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1aTROEDYC T104

Groundnut (Ara his hypodaea L.} is an jmportant cash
crop in Higeria. 1t was intrqgucaﬂ jnto the country from South

ne 16th Century.

pafore the adyent of the drouait

ocuette disease gpiphytotic of 1075, it was

America n t

of 1873 and the ¥
res of arcundnuts

estimated that about 0.8 to 1.2 mitlion hecta
al. 1974}, The ored js grown

were grown annually (Harkness 2t &l.
in every state of the Horts. tre Huik of it being csncentrated

gorne, Gongolia, K

aduna, Kanc and Sokoto states

jr Bauchi,
(AERLS . 1577). Haif of the Higeria’s groundnut Crop js grown in
cano State (Aoale, 1676 - - -
Groundnut at one Lime was figeria's greatest single
tural exzort in the form of nuls: 01l and cake (FAO. 1965).
+ and the rosetis virus Jiseasct

uction in Migeria.

agricul
epiphytotic of

The 1973 drough
aroundaut prod The

1575 caused decline in
sarketing Board recorded 2

o 1o that the then |

production was $
the 1975/75 and

ero purchase in each of 1275/77 seasons in Kano

n yield pesulted in 10SS of confidence in

ctate. 1he cecline 1
armers in the majn ¢r
aundnut was reduced

the crop amongst T cyine areas 4f the country.

and area devote

consequently i d to gr as farmers
syitched to the production of other Crops. For example. -many



farmers in cumel L ocal Governmeni Arca of Kano State switched

to benniseed. gesamum indicUls production (Wudil: 1976). In some
districts in the 197C 322563 the acreage under Lerniseed eved
exceed that of groundnut {Dovies, 1579).

The groundnut aphid 15 nerhians the most important nest of
groundnut in nigeria. fpart from causing direct injury to the
crop by sucking plant juices from the nlants, the aphids 5185
transmit the groundnut rosatie virus (GRV). niseased plants
express various sympltoms ranging from wi1¢ chioresis and mottling
of leaves to severe Aistortion and stunting of aerial shoots.

Pods wmay or maY not Ee foymec . and if forned, may be ety
(Hisari, 1975). B ‘

Inspite of the importance nf aphids as npests of aroundnuts,
not nuch work has been done oo the bignomics and status of this
jnsect as @ pest of groundnuts in figeria. The wort. reported
horc may be seeil as preliminary study to define the pest/host
relationsnip and ook at possibi1ities of its control and the virus
disease transmitted by jt. Various aspects included in this study

are ° '
(1) Taxenomy

C{~) Life istony
(2) a-. rest/Fiant rotaticnsail

X et f14 ,...-.‘ & Ty ....-: E " 1 4
h. ;ﬁbv/wlﬂcusu/plddb netationship

~ &
¥
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LlIERATURE.REVIEH |
TAXONOHY, o

The groundnut.aphid, Aphis cracciggggﬂﬁoch. (Hemiptera:
Aphididag) was first described in 1534 by C. L. Koctt.
According to Cottiar {1853}, this species had been previously
pisidentified in the literature as ﬂg_liﬁﬂﬁﬂi,ﬁ1tb° and
A. l’t‘l‘iﬁl’l@ﬁf‘?_ﬂ Theobald.

Jdentification of this specics 45 basad on its colour
pigmentation on the abdomed of the aptera. number of gacondary
rhinaria on the 3rd antennal segrent. the body Jength and tha
respective lenaths of the various apnandadis, Cotticr (1923)
gave the hody lenglic 38 5 o and 1.90am for the aplera ans
alate resgectively. gastop (1561) gave @ rangu of 1.50 -

2 .00 respective]ys while Jonas {19%7) found the 1enath of
the aptera 1o be 1.69mm.

pifferent races of g;_gggggigggg'exist, Okusanya and
Watson (1966) found that there are twe clones of this species
which differ in their ability to pransmit the gy, strain of
the rosette virus. They were working with two ciones. one from
pigeria and the other from Kenya. They found that hoth cloneﬁ
could transmit strains GRVE, and GRYY, put that only the

Nigerian clone could tramsiit strain GRYY,.



4
Jones (1567} also working with two clones of AL

craccivora. one originating from Higeria and the other
from Kenya, confirmed that the clones are different. She
was able to distinguish the clones by body and 1imb
measurements as well as by host colonization oxperimente.
The latter showed that the Migerian clone produced calonics
" more readily than the Ketivan clone on healthy rlants of

Onobrychus viciifolia. Gomphrena ¢lobosa and young Glycine

max (L.). There was no significant difference between the
two clones in terias of their fecundity on groundnut and

Vicia faba (L.).

DISTRIBUTION Adld HOST RANGE

A. craccivora is found in Africa, Arcentina, Australia
(rlew South Hales and Queensland), Chile and India (Feskin,
1973). 11 (1975) stated that the aphid is virtually
cosmopolitan, but its records are vrather sparse in some areas.

This speciss of anhid is polyphagous, nut prefers to
fead on the young shoots of lecuminous plants (Feakin, 1973).
In Northern #iigeria. Booker (19£23) identified 1§ species of
cultivated and wild plants which serve as hosus  for the

aphid. /Amongst these Euphsrbia hirta (L.) {(Fuphorbiaceae)} was

the only host which was found to carry the aphid throushout

D=
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the dry season all over northera Eigeria. Recently, A.

craccivora was identified on about 60 caltivated and wild

plants (Akinfenwa, 1977). Amonq these. Gliricidia sepium

(Jacq.) Walp: L. hirta and E. laterifolia were observed to
host this aphid  throughcut the dry seascn. |

LIFE HISTORY

The life-cycle of the aphids is influenced primarily by
the type of climatc. In the tropics reproduction is
parthenogenetic and viviparous, whereas in the temperate
regions it is by both sexual and asoxual means. Excellent
accounts of the aphid Tife kistery can he found in
farkovitch (1924). Real (1955), Lees (18%9) Johnscn and
Birks {1960), Banks and ttacauly (1964}, Judge (1963),
Blackman (1571) and Blackman (1674). - '

The devetopment of sexual morphs in aphids is
influenced by a number of gnvironmental factors, the
important cnes are day length, temperature and the age of
the host plant. 1In addition internal changes in the aphid
also influence the aphid's response to its envircament
{Dixon, 1973). Sexual forms of aphids rarely occur in the
tropics under natural cavironmental conditions., Basu

et al. (1968} reported for the first time the appearance
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ggggcivqgg_from india on Tinospora

of the sexuales of A.
pordifo{ig,ﬂeirs (ﬁenispermaccaa) yihere they colonisc the
undersurface of the youns Teaves. j;_pordjjglig_was
recorded a5 @ nNew host alant for this aphic snecies.
In figeria veproduction in §L_93§Egjvong is by

2o sexual forms have beed ohsarvesd and SC

pathenogenasis.
all established populations consist. of Bolh pathenogenic
1378).

viviparous alatae and apterac (Misari,

&, (a) g§§112£§§j RELATIONSHIP
{b) gEST/BISEA@gﬁg}ﬂﬁT RELQ]Egﬁgﬂig
of aphids have bee

e nutrient sap streant in

n romarkably adapted

The moutihparts
to pierce nlant surface and suck th

The foading of aphids on plants <an

the phioed sieve tube.
arts of the host

n nutrients froo other »

cause a grain i
gested that aphids can

plant. vonnedy and Strayab (1953) sug

cause thc leaves 09 which they

arc feading to act as a "sink”.

This may cause premature senescence of the leaves from where

the nutrients are being drained.
ay a vavy jmoortant

The

siany insectis act as vectors and ol

role in the gransmission of niant pathogenic orqanisms.
o the aphids

cctors of plant viruses are amon

largest aumber of v

1963). Transwission of nlant viruses by aphids

(Haramorosch;
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tartin. (1959)%

(1958) 3roadbent and
spnetic

Kennedy (1560): Po
(1962) .

has been reviewed by Smithn
Kennedy et al. (1959): aroadbent (1960):
yatson, (1960). Carter,

and Harris and dMara

(1961)" Kennedy et al.

(1960)
vatson and Plumb, (1972)5 morosch (1977).
finhid - borne yiruses ave cransmitted either in a persistent,

seni-persistent or non-persistent manner (Watson and plunb,(1972)-
Hull and Adams, (1968) reported that they transnitted the aroundnut
RV) by sap transmission mothod. However. Rossel .

rosette virus (6
tative isolates of t

twenty represel he groundnut
found that tne virus
-

host plants he

(1977) working with
rosette virus in northnern iticeria. was not sap
ndaut or to various

transmissible. either to grou
inoculated. A1sO contrary to Okusanya and Matson's {1960) findings,
leaves of phenopodium snD:

there vere no local lesions O inoculated
and systenic infection did not cevelep when soyabean was inoculated.
These rocent findings led Rosscl (1977) to conclude that the virus
was strongly persistent in its manner of transiission, and therefore:
unlikely to be sap transnissible. His finding tiat A. craccivora
once infected withh the virus remained infected +hroughout its life
supported the contention that groundnut rosette virus is 2 nersistent
virus. pepending O climatic conditions, the aphid can spread the

discase rapidly.
Africe was

The occuranct of the groundnut rosette discase in
reported by Zirmerman in 1907 (Rossel 1977). Storey and 30tt0m1ay(1928)
in Kenya and south ~frica were abie to transmit the virus by means of A.
In ‘igeria the discase was first reported and

1977).

craccivora as a vector.

described ovor fifty ycars ago (Rossc\

— ——s
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leaves . chloresis. green vein handing, rossic with dark
graoen istands and distorted Tcaves. In addition, plants
are stunted shoving rosetted appearance.
APHID COITROL |

The rethads smploved in the control of virus discases
of crop plants vary accordins to the manner in which the virus
is transmitted, Difforent tvpes of insecticides have becn
used tc control different tynes of virus discases on a wide
range of crops. ion-systemic insecticides extansively used in
agricuitural and borticulturai crops to contrel aphid vectors
of virus diseases often Tail vucause they are applied late in
the growing season whoa aphids have already introduced the
virus into the crop. Since it is impossible to obtain a total
aphid mortality, the feow survivors can build up their population
fast enough and svwread the diseass. This secondary spread can
be preovented by systamic insecticides, but primary infaction
by virus from outside sources camot Lo thus nrevented (Yatson
ani Plumb . 1u77). Control of awvnid transmitied vivus was
reviewed by Droadbent {(1J62). The use of granulatad systewic
insecticides for the coniroil of plant virus diseascs has
become increasingly diportant (Coch et al. 1283 Patkar ¢t al.
1969 Hassancin et ai. 15371 Oeting et al. 1578). SGranular

phorate and dimethoate wers respectively effective in controlling
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_ potato aphid and the leaf roll virus disease of potato

{Burt et al. 1960). ilyzus persicae Sulz: Hacrosiphum euphor-

biae Thomas; Aphis nasturtii Kalt; and Aulacorthum solaii Kalt.

were effectively controtied with granular disulfoton at 2 1b
a.i/ac. on potato (Pond, 1963). Soil application of 0.75kg
a.i/ha each of phorate, disulfoton or aldicarb was recommended
in Maharashtra, India for the control of the aphid; #. persicae,
jJassids, Amrasca biguttula biguttula (Shir). and thrips,

Caliothrips indicus (Bagn.) {Harcothrips indicus) on potato

grown for seed only (Awate et al. 1978). The recommended rate
at planting was effective in controlling the pests until
harvest. In Egypt disulfoton powder and granules proved to be

the most promising effective insecticide against Aphis gossypii

Glover and A, craccivora infestation on cotton (Hassanein et al.
1971). This confirmed the results of earlier workers such as

De Sauza et al. (1957) and Reylonds et al. (1957). The
organaphosphorus insecticide, schradan, gave good control of

- A. craccivora on groundnut for 14-21 days in pots and small plot
trials in Tanzania (Evans, 1954)., The spray application of the
aphicide menazon was found to give good control of the groundnut
aphid and consequently of the rosette discase leading to improved

yield and quality in groundnuts in Uganda (Davies and Kasule, 1964

-
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and Davies, 1975 a)}. The use of menazon as a seed dressing
in some field did nct, however, improve the degree of control
achieved. In another trial, Davies (1975 b) found that
menazon was the most effective insecticide overall in
reducing rosette attack. Endosuifon and dimethoate and, to a
Tesser extent, phosphamidon were also found to be effective.

In figeria, until recently, little attention was given to
the use of insecticides to control A. craccivora and the |
rosette disease it transmits. At Samaru, the use of menazon
seed dressing in pot trials gave most promising results,
providing excellent control of aphids for two weeks and also
to some extent reducing infection by the virus (Rossel. 1977).
Resultts of menazon applied as foliar spray in pot trials and
in field observations were not as good as those obtained from
the application of this aphicide as a seed dressing. ifetasystox
applied as foliar spray gave rather disappointing results,
while pirimicarb u.l.v. formulation applied 3 weeks after sowing

gave the best results in field trials conducted at tiokwa, Nigeria.
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MATERIALS AND HETHODS
TAXONOHY

Adylt apterous viviparous females of the groundnut
aphid raised on healthy groundnut cpedlings were collected,
etherised and placed. dorsal side up on a moistened white
£ilter paper in 2 petri-dish. sicasurements of the lengths
from the middie of the head to tihc base of the cawda cf
twenty aphids were taken using 3 micrometre cye-piece. The
latter was callibrated with a stage micrometre O give the
neasurements 8 millimetres.

Adult apterous and alate viviparous females of the
groundnutl aphid were transferred into 38 specimen tube
containing lactic acid-alcohoi. The procedures followed
for maceration, clearing. preparation of mountant and
mounting on microscope stides werce those described by
Eastop and van Einden {Eastop and van tmden, 1977).

Heasurements of the following appendages of mounted
specimens of both apterous and alate aphids were taken :

Cornicles (siphuncu1i);

Anternnal joints 111, IV and Vi respectively;

Hind tibias

Fore tibias

Fore tarsus.
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The number of rhinaria in alates werc also counted. For
each of the apterous and alate aphids twenty microscropic
slides were prepared. For each of the above appendages

the left and right appendages were measured and the mean
calculated for each specimen. Similarly the number of
rhinaria on the left and right 3rd antennal segments of each
alate was counted and the mean calculated.

The following diagnostically iimportant structures of the
aphid were drawn using a 'Wild ¥ - 20' microscope with drawing
tube attached.

{a) head with antennal segments I - III of both

aptera and alate;

(b) antemnnal segments I - VI of aptera:

{c} apical rostral segments of aptera;

(d}) abdomina of aptera and alate;

{e) cauda of aptera and alate;

(f} siphunculi of aptera and alate;

(g) forewing.

2. APHID REARING

The aphids used in this study were obtained from ground-
nuts and were identified as A. craccivora before being reared

in the laboratory. Both heaithy and viruliferous aphids were
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reared. Forty petri-dishes were used for the initial
rearing. A sheet of white filter paper was placed in a
petri-dish and the latter filled with Modified Houghland -
Snyder Culture Solution to the brim {Hughes and Hoolcock,
1965). Using 3 pair of forceps. ten groundnut leaflets were
carefully lowered on to the surface of the nutrient solution
with each leaflet having its under surface up. A humidifier,
fitted with a hygrostat, was used to raise the relative
huhidity to 50 per cent so that the nutrient solution would

not evaporate quickly. If necessary more solution was added
“ datly to maintain the Jevel in the petri-dishes.

One adult aptera of A. craccivora was carefully placed

‘on each groundnut leaflet using a fing, slightiy moistened
camel-hair brush, The petri-dishes were placed under
fiuorescent tubes so that the aphids received 16 hours of
artificial light per day. The following morning the adults
were transferred on to another set of groundnut leaflets in
petri-dishes. The nymphs produced by these adults in 20 out of
the first set of 40 petri-dishes were transferred on to young
and healthy groundnut seedlings planted in 12 small pots.
Fifty nymphs were put on each of the 12 seediings using the
camel-hair brush. These pots were then placed in an aphid~

proof cage. The cage was made from wood and black fine wire
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mesh with a dimension of 87 x 87 x 87 om supported onllegs
42 cm high. |

The nymphs from the other 20 petri-dishes ﬁere siﬁi!ar]y
transfarred on to young rosetted groundnut plants in 12 small
pots. Fifty nymphs were also placed on each rosetted ground-
nut plant. The pots were placed in another aphid-proof cage
complotely isolated from the first one- The nymphs in both
cages were allowed to mature. :

The above procedure of aphid rearing.was repe&ted S0
that adult aphids were continuously available. However, the
aphis were transferred on to young succulent seedlings every
fortnight so that they had contiruous access to succulent
foliage to feed upon. The method used to transfer the aphids
on to fresh groundnut seedling was by cutting the plant part
on which the aphids were with a pair of scissors and placing
it on to the fresh seedlings.

LIFE HISTORY

(a) WNymphal Growth and Development

Twenty adult apterae of A. craccivora were selected and
each was carefully placed on a groundnut leaflet in each of
twenty petri-dishes arranged as under the experiment on Aphid

Rearing {Fig.1). The time the adults were placed was recorded.



Fig. 1 Apparatus for the study of the nymphal growth and

development of the groundnut aphid, A. craccivora,
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These petri-dishes were numbered 1 - 20 and placed under
the fluorescant lighting assembly. The petri-dishes were left
over-night. The following morning the adults were carefully
removed, and the time noted. From the time of removal of the
adutts each leaflet was examined under a binocular sterco
micrescope.

Larviposition and the number of exuviaec observed on cach
leaflet were recorded. Daily counts of nymphs and exuviae as
well as removal of the latter were done. As soon as a nymph
became an adult, it was removed from the leafiet and the time
noted. This observation was continued daily until zach nymph
became an adult. The same conditions as described under the
experiment on aphid rearing were used in this experiment. This

experiment was repeated three times.

The cumulative mean number of exuviae.per aphid per day was
calculated and plotted against the mean age of the nymphs. The
mean age of the nymphs was estimated as the half-way time of
the period during which the adults were allowed to deposit
nymphs (Blackman, 1974). The mcan of the total development time
was calculated directly from the time of appearance of the adults

on the leaflets.



(b) Fecundity

' Twenty young and healthy groundnut seedlings of the same
age were raised separately in twenty small plastic¢ pots, and

the Tatter were aumbered 1 to 20. Twenty 4th instar apterous

nymphs of A. craccivora were sclected and one was placed in

each of twenty clip-on 1ecaf cages. Each cage was made of two
perspex rings, onc cnd of each was covered with a nylon mesh.
The two rings were held togethor with a small curl-clip. The
dimension of each cage was 1.0 cm thick x 2.0 cm diameter. The
cages were clipped on each of the twenty groundnut seedliings,
Only one cage was placed on a teaflet (Fig.2).

The dates when each nymph became adult and when each
produced its first progeny were recorded. Nymphs produced
were counted daily and carefully romoved with a fine camel-hair
brush, This procedure was done for each parent separately.
Adults were observed fgr larvi-position until they died. The
date when each adult dicd was rocorded. The daily temperature
and the daily pourcentage relative humidity were recorded using
a thermohygrograph. The following records were made : |

{2a) Total fecundity

(b) HMean reproduction rate (progeny/day) o

{c) Maximum reproduction rate {progceny/day)



Fig. 2. Experimental set-up to study fecundity of aphids.
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(d) Pre-reproductive period {(days)

(e) Reproductive period (days)

(f) Post reproductive period (days)

(g} Longevity after adult mouit (days)

The experiment was repeated using alate viviparous

. females and the above parameters were also determined. The
temperature and percentage relative humidity over which the
apterous aphids were raised ranged from 25.50°C - 35-25°C
and 63.00 - 90.00 respectively. The means were 27.96°C and
83.07 respectively (Appendix 9). The temperature and
percentage relative humidity range over which the a1atae.
were raised were 26.00°C and 76.00 - 90.00, while the means
were 27.27°C and 85.37 vespectively (Appendix 10). |
PEST/PLANT RELATIONSHIP AND PEST/DISEASE/PLANT
RELATIONSHIP

The experiment on pest/plant relationship was done in a
glasshouse. The mean temperature and mearn relative humidity
were 35.5°C and 65% respectively. Twoenty four clay pots were
filled with sterilised soil. Four seeds of groundnut were
planted in cach of the 24 clay pots. Superphosphate
 fertilizer was apptiad at the rate of 6.71g per pot {equivalent
to 94kg per ha}. After germination the seedlings were thinned
ta one plant per pot.
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The pots wore randomly scparated into eight sets of |
three pots each. Each set of threc pots revresented a
treatment.  Ten non-viruliferous nymphs of A. craccivora
per leaf werc placed on cach ¢roundnut seadling as follows

Se¢t do. Time of placercnt of aphids

Seedling emergencs

One week after seedling emergance
Two wecks after seedling emeraence
Threc weeks aftor seedling amergence
Four weeks after seedling emergence

Five weeks after seedling emergence

- o O B W R e

Six weclks after scedling emergence

8 Control - on aphids were piaced.
In the control lg of carbofuran was applicd at planting
to the soil in each of the thre: pots to prevent aphids
infesting the plants.

The offect of aphid infestation on growih was measured
by observing the nean height and the number of Tcaflets
produced at weckly interval., The plant height was measured
from the soil level in the pot te tihe tip of the youngest
Yeaf.

Tae mean plant height and the mean number of leaflets
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for each trecatment were calculated and the results were
statistically analysed.

On pest/disease/plant relationship, observations on
the different symntoms expressed by groundnut nlants affccted
by the rosctte virus were made both in the glasshouse and on
the fieid.
APHID COHTROL

Preliminary trials on the control of the aphid wore
conducted both in the glasshouse and on the field with the
following insecticides :-

{a) Carbofuran (2.3 ~ dihydro ~ 2,2, - dfmethyi S

boenzofuranyl methylcarbamate) as Furadan SG(E) supplied

by FMC Corporation. Agricultural Chemical Division.

{b) Disulfoton (o.c-diethyl - S-2- (ethylthio) - ethyl

phosphorodithioate) as

i. Solvirex SG(B) {Frumin G 6309, G 174) used at the
rates of 2.35 and 1. 18kg a.i. per ha respectively.
ii. Frumin AL(§) seed dreossing dust used at the rates
of 4% and 6% respectively. Both supplied by Sandoz
Limited (Switzerland).
(c) Phorate (o0.o0-diethy} - S - {ethylthiomethyl) phosphoro~
dithioate) as Thimet IOG(E) used at the rates of 4.70 and

2.35kg a.i. per ha respectively. American Cyanamid Company.
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(d) Pirimicarb (5.5 - dimethyl - 2 - dimethylamino -« 4 -
pyrimidny) dimethylcarbamatce} as -
i. JF 6611 40% coiloidal suspension used as a
1% and 0.5% slurry for seed treatment.
ii; JF 65612 10% colloidal susponsion used as a
% and 0.5% slurry for seed treatment.
fii. JIF 8117 1% granules used at the rates of 0.47
and (.24 kg a.i. per ha respectively.
iv. JF 6244 5% granules used at the rates of 2.35

and 7.18 kg a.1. per ha respectively.
i

v. Pirimor 50% ) dispersible powder used as a
19 and 9.5% slurry respectively.

AVl formulations supplied by Plant Protection Bivision:

ICI Limited (CGreat Britain}. Th2 acute oral and dermal

LDSO’S for the above Tour insacticides are shown in Table

1.

Two rates of application were compared for each of the
granular formulations. tach of the insecticides was weighed
and put in an appropriately labelled polythenc bag. As a safetiy
precaution, a gas mask and rubber hand gloves were used, and the
veighing was done in a fume cupbeard.

In the glasshouse experiments the granulas were placed in

& hole 5 cm away from the planted seeds in the pots and then
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Tabte 1

ACUTE ORAL AND DERPAL LG50'S FOR THE
INSECTICIDES USED FOR "PHID "CONTROL

(mg/kg)

INSECTICIDL ORAL LDy DERVAL LBg,
Carbofuran 8-14 (rat) 10,200 (ratbit)
pisylfoton 2.6 - 12.5 (rat) 20 (rat)
Phorate 2 - & {rat) 630 {guinea pig)
pirimicarb 147 (rate) -
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covered with soil, while they werc appliad along the sides
of the ridges and then coverad with soil in tha case of the
field experiments. For disuifoton (Frumin AL). which is a
seed dressing powder, 4g and Gg respectively were mixed with
1009 of seed in a gourd and shaken for three minutes. The
mouth of the gourd was covered to prevent the insecticide dust
from escaping.

The two colioidal tormuiations of primicarb were applied
as slurry. In both cases the formulations were Giluted to 1%
and G.5%. In both cases the seeds were soaked in the slurry
for one minute, ailowed to dry and then planted immeciately.
For pirimor 50% DP a 1% suspension was prepared in which the
seeds were soaked for one minute, allowed 1o dry and then
pianted immediately. -

Glasshouse Experiments:

Two glasshouses were used for the screenining of the
insecticides to control the non-viruliferous and viruliferous
aphigs. Clay pets were filled with soil and four secds of
groundnut varicty, Samaru 38, werc planted in each pot. 6.71¢
single superphosphate fertiltizer was applied te the soil in
cach pot in a hole 8cn away from the seeds. The insecticide
granutles were placed in a hole Som away from the seeds in each

pet and then covered with the soil. The plants were watered
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daily. There were four pots per treatment.

Fizla Experiments:

‘The screening of the insecticides to control the non-
viruliferous and viruliferous aohids in the field was done
on a plot 10m x 10m. It was divided into forty Z2.5m Tong
ridaes spaced Tm apart. A randomized block design with four
replications was used. |

Superphosphate fertilizer s anplied at the recommended
rate of 84 kg per ha (AERLS, 1577). The granular insecticides
werc applied into the soil along the sides of the ridges.
Four seoeds of groundnut variety, Samaru 33, were planted per
hole and spaced 23 ¢ apart along the ridges {AERLS, 1977).
During the dry scason the plot was watered daily. For both
the glasshouse and Field experiments, plants were thinned to
two per stand after germination.

The placement of adult aphids on the nlants was started
one wezk after germination. Ton adult aphids were placed in
@ach clip-on leaf cage using a moistened camel-hair brush.
The cage was then clipped on to the youngest opened grouncnut
leaflet with the half of the cage contatning the aphids
placed on the underside of the leaflet (Fig.3). As tii planis
increased in height. it became necessary te support them with

thick pieces of wire.
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Observations were made 24 hours after placing the
aphids on the plants. Aphids which were unable to move
normally when stimutated with the camel-hair brush were
classified as moribund., The numbers of normal (liva),
moribund and dead aphids were recorded. Tho percentage
mortality was taken as the porcentage of dead-pius-moribund.
Botl the moribund and dead aphids were removed from the cage
and the leafliets befors new ones were re~introduced to make
the number up to ten. The percentage mortality was
transformed to corrected mortality usinc Fbbott's Correction
Formula (Finny, 1971).

rosetted niant count was stariod as soon as the symptoms
appearcd on any one trecatment. fAny plant on which the
rosctte symptoms apncared or on which an anhid colony
developed during the course of the oxpariment was removed.
he placement of aphids on the nlanis was stonped six weeks

arter germination.



3
[

Fig. 3. Set up of the insecticide screenina experiment in the
glasshouse. (Note the clip-on leaf cages in which the
apihids were placed beforce the former were clipped on

the leaflcts).
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RESULTS AMD DISCUSSION

TAXONOHY

Results of the measurements of the body length,
antennae. siphunculi and cauda as well as their ratios
for the two morphs of the groundnut aphid are summarised
in Table 2 while details are shown in Appendix 1. Results
of the measuroments of antennal joints III, IV and VI, hind -
and fore-tibiae, forec-tarsi and the number of secondary
rhinaria on segment 111 of the mounted specimens of the
grouncaut aphid are sumcrised in Table 3. The details are
given in Appendix ¢.
Aptora:  The mean body length of the etherised aduli aptera
was found to be 1.84mm. The adult female, when alive, was
observed to be shiny black. In the prepared slige both the
siphunculi and cauda. as well as the dorsal part of the
abdomen were black. The piamontation of the abdomen extended
laterally to onclose the lateral sclerites and to oncircice the
bases of the siphunculi. The antenna. siphenculus, and cauda
were found to have a mean lénath of 1.164mm, 0.380mm and
0.281m» respectively. The antenna was 0,703 times as long as
the body. The siphunculus was 9.230 times as long as the body |

and 1.350 times as leng as the cauda. Antennal joints I, IV
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and VI neasured 0.321, 6.226 and 9.372mn long respectively.
The hind-tibia, fore-tibia and fore-tarsus were respectivily
0.955, 0.645 and 0.173mm long. Anternal joints I and I1 and
the apex of ¥ and the whole of VI were observed te be black
whercas jeints TEHL, IV and the rest of ¥ were nale.
Alate. The mean body longth of the etherised adult alate
was Tound to be 1.740mm. Live adults werce observed to b black
but not as shiny biack as the avterae. In the mounted specimen
each of abdominal tergites was observed to bear a black
transverse bar. The lepgths of the siphunculus and cawda vwere
Touna to be 0.200 and 0.210mm raspectively. The siphunculus was
0.183 times as long as the body while it was 1.267 tines as
tong as the cauda. Antennal joints 11T, IV and VI wers
respectively 0.238, 0.231 and C.418mm long. The lengths of the
- hind=tibia, fore-iibia and fore-tarsus were 0.8G63. 0.643 and 0.112
nn respectively, The mean number of secondary rhinaria on antennal
seqment I11 was .184. There were no secondary rhinaria on
segments IV and V. The antennae were dusky to dark in colour,
but segments I1I to base of V werc observed to he naler than
I1.I1 and YI. The diagnostically imporiant features of the aphid

as shown in Figures 4 - 14,
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Tahle ¢

LEASURENRITS OF BODY LENGTH, ARTERDA,
STIPRUSICULUS AND CAUDA ARD THEIR RATIOS
FOR AL CRACCIVORA (mm)

Aptera Alate
Body _ 1.643 5 1.740
Antenna | : 1.164 . -
Antenna : - 0.70% | -
Body '
Siphunculus f"“ o 0.380 0.255

Siphunculus
SR 0.230 0.183
cauda C 0.28) ' 0.210

Siphunculus ' _
Tauda . 1.350 7.267




NEASURENESTS OF ANTERRAL JCINTS III, IV
HIHD-TIBIA, FORE-TIBIA AWD FORZ-TARSUS AlD THE

Table 3

MUTDER OF SECOMDARY RMIJIARIA OF A, CRACCIVORA. {mm)

Measuremont

Aptera

Antennal Joint 111
Anfennai Joint IV
Antennal Joint VI
Hind-tibia
Fofe"tibia
Fore-tarsus

No. of rhinaria

0.321

414
.883
653
112

5.184



3" antennel segment

APTE ROUS
3% antennal segment
Secondary rhinarsa
4
ALarTe
Fig. 4. Head and antenna of apterous and alate viviparous

females of A. craccivora. (llote the scecondary

rhinaria on the 3rd antennal secment of the alate.)



Antennal segments I - IV of apterous vivinarous

femal: of A, craccivora.



Fig. 7. Apical rostral segments of apterous viviparous

temale of A. craccivora.



Fig. &,

Abdomina of apterous viviparous female of

A. craccivora,



Fig. 9. Abdomina of alate viviparous female of A. craccivora
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Fig. 10.  Cauda of aptcrous viviparous female of A. craccivora.



a0 -

Fig. 11. Cauda of alate vivinarous female of A. craccivora,



Siphunculus of apterous viviparcus fomale of

A. craccivora.



02

Fig. 13.  Siphunculus of alate vivinarous female of

M. craccivora.



Fig. 14. Forewing of viviparous female of A. craccivora.
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These rosuits are similar to observations made by othor
workers on A. craccivora. Jones (1357) Tound the lengths as
1.696m for the aptera only while Eastop (1061) gave a ramge oF
1.50 - 2.00m: for both aptera and alate., Cotticr (13323) gave
the body length as 2.00mm and 7.5%0mm for the aptera and slate
raspectively. The wiper differonces raported by workers could
arise irom a number of factors. These inciuded tho creps and
their varieties on which the aphids were raised, Tight,
temperature and relative numidity under which the aphids were
reared.  These factors are known to affect tie vevelopment of
the aphids resulting in the differences ig siza. Jongs (19€67),
vworking with two clones of A. craccivora, one frem digeria and
the othar fro.. Kenya, vound somc divferences in the langths of
some appendages cf the same clone raised on groundnut and ¥.
faba respectively.

The Tenaths of the siphunculus, hind-tibia, fore-tibia and
fore-tarsus are comparable to thosc obtainéd by Jonas {(1947)
{Tables 4 ans §). Similarly the Tengths of the antennal joints
IIT1, IV and ¥I are comparable to those reported by Cottier (1953)
and Joes (1957). The ratios of the various appendages obtained
in this study agreed witn those obtained by Cottier {1953) and

Easiop {1961 )(Tables & and 7).
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Table 4

COMPARISON OF THE (EASUREXENTS OF VARIOUS APPENDAGES
OF ADTEROUS VIVIPAROUS FEVALE OF A, CRACCIVORA OBTAINED

Iii DIFFERENT STUDIES (mm)

Antennal Joint Tibia Fore cs
Author T 17 VT §inc ™ Foré Tarsys o lphunculus
08" ca0 o020 e3mt - - - 0.3%0
Jones
(1967)  ©.272 0.175 0.33% ©£.908 0.642% 0.V12* 0.33¢

l

Prosent - :
Study 0.321  0.226 0.372 0.965 0.645  0.113 0.380

* Aphids were raised on V. faba



Table 5

COMPARTSON GF THUE NEASUREHENTS OF VARIOUS
APPENDAGES OF ALATD VIVIPARGUS FENALE OF

. CRACCIVOPA OBTAIMEG Ti LIFFERENT STUDIES (sws)

utior Antennal Joint Titia tore Sipun- HNo.of

Pl I4Y ¥ Hind rore tarsus  culus Secondary
riinaria

Cottier

(1953) 0.2%0 ¢©.220 0.3%30 - L - 0.300 37

Jones '

(1967) 0.267 0.201 0.3%8 0.300 9.682% 0.712% 0.222 6.090

frasent

Study ¢.288 0.231 6.414 G.833 0.853 0.71iZ (.285 5.18%

*fiphids were raised on V. faba
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Tavle

&

COUPARISON OF THe RATICS OF VARIOQUS APPENDAGES
Ri'D BODY LENGTHS OF APTEROUS VIVIPAROUS “EMALE
OF A. CRACCIVORA OBTAIMED IN DIFFERENT STUDIES

Ratio Cotticr (143) Eastop (1961) Prescnt
Study

Antenna 65 1. 702

oy 0.600 3.687 €.70%

Sighugcums 6.190 0.143 - 0.250 0.230

3ighunculus 1.810 1.400 - 1.800 1.350




. 48 -

Tabie 7

COPARISOII OF THE RATIOS OF VARIOUS APPERDAGES
AND BODY LINGTHS OF ALATE VIVIPAROUS FERALE OF
A. CRACUIVORA OBTALNLG 1IW QIFFERENT STUDIES

Ratio _ Cottier (133 Eastop {-1961) Prasent
' Study
Siphuncylus ¢. 158 0.111 - 0,382 .133
ody |
Siphunculus

Cauda 1.580 O 1.330 - 1.750 1.267




LIFE HISTORY

(a) iympnal Growth and Bevelopannt

A summary of the cumuiative mean of exuviae per nymph
for each of the thred aexperimenis i1s shown in Table &,
Detailed results arc shown in Appandices & - 5. Table 9
shows the mean «Jdaiiy temperature (OC) and tha mean percen-
tage relative buoidity over which the experiment was
nerformed.

An almost linear relationship between the mean number
of exuviae praducec daily anc the mean ase of The aympls was
observed with ¢ regression co-o-ficient (r) = 0.9287 (Fig.15).
The complote regression analvsis is shown in Anpendix &.

From the regraession equation {y= 5.556 + £.025 x) the
mean duration of instars 1 - V is calculated avd shown in
Tabie 10. The average instar iencth is 40 hours ang the
aunber of tnstars is five. The mean of todal cevelopment
time from birth to maturity on the groundnut loefliet vias 165

hours.



Table &

Time Cumulative fean of Exuviae per iymoh Viean
pt. T Dot 1T TERpL, -
33 0.43 £.02 0.2¢ 0.248
57 .17 .58 56 0.8%
a1 1.7¢ 1.02 1.63 1.4%
105 2.36 1.7C 2.28 2.1
129 2.86 c.15 2.92 2.5%
152 3.65 2.41 3.53 3.20
177 .00 3.3 Y 17 3.84
201 4,38 - 4.92 4.65




. &}

Table 9
GEAN DAILY TEMPERATURE (°C) AMD MEA DAILY (%)
RELATIVE HUMIDITY OF NYFIPHAL GROWTH AMD DEVE-
OPMENT OF A. CRACCIVORA

Tine %-iean0 Daily
{hours) _ Temp. (°C) % rh.

33 27.75 85.25

57 27.00 83.50

8 26.75 90. 00
105 £7.20 37.00
129 . | i 86.50
153 | C 31.45 $6.90
177 | 27.55 81.50
201 . 27.50 89.50
tiean - 27.85 86,66




Fig. 15.  Graphical representation of nyimphal development of

. craccivora based on the mean numbers of exuviac

produced cach day.
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Table 10

HEAM DURATION (HOURS) OF INSTARS
I -V OF A, CRACCIVORA

INSTAR DURATION (HOURS)
1 62
1 . | 102

nr | 142

Iv _ 182
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The fact that an almost linear felationship of the nymphal
development, based on the mean numbers of exuviae produced daily, |
was obtained indicated that the instars were all about equal in
length (40 hours). The straight line did not pass through the
origin as indicated by the value of .'a“(-0.55) from the regression
equation. Hence the first instar took lornger time (62 hours) to
develop than the subsequent ones. This confivmed the results

~ obtained by Radke et al. (1973) who found that in general the

First instar of Aphis craccivora was the iongest.



(b) Fecundity
The reproductive life of apterous and alate viviparous

females of A. craccivora is compared in Tablc 11 and Fig. 16.
Appendices 7 and 8 show the detailed results of the fecundity
of the two morphs respectively. The apterous aphid produced
a mean total of 54.40 offspring while the alate produced a
mean total of 22.95 offspring in 15.50 and 9.25 days respec-
tively. Thus 31.45 more offspring were produced by the
aptera than by the alate.

The aptera began reproducing within 0.95 days or 22.80
hours of the adult moult whereas the alate did not start
reproducing until 2.10 days after the adult moult. Longevity
of the anterous and alate aphids after the adult moult was
17.85 and 11.65 days respectively.

The mean reproduction rate of the aptera and alate
were 2.47 and 1.35 progeny per day respectively. Foreover
the aptcra had a higher maximum reproduction rate of 6.00

progeny per day than the alate which had only 2.90.



- 5 -

Table 11

COMPARISON OF THE REPRODUCTIVE LIFE OF APTERQUS
AND ALATE VIVIPAROUS FEMALES OF A. CRACCIVORA.

Aptera Alate
Total Fecundity 54.40 22.95
Mean reproduction rate (progeny/day) - 2.47 1.35
Maximum reproduction rate (progeny/day) 6.00 2.90
Pre-reproductive period {(days) 0.95 2.10
Reproductive period (days) 15.50 9.25
Post-reproductive period (days) 1.40 0.30
Longevity after adult moult {(days) 17.85 11.65




Fig. 16. Fecundity (number of offspring produced per day) of

apterous and alate viviparous females of A. craccivora,
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The reproductive period of the aptera was longer than

that of the alate. This was in contrast to the findings of

- Elliot and tic Donald (1976) who foand that apterous

A. craccivora produced more offspring in a shorter time than |
alatae. In their experiment the aphids were arcared on mature
tecaves of broad bean Vicia faba L. (cv. Coles Dwarf) at a
temperature of between 21°C and 31°C. 1In the present study
the aphids were reared on groundnut at a temperature range
of 25.75°C and 31.927C.

Alatae did not settle down to feed and reproduce until
2.10 days after the aduit moult. This is similar to the
results of Elliot and Mc Donald (1976). Also in their work
they found that alatae lived longer than the apterae, whereas
in this work api@rae lived longer than the alatae. Similarly
the maximum reproduction rate (progeny/day) was higher for the
apterae than tho alatae.
PEST/PLANT RELATIONSHIF AND PEST/DISEASE/PLANT -
RELATIONSHIP o

The mean plant height per week and the mean increase in
plant height per week in the different treatments are ishown in

Table 12. Table 13 indicates both the mean number of leaflets
per week and -the mean increase in the number of .leaflets per

week., Statistical analysis of the results showe& that there
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were no significant differcnces in plant height and
number of loaves respectively between treatments, weeks
and replications (Appendices 11 and 12).

The chlorotic ang green rosetic symptoms were seen
on plants in the ficld and were also transmissible under
controlled conditions. However. there were more groundnut
plants with the green rosette symptoms than the chlorotic
in the field. Figures 17 - 21 show the different rosette
symptoms as seen in the field and under glasshouse

conditions.
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Table 12

MEAN PLANT HEIGHT PER WEEK AND MEAN INCREASE IN

PLANT HEIGHT PER WEEK {cm.)

Timc of placement of aphids

Mecan Plant height

per week (cm.)

hean Increase in Plant Height per week (cm)

1 2 3 4 5 6 1 2 3 4 5 6
Seedling emergence 6.17 8.87 12.50 14.23 16.66 18.17 - 2.70 3.63 1.73 2.37 1.57
One weck after seediing .
emergence 6.93 10.90 12.83 14.73 16.97 18.27 - -3.97 1.93 1.9 2.2 1.30
Two weeks after seedling
energence 6.63 11.50 13.17 14.43 16.00 18.17 ~ 4.87 1.67 1.26 1.54 2.17
Three wecks after seadling
emergence 5.67 11.67 13.93 14.43 16.97 19,66 -  6.00 2.26 0.50 2.5% 2.03
Four weeks after seedling .
emergence 6.00 10.47 12.27 12.90 13.90 16.50 - 4.47 1.80 0.63 1.00 2.60
Five weeks after seedling
emergence 5.30  8.17 9.77 11.33 13.33 15.33 - 2.87 1,60 1.5 2.00 2.00
Six weeks after scedling :
emergence 6.93 12.53 15,17 15.77 16.60 18.10 . - 5.60 2.64 0.60 0.83 1.50
Control - no aphids were
placed. 7.00 13.3015.93 17.17 18,50 19.50 - . 6,30 2,63 1.24 1.33 1.00
S.E.d .68 1.02 1.16 1.41 1.61 1.8
N.S.  M.S. N.S. WN.S. NS, NS,
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Table 13

MEAN NUMBER OF LEAFLETS PER WEEK AND MEAN INCREASE -
IN MUMBER OF LEAFLETS PER WEEK _ .

Time of placement of aphids Hean number of Teaflets per week ‘ean Increase in number of lcaflots per week
Heeks Heeks
1 £ 3 & 9 6 1 ] 3 & 9 b
Secdling emergence | 6.00 9.67 11.33 12.67 14.33 18.00 - 3.87 1.66 1.3¢ 1.66 3.67
One week after seedling ¢ - Jou
emergence $.67 12.00 14.00 16.33 20.00 1%.67 - 5.33 2.00 2.33 3.67 0.33
Two weeks after seedling
emergance 6.00 12.00 15.33 17.67 18.33 32.33 - 6.00 3.33 2.34 0.66 4.00
Three weeks after seedling
emergence 5.00 10.00 13.00 16.00 18.67 22.00 - 5.00 3.00 3.00 2.67 3.33
Four weeks after seedling .
emergence 5.67 9.33 13.00 16.00 20.67 21.33 - 3.66 3.67 3.00 4.57 0.6%
Five woeks after secediing
emergence “4.00  7.33 10.00 12.33 14.67 16.57 - 3.33 2.67 2.33 2.3% 2.00
5ix weeks after seedling .
emergence 5.67 10.33 13.67 16.67 20.67 20.23 -~ 4.66 3.34 3.00 4.00 0.34
Control - no aphids were placed 6.57 13.67 19.00 21.00 27.00 29.00 - 7.00 5.33 2.00 6.00 2.00
S.E.d 0.87 1.36 1.5 2.05 3.30 3.50

N.S.  N.S. RS, N.S. N.S.  N.S.
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Fig. 17. A field of groundnut crop heavily infosted with both

the grecn and chilorotic rosctte viruses.



Fiqg.

18.

Green and chlorotic rosctte on groundnut plants. On
the teft is a plant with typical areen rosette symptoms,
while on the right is a plant showing chlorotic rosctte
symptoms. (Note the distortion of leaves in both cases,
the mottling of leaves in the plant on the right and

the stunted growth of the onc on the loft.)



Comparison of a hcalthy groundnut plant with those

affected by the green ancd chlorotic rosette viruses.
(Note thc more stunted arowth of the plant affected

by the green rosette virus).



Fig. 20. Groundnut plant in pot showing thc creen rosette
symptoms. (Mote the stunting of the plant and small

Teaflets).



Fig. 21. Groundnut plant in not showing chlorotic rosette
symptoms. (ifote the mottlina of youngest leaves,

chlorcsis and vein banding mosaic).



The differeonces obtained in the twe growth charactoristics
are insionificant. It is appareat thai ti aphid pepulation
prassure on the nlents was too low to cause significant
differances in plant height and nurbor 6F loaves between treat-
ments.  Thereforc feeding of ten aphids ner icaf had no affect
on the growth of the plants. It was sbsorved during the course
of the expariment that rany of the aphids either doveloned wings.
and migrated or dicd as the plants became older. Yavock (1277},
studying the offact of rosctte disease on qrowth characteristice
of groundnut in figeria, found signiticant differences in plant
height, number of Teatlets and dry wativy accmuliation, among
other growth characterstics.

The chlorotin and areen roscittc sympioms observed conformed
to those described by cdtdicr workers such as Storey and Rayland
{1957}, Hull and Adams {1988}, Klesser {1968), Misari (i975) and
Rossel (1875},

APHID CONTROL

The mean percentase mortalitios of the non-viruliferous
aphids up b0 3% days after treatment yHith the various insecti-
cides are shown in Tables 14 and 15 for thz ¢lasshouse and
field exporiments resp=ctively. The data obtainad on observations

with rosetied plants are susmarized in Tables 16 and 17.
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Twe colloidal formulations of pirimicarb (JF 6611 1% and 0.5%
and JF 6612 1% and 0.5% slurry) werc climinated from the cxperiments
as aphid colinics developed on plants trcated with these insecticides
after one weck of aphid introduction.

At both dosages the mean percentage mortalities of thc non-
viruliferous aphids werc morc than 90 in all treatments except the
contral (Table 14 and 15). Onc hundred per cent mean mortality was
observed in the casc of pirimicarb granules (JF 6244) at 1g per pot
and disulfoton sced dressing powder (Frumin A1) at 4g per 100kg seeds

(Tablc 14).

In the glasshousc cxperiment only phoratc granules (Thimet 10G)
at 0.5g per pot was ablc to protect the trcated plants from the
rosctte discase. Al1 the four plants trecated with granular disul-
foton (Solvirex 5G) and thosc treated with granular carbofuran
(Furadan 5G) and dispersible powder of primicarb (Pirimor 50 DP) as
well as those in the control developed the rosette symptoms. In the
casc of pirimicarb granules (JF 6244) only two out of the four
trecated plants showed the symptoms of the discasc, whereas three
developdd the symptoms in the case of disulfoton sced dressing
powder (Frumin AL) and granular pirimicarb (JF 6117)
treated plants (Tablc 16). The number of days it took

the rosette symptoms to appear in the plants treated with the
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Tablc 14

MEAN PER CEMT MORTALITY OF HON-VIRULIFEROUS
A, CRACCIVORA IN THE GLASSHOUSE EXPERIMENT

tean % mortality of aphids up to

Chemical _ 35 days after treatment
1.00g/pot 0.50qg/pot
solvirex 5600 97.79 - 94.76
Carbofuran 5G 99.07 99.05
Thimet 106(%) 96.99 99.90
Pirimicart JF 6244  100.00 | 99.86
Pirimicarb JF 6117 96.72 ~ 9g.21
Frumin AL (R) 99.81 100.00
Control 20.00 52.63

1 Used as a sced dressing at the rates of 69/100kg seceds and

4g9/100kg seeds respactively.



MEAN PERCENT TIORT
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Tablz 15

ALITY OF HOM-YI

R, CRACCIVORA IR THE FIELD EXPER

RULIFERCUS
TENT

tican % mort

- .

ality of aphids up Lo

ezl 36 days after treatment
1.00a/stand 0.50g/stand

Salvirex iﬁ(ﬁ) 95,36 $5.50
Carboturan 8& 90,21 g4, 50
et 106 & 45.51 92.00
pivimicarh oF 6244 a5.57 56.14
pipimicary oF 6117 89.36 32.79
oirimer 50 07! () . 82.71
e aL <0 2) 99.43 08.36
Contro? 0.42 21.43

e ————— T

'; f
{uscd as a 0.5% sturvy.

2 ysed o8 a sead drossing at the raics of 69/100:¢

ccads and dig/100!

(g scids respectively.
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Tablc 16

NUMBIR OF ROSETTED PLANTS ABE DAY TS THE APPEARIMMCE
OF THL ROSETTE SYHPTOM (D.A.R.S.) IM THE GLASSHOUSE

EXPERINETT
i Flant Discase Score B.AR.S.

Chomical o, U.50a/pot T 00G/p0¢ D 50g/n6t T.005/po¢

solvirex 56( ] 1 24 25
. 1 1 . 28 26
3 ] ! 23 20
4 1 0 28 -

Carbofuran 56 | ] 3 25 20
2 1 0 28 -
3 1 0 24 0
8 ] 1 24 24

Thimet 106 &9 1 0 0 i} -

| 2 0 1 - 24

3 0 1 - 24
4 0 0 - -

Pirimicarh 54

(JF 6244) 1 1 1 24 15
2 0 0 - -
3 0 1 - 20
4 1 0 25 -

Pivimicart 16

(JF 6117) ] 1 ] 17 19
2 0 1 - 1%
3 1 1 27 23
4 1 0 35 -
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Table 16 (cont'd)

Pirimor 50 DP](E}

1 1 0 13 -
2 ] 1 2L, 19
3 ¥ 1 21 24
4 | 0 15 .

Frumin ALSH‘»Z ®)

(50% w/w) i 1 1 24 20
2 0 1 - 19
3 1 0 33
4 1 0 31

Control ] ] 1 11 T
2 1 1 10 14
3 1 1 1 N
’ ! ! 13 13
T uscd as a 1% and 0.5% siurry.
2

Uscd at the rates of %g/100kg seeds and

5q/100kg sceds resnectively.
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Table 17

OF ROSETTED PLANTS AiD DAYS T9 THE APPEARANCE
ROSETTE SYEPTOH (B.A.R.S.) I THE FIZLD
EXPERTHENT

MUMBER
OF THE

s

Plant Discase Scora D.AR.S,
No. G.50a/stand 1.000/stend 0.50g/stand 1.00a/stand

Chemvical

selvirex 5608 4

1 1 &2 23

2 1 1 3t 33

3 1 1 17 23

e A B0 - -
Carbofuran 5G 1 1 1 23 2

2 0 - -

3 ] 23 -

o 1 1o 25

Thimet 106 W° 1

DO D e OO
w
=}
)

i'0 GERMINATION

Mrimicart 55
(IF 6294) 1 1 1 79 18

2 0 G - o -
3 ] i 34 34
4 1O GERMINATION 1 MO GERMINATION 32

Pivimicarh 18
{JF &137) 1

27 18

w
O =D -
QO e D =
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Table 17 (cont'd)

Pirimor 50 DP] (2)

1 1 ] 13 24
2 1 0 21 -
3 ] ] 19 29
4 1 0 20 -
Framin AL s0° (R 4 1 0 20 .
2 0 ] . 21
3 0 1 3
4 ] 0 32 .
Control 1 1 1 12
2 ] 1 13
3 ] ] 13
4 1 1 10 13

! used as a 1% and 0.5% slurry.

2

used at the rates of 4g9/100k¢ seeds and 6q/100kg

seeds respectively.
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various insecticides range from 15 to 35, while it took only
10 to 13 days in the control.

At tho rate of 1g per pot or at 1% slurry, three out of the
four plants treated with granular disulfoton (Solvirex 5G) showad
the rosette symptom. This was the same in the case of pirimicarb
granules (JF G117). Only two out of the four plants treatcd with
1g per pot or 1% slurry of the other insecticides developed the
diseasec symptom. All the plants in the controi cxpressed the
rosctte symptome between 11 and 14 days after inoculacion with the
viruiiferous apnids.

The results of the field experiment (Table 17) showed that at
0.5g per stand or 0.5% slurry, all the four plants trcated with
pirimicarb dispersible powder (Pirimor 50 uP) and those in the
control expressed the ‘disease symptoms in 18 to 21 days and 7 to
16 days for pirimor dispersible nowder (Pirimor 52 DP) and the
control respectively. In the case of granular phorate (Thimei 10G)
treated plants, only onc out of the three plants became rosetted
after 32 days. For pirimicarb aranules (JF 6244) treated plants,
two out of the threc plants became rosetted. Only one plant out
of four expresses the rosette symptom in the casc of granular
disulfoton (Solvirex 5G) and carbofuran granules (Furadan 5C)

treated nlants.
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For granular primicarb (JF 6117} and disulfoton powder
(Frumin AL} trcated plants, two out of the four treated plants
showed the rosette symptom in cach case. The number of days it
tock for the rosette symptom to appear in the different treatments
rangaed between 16 tc 34 days except in the control which took only
7 to 10 days.

At treatment rate of 1g per stand oniy onc out of tha four
. granular phoratc {Thimet 10G) treatcd plants deveioped the rosette
symptoms in 18 days. WYhile three out of the four plants treated
with granular disuifoton (Solvirex 56} and threec out of the four
treated with pirimicard granules (JF 6244) developed the rosette
symptoms, only one out of the four granular phorate (Thimet 108)
treated plants showed the rosette symptom. In the cases of
carbofuran granules (Furadan 5G)} pirimicarb granules (JF 5117)
pirimicarb dispersible powder (Pirimor 50 DP) and disulfoton seced
dressing powder {Frumin AL) treated plants two cut of the four
piants G cach case deveiopud the diseasc symptoms. A1l the four
plants in the control showed the rosctte symptoms in 12 to 13 days
after inocudation.

The insecticides used in these experiments were praliminarily
applicd at the rates recommended by their manufacturers. A1l
except pirimicard JF 6611 and JF 6612 cach at 1% aad 0.5% slurry

seed treatment, gave effective control of the aphids up to 35 days
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after trcatment. This trial was dvfG]?owwup of the work done
at the Institute for figricultural Rescarch, Samary, Zaria,
Nigeria in 1977 to 1978 (IAR, 1978). The work indicated that
there was a possibility of controiling both thc aphids and the
rosette disease. The best rosults were obtained from disulfoton
used both as a seed dressing (Frumin AL) and as oranules
(Solvirex), (IAR, 1978). However, in the prosent work pirimicarb
- JF 6117 and Frumin AL gave the baest results in ferms of aphid
control. In terms of rosctte control Thimet 10G at 0.5g per pot
gave the best results while carbofuran 35G; Thimet 10G, pirimicarb &
5G.Primor 50 OP and frumin AL gave the best rosults at 1.0g per
pot.

In the case of aphid and rosctie control in the field,
the best results wore obtaingd from Thimet 1035, pivimicarb JF 6117
and Frumin AL at 0.5g per stand. At 1.0g pur stand Thimet 10¢ gave
the best results followed by Carbofuran 5G, Ririmor 50 DP and
Frumin AL,

Although these insccticides proved effective, all have very
fow oraij LDSO values except pyrimicarb which is a sclective
apnicida. It is not therefore safc to suggest the use of these
toxic chemicals by the unskilied groundnut farmers. It is

suggested that further trials be conducted giving special considera-
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tion to pirimicarb granules due to jts relatively higher
oral Ldyq value and specific aphicidal action.

The possibility of using carbofuran granules in large
scale mechanised farms as well as on Farm Contres could &lso
be investigated, as this formulation has tho higher dermal
LD50 valuez than the other insccticides tested.,  However, the
necessary safety precautions should he taken ip its use.

Control of foliar insccts with systemic insecticides is not
the final answer, sincu therc are s0il insect pests of groundnuts.
This aspect aiso ncads furthor investigations with a view of

evolving reccommendations for control of soil pests of groundnuts.
~This will go along way in increasing groundaut yields both in

guality and in guantity.
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CORCLUSIOH

Aphis craccivora is an important pest of groundnuts for two

reasons: (i) direct injury caused by aphids feedino of plant san,
young plants are specially very susceptible and (i) transmission
and spread of the qroundnut rosette virus the cause of 1975
enithytotic which severely afftctzd €.6 million ha of gqroundnuts
rasutting in an estimated yield Iqss of 500,000 tons worth about
one hundred million Haira.

Though this insect is reccanised as potentially the most
important pest of croundnuts in northern Niceria, little is known
about the biopomics of this oest and no work has Deen done toward
establishing its economic injury level.

Groundnruts are important to the economy of Nigeria and the
Federal Government through the Migerian Groundnut Board and the
States itinistry of fgriculture. is now engaged in a massive effort
known as “the Groundnut RBehabilitation Procramme.” One of the
main problems is the restoration of the confidence of the farmers
in the groundnut crep. To achicve this the risks associated with the
crop must be reduced. One important risk is the aphid, A. craccivora.

The present study is a modest effort to take a closer 1ook at
the different aspects of the biology and taxcncmy of the anhid in

Nigeria. The results of investigations on pest/damage relationship.
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SUMMARY

The groundnut aphid, Aphis craccivora Koch. (Hemiptera:

fphididae) is the most important pest of groundnuts in Migeria.
It sucks the plant juices and transmits the groundnut rosette
virus (GRV). The work reported here is a preliminary study on
the taxonomy and bioncmics of the insect. Possibilities of
controlling the insect and the disease it transmits with
insecticides applied as seed dressing and as soil granules have
also been investigated.

The adult apterous female ias a shiny black appearance,
the siphunculus, cauda and the dorsal part of the abdomen being
black. The abdominal pigmentation extends laterally to enclose
the Tateral sclerites and to cncircle the bases of the siphunculi,
The mean body length of the adult aptera was found tc be 1.64mm.
The antenna, siphunculus and cauda had average lengths of 1.16,
0.38 and 0.28mm respectively. The antenna was 0.71 times as long
as the body. The siphunculus was 0.23 times as long as the body
| and 1.35 times as long as the cauda. Antennal joints III, IV and
Vi were 0.32, 0.23 and ¢.37mm long respectively. The mean
Yength of the hind-tibia, fore-tibia and fore-tarsus was 0.97,
0.65 and 0.11mm respectively. The adult alate female was black,

but not as shinv black as the adult aptera. Each of its abdominal
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relationship are inconclusive and much mor: wdrk is required,
The oxperiments on control have indicated that seed dressing and
granular formulations of insccticices can be used o protect the
plants from aphid attack and the rosette diswass it transmits for
the first six woeks of crop life, thus significantly reducing
the risk of Joss of yield. This is an important aspect which neueds

to be further investigated.
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tergites was found to bear a black itransverse bar. The adult alate

female has a mean body length of 1.745me.  The mean lennths of the
siphunculus and cauda were 0.27 and 0.2Nmm respectively. The
siphunculus was 0,18 tines as long as the body and 1.27 tines as

ﬁw?ong as the cauda. The antennac were dusky to dark in colour, but
seoments 111 to base of V were paler than I, I! anc ¥1. Afntennal
joints III, TV and VI had an average length of .29, 0.23 and 0.37mm
respactively. Thz mean number of secondary rhinaria on antennal
segment III was £.18. The mean Tengths of the hind-tibia, fore-tibia
and fore-tarsus were 0.35, 0.67 and 0.11mm respectively,

The apiiid was found to have five:iostars with-armean totai
daveloprment time of 165 hours. The first instar was 42 hours while
the others were abput 40 hours each. The apterous viviparous female
had a total fecundity of 54.40 offspring, a mean reproduction raie of
2.%7 progeny per day and a maximum reproduction rate of €.00 progeny
per day. It had a pre-reproductive, reproductive and post-reproductive
periods of 0.95, 15.50 and 1.40 days respectively. The mean Jongevity
after the adult mouit was 17.85 days. The alate viviparous female
hiad a total fecundity of £2.95 offspring, a wean reproduction rate
of 1.3Y progeny per day and a maximum reproduction of 2.90 progeny
per day. The pre-reproductive, reproductive and post-reproductive
periods were 2.10, 9.25 end 0.30 days respectively. The mean longevity

after the adult moult was 11.65 days.
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The experimont on pest/plant relationshin was donc in a
glasshousc.  Groundnut souds were planted in clays pot . and the
seedlings thinned to on2 plant per pot.  The pots werc randomly
separatcd into cight scts of three pots wach representing a
treatment.  Ten non-vivuliferous nymphs of . craccivora per loaf
ware placed on cach groundnut secdling at weckly intervals beginning
from secdling emergonce to Six woeks after wecodling cmergence
respectively. In tho control g carbofuran was applied at planting
to the seil in cach of th: three pots e prevent aphids infusting
the plants. The effact of aphid infestation on growth was measured
by ebserving the mean hoight and thc number of leaflets produced at
weekly intervais.,  There was no significant diffoerence in terms of
plant height or numbor of leaves at Ehe Teve!l of anhid infestation
used.  On pest/diseasc/plant relationsiip, obscrvations made on the
different symptoms expressaed by aroundnuts affocted by the rosatte
virus rovealed that there vere boih the greon andschlorotit. rosette
symptoms in the glassnousc.and on the Ficld,  here were more grecn
than chlorotic resetted plants,

Preliminary trials on the control of the aphid were conducted
both i the giasshouss and on the ficld with seed drossing and
granular formulations of insccticides.  Virvlifcrous and non-
vireliferous . craccivora wera scharatcly used in the trials. The

insccticides wera applicd at two different ratcs.  Ten adult aphids
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were placed in a ¢lip-on leaf cage and the Taticr clippad on
to the young:st opened groundaut lcaflet with the half of the
cage containing the aphids placed on the undersidc of the leaf-
let. Obscrvations woere made 24 hours afier placing the aphids
on thi: plants. The aumbors of normal (1ive). moribund and dead
aphids wore rccorded. The porcentage mortality was calculated as
the percontage of dead-plus-moribund, Rosattud plant count
was started as soon as the symptoms eppuarcd on any one treatment.
The placement of aphids on the plants vas stopped six wacks aftor
germination. /11 the insccticides tested were offective in
controliing the aphids except primicarb 1% and 0.5% sturry socd
troatment.  The rosults on the control of the rosctic disease
were not conclusive, although Thimet 106 scoemed to give the bost

protcction against the virus infection.
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- ~pterous Slatc hmmoﬂo:w filete Sprerous SAlatt :mwumomM FJate mﬂwnxmmmorﬁmﬂa 3uﬁ@ﬁMMmr;~mnm Anterous Jtate N
T5.30 0.270 0.315 0.295 0.185  0.250 0.270  0.530 0.%50  9.310 S.830 G.690 0310 C.305 6.000
¢ C.A00  0.280 0.360  0.270 0.25C¢  5.215 G.370 0,310 0.990 0.88C 0.660  0.640 0118 0,110 5.500
3000.350 0.49% 0,250 0,300 0.226 ©.230 C.37% 0.430 1.020  0.920 O0.8i%  0.670 0.i1% 6,100 6.000
+  0.230 0.£30 0.25¢  0.335 G.18B (.250 6.350 0.435 0.570  0.%40 0.63%  0.630 6.116  0.120 .500
5 0.4600  G6.256 0.328 G278 0.235  0.23¢ 0.260 0.400 £.960 0.B850 G.60C 0,625 G110 0.120 -.000
& 0.350 C.285 £.335 0.305 0.205 0.25C 0.360 C.310 1.025 0.920 B.5845  0.670 0.110 - 4. 000
70,20 £.250 0.370 0.315 0.280 0.240 ©€.385 0.410 1.0 0.870 C.7450  0.83¢ £.1158  £.100 5.000
& 0.435  0.280 0.350  G.310 0.28C  0.2%¢ cut  0.410 1.125  0.905 0.7i0  0.855 0.120  0.115 5.000
 0.33%  0.290 0.350 0.29% 0.240 0.225 0.300 0.425 0.350  0.%00 0.885 0.67¢ 0.120 £.12C 5.000
i 0.3%¢ C.2¥C n2.255 0.300 0.210 0.230 0.305 0.430 £.3870  0.89%% 0.56C 0.865 2.100  0.i20 4.000
T 0,430 76 0.250 0.z9% 0.24 0.230 6.270 0.8%% ©.080 0.530 0.53 0,840 0110 0.12¢ 5.600
12 0.3 0,290 0.285 0 186 0.250 ©.33¢ G6.%10 0.800 0.910 0.500 C.700  0.110 C.13C  £.13n 5.000
13 0,385 0.280 0.340 0.276 0.245  0.225 ©.330 5.405 1.00 0.8%5 0.335  0.67C 0.100 0.115 6.000
it 0.430 276 0.35¢ 0.21% 0.270  0.240 C.420  0.205 1.08 0.850 C.c80  0.645 0.110  0.115 5.000
15 0.330  06.280 6.3z 0.285 0,235 0.250 0£.335  0.93% 0.970  0.900 0.670  0.670 0.120 0.116 5.000
1 0376 G.200 0.210 0.265 0.235 0.170 0.420 0.32¢ 0.950C 0,710 0.650 0.55C 0.115  6.3100 4.000
17 0.3%0 0.16C ©€.350 0.250 0.240 “ 0.400 - 1.03%8 - 0.38%  0.845 £.175 - §.060
16 0.37% 0.280 0.480 0.295 0.285 0.235 0.355  0.515 0.885  0.81% 0,606 Q.620 ©.105 - 5.500
v €410 0.260 0.390  0.280 0.245 0.215 0.440  0.510 1.005  0.875 0.655  G.640 0.120  (.305 3.000

0.-3¢  ©.285 0.3¢0  ©.300 0.%i5 - 0.420 ~ 1.515 D.620 - £.128 - -

0.3:0 0.265 0.321  0.2886 0.¢26  0.23%7 0.37¢ 0.0+ 06.865  £.883 0.645  0.652 0.113 p.n1f 5.18%
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fppendix 3 (cent'd
Total 54
EXUVI/E

PER NYHMPH

Cunulative mean of

exuviae/nymph
0.
o= Nympit A
E = Exuviae o
¢

=

L8]

56 40
G.71
1.19
rncd 1
Dead

Eag

-

57(4D) 37

—
i
L

88

O
.
(53]

o

o

30(20) 19

7
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Exuviac per

nymph
Cumulative mean

of exuviae/

nyrph

M

rn

Nymph
txuviae

0.02

0.02

mn o >
" n n

Adult
Dead
Eag

0.56

0.58

0.44

1.0

0.65

1.70

90

0.35

115

0.26

3.35
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rppendix 5 (cont'd)

Exuviac per

Ryimph 0.28 n.63 C.6¢ 8.70 £.6% C.61 N.6% 0.75
Cumulative mean

of exuviae/nympn £.23 0.96 1.58 2.28 2.32 3.53 5.7 1.22
g e ymph I = idult

£ & Exuviae © = [cad
e = Egg.



HEpendix &

REGRESS
HYMPHAL GROWTH

- 93

10N ANALYSIS OF THE RESULTS OF
AND GEVELOPHENT 0F

'

A. CRACCIVORA

e ——————————

nbservation ?&:;5 le mggg“ggtgzﬁviae X% sp = Xy Xp
per nymph (X)

1 33 1089 0.2433 0.0692 8.0259

2 57 3249 0.8933 0.7980 50.9181

3 g1 6561 1.4633 2.1412 118.5273

4 106 11025 2.1133 4.4660 221.8965

5 129 16641 2.6433 6.9870 340.9857

6 153 23409 3.1900 10.1761 488.0700

7 177 31329 3.8400 14.7456 679.6800

8 201 40401 4.6500 21.6225 436.6500
Total 936 133704 19.0365 60.9956 2842.7565
X K X2 K, sP = %y Xo




- 9 -

Correlation Coefficient (r) = 16 X34 K4 X3 X

2
i=i }
m .—//
;Jﬁi$§x1 = ¢f) 15522 - cf

vihere X1. X2

oo v
and X434 T (sP) = Sum product.

= (cf) = Correction Factor

r = 0gd2.7565 - (936 X 19.0365)

(133704 - L%ll ) (60.9956 - (6T)")
where _(GT)2 =% X = correction Factor
i N

r = 2842.7565 - 2227.270%

el.errs

Regression coefficient (b) = SPyx

55X
where x = hours
y = cumulative exuviac per nymph.
b = 615.436
chr

= 0.025



Regression.

y = aft bX

a = y-b

4 = 2.38 - 0.025 (117}
y = =0.50+ 0.025 (33) = 0.275

(57) = 0.875

(81) = 1.47%

(105) = 2.075

(12%) = 2.675

(153) = 3.275

(177) = 3.835

(zoy = 4.475

Testing for significance.
t = r - A= e
\JrTT“T;ZT

t = 0.9937 ./ 8-z

——————

109975
t = 48.06
From the tables t values at 7 degrees of freedonm
- 2.365 at 5% and
3,499 at 1%



H
pie)

6 -
Therefore since the calculatad value of £ is greater than
the value of t from the tables at 5% and 1% levels of

significance, the result is significant.



Fppendix 7 FECUNDITY OF APTERCUS VIVIPAROUS FEMALE OF /PHIS CRACCIVORA KOCH SET UP Of 23.5-80

HUMBER OF OFFSPRINGC PRODUCED DAILY DATE DATE  pRp!  ppl

mmmﬁ 1-5 2+5 35 §-6 5-6 66 76 8-6 -6 106 11-8 12-5 12-6 146 15-6 16-6 17-6 16-6 195 20~6 21-6 22-6 IATURER DIED  (CAVS) DAYS)
! , 2 ¢ 2 1 3 2 5 4 6 4 3 4 2 1 3 3 2-6-80 18-G-80 2 16
: mo¢ 3 2 o0 ¢ o2z 2z 3 5 3 ¢ 3 1 = R 3-6-80 18-6-80 2 15
3 5 ¢ 210 6 3 ¢ $§ 3 3 3 & 3 2 3 1 06 5 2-5-30 20-G-80 1 18
3 5 ¢ 3 ¢ 3 6 5 3 6 & 5 3 0 ¢ 2 & 2 5 1 1 1-5-80 21-5-86 1 20
3 5 05 § 7 7 8 3 7 4 3 2 1 1 2z 1 2 1-6-80 20-6-80 1 16
5 4 0 4 6 2 4 2z 5 8 & 4 8 3 3 & 2 ) 1-6-80 20-6-80 1 16
7 6 31 5 1MW & 3 6 & 3 2 3 6.6 1 1 2 2 . 2-6-80 20-6-80 © 19
5 4 6 2 3 9 7T 5 4 8 4 6 2 46 3 4 3 1 6 1 5 1 2 2-6-8) 22-6-80 0O 2
3 it 7V 4 oz s oz 1 a3 2-6-80 13-6-80 1 11
1> 0 ¢ 321 9% 6 5 % 3 2 5 2 2 2-5-80 15-6-8C o 13
1 & 6 5 6 3 3 1 &5 2 3 2 2 & 1 3 1 3 3 3-6-80 13-6-87 1 18
o1 7 816 06 2 2 2 9 5 1 0o 1 3 2 | 1-6-80 196-80 & 15
13 5 2112 s 2 4 ¢ 2 1 2 2 3 1 3-6-80 16-6-80 1 1%
¥ 3 03 3 3 3 3 2 = 2 1 1 3 5 2 1 1 1-5-80 18-6-80 1 18
i5 3 06 2 3 4 4z 5 3 7 2 3-6-80 13-6-80 1 1
¥ 6 5 4 3 5 2z 6 0 2 5 6 3 1 1 0 2 & 1 2-6-80 23-6-80 2 19
17 70 4 5 3 2z 1 9 ¢ 2z 2z oz 2 1 1 3 | | 1-5 16-6-50 1 16
14 5 6 ¢ 3 4 2 Z 1 2 1 1 1 2 1 1 & NM 6-80 16630 1 16
1 % 5 4 8 2 1 0 5 o5 8 ¢ '1.5-80 18-6-20 1 16
5 7 4 5 4 1 1 '2-6-80 18-5-80 1 12
U5 109 86120 86 56 51 64 8 81 52 &7 35 26 23 32 15 14 12 12 2 1-6-80 3-6-80 | 7
29 5.0 4.940063302.55 320250279 2.60 2.85 1,75 1.25 1.15 1.60 0.80 6.70 0.50 0.15 6.10 0.20 Total 19 310

.. e, .

ﬂ,ism roductive pe 3% " CRe v_,om:nﬂ:\m umEom -~ 3 Post-reproductive period q. S Reproductive period.



. - 03 .

appendix B FECUNGITY OF ALATE VIVIPARCUS FEMALE OF APHIS CRACCIVORA KOCH. SET SET UP 28-5-20 :

- RUWBER OF OFFSERIRG DATF DATE  PRPY  RP  pepS FECUN.

). €85 305 315 120 2-5 370 46 56 56 7-6 B-H 45 10-5 11-5 12- 13-6 146 T5-6 186-0 MATURED DIED (BAYS) {DAYS) (DAYS) DITY

ﬂ >4z 315 2 2 2z 11T 30-5-80 15-6-80 2 15 0 23
3 5 4 3 3 1 1 ¢ 3 1V 3 1 4 2 30-5-80 14:6-80 2 13 Y
3 2 1 1 3 5 &5 4 2 2 30-5-80 9-6-80 2 9 o 25
i 1 2 3 4 5 2 2-6-80 10-6-80 3§ N !
5 2 3 5 & 5 7 5 & 2 o 14680 10-6-8¢ 1 @ 0 39
& 6 1 2 2 2 o ¢z 2 3 {0 30-5-8G 9-3-80 2 9 0 20
7 1 2 ¢ 1 2 21 8 2 2z 3
& 1t 2 3 1 1 3 5 3 3 § 2 2 2 29-5-3" 15-6-80 4 13 1
5 12 & ¢ § 2 3 1-5-80 2.6-80 2 7 G 12
10 340 1 ¢ 5 & 2 1 6 4 2 2 2 1 31-5-8010.-80 2 15 0 37
1 18 1 0 4 1 1-6-80 9-6:50 2 & 1 13
i 2 32 1 2 8 2 s 2 2 3 4 2 31-5-80 14-6-80 2 13 0 35
13 P01 5 1-6~80 6650 2 4 O 2
14 24 3 4 2 4 5 5 2 & 3 1 1 1650 16-680 2 13 1 39
1 1 29 3 2 3 & ¢ & oz 0 8 73 31-5.80 16-6-2 2 11 1 28
i 2 3% o4t 3% 3i-5-40 5-6-80 2 s 0 14
17 330 5 ¢ 2 0 9 31 5-80 10-6-80 2 8 1 15
15 2 30 1 30-5-80 5-6-80 2 i 0 6
i 2 3 3 549 2 29-5-80 5-6-8C 2 & 9 5
25 A S S 2-5-50 5-5-80 2 & n 2
Total 2 17 25 4135 38 3! £8 47 5% 25 4 @ W78 5] 72 1185 6 459

C.b. 785128 2 S5 Le5 190065 2. 9923520 1.30 1.20 1.25 £.85 2.40 0,25 2.08 .10 6,25 0,30 22.95
'"Pre-reproductive perios. Peproductive period “Post~reproductive period “Reproductive rate .

i)
)
R
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Aggendix 9

NESH DAILY TEMPERATURE W'D MESH DALLY PERCENTAGE
PELATIVE HUMIDITY (% r.h) FAR FECUNDITY OF APTEROUS

VIVIPAROUS FEILE OF 7. CRACCIVORY
I R
oo A
29-5-30 27.25 T g2.50
30580 18,60 85.25
31-5-80 27.70 86.75
1-6-80 28.4% 84.95
2.6-80 27.95 85. 50
3-6-80 26.00 89.00
5-6-80 27 .45 a4.00
5-6-80 26.50 81.00
6-6-30 27.00 81.50
7-6-80 25.00 81.50
8-6-80 28,75 80.50
9-6-80 26.00 76.50
10-6-80 26.7C 8.00
11-6-80 26.25 89.00
12-6-81 26.00 90.00
13-6-80 26.50 89.00
1:-6-80 26.50 90.00
15-6-80 27.50 89.00
16-6-80 27.25 59.50
17-6-80 25.75 30.00
13-6-80 25.50 90.00
19-6-80 35.25 72.00
20-G-80 31.25 70.50
21-6-80 32.25 63.88
22-6-80 30.95 69.00

HEAN 27.96 83.07




16¢ -
P«Egndi x 10
MEAH DAILY TEHPERATURE NND fMEAH DAILY PERCEHTNGE
RELATIVE HUMIDITY (% r.h) FOR FECUMDITY OF ALATE
VIVIPAROUS FEMALE OF QL'CRACCIvORR

e ———

GATE WEAN DALY HERN DRILY
Tene. (7€) r.h. (%)
29-5-80 27.25 82.50
30-5-80 28.60 85.25
31-5-80 27.70 36.25
1-6-60 28.46 84.95
2.-6-80 27.95 85.50
3-6-80 28.90 89.00
4680 27.45 .00
5-6-80 26,50 84.00
6-6-80 2.0 31.50
7-6-80 28.00 31.50
8-5-80 28.55 80.5C
9-6-80 26.00 76.50
10-6-80 26.70 84.00
11-6-80 26.25 86.00
122580 26.00 50.00
13-6-80 26.50 85.00
14-6-80 26.50 90.00
15-6-80 27.50 ~89.00
16-6-80 27.25 89.50

MEAN 27.21 85.37

B
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Azpendix i1

STATISTICAL AMALYSIS OF THE RESULTS COF GROUHDHUT
PLANT HEIGHT PER MTeK. '

TABLE (i) Showing nlant height ver week of cach renticaticn (R)

Heak R} RZ R3 Total
1 12,80 4510 $3.00 121.90
2 73,589 £0.70 107.85 252.30
3 92.30 59.0 170,50 315.2e
G 102,26 109.3C 135.00 3427.00
£ 115.86 123.1¢ 138.70 386.70
& 128.4C 138.20 151,50 429,10
- Total 5&3.4n 598,30 740,80 1833.20
Correction Factor (C.F.) = (GT!Z
_ n
= (1893.20)°
144
= 26390,32 |
2 y
Total 8§ = ¥Xi" -~ C(.F.

= 193672.44

Repiication SS = Rig - C.F. I
58

= 555.00° + 599.30° + 740.50° - 24890.32
Lo

= 326,185



Heek

s 5%

TA3LE {i1) showing

it

i
-

162

C.F

7023.931

Py

totals of treatments and weoks.

ecks TREATHELTS
1 z 3 5 5 5 7 g
1 W50 0GR 1589 17.00 15,00 15,90 20.80  21.00
2 26.60 32.70  34.5C  35.5C 31.60 21.80  37.60  40.00
3 3.850 38.00 33.50  41.60 30.80 23.30  aB.BR 47.30
4 G2.76 4420 43.30 45.30  35.70 3«00 47.30 5150
5 49.9C 80,90 48.00  50.90  A1.70 40,00 49.80  55.50
5 5650 55.80  56.50  57.00  45.80  46.00 54.30  53.50

Total 229.70

215,10 185.70 255.3C

274.30C

Total SS of Table (ii) = Xi* -
3

Treatment SS

Treatment SS x

Error SS = 133

T3

= 2235.156

Vi

18

257,403

L4

T ———

HWeek S5 = 2335.166 -
= 58,338

356,136 + 2023.431 + 257,493 + 585.332

§72.64 - |
= 199646.0¢

i:.Ft

C.F.

{2023.137 + 251,203)
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ERETAtY I nmyoT
AHOYA L i

Source 4af 5% 188 F vatuzs

calculated Tabl:

Peplication 2 356,166 155,093 f1.57521G2 3.0%

Treatment 7 254,403 30,3835 3.4726175 2.1

[y}
b
-;‘
G
£
o
L8
—
T
[
[
G
£
]

Haeks 1.952258 2.30
Treat. x deoks 35 55,332 §.0606285
Error 95 194091,08 203.12851

Totul Bed 1U3072.454




- 103

hopendix 12

LI

CTATISTICAL SHALYSIS of TUE RESULT OF THE

MUFBER OF GROURDUUT LEAFLETS PER MEEK

Tabic (ii1) Showing rentications (R} and weeks.

e e e e T PR - —

R2 23 Total

L 52.00 YN 53.00 137.0C
74.G0 80.00 G3.00 253.00
03,00 ' 194,480 125.20 326.00

2
3
§ 115.00 127.09 144,00 386,00
5 137.60 166,00 155.00 363.00
6

158,060 163,00 190,20 505.00

Total 622.00 £75.00 777.50 2075.00




correction Factor {C.F.) = (e1)°
n
= (2075.00)°
= 20300.173
—r——
e L vil -
Ti)ta] :)S - 1-1 - . .
= 263054.6%
et
weriication SS = ai¢ - C.F.
o
. eopon® + 676,005 + 777 2 CLF
o ot
- 267.93
\ 5s Wi = GC.F
voeks SS = Mi LI

137.00% 4 253.00% + coroeenen 58068 - C.F.

H]

= 3924.402

i
———— e ——



TABLE (iv)

-

106 -

showing treatments and woeks.

TREAT

JENRT

UEEK L
1 2 3 & 5 5 7 3
1800 £0.60 38.00  15.00 17.60  1A.80 17.00 0.0

25,0
590
50
73,00

L

-y
oo Bl
o e

W R
o T
2

-

32.650
49,60
60.00
59.00

5. G0

0

00
02

e
:

30.00
39,06
48,00
L5.00

65,04

8.0%
39.00
G8.00
02,00

54.00

L N
Z2e.05

30,00
37.00)
21,00

55,00

31.00
41,00
30,00
G2.oc

G1.0G

Total 216.00

266.00

.00

254,00

208,00 185.C
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Total €S of Table (iv) = Xi'
3

Treatment SS = T7i~ - C.F.

"~

C.F.

o '} Q
e 215.09° 4+ 265.00% 4 urrrnnin + 319.90° . C.F.

Treatrent SS x  ieek SS
= 4956.18 - (3924.02% + 7635.104)

= a - -

Error SS = 2430%..50 - (257.S31+3924.1584759.1014232.60%)

= 237850.72
e
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AIOVA TABLE

source df S5 1185 F values _
caicuiated Table

deplication Z 257.%31  123.9955  5.05Q%Y 3.09

Treatment 7 783,106 11435771 D.045%15 2.16

tieeks 5 3326.452  784.8504  0.31019 2.30

Treat. x ldecks 3% 232,604 $.54583

trror 9% 23758072 2530.3268

Total 143 243064.82 |
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