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ABSTRACT

Surveys conducted on inportance of soil pests on
groundnut production indicated that the majority of farners
were aware of danage caused by soil pests to groundnut,

Bakura, Manudo, Sada, Ngurore, Qrei and Qusau are areas
where soil pests cause great damage to groundnut.

Experi nments conducted el sewhere indicated that mlli pedes
were found to be causing damage at germnation and from the
5th to 7th week after planting. Termtes on the other hand
caused greater danmage at crop maturity.

Bi ol ogi cal studies were conducted to raise col onies of

Macr ot er mef subhyal i nus (Ranbur) - (a mnor pest of groundnut

in the Quinea Savanna) in the |aboratory. Two nethods were
successfully adopted, nanely; the alumniumfoil method and
the glass plate nmethod. Cbservations were nmade on col ony
devel opnment, brood devel opnment, foraging and fungus-conb
establishment. This is a significant achievenent not only
for the purposes of obtaining further information on the

bi ol ogy, feeding habits and food preferences of termtes in
the laboratory but also for the bioassay of candidate

i nsecticides for subsequent control neasures in the field.

Fromthe field trials it was found that carbofuran
(Furadan 3G did not give significant control of soil

pests of groundnuts.
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INTRODUCTION ~

"
L

Groundnut (Arachis hypogaea, L.) is an oil crop that
is important for its nutritional value. AS a result of
the importance attached to plant proteins during the post
.QWOrld War II, groundnut production and exportation became
a national priority (Harkness, 1970). |

Groundnut and groundnut products constituted abouﬁ
20% or more of Nigeria's export earning during the decade
1956-1966, {(Harkness, 1970). However, as a result of the
numerous problems which havae faced groundnut production
recently namely; pests and discase-attack, lack of improved
inputs and drought, Nigeria now imports groundnuts. A case
in point was the 1975 groundnut crop faillure due mainly to
the rosette virus epldemic. Among the numerous arthropod
pests that attack groundnut, termites (Johnson and Wood,
1880) and millipedes (Raheja, 1975) are the major soil
pests of groundnut,
. Whereas termites are most important in the Sudan
éaVannah, Wood gt al. (1977}, millipedes appear to be a
gerlous problem in some parts of the savannah regions in
Nigeria. In other West African countries like Senegal
where groundnuts are grown, millipedes are also scrious
pests of the crop.

. . D - . R et
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Groundnut being a crop of great economic importance,
it is therefore necessary to quantify the damage done by
these pest species with a view to designing control

measures to combat their effects on the crop.
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SECTION I

REVIEW OF LITERATURE

1.1 Origin and Economic Importance of Groundnuts

Groundnut (Arachis hypogaea L.) a legume known as

peanut in other parts of the world, is an oil crop and one
of the main cash crops of Nigeria.

The crop is a native of South America (Brazil) and was
introduced into this country in the 16th century by the
Portugese (Hammons, 1973),

Groundnut as the name implies, develops underground.
It is a cultivated annual or weakly perennial herb grown in
many tropical and subtropical countries. After fertiliza-
tion the peg grows downwards, enter the soll and then bends
into a horizontal plane. The tip of the peg contains two
and occasionally three or four fertilized ovules, At
maturity the economic part, the kernels are contained
within the pods, which later become dry and brittle.

The major groundnut producing countties in the world
are Senegal, United States of America, India, China and
Nigeria. The crop is grown extensively in West Africa and
from the Sudan to South Africa in the East. Nigeria and

Sudan are the major African producing nations, with a totazl
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annual production of 2,2 million metric tons from 2.4
million hectare of land (Rachie, 1973). Africa's contri..
bution to the world groundnut supply has declined consi.-
derably since the middle part of the 1960's from 5.6
million metric tons or 36% of the world total in 1965--190GC
to 4.6 million metric tons or about 26% in 1978-1979
(Abdullah, 1979). Africa's share of world groundnut expor”™
market declined from 88% in 1968 to 43% in 1977. There warn
also a decline in Africa's o0il export market from 78% in
1968 to 55% in 1977 (Abdullah, 1979).

Although groundnut is grown in most parts of Nigeria.
the soil and climate, north of latitude 9°N is most
suitable for its production. The major groundnut producin
states in Nigeria are Kano, Kaduna, Borno, Bauchi, Niger
and parts of Sokoto state (Fig. 1).

Groundnut thrives best on scils which are sandy and
free-draining (Food and Agricultural Organj :ation F,A,O.
1966, Yayock, 1978). The crop requires alot of sunshine
and regqular rainfull during growth. A total of about
750 mm of rain well spread over 110-140 days is usually
adequate to produce a good crop.

Harkness et al. (1976) estimated that a total of

1.2 million hectares are devoted to groundnut with an
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estimated total output of nearly one miliion metric tons
of kerncls annually. Ninety percent of the yearly produc-
tion comes from areas north of Latitude 11°N, |
Groundnut is important in Nigerlan diet as ifuis a
rich source of protein (25%) and oil (40-45%). The seeds
are eaten raw, roasted or boiled or made into groundnut
flour. The o0il is used in cooking and in the manufacture
of margarine, cosmetics etc. The cake and husks are
valuable livestock feeds (Ribah, 1975). The decline in
Nigeria groundnut production could be attributable to many
factors, Abdullah (1979) listed the major farters as
follows: _. | _ B
1. Lack of good quality seeds that are early matufing
: disease and pest resistant,
2. A shift in weather patterns characterised by repeated
drought,
3. Shortages of inputg as labour, fertilizers and chemicalr.
Repeated crop fallures have induced shifts in cropping
patterns, mainly diverting land from groundnut to other
crops that require less labour and entails less risks.
Groundnut production is labour intensive, compared with
millet and other crop options. Higher per capita income,

resulting from higher petroleum incomes in recent years has
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boosted the standard of living and large numbers of farm
workers have migrated to the cities leaving a labour deficil
in the agricultural areas (Abdullah, 1979),

Insect pests constitutes one of the greatest limiting
factors in groundnut production in Nigeria. Misari (1975)
has shown that over seventy-three species of insects from
eight orders of insect do attack groundnut,

Misari and Raheja (1976) classified the major
arthropod pests of groundnut into three groups namely:

1« Shoot and foliage feeders
2. Flower feeders
3. Root and Pod feeders

Amongst the pests of groundnut, Aphis craccivora Koch

(family: Aphididae) and soil arthropods notably millipedes
and termites constitute the major pests of groundnut
(Taylor, 1967).

A2 Aerial Pests

The most important of the aerial pests of groundnut
is the aphid, Aphis craccivora (A'Brook, 1968, Akinfenwa,
1978). In addition to sucking sap which leads to loss in
plant vigour, the most important damage done by this
aphid is the transmission of groundnut rosette virus

(Storey, 1925; Misari and Raheja, 1976), Crop damage
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resulting from aphid activity has been estimated at 5%
(Johnson gt al., 1978). In 1975, more than half the
Nigeria's crop of groundnut was destroyed by the groundnut
rosette epldemic (Yayock et al., 1976}, Observation has
been made that the critical period for direct injury that
would lead to economic loss 1s the first four weeks of

‘the crop growth (Rossion, 1976).

o Other very important aerial pests of groundnut include

the phytophagous (Empoasca dolichi (family - Jassidae) and

the flower beetles belonging to the family Melcidae (Misari,
1975). Of minor importance are Monolepta spp., Lupercdes

Sppe.y Qotheca mutabilis (sahlb), red spider mites and

grasshoppers (Misari, 1975),
1,3 Soil Pests o

S0il pests of groundnut are those that attack the
underground parts of the plant. These include pests which
attack pegs, pods and roots, Termites (Wood et al. 1977)
and millipedes (Raheja, 1973) are the major s0il pests of
groun<inut., Unlike the foliﬁge pests, very little work has

been done on soll pests of éroundnut and thelr control.

TERMITES (Isoptera)
| About 2000 species ofﬁtérmites are known and as much as
10% of these are damaging to cropsy (Sands, 1973} Termites

are mainly tropical pests and in Nigeria, they are abundant
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in the relatively drier savannah zones (Wood, et al. 1977).
The mator termite pests of agricultural importance belong

to the family Terwitidae. This family comprises 60% of the
entire termite species recorded as crop pests (Sands, 1973).
The subfamily Macrotermitinae which has beeh assoclated with
the attack of major crops in Nigerla belong to the group
.khﬁwh as "fungus growers™, Some members of this subfamily

for example Macrotermes bellicosus (Smeathman), construct

above ground nests, while others such as Microtermes spp

are complctely subterranean. Some species like Macrotermes

subhvalinus (Rambur) builds mounds in certain areas but are

campletely subterranean in others (Wood and Ohiagqu, 1976,
Onu and Ohiagu, 1980)}. Termite attack on crops is mostly
confined to periods ¢of high water stress, Furthermcre,
termites prefer their food dry and as such, crops harvested
late are much more severely attacked than early harvested
Cropses -

1.4 Termite Damage on CGroundnut

Groundnut is very frequently attacked by termites.
Most of the species of termite that cause damage in Nigeria
belong to the subfamily Macrotermitinae. The important

termite species that damage groundn@ts in Nigeria are

Microtermes lepidus (Sjostedt), Odoptotermes spp.

W
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(Harris, 1969; Johnson et al., 1981) and Macrotermes

subhyalinus (Wood et al., 1977; Onu and Ohiagu, 1980).

Microtermes lepidus, is the most common and the most
serious termite pest species on groundnut. They are the
most abundant species in the northern and southern Guinea
savannah zones of Nigeria, constituting about 62,2% in
undisturbed secondary wood land of these zones (Wood gt zl.
1977). Members of this genus have subterréﬁééﬁ.nests,
consisting of chambers 3-4 cm in diameter. They can
survive bush clearing and cultivation. Wood gt al. (1977)

noted that on land cultivated for 8 to 24 years, Microtermes

spp. and Amitetrmes spp. made up mere than 90% of the termite

population.

1.5 Mode of attack on groundnut

Microtermes spp. attack groundnut in different ways in

Nigeria. Johnson, (1978) and Johnson et al. (1981) classi-
fied the attack of Microtermes spp. on groundnut into three
categeories.

1a Attack on tap root and stems

2« Attack on pegs

3. Attack on pods and seeds.

Generally termite damage to groundnut in all the major

groundnut growing countries in Africa consists of initial
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entry through the root collar (S8ands, 1962)., Microtermes

attacks the tap roots, hollows it out and works its way up
the stem resulting in a reduction of the flow of sap up

the shoot (Perry, 1967). This mode of attack results in

the wilting and premature death of the plant. In some
instances the roots could be severed at ground level,
leading to a complete loss of the érop. Sand, (1%62)
recorded up to 30% of groundnut plants killed by Microtermes
spp. in northern Nigeria and in ncerthern India,

Odontoterms obesus (Rambur) is reported to have killed up to

50% of the plants (Kraushal and Deshpande, 1967)., Attack
on the root and stem also leads to the raduction in the
amount of haulms {harawa), avallable for dry season feeding
of livestock (Johnson, 1978),

Attack on the Pods

Damage to pods is in mést caées caused by Microtermes
spps They usually enter the pods just behind the beak,
leaving one or more small rounded holes in the shell,
approximately 1 mm. in diameter. They attack the kernel,
removing the inner linning of the shell, which they replace

with soll, Johnson et al. (1981) reported that scarifica-

tion of pods is caused by Microtprmes lepidus, They

reported that such_damage are regtricted to the more mature

-7
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pods. More incidences of scarification are reported in
the dead stands (40.9-B7,.9%) than in the healthy stands
(7.9-31.6%), . E
 :.'Johnson (1978), noted that in Talata~Mafara (Sokdto
State), 88% of the kernels from heavily scarified pods
were infected by various fungi, compared with only 14% in
JUnattacked pods. The commonest fungl found in this loca-

tion was Macrophomina phascoli (Maubl.)} , a fungus

- known to cause seedling disease and strongly implicated
.ih the condition known as concealed damage {internal
decay!} and deterioration of the seed. This type of damage
can produce an unpleasant taste and can result in an
-unacceptable increase in the level of free fatty acids,
Attack on Pegs _ | | ’
Microtermes spp. attack the pegs and severe the ﬁods
from the haulms thereby increasing the percentage gleanings
at harvest (3Johnson, 1978). Such detached pods could bo
attacked by soil fungi.
| Different specles of termites attack groundnut in
different parts of the world where groundnuts are grown in

commerclal quantities. Microtermes spp. is common to both

Nigerla and the Gambia. Other species found in the Gambia

are Microcerotermeg spp. and Ancistrotermes thorocalis

o ) R _ o ) - .
Ch
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(Sjostedt), Macrotermes bellicosus and Magrotermes

natulensis (Haviland) (Magar, 1976).

Sands (1962) reported only 10% loss in cfops'in
northern Nigeria due to termite attack. However, yield
loss attributable to termite damage on groundnut could be
as high as 40% in the Sudan Savannah (Johnson, gt al.
1981). Johngon (1981) found a close correlation between
the number of stands attacked by termites and the resulting
yield loss., It was his view that if future work substan-
tlated this relationship, then survey work would be
simplifled, | | _ C N

Losses resulting from termite attack 6h groundnut cén
be minimised by good crop husbandry such as early planting
of good guality, uniform variety seeds (Misari, 19?5;';'ﬂ
Johnson and Wood, 19%80), Prompt hoeing and weed ing or
ridging scon after rain disrupts the foraging galleries of
termite and exposes them to predatory insects, thus reducing

thelr numbers.

1.6 Millipede damage on Groundnut

Raheja (1975) identified millipedes as one of the
potential arthropod pests of graundnut in Nigeria. Except
for some investigatory work done by Misari (19753 1981) and

Johnson (1978} there has been no corcerted effort in

I
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quantifying the damage done by millipedes on groundnut
in Nigeria.  6_ - o
Millipedes (Diplopoda) are found in soilé frém‘depths
Eﬁnging from 10-80 ¢cm. Activities of millipedes are con-
fined to the rainy season when they.apﬁear on the surface
of the soil. They may also be seen in the dry season where
they avoid high temperature light and dry air. Thus they
occur during the day time in hidden places which are cool,
dark and moist (Toye, 10966). . o
Millipedes have been found to damage groundnut in
nearly all the major groundnut growing countries in Africas
and their importance has been extensively studied in
Senegal, Here, millipedes were found to be a serious pest
on groundnut especially in the southern parts hetween the
region covered by 70-100 cm rainfall Isolyet {(Rossion,

1976). Whereas Peridontopyge spinossissima (Silvestri) is

sald to be the dominant millipede pest of groundnut in

Nigeria {Raheja, 1%75, Misari, 1975). Peridontopyge

rubescence and Peridontopyge cepnani are the dominant species

in Senegal (Rossion, 1976}, OQther very common species of

millipedes in the Senegal are Haplothysamus chapellal

(Demange), Synodesmogenus spp.; Graphidostreptus spp. and

T

Peridontopvge spinossissima.
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In the Sudan several species of millipedes are found
on grouﬁdnut but the species of millipedes belonging to the
family Julidae locally known as "Surfa” are most common
(Ahmad and Amin 1976).

1.7 Mode of attack

Observation has been méde that millipede attack on
groundnut are much more pronounced during twe distinct
devnlopmental phases cf the crop, germination and pod
formation (Rossion, 1976}, This agrees with the observa.-
tion made in Nigeria by Raheja (1975) and Johnson (1978)
that major millipede attack is confined to the period of
pod formation. Millipedes have been observediattacking the
cotyledon, radicle and more fre .quently the hypocotyl axis.
Observatlon made in Gambia, Sudan and Senegal reveal that
millipedes erode the cortical tissues of the plant. The
cpenings left by the millipede damage, predisposes thc
plant to the entry of fungal pathogens. Investigations have
shown that the number of plant stands could be reduced by
£ to 10% as a direct or indirect result of millipede attack
(Rossion, 1976). After the gynophore formation the
immature stages of millipedes (Peridontopyge spp.’) penetrat:s
the shell, leaving a small round bhole 1 to ¢ mm in diamcter

{Johnson gt al. 1981). They feed on the inner linning of
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the shell and the developing kernels. The size of the
entrance hole often distinguished millipede attack from

that of Microtermes spp. Losses resulting from this carly

attack by millipedes have not been quantified. Losses due
to millipede attack are estimated to be between 10-20% of
the total harvest in Senegal (Rossion, 1976) and from
Nigeria, Raheja (1975) estimated that as much as 10% pods
were lost due to millipede attack. Studies by Misari
(1981) showed that the percentage pod damage by millipedes
rangad from 1 to 39% and varied from place to place, from
yeal to year and even among varieties, _

i Africa Groundnut Council report (Anon. 1976) suggested
the Incorporation of repellents such as napthaline flakes
in the top 6 inches (22.5 cm) of the scil to control
milllipedes.

In Senegal a mixture of 88.9% Heptachlor 40 and 11.7%
Lindane 90% is added to 50 Kg of wet millet flour and whole
mixture spread at the time of sowing. Attack by miliipedes
was said to have been controlled through this method by

about 50% (Rossion 1976).
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1.8 Scarabaeids

Other important groups of soil pests of groundnut
belong to the family Scarabaeidae. 1In countries like
Sudan, Senegal and Gambia where extensive work has been
done, the following scarabaeid genera are found to be of
economic importance: Trochalus spp. and Schizony .cha
africana (Lap.) (Hill, 1975, Magar, 1976). The damage is
done by the larval stage of the insects. The larvae arec
soil dwellers and damage the pods of groundnut. Freshly
turned soil, high in organic matter, is reputed to be
attractive to the adult beetles. Eggs are laid in the
soil, the larvae that emerge are white, fleshy, with a
curved C-.shaped body. The larval stage lasts for about
six months (Hill, 1975). The larvae girdles the collar
and excavates the plant leaving it partially severed,
This provides an avenue for the entry of secondary
organisms. The damage done by scarabaeids has not been
gquantified.

1.9 Nematodes

In Nigeria the most important genera of Nematode
infesting groundnut is the testa nematodes Aphelenchoides
arachidis (Bos). The testa Nematode was first found in

groundnut seeds at Samaru, (Bos, 1977).
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. . .

R

The Neﬁéfbdes attack rocts, hypocotyl, and peds
from an early stage in plant development but they have
not been found in cotyledon or embryo of seeds. As much
as 25% of groundnut seeds were infested with the testa
nematode (McDoynald et al. 1979). Over 11 nematode species
have been found associated with groundnut in Nigeria
(Misari et al. 1980), A detailed discussion on the damage
caused by nematode ig outside the scope of this gtudy, in
any case, general observation suggest that they may not ba

a serious probiem on groundnut (Johnson et al. 1981).
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SECTION II

2.1 SURVEY OF SOIL PESTS IN THE MAJOR GROUNDNUT

GROWING AREAS OF THE NORTHERN STATES

The purpose of the surveys was three fold:

(a) To delineate areas within the groundnut
growing zones where soll pests are of
importance in groundnut production.

(b) To identify the soil pests involved and
nature of their damage.

{(c) To identify the stages in the growth and
development of the crop when it is most
vulnerable to attack,

2.2 Survey Locations

A brief survey of the groundnut growing areas was
made soon after planting and at harvest during the 1980
cropping season. Three types of farms were surveyed,
namely: large partially mechanised farms belonging to the
Institute for Agricultural Research, farms owned by the
Ministry of Agriculture (Farm Centres) and farmers field,
The survey covered all the major groundnut producing
arecas of the northern states, namely: Kano, Sokoto, Borno,

Bauchi, Gongola, Kaduna, Plateau, Benue and Niger States.
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The various locations within each state visited are shown
in Pig. 2.._. :\

Cut cf.ﬁhé total of 20 locationg surveyed 50% of them
were located in the Sudan Savannah, 15% in the northern
Guinea Savanna and 5% in the socuthern Guinea Savanna zones.
More areas were surveyed within the Sudan Savanna because
of the importance of the crop in this zone. |

2e3 Materials and Methods

Small kits containing hand trowels, plastic bags,
specimen tubes and alcohol were used for the surveys.

Fields were inspected and observations on plant spacing,
crop variety and plant growth stages were recorded, Visual
estimates of wilted or wilting plants within each field were
recorded. Farmers were interviewed and information obtained
on the time of planting, source and variety of seeds, use of
improved inputs like fertilizer and chewmicals, types of soil
'ipésts causing damage to their crops.

Pre~harvest samples weére taken from each of the farms
visi ted., Five to ten plants were removed at random togethel
with the soil covered by the plant's canopy. The entire
plant and soll samples were bagged, labelled, and brought
back to the laboratery. The samples were hand-sorted for

arthropod pests, millipedes, termites and scarabaelds,
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Damage assessment was made at harvest by taking five
to ten plants per field and determining total numbers of
pods, number of pods damaged by termites, millipedes,
scarabaeids or by a combination of these pests. Damage
done by termites on groundnut pods were categorised on the
basis of the intensity of pod scarification into light,
moderate and severe., Damage to the root system and attack
on haulms was recorded, Termites associated with the
attacked plants were collected for identification. Damage
done to groundnut pods by millipedes was assessed by the
characteristic small rounded holes 1-4mm in diameter on
the pods. The size of the entrance holes often distin-
guished millipede damage from those of termites. The
intensity of wilting in any field was categorised as
follows: -

Very severe over 50% wilting

Severe - 30% - 50% wilting
Moderate - 20 - 30% wilting
Light - 10 - 20% wilting

2.4 Results and Discussions

Interviews with Local Farmers
A majority of the farmers interviewed acknowledged

aphids, termites and millipedes as the three most important
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pests attacking groundnuts in thelr fields, while a few
farmers were only aware of aphids. The timing of attack,
@specially by millipedes and termites seemed to be fairly
well known by a majority of the farmers. The farmers were
also aware that severe damage to groundnut by millipedes
did not occur every vear; and that termite damage toc ground--
nut increased as the crop matured. Other factors affecting
groundnut yields besides arthropod pests were also identi-
fied. These included lack cf labour, fertilizers and
chemicals, low yielding local varieties and non adoption of
extension information, It was observed that most farmers
were less willing to adopt the Agricultural Extension
Research Liason Serviceg (AERL3) groundnut spacing recommen-
dation of 23 cm apart. Farmers in places like Potiskum,
Kila, Yana, Bama maintained a wide spacing of about a metre.
The non-adoption of the spacing recommendation which for
instance predisposes groundnut to green rosette disecase
Tcauses considerable loss in vield, A farmer interviewed at
Guma (Bauchi State) confirmed that most of the groundnut
farmers in the village were unable to increase groundnut
"ﬁrbduction because of lack of farm labour and chemicals.
Moreover, when such improved inputs like fertilizers and

chemicals were made avalilable, they normally came very

LI
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late when their application Qouid not make significant
increases in yield. |

Use of cal low yielding varieties

- Agricultural Extéensicn and Research Liascn'Services
feéommends the following groundnut varieties for different
locations in the northern states (AERLS recommended

practices for Groundnut Production in Northern States).

State “ '~ Varieties Recommendead
Sokoto E MK374, Samaru &1
Niger | Mk374, Spanish 205
- Kano ' Samaru 61, D5569
Benue o MK374, T28-240
Plateau Samaru 38, MK374
Gongola - ' MK 374
\ Bauchi L G,152 _
Borno | G.153, Samaru 61, DS5418
Kaduna Samaru 38, Samaru 61, DS569

Despite the above recommendations, majority of farmers
use local groundnut varietigs that are relatively low
yielding., Harkness gt al. [1976), observed that only 6%
of the whole land area is ggown with improved and recomw
mended varieties of groundnut. Low-yielding local |

varleties do not readily raapond to the application of

improved farm inputs.



24

Plate 1. Damage caused by soil pests on groundnut pods by
termites and millipedes.
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245 Damage by termites

Damage by termites cbserved during the survey can be
categorised into the following: . .. | | :

(a) attack on tap root,

(b) attack on pegs and pods, and

{(c) attack on foliage. o

Attack on tap rookt: It was observed in most of the areas

visl ted that the most common termite spp., attacking the
root system of groundnut was Microtermes spp. They pene-
trate and hollow out the tap root and this results in
wilting aﬁd'premature death of the plant. From visual
estimate made on some farms percentage wilting due to
termite attack on growing plants varied from 1% at Makera
{(Gongola State) to 20% at Biu (Borno State).

Attack on peqgs and pods: MicrotermesISpp. was observed

attacking the pegs and subseqguently the pods of groundnut.
The attack on the pegs resulted in increased gleanings at

harvest, Alsc Microtermes spp. was observed scarifying

the more matured pods, occasionally Microtermes spp. was
observed penetrating the pods and feeding on the pod
linnings and the kernels, (Plate 1J).

Attack on foliage: Qdontotermes spp. and Magrotermes

subhyalinus (Rambur) were observed attacking foliage of

already wilted and dead stands. This attack resulted in



Plate 2.

Millipede feeding on groundnut pod.

26
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the reduction in the guantity of haulms obtained at
harvest., Table 1 shows the result of damage assessment

made in 1980. Damage by termites on pods ranged from 0,0

-/, at Anka to 45% at Bakura. There appears to be a linear

{'relationship betwegp lavel of wilting and damage in pods
as demonstrated at Mamudo, Sada and Gumi where wilting
was severe (50% or above) and the amount of damage to
podg was 7.8%, and 13,.1% respectively. Low percentage
damage of 1.7%, 4.6%, 1.5% were obtalned from Samaru,

Wudil and Guma respectively, where wilting was light

(10-20%) . _ o
2.6 Millipedes - "¥ "3

o . Damage to seedlings: Millipedes belonging to the
ﬂ'hgénus Peridontogxg§232hage groundnut seedling after
germination, During the preharvest survey, 2 to 3
‘millipedes/plant were recorded in some of the location
like Mamudo and Bakura.
Damage to pods: During podding, immature stages of
millipedes penetrate the shell of groundnut. Damage done
to groundnut pods by millipedes are recognised by the
characteristic small holes on groundnut pods, (Plates_2uh
and 3)., The size of the entrance hole (1=4 mm diameter)
often distinguishes millipedegs damage from that of

termites, Jchnson et al. (1981) indicated that attack

]
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Plate 3. Groundnut plant with pods showing damage by soil
pests.



29.

Table 1 : Summary of Damage Assessment at Harvest by
Termites and Millipedes
Wilting Total No. % Damage to
Date Location (Visual of Pods Pods by
Estimates) Sampled Milli- Ter i~
pedes te;
Sept. 1980  SAMARU Light 295 17.6 1e7
L fr NGURORE Light 1048 27.2 149
¥ i GIREI Moderate 326 16. 59 4,
Oct., 1980 NAMUDO Severe 371 5.9 Tt
" " SADA Severe 59 10.2 4,
" L WUDIL Light 717 3.3 4,
" " YANA Light 4138 3.0 3.
" i BAMA Moderate 274 1147 Dec
g d GUMA Light 343 S 0% ) ; IR,
" BAKURA (MOA) Fields
Harvested 260 9,2 " B [P
" n BAKURA (IRS) Fields
Harvested 1020 Ya? 5
" " T/MAFARA Fields
Harvested 250 6.8 12,
" " SHINKAFE Fields
Harvested 110 4.3 13,9
" " ANKA Moderate 251 13.2 4,
" " GUMI Severe 122 5.7 13
" 1 K/NAMODA Flelds
Harvested 439 10,3 14,
" " GUSAU Severe 56 3.6 2342
———
IRS = Irrigation Research Station
MOA = Ministry of Agriculture
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by millipedes at podding was largely restricted to
immature pods whan the length of the pods varied from
15-20 mm. Penetration of pods allow the millipedes to
feed on the inner linning of the sﬁell and the developlng
kernels,

Damage by millipedes was mostly marked in the follow-
ing locations, Ngurore 27.2%, Girei 16.%%, Samaru 17,06%,
Bama 11.7%, Anka 13.1%, and Guma 11.71%. Other areas that
suffered substantial damage to the pods through millipede
attack included Sada 10.2%, Bakura 9.2% and Kaura Namoda
10, 3% (Table 1).

2.7 Scarabaeids

The major scarabaeid pests of groundnut, Schyzonycha

africana (Lap.) was almost absent in all the area surveyed
except at Guma and Ngurore, where substantial populaticn
was found on the groundnut crop. In these areas the soils

were molst and guite high in organic matter content.
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SECTION TI1II

BIOLOGICAL STUDIES

Laboratory culture and study of the biology of
Macrotermes gsubhyalinus (Rambur) (Isoptera,
Termitldae),

3.1 Materigls and Methods

Macrotermes subhyalinus colonies were reared by two

maothods, The first was the aluminium foll cup method
(Plate 4)., Aluminium foil was made into cups, 10.8 cm
high and 7.4 cm in diameter. Each cup was filled with
slfted sterilized subsolil to a depth of 5.4 cm and with
similarly treated top soil to a depth of a further 5.0 cm,
Thirty such cups were constructed. A glass rod was usod
to make a depression on each of the cups so as to provide
an entry point for the reproductives. S \

The second method was the glass platée method (Plate 5).
This is similar in construction to that described by  .'”
Luscher (1%49) and Williams (1959). These plates consiéﬁ
of two sheets of glass 20.5 cm separated by 0.25 cm wide
glass strips on three sides and filled with sifted subsoil
to a depth of 5 cm and top scil to a further depth of 5 cm.
Ten such glass plates were constructed,

M
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Plate 4
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Plate 5. Glassplate used in ¢ulturing M.subhyalinus.
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-

De-alate reproductives formed tandem pairs after
flight and were collected under light between 9,00-9.30 pm
on the 28th of May, 1980. Collection was done by allowing
the tandem pairs to crawl into 3 cm X 1 cm tubes placed on
their path. The tubes were inverted into the aluminium
foll cﬁps and the tandems guickly burrowed, within 20
minutes, into the soil. The entry hole was later plugged
with soil. Similarly, de-alate tandems were introduced
into the glass plates. The glass plate cultures were
initially kept vertical to allow the reproductives to
pburrow sufficiently down. Thereafter, they were 1aid}
horizontally. Both cultures were kept moist at room tempe-
rature which fluctuated between 25.32°C, The progress of
the incipient colonies was monitored at weekly intervals.,
3.2 Results and Discusgion

| Out of the 10 glass plate cultures set up, only 2
survived the first 2 weeks. This high mortality was"'ﬁ%
attributed to inadequate development space to accommodate
the fairly large introduced reproductives. A fow observa-
tions, especially on foraging, were made aon the two surviQ
ving cultures. Twenty-nine of the 30 alupinium foll cup
cultures survived and the bulk of the weekly samples were

taken from this set of cultures.
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In both containers, the reproductives burrowed to
depths of 6.0 to 7.0 cm. At the end of burrowing, the
copularium, a rounded chamber of repacked soil, neatly
polished with saliva was formed. This had a mean volume
of 1.76 cub.cm. Copulation and extensive gromming of the
female by the male tock place within this chamber (Flate 6).
A summary of the major events in colony development of
M. subhyalinus is given in Table 5, |
Ovipgsition: This commenced 7-10 days after t%e ihtLoduc-
tion of the tandem pair. The eggs, sausage shaped,
transluscent, with a mean length of 0.7¥mE0.00410 were laid
in batches of about 4-6 eggs per batch. An average of
26 oggs with a range of 8-52 eggs per colony were laid.
The low egg numbers observed was attributed to intensive
oophagy which was observed in some of the cultures.

Brood development: Grooming and rearrangement of the eggs

continued and the first batch of larvae appeared in the
colony between 35-38 days. This first batch of larvae
were uniform in size and morphology and belonged to the
worker castes as shown through the examination of theilr
mouth parts. As the colonles progressed, four larval
instars were discerned, on the basip of some morphelogical

features, such as instar straight length, mouth part
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Plate 6., Grooming of the female by the male within the
copularium



. 37.
development and number of antennai“segments, (Table 2).
The first larval instar had a straight length of 41.75 %
0.0004 mm, as compared with 2nd instar (2.17 1 0.0006 mm),
3rd and 4th instars of lengths 3,17 4 00,0002 mm and 3.98 3
0,0002 mm respectively. Mouth parts were rudimentary in
1st and 2nd instars, but became fully formed and termi-
nally sclerctized in the 3rd instar. At the 4th 1nstar.
there was full sclerctization of the mouthparts., Diffew
rences were also noticed in the number of antennal segments
in the different instars. The 4th instar larvae had 17
antennal segments as compared with 14, 14 and 16 segments
in the 1st, 2nd and 3rd instars respectively. |
o The mean number of individual castes within £he cul-
tﬁres is summarlised in Table 3. Generally number of
individuals was low in the laboratory cultures as against
what obtains in the field, It does appear that incipient
colonies had limited reproductive capacity in the labora-
tory. However, the major workers out-numbered other castes.
Ratlio of major:minor workers was estimated at 2 : 1. Major
workers were distinguished from minor workers through head
wldth measurements (Table ¢')e Minor soldiers emerged
between the 5% - 59 days after introduction. They had an
average body length of 6,65 mm and head width of 2.20 +

0.002 mm. Sclerotization of the mouthparts occurred two
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Table 2: Development of Larval Instars in M., subhyalinus (Rambur)

Instars Larval Length Mouth Parts Antennal Segments Hairs and
mm Bristles
Egg 0.77 + 0.0010 - ~ -
1st 1.75 + 0.0004 Rudimentary mouthparts 14 Bristles on
Antennae
2nd 2.17 + 0.0001 Maxillary palps fully Bristles on
formed and Labial palps 14 Abdomen
formed.
3rd 3.17 » 0.0002 Well formed with two Reduction of
cutting edges 16 bristles on
abdomen
4th 3,98 + 0.0002 Fully formed with three

Sclerotized cutting edges. 37 =
Labrum hyaline tipped

Table 3: Mean Number of Individuals in Laboratory Cultures of M.,subhyalinus

Pre-adult stage Workers Soldiers

Eggs Larvae Major Minor Minor Major
Mean No. Range Mean No. Range Mean No. Range Mean No. Range Mean No. Range =~
26 8-52 20 6~36 S 3-25 19 9-25 2 1-3
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Table 4: Head width and Head length measurements of

the different castes (mm)

MAJOR WORKERS MINOR WORKERS MINCR SOLDIERS

Head length 2.52 + 0.0002 1.67 + 0.0001 2.81 + 0,002
Table 5: Summary of colony development in M,
subhyalinus
Days Events
0 Introduction of the tandem pairs and burrowing.
- B Grooming and construction of the copularium,
~ 10 Nest improvement and oviposition.
13 - 38 Hatching of eggs.
55 -~ 59 Emergence of soldier castes.
60 - 70 Sclerotization of workers.
73 - 80 Sclerotization of minor soldiers,
20 - 94 Foraging activities commenced.
113 Fungus - comb formation.
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weeks later. Minor geoldiersranged from 1-3 per culture,
No major soldiers were observed in any of the cultures,
Ratio of workers to soldiers was estimated at 8 : 1,
Foragin nd tab hment of fungu mbs:

Foraging commenced at about the 13th week (90-94 days).
Foraging activity was clearly shown in the glass plate
cultures. Foraging gallery began in the root of the copu~
larium and proceeded in the direction of the soil surface.
In the aluminium foil cultures, foraging was indicated by
galleries constructed with subsoil brought to the surface,

The construction of the primordial fungus comb started
in the aluminium foil cultures at about the 16th week
(3 weceks after commencement of foraging). This structure
was first seen as a short pillar of tiny balls of soil
attached to the wall of the copularium. Cultures examined
2-3 weeks later after the appearance of the fungus comb
showed some fungal mycelia on the combs. Since the culturas
were raised on sterile soil, it is possible that the fungus
comb may have been innoculated by fungal spores on the body
of the founding reproductive pair. This observation agrees
with that made by Wood gt al. (1979) on Microtermes spp. in

the southern Guinea savanna of Nigeria.
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SECTION IV

FIELD EXPERIMENTS

Four locations were selected for field experiments,
Bakura, Sada, Mamudo and Samaru. The aim of the experi-
ments was to test the efficacy of three levels of Furadan
3G, a soil insecticide, in controlling soil pests attacking
groundnuts., In the Samaru experimental site systematic
sampling was done to ascertain damage to the various stages
of the crep's growth. The Bakura, Mamudo, Sada experimen-
tal sites were selected on the basis of the relatively high
mean number of millipede population, (2 millipedes/plant)
as indicated in the field surveys (Section 2).

4.1 Sites

Samaru is located in the Northern Guinea Savanna Zone
with a mean annual rainfall of 1125 mm. The field was
located at the Institute for Agricultural Research Farm.
Groundnut was planted there in the previous cropping season
(1980). Bakura has a mean annual rainfall of about 5%1,.,5mm.
The field belongs to the Sokocto State Ministry of Agriculturz,
Millet was planted at the site in the previous season.

Sada has a mean annual rainfall of 560mm and the field
belong to the Kana State Farm Training Centre. Millet was

planted on it the previous seagon. Mamudo has a mean annual
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rainfall of 425 mm and the field belongs to the Borno

State Farm Training Centre, Sorghum and cowpea were

grown on it in the previous season. All the fields have
T

a long history of cultivation,

4.2 Materials and Methods

The layout of the experiment was a randomized complete
block design with three treatments and a control, replicated
four times. v

Each plot measured 10m x 10m with a metre wide buffer
area between each plot. The variety 'Samaru 38' was used
at the recommended spacing of 23 cm on ridges. All other
recommended agronomic practices with respect to fertilizer
application and weeding were followed.

Three different levels of carbofuran (Furadan 36;
F,M,C.; U.S,A.) corresponding to 2 kg a.i/ha, 1.5kg a.i/ha
and 1.0 kg a.i/ha were applied at planting intec grooves
made at the sides of sach row. Index of termite population
was determined through attack on soft wooden baits each
measuring 15.2 cm x 2,5 em, These were placed in a grid
system one week after sowing. Ten balts were used per
plot, The baits were checked at weekly intervals for“
termite attack. The intensity of termite foraging wé$H ;
measured by the rate of dlscovery af baitslii.e. percentage

attack on balts).
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At Samaru, millipede surface counts were also made at
weekly_iqterVals on treated and untreated plots between
the hoﬁfs“of 0600-0700 hours soon after planting. Counts
of both living and dead millipedes were taken_duping @ach
weekly observation. - .:

Counts of dead, wilting plants were taken at weekly
intervals in all the Jocations. -

;

4.3 Damadge Assessment

At harvest, damage agsessment was carried out.to
determine the following parameters (a) damage by termite
and millipedes and (b) yield. J

percentage gleanings of pods per plant was estimated,
by sampling ten healthy and ten wilting or dying plants at
random from each plot. The soil area from where the plant
was removed was searched in order to determine the number
of gleaned pods. Counts of cach category of pods (gleanced
and attached) were made and percentage gleanings per plant

calculated.

4.4 Results and Discussion

Samaru Experiments:

Termite foraging activity measured DY the Baiting

Technigue

gu _Termite attack on soft wooden baits gives an estimate

of the foraging activity of wood feeding termites. This

vl
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was shown at Mokwa to be closely related with estimates

of absolute pepulation density obtained by coring (Wood
and Johnson, 1978). The index of efficiency of the
applied insecticide can therefore be measured through this
technique. The results are shown in Table €, In the 1980
experiment percentage attack on baits was generally low in
all the treatments. However, lower percentage attack
(1%.56% and 15.1% respectively) were recorded in treatments
2 and 3 representing 1.0kg a.i/ha and 1.5kg a.i/ha of
Furadan 3G. Highest attack on baits (28.5%) was recorded
in the 2.0kg a.i/ha plots. The most dominant specles
obscrved on the baits was Microtermes lepidus (sjostedt),
a species which is responsible for the damage on groundnuts.
Tablé 6°:Summany of Percentage Attack by Termites on

- Wooden Baits in Furadan 3G Treated Plots in
1980 and 1981 at Samaru '

.. ¥ _attack on wooden baits

Furadan 3G L S '
(kgeac.i/ha) 1980 1981 Mean % attack
0 (control 22,7 o 17.3 _ 20,0
1 15.6 20.3 o 17.9
1.5 15.1 o 21.3 S 18.2
2,0 . 28.5 2440 26,2
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Other termite species occasionally isclated from the

baits included Ancistrotermes spp. and Qdontotermes spp.

No quantitative data on the amount of damage done by these
later species was obtained. ”h_l_

Generally attack on baits was low in all the pléﬁs
indicating a low termite population in the plots. The m=an
percentage attack on baits for the two years indicated a
lower percentage attack of 17.9 and 18.2 on 1.0-1.5kg
a.i/ha plots respectively. However plots with the highest
dosage rate of 2,0kg a.i/ha gave the highest percentage
attack on the baits., Reasons for this high percentage
attack on these plots are not clear,

4.5 Surface Millipede Counts

Table 7 shows the summary of the counts of.both dead
and living surface millipedes at the experimental site in
Samaru over a period of two years., _ |
Surface Millipedes Live (SML): 1In 1980, highest meaﬁ
numbers of (SML) was recorded in all treatments including
control in the first five weeks of planting, ranging from
1.0 to 7.4 millipedes/plot. From the ninth week, mean
number of (SML)} decreased in all the treatments, and were
not statistically significant (P = 0.05) from the control

plots. However from the 6th week the mean numbers of SML



Table 7: RESULTS OF SURFACE MILLIPEDE COUNTS 19580 AND 1981
SML.
m. mcnmoh_mm mwm\:wwmmwamuwm Statistics
0 1.0 1.5 2.0 T G.M s.E { L.Ss.D } sIG,

WEEKS] 1980 1981] 1980 1981} 1980 1981}1980 1981}1980 1981{1580 1981|1980 1981} 1980 1981
1 7.8 0.3}17.0 0.5 {8.0 0.3 }|6.8 1.8 }7.4 0.7 - 0.6 2.4 In.s n.s
2 3.6 0.5 (4.8 0.8 {5.2 2.8 |6.0 1.3 4.9 1.3 ~ 0.4 1.6 INn:s DNas8S
3 2.4 0.3 ]13.2 0.5 3.8 0.5 3.4 0.3 |3.2 0.4 ~ 0.3 1.5 |n.s n.s
4 1.2 0.0 13.4 0.0 (2.0 0.3 (2.4 0,3 2.2 0.1 - 0.2 0.8 In.s n.s
5 0.6 0.0 |1.0 0.3 |0.6 0.0 12.0 0.0 1.0 0.1 - 0.0 0.0 jn.s n.s
6 |o.0® 0.0 0.6® 0.0 |0.42 0.3 }1.6P 0.3 0.6 0.1 |~ 0.0 0.0 * n.s
7 0.6 0.3 }0.4 0.0 0,2 0.0 |2.4 0.3 }0.6 0.1 - 0.0 0.0 fn.s n.s
8 0.4 0.0 }1.6 0.0 |0.2 0.0 2.2 0.0 0.8 0.0 - - - N.S nNeS
9 0.6 0.0 }1.8 0.0 0.6 0.0 (1.0 0.0 1.0 0.0 - - - NeS NeS

SMD.
1 0.2 0.0 }0.0 0.0 (0.2 0.0 (0.2 1.5 (0.2 0.4 - 0.04 0.17fn.s ne.s
2 1.8 0.0 {8.6 0.5 |8.0 0.5 }j0.0 0.0 (4.6 0.3 - 0.1 0.36§f * N.s
3 0.82 0.3 m.od 0.0 Hﬁbv 0.0 (0.0 0.0 (6.6 0.3 - 0.01 0.02¢y °* NeS
4 0.0 0.0 {0.4 0.0 (0.2 0.0 10,0 0.0 0.2 0.0 - - - N8 N.S8
5 0.6 0.0 }j1.0 0.0 }1.2 0.0 (0.0 0.0 §0.7 0.0 - - - N.S Nn.Ss
6 0.6 0.0 $0.4 0.3 (0,6 0.0 (0.0 0.0 (0.4 0.1 - - ~ NeS N.S
7 0.4 0.0 J0O.2 0.0 0.6 0.0 (0.0 0.0 (0.3 0,0 - - - NeS NaS
8 0.2 0.0 {o.0 0.0 j0.6 0.0 0.4 0.0 {0.3 0.0 ~ - - NeS N.S
9 0.0 0.0 jo.0 0.0 JO.2 0.0 J0.0 0.0 }0.2 0.0 - - - NeS N,S

SML - Surface millipede live. SMD = Surface millipede dead.
’ - Significant (P=0.05) n.s = No signifant
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recorded in the 2,0 kg a.i/ha plots were higher than other
treatments and control. A similar trend was observed in
1981. However more SML was recorded in the treated plots
but the differences observed between treated and control
plot were not statistically significant. There seem to be
no relationship between the populations of live millipedes
and Furadan 3G treatments. Millipedes by nature are very
migratory. It is therefore suggested that scil applied
insecticides would not bring about any significant diffe-
rences in the SML population on treated and control treat-
ment, probably because of immigration from outside the
experimental area.

Surface Millipedes Dead (SMD): In 1980, there was no
difference between the mean number of dead millipedes in
treated and control plot (Table 7) in the first week.
However during the second and third weeks significant
differences in the number of dead millipedes were recorded
in the different treatments. The mean numbers of dead
millipedes in 1.0kg a.i/ha and 1.5kg a.i/ha treatment was
significantly higher than in the 2.0kg a.i/ha and control
trcatments in week 2 and 3 respectively. 1.5kg a.i/ha
seemed to give the highest mortality of surface millipede

in 1980. In 1981, more dead millipedes were recorded in



48,

both treated and untreated plots. This period corresponds
with the downward movement of millipedes into the scil.
Similarly 1.5kg a.i/ha treatment seemed to give a better
kill of millipedes.
4.6  Relationship between surface millipedes and time

The results of the surface millipede counts for 1980
did not indicate positive correlation between populations of
surface millipede and time intervals in weeks. The practical
implication of this relationship is that control can be timei
to correspond with periods of high millipede populations,
The correlation coefficient for the overall surface millipedes
live (SML) was positive (R = 0.43) (Fig. 3). There was
however a negative correlation (R =70.26) between SMD and time
(Fig. 4). This means that with time as the crop matures,
there seems to be a sharp decrease in SMD indicating a reduc-
tion in the efficiency of the applied Furadan 3G to bring
about a kill of the millipedes. Figure 3 indicates thét the
population of surface millipedes decreased with crop develop-
ment, There is a slow rate of population decline from the
5th week and this continued until the 8th week when no more
surface millipedes were observed. This period corresponds
with the time when millipedes move into the soil to mate and

feed on the developing groundnut pods. Figure 4 shows the
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regression curve of SMD plottéd égainst time in weeks,
There is an overall sharp decline in the number of dead
millipedes as crop development progressed. After the
8th week no more SMD were recorded due to their probable
movement into the soil.

Figure S5 shows the regression curves of SML for each
level of Furadan 3G treatment and control treatment plottel
against time. Treatments 1,2,3,4 have correlation co-
efficients of R = 0.28, R = 0,44, R = 0.47 and R = 0.55
regpectively. These figures indicate that the rate of
decrease in SML population per unit time increased as
Furadan 3G treatment increased. Rate of decline in SML
population in contrel treatment was gradual. o

Figure 6 shows regression curves of SMD for c¢ach
treatment plotted against time, Correlation coefficients
for treatments 1,2,3,4, were R = “0.13, R = 0,15, R = 0,23
respectively. There was an increase in the number of dead
millipedes with inéreased doses of Furadan 3G. Thege control
treatment had the lowest number of dead millipedes per unit
time. | o

On the avefage, gfoundnuts are planted from the firs:
wéek in June when rainfall.are fully established in most

parts of northern Guinea Savanna. Figures 3 to & indicate

o
#



54,

that the populationsc¥ surface millipede is highest at

the onset of rains, this period of numerical abundance in

surface millipedes coincides with the time millipedes movo

out of their hidding places as observed by Misari (per.

comme ).

Table 8 ANALYSIS OF VARIOUS PARAMETERS USED I!!

ASSESSING DAMAGE ASSESSMEN

(SAMARU 1980

T
)

Furadan Treatments

, Statistics

LEE

Variable . (kg a.i/ha
0 | p Y- 2.0 Gm SE

Total Plant 211.0 214.6 218.0 209.8 213.1 2.59
Wilted Plants 23.8 10.6 22.2 14.6 17.8 N.S
Unwilted

Plants 187.2 204.0 195.8 195.2 195.6 NeS
Total Pods 249.0 281.0 232.4 296.0 264.8
Damaged Pods 39.8 41.8 30.4 64,0 44,0 Ne s
Undamaged Pods 209.4 240.0 202.0 232.0 220.8 N.S
Pods damaged
by Termites 3a2 2.6 3.0 6.8 3.9 NaS
Pods damaged
by Millipede 35.6 37.6 26.4 54.8 38.6 n.s
Pods damaged
by Termite and
Millipede 0.8 1.6 1.0 2.2 1.4 NeS




be7 Damage Agsessment

Damage assessment was done in differenﬁ ioéétiohs
using the following parameters: Wilted plants (WPL),
Unwilted plant (UNWPL), Damaged Pods (DPD), Undamaged
pods (UNDPD), Pod damaged by Termites (PDT), Pods
damaged by Millipedes (PDM), Pods damaged by Millipedes
and Termites (PDTM) (Tables 8 to 47. .

Analysis of damage assessment for Samaru.1980 is
shown in Table 8. The highest mean number of WPL was
obtalned in the control treatments. However among the
ftreated plots 1.0kg a.i/ha treatment gave the lowest mean
number of WPL. Amongst the treatments, the lowest numboer
(30.4) of DPD was recorded in the 1.5k¢g a.l/ha treatment.
However, differences between treatments and control were
not significant., 1.5 kg a.i/ha treatment gave the bes?
control against pods damaged by millipedes (PDM), :

. An analysis of the data obtainec for the combined
effect of termites and millipedes on pods (PDTM)} showed
no significant differences between the different levels
of Furadan 3G treatments and control.

¥Yield results (kxg/ha) (Tablel13) cbtalned from 1980

trial show that highest kernel yields/ha were obtained

S

from 1.0kg a.i/ha (881kg/ha) and 1.5kg a.ifha,(gggﬁgaq)
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Table & ¢ ANALYSIS OF VARIOUS PARAMETERS USED IN

ASSESSING DAMAGE ASSESSMENT

{ SAMARU 1981)

Furadan 3G Treatments

Variable SRR
o (kg a,i/hal Statistics
o 1.0 1.5 2.0 { CM SE LSD
Total Plants 238° 232 241°  200% 228 8.6 i
Wilted Plants 22 29 37 17 55 6,06 CRLE
Unwilted Plants 216 204 210 184 203 7.19 23ltes
Total Pods 1352 2160%° 257° 356 240 23.61 76"
Damaged Pods 30%  49®® 62 62® 50 .02 19 "
Undamaged Pods 106 162 196 294 189 16.0 5qlie®
Pods damaged by e
Termite 9 34 47 32 30 6,0 = - 19"*8
Pods damaged by B _i )
Millipede 20 15 14 28 19 3.5 - 117°®
Pods damaged by
Termite and .
Millipede 1 - 2 2 2 0,75 pf =&
* = Significant P.05
** = Significant P.0O1
g8 =

Not significant
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treatments, Yield from 2.0kg a.i/ha (703kg/hal) was the
lowest. However, these differences were not statistically
gignificant., Among the treated plots 1.0kg a.l/ha trecat-
ment seemed to have given the best control against damagc
by termites and millipedes in Samaru in 1980, although
differences in figures recorded for treated and untreatad
plots were not statistically significant, -.v :
Samaru 1981 Experiment: Table 9 shows the reéults of
analysis of various parameters used in damage assessment
at Samaru In 1981. The Furadan 3G application rate of
2.0kg a.i/ha treatment gave the lowest mean number of WPL
compared with other treatments. Pod damage (DPD) was
| significantly higher in all treatments than the control
and there appeared to be an increase in mean number of
DPD with increased dosage. However, among treatments of
DPD were statistically similar (P = 0,01). i
Pod damage by termites (PDT) seem to increase as
treatment levels increases and the highest mean number of
PDT was reccrled in 1.5kg a.i/ha treatment. The differen’
levels of Furadan 3G application did not significantly
reduce the number of pods damaged by termites (PDT} as
sﬁbwn in Table 9. Similarly there was no significant
difference between controcl and the various levels of trea’
ments ;n.te;ms qf_damage to pods by millipedes.

[
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ANALYSIS QOF VARTIOUS PARAMETERS USED IN

ASSESSING DAMAGE

ASSESSMENT

{BAKURA 1981)

Variable Furadan 3G Treatments
(kg _a.i/ha) Statistics
0 1.0 1.5 2,01 GM SE LS
Wilted Plant 35 - as 42 46 42 6.7  21.4°°°
Unwilted Plant 63 87 58 73 70 12.6  40.3"*F
Total Pods 1772 2002 364°  376% 279 39.8 127.3
Damaged Pods 48 53 84 83 67 12.7 40,67°F
Undamaged Pods 1282  147%P 280  293° 212 30.8 98.5
Pods damaged by | _ .
Termite 30 35 43 50 33 6,6 21.1°*°
Pods damaged by
Millipede 18 17 41 33 27 8.6 27.5"°F
* = Bignificant (P,0%)
** <= Significant (P,01)
n.s5 = Not significant
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Generally. yields were low in 1981 due to the drought
which occurred in mid June in Samaru. However, yield
figures from 1.5 kg a.i/ha treatment (289,2kg/ha) and
2.0 kg a.i/ha (311.2kg/ha) were statistically different
from the yields from the contreol plots (112.3kg/ha). There
was no significant difference between yields in 1.0kg ad/ha’,
(190.7kg/ha) and control.

No consistent trend was shown in the effect of the
different levels of Furadan 3G treatments on the various
parameters considered in the control of scil pests. However,
better yield figures were obtained from highest dosages.
This could be attributable to higher mean number of total
pods (TPD) obtained from treated plots and the good pod
fill observed in Furadan 3G treated plots.

Bakura: 1981 Experiment: Table 10 shows damage assessment
results from Bakura. As a result of the poor plant
establishment in this experimental site, inconclusive
results were obtained for the different parameters measured,
Except for 1.5kg a.i/ha which gave considerably more
undamaged pods (UNDPD) than other treatments there were no
significant difference between treatments and control in

the other parameters considered.
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Mamudo: 1981 Experiment: Table 411 shows the results of

the damage assessment carried out at Mamudo. Wilting of
the plants was quite low in all the treatments although

é greater number of unwilted plants was recorded in the
treated plots than the control. 1.0kg a.i/ha and

1.5kg a.i/ha treatments recorded lower mean number of DPD
than the control treatment, but mean number of DPD
recorded from 2.0kg a.i/ha treatment was higher than that
from control treatments. Higher mean number of UNDPD was
.{récorded from Furadan 3G treated plots, although among
the treated plots 2,.0kg a.i/ha treatment gave the highest
' mean number of UNDPD. However, these differences were not
hétatistically different from the control. Termite and
millipede damage in all the treatments was guite low.
Lowest figures of PDT and PDM were recorded in the 1,5kg

a.i/ha treated plots, indicating that this level of treat.-

- ment would probably give a better control of both termite

. and millipede damage in this locaticon. Yield figures for
this experimental site are given in Table 8. Lowest yield
was obtained from control treatment while 1.0kg a.i/ha
treatment gave the highest pod yield (418 kg/hal)., Pod
yield in the various treatments seemed to be better than
other location in 1981 (Table 13. However, differences in
pod vield in the different treastments were not statisticall

significant.
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Table 11: ANALYSIS OF VARIOUS PARAMETERS USED IN

ASSESSING DAMAGE ASSESSMENT

(MAMUDO 1981)

~

ﬁariéble

Furadan 36 Treatments

(kg a.i/ha) Statistics

O 1.0 1.5 2.0 GM SE LSQ
Total Plant 129 167 156 144 149 40,7 347°
Wilted Dlants 18 22 18 19 19 2,7 8.6"
Unwilted Plants 111 144 137 125 129 8.6 2.7
Total Pods 491 643 479 680 573 7.3 235"
Damaged Pods 44 37 25 53 40 6.8 21,90
Undamaged Pods 447 605 454 626 533 68.7 21,1"
Pods damagad by
Termite 17 19 11 35 20 6.6 21.1"
Pods damaged by
Millipede 27 18 13 17 19 3.6  11"°
Fods damaged by
Termite and
Millipede - - - - - - -

nes = Not significant
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Sada: 1981 Experiment: The data for Sada experimental

side are shown in Table 12 No record of wilting of plants
was made, Other parameters measured showed that more pods
were damaged in the treatments than the control although
these differences were not significant. More undamaged
pods (UNDPD) were recorded in the treated than untreated
plots. No significant differences were recorded betw=een
treatments and control in both pods damaged by termites
(PDT) and millipedes (PDM), The Sada experimental sitc
did not give consistent results, This is attributable
to the poor supervision of the experiment.

Also very poor yield was recorded in this site.
This could be attributable to late and insufficient rain-
fall, resulting in poor stand development, However, very
significant difference (P = 0,01) in yield was shown
between control and treated plots. 2.0kg a.i/ha treatment
yielded significantly higher (78 kg/ha) than 1.0 kg/ha and
1.5 kg a.i/ha with yield figures of 43 kg/ha and 40 kg/ha
respectively.
4.8 Percentage Gleanings per Stand

Gleaning of pods 1s due to termite attack on groundnut
p2gs towards harvest. Estimates made at Samaru showed no

difference in the amount of gleanings in the control and
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Table 12: ANALYSIS OF VARIOUS PARAMETERS USED IN
ASSESSING DAMAGE ASSESSMENT
(SADA_1981)
Furadan 3G Treatments
Variable (kg a.,i/ha) Statistics
0 1,0 15 2.0 GM SE LSC
Total Pods 1952  2322° g3  32¢° 258 21,7 69
Damaged Pods 30 49 61 73 53 11 35" 8
Undamaged Pods 165 183 222 248 204 20 64' 8
Pods damaged by -
Termite 20 36 46 51 40 6,8 22"
Pods damaged by 5
Millipede 14 12 14 22 15 5 16 '
Pods damaged by
Termite and
Millipede DNT DNT DNT DNT DNT DNT DNT

= Significant (P 0.5)

= No significant

= Data Not Taken
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Tabla 13: YIELD RESULTS _(Kg/ha)
Year of Location
Ecperi-~ of Experi- 0 1.0 . 2+0 GM SE LS:
maii_ ment -
1280 SAMARU 786 881 802 703 794 119 N,
1981 SAMARU  112.3% 190.7%° 289.2° 311.3 225 32.7 104 3°
1981 SADA Bd 43P ao® 78 42 8.1 25 )
1981 MAMU DO 248 418 342 402 353 55,2 178.3°F
1981 BAKURA DNT DNT DNT DNT
** = Highly significant (P=0.01)
n.s = Not significant
DNT = Data Not Taken
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the various treatments. There was also no relationship
between treatments levels and mean gleanings/stand. At
Bakura, the situation was a bit different. Higher percen-
tage gleanings/stand was obtained from samples in the
control pleots as compared with those receiving the differer .
levels of treatment. The higher level of gleanings/stand

at Bakura could be due to higher termite (Microtermes)
population occasioned by the short wet season and light
sandy socils at Bakura. Johnson, et al. (1981) noted hligher

termite (Microtermes spp.) damage in areas with well drainc !

s0il and short wet season. The overall trend in the damagc
assessment studies indicated that the different levels of
Furadan treatment did not significantly control the damage
Lo groundnuts by termites and millipedes probably due to
low levels of populatlon of the soil pests and the timing

of the application of the insecticide.
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SECTION V

GENERAL DISCUSSION

Soil pest survey carried out in the various locations
indicated that farmers, even though aware of recommended
practises for groundnuts were reluctant to adopt these
measures, especially the spacing recommendation becausec of
their interest in growing the Crop as an intercrop, Furthe:-
more, it was also obvious that greater results would be
achieved in enhancing groundnut production if the necessary
inputs like fertilizer is made available on time to farmers.

Arthropod pests especially termites and millipedes and
their damage to groundnut are known by most groundnut farmers,
Generally, damage by wilting on groundnut increases as the
crop reaches maturity. Good cultural practises including
early harvest of groundnuts is advocated to reduce damage by
soll pests. This study confirms earlier reports by Rossion
(1974) that millipedes cause substantial damage on groundnut
at germination and podding. Control efforts should therefore
be intensified during these periods.

Scarabaeids were almost absent in most of the areas
surveyed except at Guma and Ngurore, the soil at these sites
was high in organic matter content. This seems to be in

line with the reports of Davidson and Robberts (1968) in
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which organic matter was said to have increased the popula-
tion of scarabaeids in soils. If population build up
occurs in an area with high organic matter, application of
s0il insecticides and removal of crop residues may help to
bring down the population of scarabaeids (Davidson and
Roberts, 1968).

The biological studies confirm that M. subhyalinus
(Rambur) can be cultured in the laboratory to a stage where
the responsibility for colony maintenance and further
development is transferred from the reproductives to the
worker termites. These observations are similar to the
preliminary investigation on Microtermes sp. by Johnson
(1981). The knowledge of the period of production of workers,
which do most of the damage is considered essential in plan-
ning management strategies for control of termites on grounc-
nuts.

Appearance of fungal mycelia on the fungus combs in a
culture raised on sterile soil is an indication that M,

subhyalinus carried fungal spores either in its alimentary

canal or on the body of the founding reproductives. This
corroborates with observations made by Wood gt gl. (1979),
Johnson (1981). Furthermore the successful culturing of

termite pest species in the laboratory provides ready



68, .

R

specimenes for the.iésbratory biaéssay of candidate
insecticides before field tests are carried cut to deter-~
mine their efficacy and suitabillty for use in control,

In this study carbofﬁran {Furadan 3G} was chosen as the
candidate insecticide because it acts as a systemic and
contact insecticide., It alsoc has some fumigant action..
Even though its oral toxicity to mammal is high 8~14 mg/kg
for rats, it has a low mammalian dermal toxicity. |

" The aifferent levels of carbofuran traatment did not
significantly control the damage to groundnut by termites

and millipedes probably due to low population densities of

' these pests in the scil, and the timing of the application

of the insecticides, It has alsoc been noted by Johnson
(1978), Johnson and Wood (1%$80) that soil pests rarely
cause spectacular damage to groundnut in any particular
year, especially at low population,

The applied carbofuran itself could have contributed
to the type of results obtained, Carbofuran (Furadan 3G),
half~life 4 weeks Hill, (1975), Kuhr and Dorgugh (1976)
may not have persisted long enough to provide control again &
the soil pests especially termites. A fairly persistent
insecticide may therefore be desirablie for the contrel of

termites whose damaging effect on groundnuts is mostly

s
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pronounced at crop maturity. It is also possible that
the dosagé rates of carbofuraﬁ ﬁsed in this trials may
have been too low to effect control of the soll pests,
Other factors could have affected the efficiency of
the applied insecticide in the so0il, such.as Ehé béﬁaviour
of the scil pests themselves, soil type (Burkhardt and
Fairchild, 1976}, and scil temperature (Edwards, 1964).
Tembérature affects the bioiogical activity of carbaméﬁés
(Harris 1971).
u';'Increases in yield as a result of carbofuran (Furadan
3G} treatment were not significant. It was possible that
extent of damage was insufficient to affect the yield of
groundnuts as was demonstrated in most of the locatlions.
Morebver, lack of sufficient rainfall in some of the loca-

tions may have contributed to the low yields obtained.
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5.1 Summary and Conclusion

1. This study was carried out between 1979 and 1981 to
ascertain the importance of millipedes, termites and
scarabaeids as soil pests of groundnut.

2. Extensive review of relevant literature was done to
provide information about the past and present status of
groundnut production in Nigeria. Reasons for the decline
in yield were enunciated. Investigations made in Nigeria
and elsewhere to control soil pests of groundnut were
also highlighted in the review.

3, Surveys were made in the major groundnut producing
zones during the 1980-81 growing season. Areas where
these pests were considered as pests of economic importanc
were located, namely Mamudo, Sada, Girei, Bakura, Gusau,
Anka., Interviews with local farmers revealed that farmers
were aware of the problems created by termité?}%illipcdes
in their respective areas.

4, Laboratory studies on one termite species (Macroterme:
suphyalinus (Rambur), commonly found in the groundnut pro-
ducing areas were carried out. Two methecds for culturing
were adopted, namely the aluminium foll method and the
glassplate method, Observations were made on colony deve-

lopment, foraging and formation of fungus-combs. Productis
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capacity of inciplient colonies in the laboratory was low
compared with what obtains in the fieid.' Léé and Wood
(1971) suggest that some members of the Macrotermitinae

such as Qdontotermes spp and Macrotermes bellicosus lay

eggs at the rate of 4,000 and 36,000 per day, However,
the successful maintenance of laboratory culture of
termite pest species, especlially the non-mound-building
species, is considered important, not only for obtaining
further information on their biology, feeding habits and
food preferences, but also for maintaining sufficient
numbers of such termites for the bioassay of insecticides.
5. Field experiments were conducted between (1980-1981)
~at Samaru and other locations, to investigate the possi-
bility of using a carbamate (Furadan 3G) to effect control
of so0il pests notably termites and millipedes, Different

parameters namely, attack on wooden baits, wilting of

© groundnut plant, attack on pods, percentage gleanings/

gtand, root damage and yield were evaluated.

| 6. The different levels of Furadan 3G did not give
.significant control of so0il pests damage on groundnut,
However at Samaru in 1980, Bakura 1981 and Sada, 1381

1.0 kg a.i/ha seemed to have given a better control of
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soll pests than other tfeatmeﬁtﬁ; while at ﬁaﬁudo in 1981,
1.5 kg a.}/ha-ggye phg-bggt control over other treatments.
Indications are therefore that dosage rates of ‘4,0-1.5 kg
‘asi/ha could Be A&dequate in the control of these soill

' pests in groundﬁut.-?gf“-ef IR "3'= “ i“;.

-__7, Timimg of application of this insecticide.éppéafélfo'

“be very-.important. Millipedes cause damage at germination

~and . later betweem the 5-7th week when they move into the .

l soil to attack the developing pods. Termites on the other
hand cause damage at crop maturity, Therefore for effec-~
.tiVe,control, two split application, ope at planting and
later at. podding would be desirable, .

However, further regearch work in the timing and rates

. of application of Furadan 3G is therefore suggested hefore

adequate recommendations are put out to farmers for the

control of soil pests om groundnut in Nigeria.
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APPENDIX 1

80.

DATE I SML ANALYSIS OF VARIANCE TABLES
5 P
SQURCE D.F. SUM OF SQUARES MEAN SQUARES RATIO PROB.
BETWEEN GROUPS 3 6.187 2.0625 1.62 0. 23f
WITHIN GRQUPS 12 15.25 P |
TOTAL 15 21.438
N.SI = 05%
DATE I SMD,
ANOVA
E P
SCQURCE D.F. SUM OF SQUARES MEAN SQUARES RATIO PROE.
BETWEEN GROUPS 3 68.75 2.25 3,00 0,073
WITHIN GROUPS 12 9.00 0.75
TOTAL 15 15.75

N.S. at 05



31.

APPENDIX 2

DATE 2. SML

E F
SOURCE, D.F. SUM OF SQUARES MEAN SQUARES RATIO PROB.
BETWEEN GROUPS 3 12.187 4,063 2.826 0.084
WITHIN GROUPS 12 17,250 1,438
TOTAL 15 29.437
NS at 05
DATE 2. SMD
E B
SOURCE D.F. SUM OF SQUARES MEAN SQUARES RATIO PROB.
RETWEEN GRQUPS 3 1.00 0.333 1,00 0.426
WITHIN GROUPS 12 4,00 0.3323
TOTAL 15 5.00

N.5. at 05



E F
S0URCE D.F. SUM OF SQUARES MEAN SQUARES RATIO PROB.
BETWEEN GROUPS 3 1.25 0.0833 0.182 0.907
WITHIN GROUPS 12 550 0.4583
TOTAL 15 b6.75

N.S at 05

DATE 3, SMD

E F
SQURCE D.F. SUM OF SQUARES MEAN SQUARES RATIO PROB.
BETWEEN GROUPS 3 1.50 0,50 1. 71 0,22
WITHIN GROUPS 12 3.50 0.29
TOTAL 15 5.00

N.S5 at 05
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APPENDIX 4

DATE 4, SML

B F
SOURCE D.F. SUM OF SQUARES MEAN SQUARES RATIO PRODRB.
BETWEEN GROQUES 3 0.25 0.0833 0.667 0,588
WITHIN GRQUPS 12 1.5 0.125
TOTAL 15 1.75

N.5 at 05

BATE 4, SMD

E Iy
SOURCE D.F, SUM OF SQUARES MEAN SQUARES RATIO PROR,
BIhTWEEN GROUPRS 3 0.0 0.0 0.0 0.0
WITHIN GROUPS 12 0.0 0.0
TOTAL 15 0.0

N.8 at 05



APPENDIX 5

B4.

DATE &, SML

F F
SOURCE D.F. 5UM OF SQUARES MEAN SQUARES RATIO PROB,
BETWEEN GROUPS 3 0,187 0.063 1.00 0,43
WITHIN GROUPRS 12 0.750 0.063
TOTAL 15 0.937

N.S5 at 05

DATE 5, SMD

‘EI II‘ .
SQURCE D.F., SUM OF SQUARES MEAN SQUARES RATIO PROB,
BETWEEN GRCQUPS 3 - - @ -
WITHIN GROUPS 12 - -
TOTAL 15 -

at 05



85.

APFENDIX &

DATE 6: SML

\ F F
SOURCE D.F SUM OF SUUARES MEAN SQUARES RATIO PROB
BETWEEN GRCUPS 3 0.25 0.83 0.67 0.59
WITHIN GROUPS 12 1.50 0.13
TOTAL 15 1.75
N.S at 05

DATE 6:; SMD

F F
SOURCE D.F SUM OF SQUARES MEAN SQUARES RATIO PROB.
BETWEEN GROUPS 3 0.188 0.063 1,00 0.43
WITHIN GRDUPS 12 0.75 0.063
mOTAL 15 0.94

N.S at (5
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APPENDIX 7

DATE 7: SML

F P
SOURCE D.F SUM OF SQUARES MEAN SQUARES RATIO PROB
BETWEEN GROUPS 3 0.25 0.083 0.67 0.59
WITHIN GROUPS 12 1.5 0.13
TOTAL 15 1,75

N.S at 05



APPENDIX 8

87.

TPL. ANOVA TABLES LOCATION: MAMUDO
1981

SOURCES D.F__SUM OF SQUARES MEAN SQUARES _F ___SIG,
BETWEEN GROUPS 3 3204.7 1068. 22 2.13  0.149(
WITHIN GROUPS 12 6016.75 501, 32
TOTAL 15 9221.43
WPL,
BETWEEN GROUPS 3 65.3 21.8 0.892 0.4731
WITHIN GROUPS 12" 292.5 24.4
TOTAL 15 35%: 7
TPD,
BETWEEN GROUPS 3  126979.3 42326.4 1.71  0.217¢
WITHIN GROUPS 12  .296E+06 2+744.0417
TOTAL 15  .423E+06
DPD,
BETWEEN GROUPS 3 1726.2 575.4 3.7  0.0428
WITHIN GROUPS 12 1865.3 155.4
TOTAL 15 3591.4
UNDPD,
BETWEEN GROUPS 3  0,110E+06 35688. 729
WITHIN GROUPS 12 . 279E4+06 23329.60  1.57 0.247
TOTAL 15 . 390E+06
PDT,
BETWEEN GROUPS 3 1303.3 434.4
WITHIN GROUPS 12 1708.5 142,38 3.1 0.069
TOTAL 15 3011.7
PDM,
BETWEEN GROUPS 3 386.8 128.9
WITHIN GROUPS 12 491.0 40.9 3.15 0.0614

TOTAL

15



APPENDIX 9

88,

WEL. ANOVA TABLES LOCATION: BAKURA
SOURCE D.F. SUM OF SQUARES MEAN SQUARES F. _SIG,
BLETWEEN GROUPS 288.2 96.1 0.15  0.%29
WITHIN GROUPS 12 7841.8 €53.5

TOTAL 15 8129.9

UNWPL.

BETWEEN GROUPS 3 2046.7 682.2

WITHIN GROUPS 12 7178.8 1.14 0,372
TOTAL 15 2225.4

IPD.

BETWEEN GROUPS 3 .133E+06 4+395.333

WITHIN GROUPS 12  69873.0 58228 7.62  0.004
TOTAL 15 »203E+06

DPD.

BETWEEN GROUPS 3 4222.7 1407.6

WITHIN GROUPS 12 6514.8 S542.9 2.59 0.101
TOTAL 15  10737.43

UNDED.

BETWEEN GROUPS 3 90097.7 30032.56

WITHIN GROUPS 12  47920.3 3993.4 7.52  0.004
TOTAL 15 . 138E+06

PDT.

BETWEEN GROUPS 3 868,7 289.6

WITHIN GROUPS 12 2621.8 218.5 1.325 0.31
TOTAL 15 3490,4

EDY.

BETWEEN GROUPS 3 .1594.2 531.4

WITHIN GROUPS 12 2965.8 238.8 2e3 0, 13"
TOTAL 15 4459.53



APPENDIX 10

89.

TDP, ANOVA TABLE LOCATION: SADA

1981
SQURCE "D,F, SUM OF SQUARES MEAN SQUARES F. SIG,
BETWEEN GROUPS 37206.5 12402,2
WITHIN GROUPS 12 24732,5 2061.0 6,01 L0096
TOTAL 15 6§1939.0
DPD.
BETWEEN GROUPS 3 4128, 7 1376.3
WITHIN GRQUEPS 12 6763.0 563,6 2.4 0. 144
TOTAL 15 108%1,.8
UNDPD .
BETWEEN GROUPS 3 16875, 3 5625.42
WITHIN GROUPS 12 18043.5 1503.63 3.74 0,04
TQTAL 15 34919,8
PDT .
BETWEEN GROUFPS 3 1874,.6 624.9
WITHIN GROUPS 12 2783,2 253.01 2.5 0,116
TOTAL 15 4657,7
PDM,
BETWEEN GROUPS 3 207.3 69,1
WITHIN GFQUPS 12 1320.5 110.0 0.63 0,610
TOTAL 15 1527.8



APPENDIX 11

TPL. LOCATION - SAMARU 1981
SOURCE P.F sUM OF SQUARES MEAN SQUARES F SIG.
BETWEEN GROUPS 3 4208.2 1402.72

WITHIN GROUPS 12 3862.8 321.9 4.3 0.027
TOTAL 15 8070.9

WPL:.

BETWEEN GROUPS 3 530.2 176.7

WITHIN GROUPS 12 1406.8 117.2 1.5  0.26
TOTAL 15 1936.9

UNWPL.

BETWEEN GROUPS 3 2290, 2 763.4

WITHIN GROUPS 12 2949,5 245 .8 2.10 0.067
TOTAL 15 5239.8

TPD,

BETWEEN GROUPS 13 0.101E+06 33973.4167

WITHIN GROURPS 412 50933.5 4244.5 8.0 .003
TOTAL 15 0.152E+06

DED.

BETWEEN GROUPS 3 2724.68 908. 2

WITHIN GROUPS 12 4305,3 358.8 2.5 0,10
TOTAL 15 7029.9

UNDPD.

BETWEEN GROUPS 3 75127. 7 25042.5

WITHIN GROUPS 12 36832.7 3069, 4 8.15 003
TOTAL 15 .111E+06



APPENDIX 11

(Contd.)

91,

SQURCE D,F, SUM OF SQUARES MEAN SQUARES Fs SIG,
PDM

BETWEEN GRQUPS 3 39,2 179:7

WITHIN GROUPS 12 1250.7 104,22 1.7 0D.21
TOTAL 15 1T89.9

PDT.

BETWEEN GROUPS 3 2966,5 988.8

WITHIN GROUPS 12 4993,5 416,12 23 0.12
TOTAL 15 7960,00

PDTM,

BETWEEN GROUPS 2 0.700 0.35

WITHIN GROUPS 2 255 1.25 0.28 0,781

TOTAL

3ﬂ2



