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ABSTRACT

The growing problem of field pests and pesticide misuse in the savanna has been of
great concern among scientists and scholars. In the Nigerian Sudan savanna, where
traditional agriculture is widely practised, grain pest and use of pesticides are serious
constrainsts to millet production because of:

i) low literacy rates of farmers in the study area
i) low income of the farmers to embark on effective chemical control, and
i) poor user understanding by the few farmers that could afford chemical control.

This work related the relationship between the incidence of Coniesta-ignefusalis (a
mgor stemborer pest of millet) and environmental factors (weather factors) in the Bagauda
area in the Sudan savanna zone of Nigeria. The pest was monitored for three cropping
seasons (1995 to 1997) using pheromone traps on millet fields at the International Crops
Research Ingtitute for the Semi-Arid Tropics (ICRISAT) station, Baguada, Kano, Nigeria
approximately on latitude 1 [°400N and longitude 8°30'N.

Pest and weather data for the three cropping seasons (1995 to 1997) were statistically
analysed at three levels - the simple linear regression, the polynomial non-linear regression
and the multiple linear regression. The pest population was predicted using the multiple
linear regression approach.

The polynomia distribution was found to be the best method for determining
relationship between single or individual weather parameter- and pest incidence in the study

area. Results suggested that the availability of abundance of food and absence of natura
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enemy has not been the only determinant in the incidence of the pests, and emphasise the
importance of weather condition in assessing these effect. The incidence of the pest in the
Nigerian savanna is weather dependent. Mgor climatic variables affecting the pest incidence
in the Sudan savanna are rainfal relative humidity, radiation and temperature. The influence
of rainfall was such that it correlated positively with both weekly and monthly data with r
values greater than 50% in all the years of study (i.e. the higher the rainfall the higher the pest
incidence). Rainfal amounts greater than 200mm were observed to hamper the pest
incidence. The effect of radiation was such that it correlated negatively with the pest
incidence for all the cases considered for 1995 and 1996 and 1997 monthly data with r-values
greater than 50%. Radiation was, however, not statistically significant both at 5% and 1%
level of significance for 1996 weekly data. Temperature influence was such that (Tavg)
correlated positively with the pest for all the years of study i.e. an increase in (Tavg) leads
to increase in the pest incidence (Tmin). (Tmax) is however, such that it correlated
negatively with the pest incidence (i.e. an increase in (Tmax) leads to a decrease in the pest
population) for 1996 data. The influence of relative humidity was such that it correlated
positively with the pest incidence in dl the cases for dl the years of study (i.e. an increase
in relative humidity leads to increase in the pest incidence). The weather variables do not

work in isolation but influences the pest incidence simultaneously.

viii



TABLE OF CONTENTS

Content Page
DI EOBE  1cvwn mmmsit 18 SEGAR ME RO 5 52567 SH AL MRS 73 FVRSE TSRS SAPR RS i
HEBIEMBIION oo voi wiroras ie owessm o e i O S5 S aIATeHe ST WO W AR A R i
CorfiBealion. « i 15 555 T s ash 5 T 4% GoneT o Se0as Sevi Ve aei S sTeiaress e atel 4k 1l
DIOAICAIION o o et e et e e e e e e e e e e v
RERIOUIOABPIIIBIR  coanvum sommioms wom s s 6 S WS S8 RIS 59880 WIS SAOLW R SR 0 PV SE R & v
ABEEAR o vons myoeas B OOk Baves FaEPE s i eee S ERe SEN I G e SR vil
Table of Contents . ..o ottt et et a e e e 1X
LISEOT TUBIEE: v o sowmin i sromopn st ii g o7 oo a 4 /0 & S5R5S & w0t o38 @7a WHBT A ¥4 Xil
LIgt Of FIRUBE s wp sanv iy Bevay Saveas swps 0o o s@ e sevni Naes seReew i Xiv

CHAPTER ONE: INTRODUCTION
1.1 RTOGHEIEH oo cvvan s sora Bairewan wown i Bemas B G VAR §F S 59 i
1.2  AIMANd ODJCOIVEE « v« o oo st iontis st rmn it semae st srs et obman b s ssme o 4

CHAPTER TWO: LITERATURE REVIEW

2.1 FRIOGUENON ~w on vinal U Seges (% Saien e sl a8 e S VERGE SRR TR SRR a5 6
2.2 Clmate OF NIReIIA . oottt it it et ittt e e ae e 6
2.3 The Agreclinmtolopy of the SIdy AR . v vwwees v v ss women v v e 8
24 Farming Systemofthe Study Area .........c.covviiiieiinriiiienncnnnnns 9
25 TR INNSLRR ! oreceo mierssnisiniss wmmsrustiem ROMWAREEE HADN:R WONHIVSHOORBCGEYEG MGURUSN BN 5 10
2.6 Constraints 1o Farming in Bangalida . .. couou v ves v vwsss v vioe v 50057 o0 I



3.7  Brief Biology of the Millet Stemborer Coniesta Ignefusalis  ............... 11

2.7.0 Other Host Croms oot et e e i e 13
2.7.2  The Pest Population Withinthe Study Area ............. ... .. ittt 13
2.7.3 Farmers Perception of the Pestinthe Study Area ........ ... ... . ... .... 14
2.8 Management ... ... e et e e e e 15
280 MONIOTiNg ot e e i e e 16
29 Weather Variables and Pest Relation inthe Study Area ................... 17
2901 Temperature ... ..ot ieitt it i i e e 18
292 Rainfalland Wind . ... .. i e 19
293 Relative Humidity ... i e e 20
294 Sunshine ... ... e e 20

CHAPTER THREE: MATERIALS AND METHOD

3.1 T U U + S OO PR 21
3.2 Pest Data Collection ... ...ttt it it ittt iaan e, 21
3.3 Weather Data Measurement . .......c..iieiiiiainiininnircininnnin. 22
34 Data Analysis ... e e e e e e, 22

CHAPTER FOUR: RESULTS AND DISCUSSION

4.1 Weather Patterns of the Study Area During the Years

of Stody (199510 1997 ) . it e e e 25
4.2  Micrometerological Elements and the Pest Incidence During the

Period of Study (1995 -1996) . ... . oo i i e 27
4.2.1 Relationship Between Rainfall and Pest Incidence ................. . ...., 29



4.2.2  Relationship Between Radiation and Pest lneidence oo o L L. 30

4.2.3  Relationship Between Wind Speed and Pest Incidence ... oo 3
424 Relationship Detween Temperature and Pest Incidence ... ... o000 32
4.2.5 Relationslip Relative Humidity and Pest Incidence .. ... ... oo o000 35
4.3 Weather Conditions and the Pest Incidence in the Study Area .. ... .. .. .. 37
4.4  Combined Llfect Weather Variables and the Pest Incidence ..., ... 38
4.5 Effect of Sclected Weather Vanables and the Pest Incidence ..., ... 39
4.6 Model Development . ... e e e 40
4,7  Comparism of Predicted and Observed Results ... ... oo oo L. 4]

CHAPTER FIVE: SUMMARY CONCLUSION AND RECOMMENDATION

5.1 Summary and Conclusion .. ... .. ... . e e 43
5.1 Recommendation .. ... ... e 45
6.0  Referenees . ..o e 54
T0  APPERAICES « ettt e e e 39

xi



1.1

2.1

4.1

4.3

4.4

4.5

4.6

4.7a

4.7b

4.7¢c

4.8a

4.8b

LIST OF TABLES

Page
Estimated output of millet ('000 tones) in
Nigeria from 1980 through 1994 . . ... .. . . ... . .. .. .. . .3
Infestation intensity of Coniesta within
the Savanna ZONe . . ... .. e I5
Weather pattern of the study area during
the period of study (199510 1997) . .. 26
Correlation coefficient table of the relationship of the pest incidence and
the weather using the polynomial non-linear regression ................... 29
Correlation coelticient table of the relationship of the pest incidence and
the weather using the correlation matrix statistic ... ... ... ... 29
Rainfall correlation table for weekly and monthly pest
Incidence during 1995 t0 1997 ... .. e 30
Radiation correlation table for weekly and monthly pest incidence
UORRETIIE =AY o o v v i 65 s G055 TREGH & KPS RRE 33
Wind speed correlation table for weekly and monthly pest incidence
during 1995 10 1997 oo 36
Temperature (min) corrclation table for weekly and monthly
pest incidence dusing 1995201997 ... vu cinn e i e wames s wviee w0 b 39
Temperature (max) correlation table for weekly
and monthly pest incidence during 1995101997 .. ... 39
Temperature (avg) correlation table for weekly
and monthly pest incidence during 199510 1997 ... ... ... ... ... ...... 40
Relative Humidity (min) correlation table for weekly and
monthly pest incidence during 199510 1997 ... vv v iiivennannsnionnson 42
Relative Humidity (max) correlation table for weekly and
monthly pest incidence during 19950 1997 . ... .. i 42

Xii



4 8¢

4.9

4.10

4.11

4.12

4.13

Relative Hunudity (avg) correlation table for weekly and
monthly pest incidence duting I8 o l0F . oo s vn i on somen smwossn as s 43

Critical weather conditions favourable and unfavourable levels

for the incidence of the pest ..., .. WG AR R PR N EETaT RS B 44
Correlation coefficient of the combined effect of rain, temperature, relative
humidity and radiation on the pestincidence .. ..o Ll 45
Coefficient of correlation of combined effect ol the selected

variables on the pest incidence ... 46
Regression model of weather on pest incidence for 1995 to 1997 ... ... .. .. 47
Contingency table for predicted and observed population,

incidence of Coniesta lgnefusafis (based on 10 days Incidence) ............ 48

X1ii



Figures

&l

N
(8}

4.2

4.3

LIST OF FIGURES

Page
Moisture adequacy regions of Nigeria . ....... ... iiiiieineenniaseenas 2
TR LT D 208 Ve St ROl SIS  octa v vomsevs:ne i sumiie. wioh oaesos vt sl SRR 80 1STB3AAOHL 0 8
Weckly and monthly rainfall and pest relation graphs ... .. ... ... ... 31
Radiation and pest relation graphs for weekly and monthly data . ........ ... 34
Windspeed and pest relation graphs for weekly and monthly data ........ ... 37

Xiv



IO'

CHAPTER ONE
GENERAL

The development of many crop pest is largely dependent on the weather of the area
(Gilspier 1994). Most often the effects of adverse weather conditions on crops is viewed
trom the perspective of performance based on crop physiological development, growth and
maturity. Little attention is given to the provision of conducive environment for field pest
to thrive and cause greater damage to the crop.

I'he abundance of an insect pest is determined by the availability of food, fecundity.
natural enemies and weather. During cropping season when food is available, the build up
of any msect pest is strongly influenced by weather condition, This is because the presence
and abundance of natural enemies are in themselves weather controlled. Several insect pest
are known to infest millet (Peninsetum glaucum [L]) at different stages of the crop growth
and development (Ajayi, 1990, Dike et, al., 1995, Youm ct. al., 1993).

Coniesta Ignefusalis 1s a major destructive stemborer of millet most prevalent in the
Sudan Savanna Agroecology (Fig. 1.1). Inspite of the extensive research on such cultural
control as planting date alteration and intercropping, extensive application of insecticides,
this insect pest reduce the yield and productivity of millet plant over the years. An over-view
of total output of this crop in the Sudan Savanna from 1980 - 1998 (Table 1) shows a great
fluctuation in production over the years. The decline in millet production in the Sudan is as

a result of edaphic. socio-economic, and pest and discase.
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Tahle 1.1 Estimated OQutput of Millet ("00 Tones) in Nigeria from 1980 - 1994

Years Total Out-put
1980 2354
1981 2682
1982 2666
1983 2783
1984 3349
1985 3684
1986 4111
1987 3905
1088 2334
1989 2905
1990 2366
1991 410
1992 4234
1993 4602
1994 4671

This current reduction in millet production is not only expensive but there is a threat
to worsen this development, insect pest are quickly evolving resistance to chemical
pesticides, hence aneed to understand the insect population ‘ncidence/ecology. A knowledge
of factors that inhibit or favour the build up of the insect population during the cropping
scason will enable us to manipulate the agroecosystem to the disadvantage of the pest (Singh

et. al. 1974).
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Pest and disease, particularly Coniesta Iignefusalis, have been a principal coni'rainl to
millet production in the Sudan Savanna zone of Nigeria (Youm, 1990). The type and
sympioms of the borer depend on the stages of crop development and the borer's generation
(Youm vt al, 1993). Under rainfed agriculture, weather is the most important factor
affecting the incidence of any insect pest {Pedley and Belts, 1980, Renold et. al., 1982,
Walker 1980). Weather directly and indirectly influences the activity and population build

up of field pests.

Extensive works have been reported on the responses and development of crop insect
pests (o simulated weather conditions, most especially, temperature and humidity (Pruess
1983, Tamaki et. al. 1980, Yadav et. al., 1987). In thc Bagauda area, the few survey works
on field pests are mostly from the entomological point of view. Practically, very few
attempts have been made to ascertain the effects of any physical (environmental) factor on
the incidence of the adult stage of the pest coniesta.

Constdering the importance of such information, both from practical utility and
academic points of view, the present work was therefore initiated in the study area 1o monitor

the incidence of the adult population of coniesta ignefusalis using climatic parameters.

AIM AND OBJECTIVE

The aim of this study is to determine the weather parameters that influences the
meidence of the adult population of coniesta ignefusalis in the Nigeria Sudan Savanna with
application to the Bagauda area of Kano, with a view to predicting future population of the

pests in this area.



The objectives of this work includes:

1) To determine the conditions that may be responsible for the outbreaks of the millet
pest in the Kano area of the Sudan Savanna.

1) To estimate the level of infestation during the crops growing seasons and

1) To recommend appropriate strategy for managing the pest.



2.1

2.2

CHAPTER TWQO

LITERATURE REVIEW

INTRODUCTION

Since the environment determines what crops are grown and what pests occur in an
area climatological consideration are very essential in modern agriculture production
programmes. This is because most agricultural decisions involves weather inputs from
emergence through harvesting,

In any particular locations, scasonal variations in crop production are largely due to
different weather patterns within and between years (Butter, 1996). Tor insects, such
variations can be explained through understanding the insect-cnabling environment.

However, studies of these insects seasonal variation can be unclear and even complex

because:

1. Insects are mobile and may originate from locations outside the area of immediate
interest.

2. The pests also respond to their microenvironment for survival, reproduction and
growth,

CLIMATE OF NIGERIA

The geographical location, size and shape of Nigeria allow it to experience most of
the types of climate of West Africa. In other words, the climaie of Nigeria is a microsum of

that of West Africa.



The climate of Nigeria exhibits a definite wet season and marked dry season in
response to the pressure patterns in West Africa. Belts of distinct weather exist from the
coast to the Northern {ringes, wifh great seasonal variations and fluctuations in response to
the movement of the inter-tropical discontinuity (11D} Fig. 2.

The ITD is the boundry between the dry tropical-continental (c¢T) air (Harmattan) of
Northern origin, and the moist tropical-maritime (mT) air (Monsoon) of Southern origin.
The dry harmattan dominates most parts of the north for a great part of the year. Each of the
climate determine the crop grown and its associated pest in the area.

The climate of the area is the savanna type with alternating wet and dry seasons. The
seasonal rainfall of this area is between 560mm to 1000mm per annum in only about five
months (May to October) of the year. The rainfall is highly variable (in distribution, time
and space) and the onsct of the rains is highly erratic too. The rainfall intensity is very high
between the months of July and August. As a result, apart from other constraints in millet
production in the area, the crop is often lost through heavy and torrential rains (Ayoade,
1971, Ati, 1990). The rainfall of the area has been declining in the last thirty vears.

The daily sunshine duration is 7 - 8 hours (Qguntoyinbo, 1983). The air temperature
is consistently high with high evaporative demands. The mean annual temperatures of the
area ranges between 17° and 32°C, however, high temperature of up to 42°C may occur in
some months (April/May). A low temperature up to 5°C is also possible in some months

{December/lanuary). The mean monthly temperature of the study area drops slightly with
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the rains in July, August and September. The high temperature have the effect of reducing

activity of the pest due to increasing lassitude (Mortimore and Wilson, 1965, Sivaskuimer,

et. al., 1991).

Relative humidity in the study area can be as low az 8% during the drier months, but

usually high during the wet season.

THE AGROCLIMATOLOGY OF THE STUDY AREA

Bagauda, where the data for this study are collected, is located within the Sudan
savanna bio-climatic zone, south of present Kano State, approximately on latitude 11°40N
and longitude 8"30E.

The climate of this area 1s the savanna type with alternating wet and dry season which
corresponds to Koppen's climate (la.....). Thus the great features of wcather patterns
(Rainfall, Temperature, etc) are usually in association with the inter-tropical discontinity
(ITD) (Nicholson, 1981, Hayward, 1987, Kaynote, 1984},

The study area falls under zone A of the ITD between November and April (Fig. 2.1).
This means that when the Northeasterly wind predominates, dry spells prevail. When the
ITD moves sufficiently North by June and July, the area comes under the influence of zone
B of the ITD, consequently the rain bearing wind prevails. The study area goes deeper into
the I'TD zone until the ITD begins its south ward retreat in response to the earth rotation. Dry
condition then returns.

The movement ol the ITD Northwards across this area between January and August,

and its retreat from the Southern fringe of the Sahara desert after August cause this area to
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experience scasonal changes in rainfall vis-a-vis other climatic variables (Olaniran et. al.,
1989). The rainfall of this area is less than 1.060mm per annum falling in only about five
months in the year, specifically between May and October. Therefore, rain is a major
determinant of the growing season and hence of the crops grown in this area.

The daily sunshine duration of the area is 7 - 8 hours (Oguntoyinbo, 1983). The air
temperature is constantly high and fails slightly in the evenings hours (Ati, 1995). The mean
temperature drops gradually with the rains in July, August and September.

The relative humidity can be as low as 8% during the drier months. The high
temperature of the area have effect of reducing activities of the pest (Mortiriore and Wilson,

1965, Silvakulmer et. al., 1991, Ati, 1995).

FARMING SYSTEM OF THE STUDY AREA

Agricultural practice in this area is a rythemic one centred on the passage of season
(Yayock and Owanobi, 1986). Agriculture is largely subsistence and the land holding are
small and fragmented.

The general cropping systems of the savanna are cereal-based and have evolved from
shifting cultivabon to continous inter-cropping (Boets, 199). Due to recent population

pressure on land in the area, the amount of fallow land for this traditional cropping system
has shortened. As a result, farmers are forced to adopt to the continous cropping system
which enhance the population build up of grain pest in ths area,

The cropping system of this area are cereal/legume mixiuves mainly composed of

sorghum. millet and cowpea. Millet may also be grown with sorghum in cereal/cereal

10
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mixture. In economic terms, the pearl millet (pennisetum americane [L]) is rated second
most important grain crop in the study area. The predominant species 1s Gero (in Haunsa).
It matures faster than most sorghum and it requires little amount ¢f rainfall (<310mm per
annum).

The fand area of millet cultivation in the savanna is estimated at over five miilion
hectares (about 40% of the total land area) (Eghaverb, 1978) and an average yicld in farmers
ficld has been put between 300kg/ha te 1000 kg/ha, Thas area is leading producer of this
crop. In 1993, it provided over 33% of the nationai output {Buker et. al., 1997). An annual
production has been estimated between 1.75 million to 2.72 million tonnes (Nwasike et al.,

1982).

Most of the millet produce presently in this area is for home consumption. This area
has great potential for higher output. The sustainable exploitation of this potential holds
considerable promise for providing livelihood and food security for the people and meeting

their increasing economic aspiration if well utilized,

SOWING OF MILLET

Two major types of millet are common in this area. These are:
l. (ero-short season millet (70 - 90 days maturity)
2. Maiwa - takes longer time to mature,

The optimum sowing date is not uniform throughout the region. The date of sowing
follows the pattern of rain and the variety of millet in use. However, planting in the Sudan
and Sahel savanna is latest, compared to other part of the savanna region. The middle of

June is considered 1o beideal time for sowing in the Sudan (Egharverb, [978).
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Millet in the area is either sole cropped or intercropped 'n various combination with
grains and legumes, Most of the intercropped practices are either carried out as a check to

the millet pest (Dike et, al., 1995) or as a supplement crop,

CONSTRAINTS TO FARMING IN BAGAUDA

Agriculture in the Bagauda area is largely rainfed and subsistence. Hence among
other constraints {inputs, rainfall, pest and disease), rainfall and pest are the two major
constraints faced by farmers in the arca. Major source of water is the underground water
being tapped through wells. The wells are generally sitea at either interfluvial regions or
stream beds, where water can be found at about | metre even at the end of the dry season or
at the foot of inselbergs (Mortimore and Wilson, 1963). Thus irrigation practices are not
casily within the reach of the poor farmers.

The area (s predominantly a grain belt with varied pests. Over 100 pest are known
io plague grain production in the savanna. Stemborers of many types constitute a major
source of anxiety 1o farmers all over the area (Oguntoyinbo et. al., 1981).

They greatly militate against successful and profitable cultivation of many cereal

crops 1n the arca.

BRIEF BIOLOGY OF THE MILLET STEMBORER PEST CONIESTA
JIGNEFUSALIS

It has been observed that of the over 100 field pests of millet in the study area,

contesta ignelusalis is a major destructive stemborer (Harris, 1962; Brenieve, 1976).
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The female moth lays about 200 eggs in a group on the leaf sheath and underside
Jeaves. The eggs hatch within seven days. The larvae penetrate the whorl, feeds and move
into the stem. The larvae, migrates from tiller to tiller and often infest all tillers in some
tarms. A single stand may harbour as many as 20 larvae. After completing development in
about 30 1o 40 days. the larvae pupates in the stem gallery. The pupal stage lasts for about
scven to thirteen days.

Some second and third generation larvae go into facultative diapause in which they
survive the hot dry month following the first rains. usuvally, the life cycle lasts for about 2
months ina single season, under condusive environment, two to three generations may occur.

Coniesta ignefusalis bores into the stem resulting in dead heart and profuse tillering
with unproductive spikes. Late attacks of the pest results often in peduncle damages. plant
breakage and losses of the grain. It has been observed that pearl millet tends to be immune
to the stemborer attack at early stages of growth. and becemes more susceptible to internode
injury later.

Attacks from first-generation-developing larvae on small plants causes premature
death with stand losses resulting from death hearth. Seconds and third generation attacks
results in disruption of nutrient flow and increased susceptibility to secondary diseases
transmission and incidence.

Field losses resulting from C. Ignefusalis damage range from 15% to total crop failure
(Harnis 1962: Ajayi. 1990; Dike et. al., 1995). Second generation larvae are destructive more
to late millet (N'doye, 1991). The borers infestation on the crop does not seem to be altered

by inter-cropping with sorghum or maize (Adesiyan, 1983).



2.7.1

2.7.2

In severely infested arcas, for example, Ningi in Bauchi state, as reported by Dike et.
al.. (1996). there may be about 60% larvae per stem (ie an infestation intensity of Coniesta
per plant), with 40% of tillers having crafty panicles and 60% ot stalk broken or fallen to the
ground (Dike, 1996).

Depending on the type of millet planted infestation may be as high as 100% on some
farms (Dike. et. al., 1996).

{n the Sudan savanna region, infestation has been found to be higher on millet inter-
cropped with cereals than millet plus legumes.

Infestation rate and damage is usually higher on farms close to villages and where old
millet stems are used for thatching and fencing using on farm counting of the pest
population,

Other Host Crops

Coniesta ignesfusalis has been observed to attack majority of grain crops grown in
the Bagauda area. It is a common pest of millet crop. When millet is inter-cropped with
other grains like sorghum, the pest is found to attack sorghum and maize. Sorghum is the
second {after millet) most common host crop. Infestation of sorghum is mostly in the
absence of millet. especially in fields previously cropped with infested millet and/or

sorghum/millet. Infestation of maize is not as severe as that of millet and sorghum,
The Pest Population within the Study Area

The field pests attacking millet crop are common throughout the savanna, but their

inctdence differs from place to place and from farm to farm. Rainfall, temperature and the

14



vulnerable stage of the millet are among major factors responsible for the population build

up in the area.

A survey on the incidence of this pest in 1995 and 1996 show an infestation

percentage in the Sudan, Guinea and Sahel savanna as in Table 2.1

Table 2.1 Infestation Intensity of Coniesta within the Savanna Zone
Zone % Infestation
1. | Northern Guinea Savanna ~ ¥
2. | Sudan Savanna 18
3. | Sahel Savanna 4
Source: Farm Count Survey of Coniesta within the Nigeria Savanna by Ajayi, et. al.,

(1996), ICRISAT Nigeria (1996).

The survey also reveal that cultural practices, cropping systems and environmental
factors are likely promoting factors of the pest incidence in the area. For example, it was
observed that human settlements where previously infested stalks are used for fencing and
thatching have severe on farm population incidence of up to 90%. This is because such
practices encourage survival of large population of the pest which spend the dry and hot

months in facultative larvae dispause within the stalks.

Farmers Perception of the Pest in the Study Area
Stemborers constitute a major source of anxiety to farmers all over the study area.

They greatly militate against successful and profitable cultivation of the crop in the area.
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213077
Dike et. al. (1996) reported that most farmers in the area ar= adequately aware of the
pest incidence and severity. The local name for coniesta ignefusalis among these farmers is
Tsutsa. Farmers can. to some extent, describe the damage associated with the pest. They
also know that the severity of infestation of the pest vary from year to year. They cantell a
vear of out-break. Dike, et. al. (1996) observed that despite the knowledge of the pest by
farmers, they do not ofien apply stringent control measures like chemical treatment. This is
due to the high cost of these chemicals.
Howecver, some farmers apply some traditional measures such as:
1. Partial burning of stalks after grain harvest. This may kill about 90% of the total
population.
2. Uprooting of stuble and feeding the stalks to anin:als before the cnset of the rains.
This tends to reduce the carry over of the stemborer to the next scason.
3. Inter-cropping with legumes and cereals, especially with sorghum/maize. Thistends

to reduce the population concentration on millet as the pest also infest the legumes

as alternative crop.

MANAGEMENT

Management of Coniesta Ignefusalis among farmers varies depending on the level
of out-break in a particular year and the farmers financial resources.

The two major control measures often in use in the management of the pest in the
study arca are the use of cultural control such as residues management (burning of stalk or

fceding of stalk to animals after harvest), alteration of sowing date, and inter-cropping.
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2.8.1

Much work has been done on inter-cropping and sowing Jdate as control methods (Ajayi, et.
al.. 1995, Ajayi, 1985, 1990, Elemo et. al., 1985, Luther 1993, Harris, 1965, Sharma, 1985).

Despite the extensive study in the area of cultural control, the pest has remained a
major problem of pearl millet production every season. This is because most often, cultural
control only attempts 1o reduce the severity of infestation per millet plant in the field. The
use of ¢chemical control has been proved very effective. Its major limitation is its non-

availability within the reach of farmers due to high cost.

Monitoring

Monitoring of crop pest, can be done using numerous mecthods, ranging from
traditional methods to more impraved methods. TFor each particular insect, efficiency of
management depends greatly on the choice of monitoring method. For most insects,
entemologist have employed the use of light traps.

Generally, there are different methods of monitoring coniesta ignefusalis on field
crops. These methods can be grouped into two major categories depending on the purpose
and scope of investigation. These are:

I. Relative estimate monitoring
2. Absolute estimate monitoring

The absolute estimate monitoring is an indept investigation which is applied

commonly in crop protection, it includes, cgg monitoring, larval monitoring, absence and

presence of death heart monitoring, and death-heart evaluation monitoring,

7 B
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In the relative estimate monitoring, pheromone traps are commonly employed. In
Coniesta monitoring, the use of phenomone traps is prefeired to the light trapping method
because of the following limitations of the light trap:

1) I'he method can easily be affected by climatic factors such as wind-intensity and type

ol ramfall: and
i) The light interference during moon face often hampers the attraction by the trap

especially in those areas where there is clear sky that permits direct rays of the moon,

These limitations are overcome by the pheromone traps. However, monitoring
svstem employing pheromone traps can differ in many respects such as choice of trap model,
pheromone release system, trap area, trap location. and trap maintenance.

Trap elevation markedly affects the number of catches of the pest. The number of
catch depends on the trap density, catch per trap increases with trap area and with the number
of pest within the area. Individual pheromenon trap reflects the population level within the
trap arca (Tauzeane, 1980).

Apart from the substance that attracts the female pest from its hiding, the trap works
with the direction of wind, hence the direction of the pest (Youm, 1983). This method is
very sensitive to low density of the pest incidence and capable of detecting with great

precision, on the start and end of the pest incidence.

WEATHER VARIABLES AND PEST RELATION IN THE STUDY AREA
Coniesta Ignefusalis is the most important pest of millet. The incidence of the pest,

like most field pests, vary from place to place depending on the prevalent weather condition.



2.9

The two most important climatic clement relevant to pest incidence in the area
appears to be moisture and temperature. In general, pest does better when the temperature
is high under condition of optimum water supply (Oguntoyibo, et. al., 1989}. Other climatic
factors which influences the incidence of field pest are; wind, rainfall, relative humidity and

radiation.

Temperature

A lot of attempted works has been reported on the responses of organism to
temperature (Singh et. al., 1988, Dolebel 1984, Pruess, 1983). The development and activity
rate of field pest like other organism is proportional to temperature above the threshold
(Kenneth P Pruess, 1983).  This threshold differs from field pest to field pest. This
assumption is often not true in all cases (Logan ct, al., 1976). This is because of the varying
ficld condition of the different field pest.

It has been reported that both maximum and minimum temperatures significantly
affect the adult fly of field pest (Lhan, et. al., 1980; Gahukar, 1987, Singh, et. al., 1988;
Dolebel, 1984 Sukhatine. 1985, Nairet. al., 1993). Yadav 1986, working on some field pest
reported that longer duration of pest and their activity occur in a moderately low temperature
period. while pest activity is slowed down during a longer and high temperature periods.
Ogunwole, ¢t. al., 1998 working on some field pest in the Northern Guinea savanna reported
that the influence of temperature on the population build up of the field pests was nol
significant. though an average temperature within the range of 22 to 24°C seems to favour
the activities of the insects pests. A sudden drop in temperature after a higher inhibiting
temperature may favour the activity of the insect pest in the study area (Oguntoyinbo, 1986,

Ogunwole, and Onu, 1995).
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2.9.2 Rainfall and Wind

Most authors have reported that light rains are generally favourable to adult flight of
ficld pest and that heavy driving rains may destroy the adults (Hinds, 1928, Neiswander,
1952). Although beating rains accompanied by high winds are destructive to adults pests,
the moths are able to cling to the undersides of leaves so that mild showers or storms of
medium violence are endured without great mortality. The detrimental effect of high rainfall
intensity is either by washing away of the eggs or mortality of the adult population. This
consequently reduce the adult population (Sukhan, 1986, Gahukar, 1987, Dolebel and
Lubega, 1984). However, Singh and Veuma (1986) observed that rainfall is significant for
adult population and egg laying. Their observation is, however, for rainfall in general not
regarding the intensity.

Thompson and Parker, 1928, Neiswander and Hibbs, 1950, Neiswander, 1952, Hibbs,
1950 and Weakman, 1957 working on the European cornborer (Ecvz) found that heavy rains
causes "Abrupt end" to the second flight of the adult popuiation.

Thomaset. al., 1983, working on the European cornborer, observed that rainfall storm
accompanied by moderately violent winds (65 to 80m/h) -dcstroy much of the aduit
population during flight. While relatively light precipitation with mild wind (0 to 15km/h)
15 favourable, Thus like rain fall, wind speed also significantly influence the population
build up of ficld pest. ogunwole, et. al., 1998, working on some ficld pest in the Northern
Guinea savanna of Nigeria, observed that wind speed correlated negatively with the insect
pests build up. And that heavy wind seems to hinder the activity of some of the field pest.
While some insect pests in the study area might not withstand wind speed above 150km/hr’,

sone can withstand a wind speed about 200kmhr’'.
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2.9.3

294

Relative Humidity

Moist or dry conditions have a controlling influence on pest population. High
relative humidity create a conducive environment for some pest in the study area and also
adversely affect the population build up of others. Shieshanghin, et. al. (1981) reported that
some adult pest are more active at 70 - 80%. Relative Humidity but die off when RH reached
saturation for 2 {two) consectuve days. Ogunwole, et. al., 1998, working on some field pest
in the Northern Guinea savanna of Nigeria, reported that low relative humidity creates

conducive environment for the build up of the insect pests, while a high relative humidity

affects their population growth.

Sunshine

It has been reported that bright sunshine is highly significant for activity of the adult
pests (Delobel and Lubega, 1984). Thus, as the bright sunshine hours increase up to 12
hours, there is corresponding increase in pest activity, especially in the morning hours. This
is because increase in bright sunshine hour result in increase in canopy, plant and soil

temperature which do have favurable effect on flying activity (Delobel and Lobega, 1984).
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3.2

CHAPTER THREE

MATERIALS AND METHODS

LOCATION

The data for this study is collected at the International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT) Statien, Bagauda, Kano approximately located on fatitude
11"40N and longitude 8°30E.

The study area and its surrounding region is located within the Sudan savanna bio-

climatic zonce of the present Kano State.

PEST DATA COLLECTION

Population incidence of Coniesta Ignefusalis in Bagauda, Kano, Nigeria was
monitored using pheromone traps. The monitoring was carried out on a millet farm of the
institute.

Two traps were used for the monitoring. The traps were strategically positioned
(along the rows) and spaced apart. The traps were placed at distances of 10, 30, 50, 100 and
300 metres away within the pest habitat (millet farm). The spacing of the trap was to avoid
interference in the trap catches and to observe the cffect of trap distance on the pest catch.
The choice 10 position the traps within the pest habitat (wiihin the millet farm) 1s to achieve
maximum monitoring of the pest within the area. The monitoring covered three cropping

seasons (1995, 1996, 1997).

- 494’5;'-.
e NN
| -
2 . R~l'7



The number of pest caught was counted daily.

The insects caught were destroyed every day after counting to avoid double counting

ol the population.

33 WEATHER DATA MEASUREMENT

The weather data was collected insitu using standard meteorological instruments.
The decision to collect the data locally (i.c. on site) instead of using available data from the
existing metcorological stations covering the arca (Bagauda) is to obtain more precise
information related to the incidence of the pest during the period of study.

The weather parameters were monitored daily covering the period 1995 through
1997. The weather parameters monitored for this study inzlude temperature, r.infall, wind
speed, radiation, and relative humidity. Each weather parameter was measured using the

appropriate instruments mounted into an automatic weather station (Campbell 21x data

logger) as follows:

Temperature Temperature Sensor (Model 207, RH & Temp. Probe)
Rainfall Tipping bucket-Rain gauge

Iumidity ITumidity Sensor (Model 207, RH & Temp. Probe)
Wind speed An Anemometer {(Cup Anemometer)

Radiation PAR Radiometer (1.I2ROS Li-cor Pyron meter)

34 DATA ANALYSIS
Data obtained during the period were statistically analyzed using simple statistical

regression analysis.
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‘The various meieorological parameters, namely, maximum temperature (T,.,),
Minimum Temperature (T,,,), Maximum relative humidity (RH,_,), Minimum relative
humidity (RH_; ), average relative humidity (RH, ), average temperature (T,,), rainfall,
radiation and wind speed were analyzed (regressing the pest population on the climatic
variables), using the linear and non-lincar regression statistics on weekly and monthly bases
for the three cropping seasons (1995-1997) to determine the effect of the individual variable
on the pest incidence. Their correlation coefficient (r) were also calculated.

A combined and step wise analysis were also done to investigate combine effect of
the various climatic parameters on the pest population and to investigate possible effect of
variation(s) within the climatic parameters on the pest population. Their correlation
coefficient (r) was also calculated.

The simple linear regression model was used separately on each of the variables for
each of the year (on weekly and monthly basis} to investigate which variablc have a strong

influence on the population incidence of the pest in the study area. The model is defined as;

Il

Y Bt B K, e e (1.1)

This mathematical expression implies, however, an exact relationship (i.e the
function of X predicts a value of Y exactly equal to the observed value of the dependent
variable (Croxton et. al. 1988; George, et. al. 1980), since such relationship may not be
achicved practically, the polynomial (non-lonear regression) model which allows for error

bands were employed to investigate the relationship between the pest population and each

climatic variable (Jelfrey et. al., 1989, Croxten et, al., 1988). This model is defined as:

i

Y, Bo# BX, +El (1.2)
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where: Y, = Value of the dependent variable for the ith observation.

X = Value of the independent variable assumed to be measured without
eITor.
BB, = The intercepts and slope parameters of unknown constant parameters

of the system.
E, = The error term for the ith observation which is assumed to be a
random variable with a mean of zero and a variable of 02E.
In order to show the degree of association or direction of relationship between the
climatic variables and pest population, the simple lincar correlation coefficient or pearson

product-moment correlation coefficient (r) was computed.

Ix Xy,
rxy, - ——
r= a
Yl - ():Xi)zJ (EYf)
1 n n2

In order to find out the combination of possible climatic variable(s) strongly
influencing the pest population, the multiple regression analysis was employed (JefTrey et.
al., 1989). This was done by regressing the dependent variable (Y) pest population, against

the independent variable (X) climatic variable.

TUYD) = B+ BN, + 1K e BrXi v e e e e et e e (1.4)
Where: K = Number of indcpendent variables
i = The element number as before (1.c. number of observation).
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CHAPTER FOUR

RESULTS AND DISCUSSIONS

4.1 WEATHER PATTERN OF THE STUDY AREA DURING THE YEARS OF STUDY
(1995-1997)

Weather pattern in the study area during 1995 to 1997 exhibited definite wet and dry
scasons characteristics of the savanna region of Nigeria,

Table 4.1: Weather Pattern of the Study area during the period of Study (1995 to 1997),

YEARS
1995 1996 1997 Average

RFsum (mm) 837 833 895 855
RFmax (mm) 103 131.30 162 132.1
REmin (mm) 0.00 0.00 0.00 0.00
RI (mm) 22.62 22.51 24,19 23.12
F'max ('C) 39,40 40.10 39.40 39.6
Imin (°C) 8.90 820 10.20 9.10
T'¢C) 32.20 18.00 32.20 27.50
RHmax (%) 81.20 65.70 50.00 65.60
Rilmin (%5) 7.40 6.5 7.00 7.00
RI("%) 58.00 17.0 30.00 35.0
SWinax (k/hr) 3.6 1.84 3.60 4.68
SWmin (k/hr) 0.90 0.51 1.00 0.80
SW (k/hr) 1.71 [.10 1.99 1.60
PP (Sum) 1337 1942 593 1291]
PP max 335 643 227 102
PP mm 0 0 0 0
PP 36 53 Io 35




From Table 4.1, the mean rainfall during the 1995-1997 period of study was 855mm.
The rainfall varied slightly for each of the three years. Studies by Kowal and Knabe (1972),
however. showed rainfall at nearby Kano to range from 750m to 886.5mm per year. This
present variation in annual rainfall is due to recent general rainfall decline in the region
{Shaib. et. al.. 1997).

The temperature pattern during the period of study exhibited a constantly high
temperature range (see Appendix 3). This agrees with the findings of At (1990), and
Oguntoyibo (1983). The mean maximum temperature for the period (1995 to 1997) was
39.6°C. The highest annual maximum and minimum temperature for the same period was
40.1°C and 8.2°C respectively. The year 1996 showed slight deviation in the temperature
pattern from the rest of the years (Table 4.1). The average temperature for the study period
was 27.5°C. The temperature regime in 1995 and 1996 were similar.

The relative humidity (RH) condition in the study area duritng 1995 - 1997 study
period conformed to earlier reports of workers in the area (Ogunwole and Onu, 1998,
Ogunwole, ct. al., 1997). The mean maximum relative humidity (RHmax) for the study
period was 81.2%. According to Singh et. al., (1987), adult pest {ly is more active at relative
humidity of about 60 - 70%. The maximum relative humidity varied greatly within the years.
The year 1995 experienced the highest RHmax (81.2%) while the lowest RHmax was
recorded in 1997 (50%) see Table 4.1.

The lowest RHmin for the period was 7%. This agrees with Qguntoyinbo (1983) whao
reported 8%. The average relative humidity (RH) i.e. the mean ratio of actual amount of

water vapour contained in the air to the amount the air would hold if it were saturated at the



same temperature) for the years of study was 35%. The pattern of s verage relative humidity
during the period of study exhibited a general variation. The year 1995 has the highest
relative humidity (81.2%), while 1996 recorded the lowest relative humidity (17%).

The wind speed pattern during the years 1995 - 1997 showed great variations. The
average wind speed for the pertod was 1.6km/hr,

From Table 4.1, it can be deduced that the general weather pattern for the period of
study (1995-1997) exhibited similarities in rainfall across the years. However, temperature

and wind speed varied substantially from year to year.

MICROMETEREOLOGICAL ELEMENTS AND THE PEST INCIDENCE DURING
THE PERIOD OF STUDY (1995 - 1997)

From the pest and weather data processed for the three cropping seasons (1995 to
1997), the incidence of the pest begins with an initial small population at the start of the
rains, and incrcased gradually as the rain progresses vis-a-vis changes in other weather
condition and then decline with the end of the rains in October or November (see Appendix
5). At the end of the rains, the dry and harsh weather begins to set in. The air temperature
increases with decreasing rainfall amount and frequency.

There seems to be a build up of the pest as the rains progress from June to October.
This suggests that a humid condition is favourable for the incidence of the pest in the study
area. This result agrees with the findings on other field pests else where by Ogunwole, et.
al. {1985), Owonubi ct. al. (1993), who both reported a high positive correlation (r->50%)
betwecen rainiall and the field pests.

Most of the parameters were found to significantly correlate positively with the pest
inctdence for all the years and in both cases (weekly and monthly), using the polynomia non-

lincar regression and the correlation matrix statistics (Table 4.2 and 4.3).
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Correlation Coefficients of the Relationship of the Pest Incidence and the Weather
Variables using the Polynomial non-Linear Regression

Table 4.2

| 1996 1997
Weather Weekly Monthly Weekly Monthly Weekly Monthly
Variable

| Tave 03817** 0.6609* 0.2205* 0.9780%* 0.2816* 0.5037™

L Tmin (14508*%* 0.6690* 0.3033** 0.6144*%* 0.3582%* 0.5514™

['max 05214 0.5214™ 0.5214** 0.5215™ 0.5215** 0.52]15**
RHavg 5133 0.7072%* 0.5383** 0.9980** 0.4381** 0.6926**
Rilmin 0.6792** 0.9704** 0.3964%* 0.6127* 0.3234* 0.5072%
Rilmax 0.4588** 0.6900 0.5412%* 0.7868** 0.4400** 8.7231**
Rainfall 0.9923%* 0.9923%* 0.,9923 0.0923 %+ 0.9923%* 0.9923%*

Wind 0.8143%* 0.8143%* 0.8143%* 0.8143%* 0.8143*+ 0.8143**

speed

Radiation 0.7672*%* 0.6851** 0.2464™ 0.5925* N 1435™ 0.4455™
|-0.05 0.277 0.553
1-0.0] 0.351 0.684

Table 4.3

Correlation Coefficients of the Relationship of the Pest Incidence and the Weather

Variables Using the Correlation Matrix Statistics

Weather 1995 1997
Variable
Weekly Monthly Weekly Monthly Weekly Monthly
v 0.6241** (L.3206NS 0.5210** 0.8971** 0.6581** 0.6302*
Py 0.7319°* 0.7604** 0.5659** 0.6912*% 0.3442* 0.8650*
Fimim 0.2289™ 0.4297™ (.2544™ 0.4077™ 0.4112%* 0.3164™
RHavg 0.5668** 0.6613* 0.5745%* 0.9997** 0.5390** 0.7205**
Rllmin 0.7040 0.8536** 0.4151%* 0.6334% 0.7103** 0.8256**
RHmax 0.3693%* 0.6454* QSRS 0.8107** 0.4355%* 0.7052**
Radation 0.8220** 0.8477%%* (0.3336* 0.6885%* 0.5002** 0.7085**
Sw 0.5238°** 0.1746™ 0.4342%* 0.5863* Ua001** 0.35()(}""s
Ramfall {).6G5** {1.99009** 0.5042%* 0.6259* 0.532|** 0.7286**
10,05 0.277 0.553
T0.01 0.351 0.684
1
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4.2.1

Relationship between Rainfall and Pest Incidence

Using both the polynomial statistics and the correlation matrix the relationship of

rainfall and the pest incidence was such that rainfall correlated positively with the coniesta

pest throughout the three vears of the study with r-values greater than 50% (Table 4.4).

Table 4.4 Rainfall Correlation Table for Weekly and Mondhly Pest Incideace during 1995
to 1997
Types of 1995 1996 1997
Statistics
Weekly Maonthly Weekly Monthly Weekly Monthly

Polynomial

0.9923%*

0.9923**

0.9923**

0.9923%#

0.9924**

0.9923%*

Correlation 0.9923*%* ().OQ23** 0.0023%* 0.9923%+ 0.9923** 0.9923%*
Matrix
T-0.05 0.277 (0.553
T-0.01 0.351 0.684

The influence of rainfall was such that it correlated positively on both weekly and
monthly data in all the years of study (Fig. 4.1). These results are in agreement with the
finding of Ajay1 (1996) who reported a correlation coefficient greater than 50%. However,
this does not agree with Dolebel (1984) using rainfall intcasity.

[t was observed that rainfall amount greater than 200mm probably from a consecutive
rainfall. tends to hampered the pest incidence and build up. This might have explained the
fTuctuation or inconsistences in the daily count of the pest within the rainy months (Appendix
5). The days of erratic populations are periods of rain breaks (normally > 2 days). Similar
results have been reported else where on other field pest by Singh and Balan (1986}, Sukhani

1986.
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Continuation of Fig. 4.1
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I'he high correlation between rainfall and pest count is explained by the fact that
rainfall increases humidity and lowers the soil temperature of the pest environment which
provides favourable condition for the pest. However, high rainfall frequency may hamper

adult fly. lead to death of younger population or washing away of eggs of the pest.

4.2.2. Relationship Between Radiation and Pest Incidence

It was ohserved that radiation showed a highly negative correlation with the pest

incidence using both the polynomial and correlation matrix statistics both on weekly and

monthly basis throughout the years of study with r values greater than 50%. The influence

of radiation was however. not statistically significant for 1996 monthly data using the
correlation matrix and in most of the cases using the polynomial statistics (Table 4.5).

I'he elfect of radiation was probably because increase in radiation resulted in increase
in soil temperature which consequently affects the micro or immediate environment of the
pest. This agrees with the findings of Dolebel and Lubega (1984). A practical importance
of this. is that meaningful effect of pesticide may be achieved at mid day when the

temperature and radiation of the pest environment is high (Fig. 4.2).

Table 4.5 Radiation Correlation Table for weekly and Monthly Pest Incidence during
1995 10 1997
Types of 1995 1996 1997
Statisties
Weekly Monthly Weekly Monthly Weekly Monthly
Pols nomial 0.7672** | 0.6851** 0.2464™ 0.5925* 0.1435™ | 0.4453™
Correlation 0.8220** 0.8477** 0.3336* 0.6855%* 0.5002* 0.7085*
Matrix
T-0.05 0.277 0.553
T-0.01 0.351 0.684
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Fig. 4.2: Radiation and Pest Relation Graphs for Weekly and Menthly lata
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4.2.3  Relationship Between Wind Speed and Pest [ncidenee

Wind speed Correlation Table for Wecekly and Monthly Pest Incidence during
1995 to 1997

Tahle 4.6

Types of 1995 1996 1997
Statistics
Weekly Monthly Weekly Monthly Weekly Monihly
IM'oivnomial 0.8143%* 0.8143%* 0.8143*+ 0.8143** 0.8143** | 0.8143%*
Corrclatron Ma- | (0,5238** 0.1746NS 0.4342%* 0.5863* 0.5001** 0.3500™
X
T-0.05 0277 0.553
T-0.01 0.35i 0.684

For all the years and in all cases (weekly and monthly), Wind speed showed a highly
negative correlation with the pest incidence with r values of 0.81 both at 5% and 1% levels
of significant using the polynomial statistics (Table 4.6 and Fig. 4.3). Using the correlation
matrix. wind speed was shown not to be statistically significant for the monthly date of 1995
and 1997 with r values (0.18 and 0.35). This agrees with the finding of Owonubi, et. al.,
1995 on some field pests in Samaru. In all the cases, wind speed above 1 50km/day tends to

have adverse effect on the adult pest while a wind specd of < 100km/day seems to favour the

pest activity.
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Fi 4.3: Windspeed and Pest Relation Graphs for Weekly and Monthly Data
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Continuation of Fig. 4.3
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4.2.4 Relationship Between Temperature and Pest Incidence

Table .72 Temperature Minimum Correlation Table for Weekly and Monthly Test
Incidence for 1995 to 1997,
r
Types of 1995 1996 1997
Statistics
Weekly Monthly Weekly Monthly | Weekly Monthly
Polynomial 0.4698* 0.6690** 0.3933* 0.6144 0.3582* 0.5514*
Correlation 0,2289™¢ 0.4297™ 0.2544N 0.4077M8 0.4112**% | 03164
Matrix
T-0.05 0.277 0.553
T1-0.01 0.351 0.684
Table 4.7b  Temperature Maximum Correlation Table for Weckly and Monthly Pest
Incidence for 1995 to 1997,
Types of 1995 1996 1997
Statistics
Weekly Monthly Weekly Monthly Weekly | Monthly
Polynomia 0.5214%* 0.5214% | 0.5215** 0.5215™% | 0.5215%* | 0.5215™
Correlation (L.7319%* 0.7604** 0.5659%* | 0.6912%* 0.3442*% | 0.8650**
Matrix
T-0.05 0.277 0.553
T-0.01 0.351 0.684
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Table 4.7¢

Incidence for

1995 to 1997

Temperature Average Correlation Table for Weekly and Monthly Pest

r
Types of 1995 1996 1997
Stafistics )

Weekly Monthly Weekly Monthly Weekly | Monthly
Polynomial 0.3817** 0.6609* 0.2205™ | 0.9780** 0.2916* | 0.5036™
Correlation 0.6214** | 0.5206NS | 0.5210** [ 0.8971** | 0.6581** | 0.6302*
Matrix
I-0.05 0.277 (.553
[-0.01 0.351 0.684

From Table 4.7 a-¢c Appendix 5’ it was observed that temperature generally showed
a negative correlation with the incidence of the pest in most of the cases throughout the
period of the study both on weekly and monthly basis. In all the cases, the relationship
between pest incidence and temperature was statistically significant (both at 5% and 1%
levels), with only little variations in the monthly data especially with maximum temperature
{T'max).

From the results. Tmin, showed highly positive correlation with the pest incidence
onmonthly basis, and a highly negative correlation on weekly basis with r values greater than
50%.

Maximum temperature (T ,,,) showed a negative correlation to the pest incidence both
on weekly and monthly basis. T, ,, is however not statistically significant on monthly basis
for all the years using the polynomial statistics both at 5% and 1% levels of significant. This
may be due to the fact that temperature at short time intervals better reflects pest behaviour

than monthly averages.
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Average temperature (T) statistically correlated positively with the pest incidence for
all the years and in both cases (weekly and monthly). However, T (Temperature average)
was shown 1o correlate negatively with the pest using the correlation matrix statistics with
r values < 50% both at 5% and 1% levels of significant. Overall, we found that Tmax, Tmin
and Tavg signiticantly affected the pest incidence in all the cascs examine (weekly and

monthly).

Anaverage temperature within the range of 15 to 20°C seems to favour the incidence
of the pest in the area while temperatures > 28° to 30°C seems to hamper the pest incidence
(see Appendix 53).

It may be deduced from the analysis of temperature and pest data that predicting the
pest activity using temperature average as a climatic variable is possible. The high
correlation of maximum temperature to the pest incidence may help deterntine the best time
to apply pesticide for chemical control of the adult population. Thus, maximum efficiency
of pesticide control may be achieved at mid-day hours when high temperature hamper the
activity of the pest. This result agrees with the ﬁnding of Mortimore, et. ai. (1963). Also
such application could be below the canopy where the pest shelters during hours of harsh
temperature condition, This result 1s supported by the findings of Gahukar (1987), Verma,

et al., (1988) Singh et. al. (1980), and Ogunwole, et. al., (1988).

j EASt B';-;“m“, S
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Relationship between Relative Humidity and Pest Incidence

4.2.5
Table4.8a  Relative Humidity (Minimum) Correlation Table for Weekly and Monthly Pest
Incidence for 1995 to 1997
Types of 1995 1996 1997
Statisties , . :
Weekly Manthly Weekly Monthly Weekly | Monthly
Polvnomial 0.6792*% | 0.9004** | 0.3964** 0.6127* 0.3234* | 0.5072™
(orrelation 0.7040** | 0.8536** | 0.415]** 0.6234* 0.7103** | 0.8256**
Matrix
T-0.05 0.277 0.553
I-0.01 0.351 0.684

Relative Humidity (Maximum) Correlation Table for Weekly and Monthly Pest

Table 4.8h
Incidence for 1995 to 1997
Types of 1995 1996 1997
Statistics _ :
Weekly Monthly Weekly Monthly Weekly | Monthly

Polynompal 0.4338** (1L.OGO0** 0.5412%* (1. 7868** 0.4400* 0.7230**
Correlation 0.3693** 0.6454* 0.5875%* 0.8107** 0.4355** | 0.7052**

Matrix

T-0.05 0.277 0.553

1-0.01 0.351 0.684




Table 4.8¢  Relative Humidity (Average) Correlation Table for Weekly and Monthly Pest
Incidence for 1995 to 1997

Types of 1995 1996 1997
Ntatistics

Weekly Monthly Weekly Menthly Weekly | Monthly

- S

Polvnomial B8.5133%" 0.7072%* 0.5383** (), 9GRO** JA3RI* | 0.6926**

Correlation 0.5668** 0.6673* 0.5745%** 0.9997%* 0.5390%* | 0.7205**

Matrix
T-0.05 0.277 0.553
T-0.01 0.351 0.684

Fable 4.8a-¢. show that relative humidity has a highly positive correlation with the
pest imcidence with r values > 50% using both the polynomial and the correlation matrix
statistics, for all the years and in both cases (weekly and monthly). Relative humidity was
also shown to be statistically significant both at 5% and 1% level of significant, except for
the monthly data of 1997 using the polynomial statistics.

I'he results turther reveal that low relative humidity tends to create a conducive
environment for the pest incidence. However, pest activity was shown to be hampered at
high relative humidity between 80% to 90% (see Appendix 2).

Thus it can be concluded that humid conditions tends to enhance the pest activity,
however if there are a consecutive days of high humidity the pest mortality may rise. This
results agree with Shiang-Lin et. al., (1981) Marwa (1984), who reported that relative
humidity between 75% to 80% favours the activity of field pest.

From the above results on individual environmental narameters effects on the pest

incidence in the study area. it can be deduced that rain, temperature, radiation and relative



humidity influence the incidence of coniesta igniefusalis i the study area. Therefore,
clhimate is a major factor in the pest incidence and should be taken into focus for any
meaningful control programme for the pest. If this proper understanding of the pest-weather
relationship can be utilized alongside other cultural and scientific control methods already
in place. the probability of reducing the rate of the pest incnience visa-a-vis the pest damage

to millet and other grain crops (hosts crops of the pest) in the area will be greatly increased.

4.3 WEATHER CONDITIONS AND THE PEST INCIDENCE IN THE STUDY AREA.

Critical Weather Conditions Favourable and Unfavourable levels for the Incidence

of the Pest.

Table 4.3

Critical Period CONDITIONS Pest
Incidence
Favourable Weather Unfavourable
Condition Weather Condition
Imual Incidence to full | Cool weather with well | Abnormally prolonged 47
colony March-May distributed ramfall and | dry period with high
decrease in temperature | temperature  (Tmax
39°C, low RHmax 35%
and a high wind speed
Full colony to beginning | Cool weather with well | Excessively hot weather 325
of the Pest retreat Sept- | distributed rainfall with | or a prolcenged dry spell
Lhmc high RHmin > 50% with high wind speed.
Pest retreat to complete | Calm dry weather Windy and high iemper- 36
disappearance Oct-Noy ature (I'max 52°C) con-
ditton

From Table 4.9, it is observed that the monthly count of the pest incidence fluctuates
with the change in average weather condition from the onset of the rain vis-a-vis changes in

other weather element condition, to end of the raining season. A complete conclusion may
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not be drawn on this observation as the availability of food and lack of major predators may
also be a contributing factor. However, weather can be say to be greatly responsible for the

mcidence. thrive and retreat of the pest in the study area,

44  COMBINED EFFECT OF THE WEATHER VARIABLES AND THE PEST
INCIDENCE

The possible combine effect of the various meteorological parameters excluding
average temperature and average relative humidity was investigated using the SPSS

(statistical package for social science) multiple linear regression.

1995  POP =0.67x, + 1.53x, + 1.71x, + 0.23x, - 0.40.80 ..... e Sa
1996 POP = 6.69x, + 0.04%, + 11.69%, + 63.89%,-64.20 ... .oovviiiiiiieee... 5b
1997  POP = 129.73x, - 2.95X, - 156.65%, + 98.12x,+ 1627 ...oovvieereennn.n. S¢

I'heir Correlation Coeflicient (r) is presented in Table 4.8 below:

Table 4.8 Correlation Coefficient of the Combined effect of rain, temperature, relative
humidity and radiation on the pest incidence.

| YEARS
1995 1996 1997 5% 1%
1 0.876** 0.775*% 0.581™ 0.533 0.684
R 0.666 0.600 (.337
NE 46.91 90.32 40.400

The combine effect of the variables acting simulianeously on the pest incidence was

shown to be statistically significant for all the years (1995, 1996, 1997). The year 1995 and



1996 data in particular showed a highly significant correlation with the pest incidence both
at 5% and 1% levels of significance. This result agrees with the finding of Nairet. al. {(1993).

However, the work excluded radiation which is integrated in this present work.

4.5 EFFECT OF SELECTED WEATHER VARIABLES AND THE PEST INCIDENCE
The cffect of some major influencing meteorclogical variables (rain, radiation,
temperature, relative humidity) in the study area was investigated to see their possible effect

on the population incidence of the pest in the study area. Their correlation coefficient is

presented in Table 4.9.

Tabled.9 ' Cocfficient of Corrclation of Pest Incidence and the Combine Influence of Rain,
Radiation, Temperature and Relative Humidity

Meteoralogical 1995 1996 1997
Parameters

Rain and Radiation 0.71* Q.45 .49

Rain and Tmin 0.66* 0.45™ 0.49™

Ramand T 0.56% 0.45M 0.54*

Rain and RH (.69** 0.46M Q.51

Radiation and T 0.63% §.20M 0, 29ns

Raodiation, Ritmax and (.73%* g.47% 0.55M8
Rilmin

Radiation., RHmax and 0.71% 037" 0.56M
RHmin

Rain, Rimax and 0.72** 0.49M 0.58*
RHmin

Rain, Tmax and Timin 0.67*% 0.46% 0.51™
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From Table 4.9, average temperature and average relative humidity showed a high
correlation with the pest incidence for 1995 and 1996 at 5% and 1% levels of significance.
Ihe data for 1997, however, is not statistically significant both at 5% and 1% levels of
significance. It may therefore, be concluded that T and RH significantly affect the population
incidence of the pest in the savanna.

[t was observed that rainfall and relative humidity showed high correlation for 1995
data, Other selected combinations (radiation and temperature) are statistically related only
at 5% level of significance. These result is supported by Ajayi (1997) although he reported
only for rain fall and radiation. The data for 1996 was not statistically siguiticant for all the

meterorlogical data selected both at 5% and 1% levels of significance.

MODEL DEVELOPMENT
Simple regression model were developed for those weather variables that consistently
correlated with the pest incidence in the study area and with correlation coefficients greater

than 50%. Their correlation coefficient is presented in Table 4.11.

Fable 4.11: Regression Madel of Weather Variables on Pest Incidence for 1995, 1996 and 1997

Y ears Model R}
19495 POP=1.317%,+ 1.428x,+ 1.264x, + 0.862x,-0.781.+ 15.172 0.97
19496 POP = 415119x, + 7.371x, + 715.864x, - 256,080x, + 39,744, + 10793.638 0.99
1997 | POP = 56.696x, - 1.328x, - 106.629x, + 107.191x, - 0.773%, + 5660.426 0.86

Radiation : X, Rain » X,

RHmin - X, Tmax - X,

RHmax X
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4.7

Fable 4.12:

The model was developed based on uniform variables with highest correlation
coefficient frequency. Thus radiations rain, relative humidity minimum, temperature
maximum and relative humidity maximum was observed to consistently influence the pest
mcidence in the study area.

| he model was used to attempt predicting the future pest incidence in the study area.

COMPARISM OF PREDICTED AND OBSERVED RESULTS

In an attempt to verify fitness of the models used in predicting the pest incidence in
the study area, contingency tables were prepared. The contigency tables were prepared on
decade basts to keep a breast with current standard of the W .M.O. (Franz. 1997, Pedgloy et.
al. 1980, Jones. 1980). The contingency tables were prepared st2«ing fiom when the pest
population was shown to be greater than one (>1) i.e. a colony. The probability of
occurrence of good agreement between the predicted population and ebserved population
(applying the X test) is shown below in Table 4.12).

Contingeney Table of Predicted and Observed Population, Incidence of
Coniesta Ignefusalis (Based on 10 days Incidence)

Years Predicted Observed X* Calculated
1995 1374 1337 0.9964™
1996 1934 1942 0.0330™
1997 493 593 20.2839**

I'rom the contingency table (Table 4.12) it could be observed that 1995 and 1996

were not different statistically from the observed. For 1997, the predicted value was
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sienificantly higher than the observed. Since the number of discrepancies between the
predicted and the observed populations of the pest were low, especially for 1995 and 1996,
and the differences insignificant statistically (using the X7 test for fitness), the models for
1995 and 1996 can be said to be reliable for predicting future population incidence of the
pestn the study arca. The 1996 model proved to be more reliable with lesser difference
between the observed and the predicted population.

However, the level of forecast achieved for 1997 data was found to be lower than the
observed population and also highly significant statistically (X* Cal 20.28). Hence, the

model for 1997 cannot be said to be reliable or accurate.
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CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATION

s SUMMARY AND CONCLUSION

The ability to effectively predict the level of damage of grain pest is of paramaount
importance, This is because an epidemic year or period can be conveyed to farmers ahead
of rcal time, thercby, making them prepare to combat such devastation. Hence, a good
model/method for determining possible behaviour of field pest holds a key to optimum
production of rain fed grains in this environment,

The three years data of pest population and meteorological factors used in this study
is analysed using two statistical methods. The simple linear and multiple regression method
and the polynomial (non-linear) regression method. Their correlation coefficient (r) were
calculated by regressing the pest population (Y) against the climatic variables (X). It was
observed that the polynomial method performed better than the rest methods with respect to
pest population and ciimatic variables rclationship and the pest prediction. in all the cases
considered and n all the years,

Using the polynomial, most of the climatic parameters, with the exception of wind
speed and maximum temperature in all the cases (weekly and monthly) and in all the years
{1995 to 1997} correlated significantly with the pest incidence with r-values greater than 50%
(>50%). Tnthis work. therefore, determining the cffect of an individual climalic variable on
the pest incidence in the study area, the polynomial non linear regression is sugpested. This

1s because unlike the other methods which may tend to ignore the contributing effect of some

| I(Aa M Libaegy

ey
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weather variables, the polynomial curve takes into account these cffcets however small they
are. Furthermore,, the polynomial curve is signiftcantly higher than those based on sinple
linear regression and it explains about 98% of the relationship better than the simple linecar
regression (Croxton cl. a. 1988)._

Using the SPSS multiple linear regression model (o investigate the possible combine
effect of the climatic variables acting simultancously on the pest, it was observed that, the
combined cffect were statistically significant both at 5% and 1% levels of significant for the
1995 and 1996 data. The 1997 data was statistically significant only at 5% level of
significance. Predicting the pest incidence using the same modcl (cquation 5a-¢) {or all the
scason and applying the chi-square test to test the fitness of the model in predicting the pest
incidence, the models of 1995 and 1996 were found to be more reliable. This is because their
predictions werc not statistically different from the observed.

Based on this study, the following inferences can be drawn:
1. The polynomial statistics is best for determining relationship between single or

individual weather parameter and Coniesta ignefusalis incidence in the study area.

2. The incidence and activity of Conicsta ignefusalis in the Nigerian savanna is weather
dependent.
3. Major climatic variables affecting the pest incidence in the savanna are rainfall,

relative humidity, radiation and temperature.

4. These weather variables do not work or affect the pest in isolation, hence a multiple

regression analysis could be employed in related research as this.

5]



i

LN

6,

Predicting the pest incidence using all the weather parameter is observed to do better
compared to predictions using individual or few sclcctc;l weather parameler.

E(Y )= B+ B X+ 8,Xo+ o BiXy e (6)
It was observed that records on the pest in the savanna region was very limited and
as such, do not permit extensive projection in which fong term prediction can be
embarked upon. Hence, further study tn which long - term prediction can be
embarked on can be attempted in the future with larger data base.
It was observed that catches by trap increase with increase in distance of traps. This
information is important in considering the pheromone detection thresh-hold range
of the pest.
It was observed that most male fly distances of about 300m to mate with the female
pest. Thus as part of an integrated control strategy traps may be placed at certain
distances to attract adult males while other control measures may be simultaneously

carried out.

RECOMMENDATION

The work done in this study is location and pest specific, hence, conclusions reached

here could be tested in different arcas with similar or different ecological setting, and

different pest problem.

The 1996 model used in predicting the pest incidence could be used for farmers

taking decision on the pest.
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Periodical observations to supply sufficient information for detailed work for possible
mtegrated control methods less harmful to the environment and the host crop can be carried
out in the future.

Research such as this should be extended to other field crops and pests. Findings
from such work should be pieced together with other control methods for a good selective
and purposeful pest control programme.

Available information from adult monitoring of field pest such as this can be used

as supplementary guide for forecast and advices on the need for control 1neasures,
l‘
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