followed. Cotton is
usually grown with other crops on new land or on land that
has been left fallow for some years. No insecticides are
used and as animal farming is not practiced, manure is not
available., Cultivation is done by hand and this directly
limits the total acreage that each farmer can own. During
harvest, three pickings of seed cotton are done mainly by
women and children at a time when there is little else to
do on the farm. The first picking is done when about 50-
70% of the bolls are open. Consequently zn early heavy
rainfall in January or‘Februarf may increase the amount of
dirty lint and thereby lower cotton guality. All these
factors militate against good quality and high yields of
seed cotton produced by local farmers., However, this
situation can still be remedied by strictly adopting
improved agricultural methods of farming. TFor example,
maizec planted early in March would be well on to maturity
by July when cotton is planted, so that yield is not
affected; but except planted in November, yams which are
planted in March-April depress cotton yield by one-third
(Vest, 1944). Similarly, crops like cowpea and sorghum
which have long growth period like cotton, should not be
incorporated into cotton crop mixture so as to minimize

yvield losses in cotton.

Yields of Allen cotton on peasant farms are low
largely because the farmer cannot plant cotton early as
food crops must be established first. Therefore a basic

requirement for a high yield of Allen crop must be an
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early plantiﬁg so as to enable this variety to develop
qulckly and set many bolls in the sixteen weeks between
planting in July and the onset of very low humidity with
high temperatures in early November. Furthermore, early
planted cotton stands the chance of evading pest infest-
ation by late pests (bollworms) although it could suffer

from cotton stainer attack.

There is also the need to apply fertilizer to the crop to
compensate for soil nutrients which are heavily competed |
for by the cotton and other associated crops, since this
would boost growth and increase crop yield. Finally,
spraying cotton crops with insecticides would considerably
reduce pest attack, improve plant growth and increase

cotton yield.

5. Impact of mixed cropping system on yield

Mixed cropping is advantageous in many ways, part-—
icularly to the peasant farmer for whom conditions other
than maximum yield are important; such as ensuring overall
security of return, rather than the largest yields of any
particular crop; also where labour restricts production
capacity, output per unit of labour becomes important.

In this respect peak labour periods are more widely
spread out with mixed cropping than with systems that

concentrate on monocu®ares of a few crops.

Meximum yield plot trials (i.e. all cultural
practices including insecticides and fertilizer appli-

cation) produce over 2000 kg seed cotton per hectare in
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pure cotton étands in Northern Nigeria (Faulkner et al,
1974) and in Central Africa (Matthews, 1972; Matthews and
Beeden, 1972). With such a high yield a farmer can easily
cover all his input costs and still make a profit. In
contrast, unsprayed sole cotton yielded 8%% kg seed
cotton per hectare in Mid-YWest State. Lower yields than
this were obtained when cotton was sown interplanted with
other crops in the ratios 1:1 to 1:6. Cotton interplanted
with okra in ratio 1:1 had the least crop loss of 5 seed
cotton. Similarly cotton sown into either tomato or maize
suffered 44 and 64 percent crop loss respectively. The
heaviest loss of 80% was sustained when cotton was sown in
a ration 1:6 (i.e. through the other five associated

crops, Section IV).

The main benefit in the mixed cropping systems invest-
igated in Mid-West State, came from intercropping cotton
with either okra, tomato or maize. Yield losses sustained
from these 50:50 combinations were always less than 50
percent in two out of the three combinations; namely 9, 44
and 64% respectively, so in terms of area planted the
cotton did better thsn on a monoculture system, and this

V.

could clearly benefit the farmer.

The success of cotton/okra, cotton/tomato and cotton/
maize can be attributed partly to the fact that the effect
of competition between crop combination was less if their
peak demands on the environment occurred at different
times. Cotton, okra, tomato and maize have different

growth cycles, with okra, tomato and maize maturing
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carliocr and theralfore harvested earlier than cobtton. It

also seems thab cothbon in some 50:50 combination, is loss

acvtractive to pests than when planted os pure stands;
hence moxe of its potential yileld is realised than in a

nonoculture., In the combinations, both crops compensatved

effectively for the drops in their population.

Where the ponuletion of iants was reduczd Lo
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6 of that in a pure sbtand, the yileld of seed cobtton was

severely roduced. Interplanting with cowpeas or sorghun
also resulted in lower cotton yield. The crop fzilure of

cotton when 1% was intercropped with cowpea and sorghum

seemed correleted with inter-specific competition in crop

combinations, At certain veriod of crop development,
especially duringe flovering and fruit formation, the

demand for epoce, light, moisture =znd nutrients in the

crop environnent is at a maxinun. Tor sorghun and cowpes
this time coucs in fHeptember and October and so alsc is

cotton. Thus the two crops in the combinations of cotbton/
sorghum or cotbon/cowpea are in competition for the vitel
requirenent during this critical period. This stress was
fascilitated by the fact that cotton, sorghum and cowpeas

had similer growth cycles. Cowpsas and sorghum matured
o

at demands on
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laote at the time wvwhen ¢

the soil.

Jhen the cropn values are pooled (i.e. cotton value
plus associated crop yields) the ratios of the intercrops

made great differences, especially where cofton was sown

-

in ratio 1:6. The Dbest crop value was obtained from
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cotton sown into tomato followed, Wy cotlbon in waltio 1:5,
cotbon soun with okra and cotton sown with nmaize (Cection
IV). However, in terms of cash returns, the values
obtainad from cotton sown in ration 1:56 was for less than
the returns from cotton sown either into okra, tomato ox

moize., The mixtures of cotton wivh cowpeas and cotton

with sorghwm were the poorest yislders as €
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Q
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Q
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ations showed a decline in ¢

The low crop value obably te atiributed to low

an

¢)
3
(]

cobton plont population of 17> in the ratio 1:6 treatment

IJ

compared to the treatment of ratio 50:50 e.g. as in
cotton/tonato, cotivon/okra or cotton/maize combinstion
(Site I, Section IV). Sorghum and cowpea oplantved with
cotbon in rabtio 50:50 and alzo in the six crops mixture,

eninzly compebed with the latter for nutrients to

0

naize or cobtbon/okra coubination, cotton had a longer
srowth period thon any of the other associated crops
(maize, tomzio or okra) hence it was less in

with either of the crops during the critical period.

. - I . ! . o
Also, cobbton, tomato, maize and okra exhibited a strong

H)

capability for compensabing for a drop in population.

Cotton produces heavier bolis when they were reduced o

(i) Pest incidence ond colonigation in mixed cropping

b £ 4.3 ~r4 B a3 4 A
A GO mizbture mav affect The visual and

olfactory stimuli that attract insect pests into thz crops.
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This is important because with most arable crops, pest
infestations come from oubtside the crop and so the amount
of infestation depends on the pests ability to find tThe
crop at the right time by visual and olfactory means
(Southwood and ¥Way, 1970). Thus a solid green background
1s more likely with intercropping to be less attractive to
certain pests than one with a foliage/earth contrast

(Smith, 1969; Raros, 1973; Dempster and Coaker, 1974).

In the Mid-VWestern State a preliminary invest-
igation of insect pests of cotton and their natural -
enemies in a cotbtton growing community conducted in the
1971=72 and 197%-74 seasons, showed that tomato and
cotton planted into tomato had much the least flea beetle
attack. ZExperiments in the field as well as with potted
plants demonstrated that flea beetles were seemingly
repelled by tomabc lecaves as well as by plants treated
with tomato leaf homogenate. This perhaps indicate that
flea beetlés were responding to olfactory stimuli as a

result of the aromatic flavour emitted from tomato leaves.

On the one hand, pests may tend to colonize one
particular crop in a mixture which thus serve as a
diversionary host protecting other, verhaps more suscept-
ible and economically valuable crops from attack. For
instance, «ports from I.I.T.A. (1974) indicated an egg-

laying preference of the coreid bug Anoplocuemnis curvipes

for maize in a maize/cowpea intercrop. This bug causes

severe damage to cowpea pods with no visible effect on




malze by yoan aymphs. On the contrery, the situation
observed in Nbd-licat State during 1973-74 season was nore

off a me«t attreoction rathzr than diversiona

-

>tle infegstation was heaviest on okra
compared to cotton and the other crops, indicating that

okra was attracting flen beetles from cotton and tThe ot

crops. Whic beetle does severe damase to cobtton especiall

on okra does nobt scem to czuse visible eoffects on 1ts

vield. Similarly, hig

1 V\}

her i1nfestations by H. armisera

werce found on “omato than on cotton or maize., Its period

SO S B

of attack coincided with flower formation 1n tomato.

6. The abur of nevural enenies in a spraved and in
mixed crooninzg sysbenm

Theorelically, the nuabers of natural enenles might

be higher in the more LJ;'rhy gituation created by mixed

Rovos (1973%) obeerved more predatory spiders

\.D

Iycoga spn in a corn-pzanut mixed crop than in sols

N

cropped corn. Demwpster (1967, 19568) recorded ennancad
activity of sround-dwelling predntors in the presence of
weeds which reduced numbers of the smell cabbage white

1c
Fievis mopae 1) compared with a2 situation wnere the

er and Cosker

undersoin. In rencral, more naturzl enemies built vp in

the mixed crop trials investigated in IMid-‘est (1974=74)
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than on plots treated with chemiczls (Gections I3 ~ IV).
Im nearly o1l the trials where iunsecticides were sprayed,
the numbers of netural cnziies declined. Cf the chemical
insecticides cprayed both at the conventional low volume
eand ultra-low volume avpplicetion, endosulian apnlied
either as a wettable or as a ULV formulation dcmonstrated
ferential sgelectivity in favour of the natural
encnies thon carbaryl, although et the lower rates, endo-
sulfan treatments did not compensate for the enhanced
pest activities which tended to decrease yield especially
at the post-zoray period. However, the toxicity of the

carbaryl sprays to the natural enemies was seemingly

offget by the high level of protection given to the
fruiting bodies and the security of high yields from croovs
treated with it.

Tor certain crop combination, favourable natural

enemy svecles are likely to develop, thus during the mixed

cropping trial, cotton/tomato and cotbton/okra combinations

I3

harvoured the largest populstions of the naturel enenies.

and hence seemed the most preferred heosts of these spacles.

7. Secoubtinz end timing of spray

g in nost Africen countries, cotbon is growa ia the

L
[
[03]

IHd-veast State of Nieeris in peasant farming conditions

ital for buying spraying eguipnent and

o

vhich lacl car

innecticides. The spraying regime which has been adopted
is based on the reletively expensive use of a single
chenical sponlied six tines at weekly intervals shartinzg

“

from nine weelks after germinantion. In Uganda the recommenced
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spray treatment is 1 1b DDT per acre at 10 day intervals
using a single syringe pump (Bowden and Ingram, 1958),
vhereas in Tenzania # DDT per acre in 10 gals of water at
weekly intervals for two months is reccmmended (Valentine,
1260) . Similar schedules have been used in Central Africa
(Tunstall, Matthews and Rhodes, 1962; Matthews, 1967
Matthews and Tunstall, 1967). Matthews and Tunstall
(19567) observed from field trials in Rhodesia that yield
increases using fixed schedule were disappointing, because
no account was taken of the variation in time and
intensity of insect attack. VWith a fixed spraying
schedule, chemicals may be applied %o crops relatively
free of insect pests and similarly no spray may be applied
at a time of heavy insect attack. Thus efficient scouting

for pest could help to overcome such a situation.

In Central Africa the timing of spray has been
complicated by lack of a single chemical which would
effectivelﬁ control all the major pests at economic level
(Matthews & Tunstall, 1967). However, this situation does
not at the moment exist in Mid-Yestern State of Nigeria.
H. armismera does not cause serious damage on sole crop
cotton in the State, and as such, the need does not arise
for the use of DIT as in Ceﬁtral Africa, Carbaryl at its
prevailing recommendation is able to suppress E. biplaga

and D. superstitiosus, the major cotton pests in the State

and also reduces hA. gossypli population when it is at a

low infestation. D. watersi is fortunately not a pest.
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In the Tuture, scouting for insect pest as practised
in Central Africa wmay be desirsble. This would benefit

the farmer by:-

i) Telling him when and the number of times” to spray
this would invariably help to cut down on time

and the cost of chemical sprays.

ii) Helping to avoid unnccessary spraying of the
crops when the pests are not thers and hence
reduvce the chances of phytotoxicity ond induced

resistence as well ag keeping costs at a minimun.

8. Conclusion

This study of approaches to integrated control has

u

demonstrated tThe votentislities of chermical pesticides and

(

mixed cropping to control cotlbon vests and to incresse
cotton production. Mixed cropping has shown bencfibs in
decreased pest atback and increased numbers of natural

.

enenies which would help iimit pest infestation.

The integration of cultural, biological and approp-

i

riately timed chemicel control measures would seenm pary
icularly relevent and adapteble to the small-scale and
capital-scarce farming systenm of the lMid-lestern Niseria;
and as rightly stated by Wey {(1971), there is the need

for a multi-disciplinary research avporcach to devise more

£

.

effective pest menagement practices which would avoid the

problems of depending entirely on toxic sprays and would

(4

also be compatible with the socio-economic conditicns of
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ciop production in the Shate.

Therefore inbtepra

planted 1nto either olkra, tomabco, or malze may be a

v

feasible propositicn in cotbon development in Mid-Western

A

state of Nigeria. Vith such combination it is possible o

n

talie advantege of chemical protection against cotton pests,
e¥ploit vhe Tull potentials of cotton yield with its
assoclated crops in the mixture and at the same time enjoy

.

the benefits of the natural ensnmies sugumenting chemicsals

It is hoped that with the realisation of the benefits
of this intesration, the cotteon ylield might be increased,
but other arns which malke for the full exploitation of

S v xrecle pare 1 R S N .1 SSN -~ de iy P .
s system must be examined as fuburce strateglies:-

a) deternining the critical tims of pest at

hence when to apply chenical sprays,

of

(J‘)

) evsluating the rabes, concentrations and type
chemical spray to use (emphases being lald on

types that are economical to the farmers);

¢c) determination of time of sowing to avoid the peak

d) ascessing different c¢rop combination with a view

3

to selecting or adopting types which can be a
barrier to or repel nests or divert pests avay

from cotton when intercroppad; and



~er Ao oy by .
nossible alternatives

1 pherowones and

\
H
=~
—
=
[§)
ot
o}
]
Q

tant o pests

~
>

carly maturing.
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measures for insect

through some approaches to integrated control viz:i-

D
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i

by conventional spray, Ultra-low Volume

and mixed cropping systems,

Relevant literature on the following 15 reviewed:--
cobton pect control by conventional sprays, control by
ULV spray, vole of mixed cronping, climate, vegetation
and crops of the Mid-liestern State, the mojor cobvton
pests in the liid-Viest State together, and pest iniust-

ation in welation to cotton crop develonment.

)

Yo identifyins those with provperties such as selective
action vhich could be incorporzted into an integraved

control orks

The dorminant bollworns causing yield decreases werc
identified end the dasmage thay cause vere assessed

during 1872-7% season.

Jorbaryl w.p., monecrotonhes end endosulf=n gave
] cases in seed cotton wield end reduced the degree
incre &

e

of damase and infestation by insect pests.
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Carbaryl was most toxic to the predators, but was effect-

ive apainst P. gossypiella, E. binlaga and D. super-

stitiosus. Plots treated with it gave the highest
yields of seed cotton per hectare and suffered the

least damage to fruiting bodies.

Although endosulfan wettable powder applied at the
different rates in 1973-74 trials was less toxic or
harmful to the natural enemies than carbaryl w.p.,
its ability ©o control cotton pests was sometimes
poorer than carbaryl. Populations of insect pests
rose relatively in the crops treated with endosulfan

w.p. during the post spray period.

As the provision of large quantities of water tb spray
cotton poses a big problem to cotton farmers in the
State, an ultra-low volume spray application technique
for insecticides was tested, using a suitable hand-
carried battery operated spinning disc applicator.
Three dosage rates- (0.75, 0.38, 0.19 kg a.i/ha) of
ULV endosulfan formulation applied during the main
trial in 1974-75 season, were compared with carbaryl
IV conventional sprey; but in a preliminary trial,

two rates namely, 2.5 kg and 0.625 kg a.i/ha were

applied.

The highest yields of seed cotton were recorded from
ULV application when sprays conbtaining 2.5 kg and
0.75 k2 a.i/ha were applied with the spray operator

..LO

walking along each spray row. Yields were reduced
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control while at the same time conssrving the
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natural enemies to a higher degres than did the

carbaryl.

In the ULV endosulfan trials a 6 metre swath width
was adopted throughout the spraying period. This may
have resulted in lower, though not significantly
lower, yields compared to carbaryl treatment. A -
better control might have been secured if narrower
(e.z. 1.8 meter) swath had been used especially, when

at spraying cotton plants were 100 cm high.

The hish dosages of ULV endosulfan (0.75, 0.38 and
0.19 kg a.i/ha) used in Mid-West State during the
main trial were not reflected by the corresponding
yield increaées over control compared with elsewhere
(e.g. Northern Nigeria, and Malawi). The lower
vields obtained from Mid-West State compared to these
other places may have been due to differences in
swath width, and other factors including plant growth

and density, variety and differing weather conditions.

Mixed cropping systems were used as possible
component control measures against cotton pests.

Higher P. gossypiella and E. biplaga numbers were

found to develop on cotton interplanted with okra and
on cotton in the four and six crop mixtures than on
cotton intersovn with tomato or maize. The H.
armigera population was low during the trial, but
numbers sampled from the crops showed that cotton

interplanted with tomato recorded the highest numbers.
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Similarly, the associated food crops, tomato, ﬁaize,
sorghun also carried proportionate numbers of H.
armicera. By far the greatest number of Podagrica
spp. was recorded from okra and from cotton inter—

vlanted with okra.

Higher predator numbers were sampled from cotton

interplanted with tomato or maize than from the other

crop combinations.

Cotton/tomato and cotton planted into the four or
six mixtures gave the highest crop values pesr hectare,
and the lowest pest infestaticn was recorded from the

cotton/tomato mixbture.

Laboratory experiments showed that higher cumulatvive

% kill of E. biplaga, P. gossypiells and H. armigera

was recorded from 0.75 kg a.i/ha of ULV endosulfan
than the lower rate and the untreated controls

used in a2 bioassay test.

C. lunata seemed a more efficient natural enemy for

A. gossypii than P. ferruginea because 1t consumed an

average of 60% of the total aphid numbers fed during
24 hours, and this was twice the consumption rate of

P. ferruginea. A total of 20 A. gossypil were fed to

each individual predator.

Squashed toma%o leaves sprayed unto cotton crops
seeningly repelled Podagrica spp from the crop. The

higher the concentration of the squashed solution
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sprayed, the higher the numbers of Podagrica repelled.

It is thought that the repellent effect is due to

olfactory response from Podagrica.

The high revenue derived from cotton/tomato, cotton/
okra, cotton/maize indicates that more economic
advantages could be gained by interplanting cotton
with either tomato, maize or okra; but comparable
crop values were also obtained from cotton planted as
a sole crop and sprayed with carbaryl, though higher
input values were inurred ' in raising one hectare

of cobtton.
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APPENDIX 1.

SCURCE OF
ARTANCE

ROWS
COTUNNGS
TREATMENTS
RESIDUAL

TOT~L

WHOLE SEASON.

Value of P

Significant Studentised Range for 5%

Least significont range

Ranking: -

1.75% - 0.872
1.75% = 0.875
10755 - 0195/]
1.75%2 — 1.019
1.75% - 1.678
1.678 - 0.872
1.678 ~ 0.875

ALODRIN

o it

0.872

0.8381
0.878
0,822
0,734
0.075
0.806
0.803

ANALYSIS OF VARIANCE

PINK BOLIWORM - ILELE 1971/72., SITE I.
Surs OF DEGREES OF MEAN VARIAIICE
SQUARES FREEDOM CQUARE RaTIO
15.52425~01 5 31.0684E~02 44, 2277501
19.5696L~01 5 38 .1%392E-02 55.717CL~01
90.8863E~-01 5 18.1773E~01 25.8764E+00
A4 . O493E-0] 20 70, 2H65E-0%
4. 0039E+00 35
Sx {_.07/0256 = 0.1082
6 ——
- 2 3 4 5 6 7
= 2.95 3.710 . 3.18 %2.25 3.30 %0 54
= 319 «335 - 344 352 « 357 - 567
SEVIN 85 ENDOSULFAN 35 SEVIN 20 ENDOSULFAN GRANULIE CONTROL
0.875 0.931 1.019 1.678 1.75%
> 2561 significant 1.678 - 0.9%31 = 0.747 o S
S 357 v 1.678 = 1.099 = 0.659  .319 )
L 352 v 1.019 - 0.872 = 0,447 4 .352 7. 5.
S L3l v 1.019 = 0.875 = 0.144 £ 344 N.S.
L +335 N.5. 1.019 - 0.931 = 0.088 ¢ .319 N.5.
? 0557 Sigllificant 0995’] - 0-872 = 00059 u'z' 05[4‘4‘ I‘-\ro;?;o
7 552 v 0.931 - 0.875 = 0.056¢Z .319 HeiSe
0.875 - 0,872 = 0.00%3¢  .%61 Nebo

M.8. (Mot significant)

<19



AFPPENDIX 2,

SOURCE OF
ViRIANCE

TNTER-SIPRAY o

SUMS OF
SQUARES

ROVIS 26.3729E-0%
COLUMIS 28.1146E-0%
TREATMERTS 16. 3790E-02
RESIDUAL 21.9417E-03%
TOTAT 25.0219E
Value of P -
BsRh =
LSR =
ENDOSULFAN E.C.
Ranking: - <151
316 - 151
316 - 151
316 - 163
05’]6 - 0119'7
.5/'6 - 0298
<298 - .197
197 = 151
01197 - ./]58
197 -~ 163
-/]63 - 015/]

Sy

.158

MONOCROTOFHOS

I N N | T I B B

ANALYSTS OF VARTANCE

PINK BOLLWORM ~ SITE .

TLELE
DEGREES OF MEAN
FREEDOM SQUARE
5 72 . P458E-0Ok
5 56 . 2202E~04
5 52.7579E-03
20 910.9708E-0k
25
J-00109708 =  .0135
5
3 4 5 6
3,10 3.18 3.25 3.30
L0419 L0429 L0439 L0446

.165
. 165
.153
.119
.018
.101
.046
.039,
.034
012

163

045
. Ot
. 043
042
.039
.035
<O
043
042
042

PRI GEVYY

significant
14
v
significant
N.S.
significant
significant
- N.s.
N. S.
N.S.

7
354

VARIANCE
RATIO

66. 30841-01
51.253ZE-01

29.8591L+00**

L0451

ARBARYL 85 CARBARYL 30 ENDOSULFAN GRANULE
197

.298

<316

CONTROL

94¢



APPENDIX 3,
SOURCE OF
VARIANCE

ROVS
COLUMNG
TRIEATIITENTS
RESIDUAL

TOTAT

Ranking: -

0505 - 0148
.505 -~ ,156
305 - .159
505 - .225
.505 - .296

CARBARYL 85

[E | N A | 1

PINK BOLIWCRM.

Value of P

48

157

. 149 ;
86 >
L0838 4
009 a4

ANALYSTS OF VARTANCE

POSTSPRAY -~ SITE 1. ITELE
SUMS OF DEGREES OF MEAN
SQUARES FREEDOM SQUARE
25.9315E~03 5 51 .8629L-04
70.5565E-03% 5 14, 1113E-03%
15.3791E-02 5 30.758%E-~03
12..7275E-02 20 63.563745~-04
37 . 7554E~02 35 '
Sx LO062657E = ,0326
6 [
= 2 3 4 5 6
LsR = .096 101 .10 106 .108
MONOCROTOFHOS CARBARYL 20 ENDOJULFAN E.C.
156 159 225
.109 significant 0296 ~ A48 = 148 >
108 - 296 = 156 = 140 >
.106 v 296 = 159 = 137 2
./IOL} N-So 0296 - 0225 = 007/‘ 4
101 NS 225 ~ 48 = 077 D
225 = 159 = 066 ¢
0159 - 0148 = QO,]/‘ dv

17

0109

. 296

. 108
. 106
« 104
-106
.026
. 104
101
[ 096

VARIANCE
RATTIO

81.4975E-02
22.1745E-01
48.333CE-01%*

(444

ENDOSULFAN GRANULE CONTROL

-205
significant
N.8.

NeS.
N-S.
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APPENDIX 4, YIFLD Vs PESTS - FOST-SPRAY PERICD. ILZELE

TATIN SQUARE DESIGH - MULTIPLE LINEAR REGRESSICY ANALYSIS

VAR 1 2 3 i 5

OBS

" 155.300 °~ 663%6.000 1911.000  3.080  0.980
2  125.800 20811.000 2737.560  4.270 2.240
3 108.900  38402.000  4818.310 43.190  49.420
4 115.800 26558.000 - 4220.790 28.630  28.420
5  4162.200  6209.000 1976.100  3.220  0.910

SELECTION INDEP 2 3 &4 DEP 1

CORRELATION X X

AR

2 - 0.904398552
5 - 0.930593172
& - 0.822991870

I VAIUE 23%.968799741

SELECTION INDEP 3 4 5 DEP 1

CORRELATION X X

VAR
5 - 0.930593172 (P. gossypiella)
4 - - 0,822991370
5 - 0.812775855

¥ VAIUE 18.900031071
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APPENDIYX 5., YIELD Vs PESTS - FOBST-SPRAY PERIOD. IRRUA

SITE IXT

TATIN SQUARE DESIGH - MULTIPLE LINEAR RuGRESSION ANALYSIS

VAR 1 2 3 A 5
OBS
1 139.990 254,400 54,800 0.090 0.090
2 97.000 413 600 85.400 0.150 0.100
3 59.000 1524 .400 11%.000 1.460 2.000
4 88.020 6£57.800 88.000 0.550 1.520
5 150.850 160.800 42,400 0.080 0.090

SELECTION INDEP 2 3 4 DEP 1

CORRELATION X Y

VAR
2 - 0.897789807
3 - 0.996915157
4 - 0.843813795

I VALUE 268.184010917

SELECTION INDEP 3 4 5 DEP 1

CORRELATION X ¥

VAR

3 - 0.990915157  (D. superstitiosus)
4 - 0.843813796

5 — 0.84198603%

F VAIUE 156.96565053C
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The Effects ULV Spray : Posts of Cotten and Their
Naturai {nemies,

E. I. Usenno
Research Division,
Ministry of Agriculture und Natural Resources,
Benin City, Nigeria.

SUMMARY

here was coo<iderable fluctuation in field popul-
ssvpif and - wsdercus suporstitiosus and thelr [ <daters, Chilmines lonaa
and spiders. eadts of ULV spmying of 25%, cuiie~olfan showed that control
of 1. gossypii w4 D. supcrstitiosus was cobtained a¢ 2.8 kg ai ha but not at
06235 kgha, Neetoos nf these posts in plots weee significantly different on
post-spray record’ Ciens. Abundance of the pndamr C. lununt was
significantly reducc? - mol LG28 kg hug hut to a Sesser extent st the latter
dos:ige rate and oni: . . 7 he'ha r:stc of apatieaiion signiiicantly Jecimated
nmumbers of spiders. U Liays bad no a.bv < rse effects on v velathve abound-
ance of the predators e their preys, bui spraying at 2.5 Lg/ha tended to
selectively favour sniders over A. gossypif in r—-aled plots. Key words: inicorated
control, aphids, cotlon stainer.

iuns of cotten pests {pohis

1

Received for publication July 19, 1974,

Urtra low volume (ULV) spray has been defined as the minimum amount of liquid
per unit area compatible with economic requirements of achieving control (1).
i1 this report the application rate was below five litres per hectire. Although tivs
is a new approach to chemical control of cotton pests in Nigeria (2) first attempt was
made at Samare and Kadawa (Hayward and Beeden, in press), a4 great number of
pests have hoen successtully umtrn"'d elsewhere using ULV concepts on 2 wide
rdn"c of crops (9). Earlicr works on ULV sprd"mﬂ of cotton include those of Joycee
6,7.3). w ho applied DDT concentrate at about 4 1/ha to control the cotten lassid,
Fmpoasca [ybica (BeBery) in the Sudan Gezira. In Malawi, Matthews (10) spayed
ULV formulations of carb iyl and ;2D and obtained optimum control of ballworms
Diparopsis castonea Hmps. and Heliothis armigera (Hbn) with 109 spray at 5 1/ha.
This paper discusses the results of a preliminary study of the eifects of ULV spray on
cottan pests viz: sphis gossypii Glover (Aphididae) and Dysdercus supersiitiosus (1)
(Pyrrhocoridae) and their natural encmies: Chilomines hmata (F) (Coleoptera:
Coccinellidac) and spiders. The experiment was conducted at Treua farm centre
(Mid-Weslern State of Nigeria) with a view to exploiting 2.5 or 0.623 kg/ha active
ingredient endosulfun ULV spray in an integrated coatrol progriunme of pesis
on cotion,

MATLRIALS AND METHODS

The experimental design was a randomized complete block with four replications.
The threetreatments were 2.5 kg/ha ai endosulliun, 0.625 kg/ha wi endosulfan and an
untreated control. The plot size was 16.5m? (== (.03 ha) made up of 18 ridees. Each
plot was surrounded with 0.9 m path und blocks were 1.8 m apart. The Agrosan
treated cotton sceds, Allen 26], were sown at a rate of 22.5 kg/ha 0n4AULLM 1973.
The seeds were drilled 2.5 em deep in the row with 45 ¢m between the ridges. Caleium
ammonivm nitrate was applied as a fertilizer at the rate of 251 kg/ha,

A small battery-driven spinning disc (Micron ULVA) sprayer (Turbuir and
Micron Sprayers, U.K.) designed by Bals (2) was used to apply the endosulfan in-
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secticide. This sprayer has two stacked plastic atomizer discs. The spray fluid was
atomized into a meditm fine spray with a voluime median diameter (VMD) of (70-
120 microns); powered by two sets of §-1.5 volt batterics. A 6-m spraying swath was
adopted for this preliminary study.

The insecticide used was endosulfan 259, ULV formulation, Mowing at the rate
of 1.12 ml/scc through a 1.5 mm orifice using the red stem of the sprayer. Two con-
centration rates of the insecticide, 2.5 kg/ha ai applied by walking four times along
each spray row and 0.625 kg/ha ai applied by wulking once along the spray row,
were tested (11).

To obviate edge effects. sampling for insect populations was confined to the
16 inner ridges. Adults and nymphs of D. superstitiosus were counted on 128
randomly selected plants per plot, once before spraying and once two days after
spraying. A. gossypil was sampled after the method of Banks (3). Predators, mainly
the larvae and adults of C. lunata and spiders were sampled as for D. superstitiosus.

RESULTS

Eftects of ULV spray on Cotton Pests

Changes in numbers of /1. gossypil and D. superstitiosus following application
of UL sprays are shown in Figs. 1 and 2. Vertical arrows indicate the dates on
which plots were sprayed. After the first and sccond sprayings, aphid populations
declined in control and treated plots. Numbers of apiiids declined after cach 2.5kg/ha
endosulfan application. In the plots treated with 0.625 kg/ha of endosutfan and the
control plots, aphid numbers increased after the last and penultimate sprayings (Fig. 1).

800 %X Trucden 25%g 2/ ha
~ o— Thiodan 0.625 kg 31/ ho

o—0 Controt
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! Fig.1 Effect -of ulv spray on populaticns of Achis QosSYDl.
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The numbers of aphids =+ :lots treated with 2.5 kg/ha endosulfan were significantly
less (P==0.05) than thos. ed with £.025 kg/ha and untrezted control. The nu-
mbers of aphids count- . cach of six occasions immediately following sprayir
varied with treaiments ... .:mpling dates.

Numbers of D. super- .rinosus in sprayed and unsprayed plots tended to increase
frore the start of the experiment until a little alter the penultimate application and
ti . decreased afterwards (Fig. 2). No control of cotton stainers was obtained with
0.5.3 kg/ha but the numbers in plots treated with 2.5 kg/ha were significantly less
(P=0.01) than thosc in unsprayed plots.
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Fig 2 Effect of ULV spray on papul otions  of cotton
stainer , D superstitiosus.

Effects of ULY spray on Predators

Fluctuqlioqs in numbers of C. lunata and spiders in sprayed and unsprayed plots
arc shown in Figs. 3 and 4 respectively. Numbers of C. lunata in plots tredted with
either 2.5 kg/ha or 0.625 kg/ha were less than those in unsprayed plots. There was no
significant difference between treatments ia total number of spiders.

ULY sprays had no adverse effects on the relative abundance of A. gossypii and
the predators, C. lunata (Table 1), At the higher concentration, 2.5 kg/h}:, there was
some evidence of differentinl selectivity in favour of spiders over uphias as contpared
with the ratio of spiders to aphids in unsprayed plots (Table1).
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Table 1. Ratio of predators Chilmines lumata and spiders to Aphis gossypii in
sprayed and unsprayed cotton plots.

Treatwents and ratios x 103

Post-spray 2.5 kgtha Endosulfan 0.625 kgtha Endosulfan Control
oceasiolls — _—
C. lunata  Spiders  C. lunata  Spiders  C. luata  Spiders

1 3 I3 2 4 ki 2

2 100 33 21 23 42 20

3 22 36 19 6 9 G

4 25 41 31 41 10 18

5 4 36 6 7 5 ]

6 3 11 2 8 0.3 5

The ratio of numbers of the predators, C. lunata and spiders to D. superstitiosus
in sprayed and unsprayed plots varied enourmously between sampling occasions.
(Table 2). The relative abundance of predator and prey remained virtually undama-
ged in plots sprayed with endosulfan at either 2.5kg/ha or 0.6235 kg/ha.

Table 2. Ratio of predators, Chilmines lunata aud spiders to prey, Dysdeccus supers-
ritfosis in sprayed and vnsprayed cotton plots.

Treatments aind ratios

Post-spray 2.5 kglha endosulfor 0.625 kgitha endosulfan Coutrol
oCceaions — ——m —_— ————
C. lupra  Spiders  C. Innata  Spiders  C. hmata  Spiders

1 0.33 1.38 0.55 0.54 14.2 0.87
2 4.7 1.63 133 16.6 33.3 1.66
3 1.9 315 1.9 0.64 1.9 1.25
4 0.77 1.23 0.77 1.03 0.97 1.83
5 0.03 0.33 0.34 0.0+ 0.2 0.34
6 0.17 0.63 0.25 1t 0.56 1.07
401 } ' $ J $ ¢
w 80 w— Thiodon 2.9%k3 o
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DISCUSSION

The patterns of fluctuation of colton pests in unsprayed plots (Figs. | and 2)
are 1n accordance with the seasonul abundance of . gossypii(4) and D. superstitiosus
(12) on cotton. Changes in populations of pests in treated plots are assocated with
spraying. The present studies have shown that significant control of aphids and
cotton stainers was obtained at 2.5 kg/ha but not at 0.625 kg/ha endosullan.

Control of D. superstitiosus and A. gossypii was not achieved at 0.625 kg/ha and
spraying endosulfan at the rate of 0.625 kg/ha had no significant depression on
abundance of predutory spiders (Fig. 4) and caused less mortality of C. funata than
at 2.5 kgsha. The spider-aphid ratio in the plots treated with 2.5 kg/ha tended to be
higher than in plats sprayed with 0.625 kg/ha(Table 1). The decimation of C. lunatea in
this study was not necessarily associated with unfavourable predator/prey influcnces
as the combined effects of ULV spray at 2.5 kg/ha and the action of predatory spiders
accounted for the marked control of A. gossipii in the present experiment. On the
other hand. that ULV spraying had no adverse eflects on the relative abundance of
predators and their prey (Tables 1 and 2) could have significance in biological or
mtegrated control of cotton pests. For example, it is possible that a “clean up™ of
aphids and stainers could be envisaged after spraving ULV at 0.625 ke/ha since this
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dosage was less disruptive than 2.5 ke/ha to the action of C. lunata with no sigaificant
effect on abundance of spiders. Thus, although, populations of spiders in plant foliage
are known to fluctuate widely (5) the fall and risc in their numbers (Fig. 4) could be
associatdd with the corresponding rise and fall in population of D. superstitiosus
(Fig. 2). The present trial has shown that appropriate dosages of ULV formulation
of endosulfan could control pests of cotton as well as conserve populations of their
predators. Further trials are required to ascertain optimum swath width, droplet
size and dosage rate of ULV sprays for use in integrated pest control on cotton.
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PROGRAMME

As part of the Commemorative Celebrations a symposium subject
has been chosen which is currently receiving much attention from
experimental entomologists. The review papers invited reflect this
topical interest and research.

After an introductory paper by T. Lewis, Rothamsted, the
remaining four papers on the first day will be devoted to aspects of
the sensory physiology of communication:

Visual perception of signals M. Land, Sussex
H. Bennet Clarke, Oxford
J. Boeckh, Regensburg

Hearing and touch

Physiology of olfaction

Chemistry of olfaction R.M .Silverstein,

New York State

The second and third days will be concerned with the mechanisms
and functions of communication. They will include papers on:

Aggregation and dispersion  J.H. Borden, Simon Fraser
Aggression and defence P.E. Howse, Southampton
E.D. Morgan, Keele

Vision, mechano-reception, J. Gase, California
and olfaction in courtship A.W. Ewing, Edinburgh
and mating and M.C. Birch, Oxford

Brood care and recognition N. Koeniger, Frankfurt

Foraging and recruitment

Intra-specific social competition M.]J. West-Eberhard,
Costa Rica
Inter-specific communication S.B. Vinson, 7Texas

The symposium will end with papers on the
Evolution of insect B. Holldobler, Harvard
communication

Exploitation of insect
communication by man

C. Wall, Rothamsted

Time will be made available for Discussion and Social Gatherings.

The Symposium will be open to all, whether or not Fellows of the
Society; an application form is attached.* The final programme
will be sent to delegates at a later date.

PUBLICATION: The papers read at the meeting, with
discussions, will be published in a fully bound
Symposium volume, edited by T. Lewis,
which will be available at a reduced price to
delegates.

CONVENORS: ]. Brady, Imperial College, Silwood Park, Ascot,
Berks. SL5 7PY
and
J.B. Free, Rothamsted Experimental Station,
Harpenden, Hertfordshire

*Early registration is advisable as there are only 330 seats available.

Further information and additional copies of this leaflet and Registration Form may be obtained from:
G.G. Bentley, Registrar, Royal Entomological Society of London, 41 Queen’s Gate, London SW7 5HU, England. Telephone: 01 584 8361
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7 - 9 September 1983
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Imperial Gollege Mechanical Engineering Theatre (No.220)
Exhibition Road, London S.W.7.

REGISTRATION FORM

1. Registration fee (includes light refreshments
on all days)

Students and Fellows of RESL £23.00 a

Non-Fellows £30.00 a
2. Lunches at Imperial College

Wednesday 7th September £ 4.50 a

Thursday 8th September £ 4.50 a

Friday 9th September £ 4.50 a
3. Reception at the Society’s Rooms

Wednesday at 6.00 p.m. (maximum 120) £ 3.50 O

and/or

Thursday at 6.00 p.m. (maximum 120) £ 3.50 O

4, Enclosed is a cheque for .......... Total £

O Please tick -

All payments in pounds sterling, please. Cheques and drafts, drawn on
a British Bank, should be made payable to the Royal Entomological

Society and crossed.
P.T.O.
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Accommodation at Imperial College is available for delegates; the rate is
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ageress at Imperial College, Prince’s Gardens, London SW7 2AZ
(01-589 5111 ext. 1047) referring to the Symposium.
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