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ABSTRACT

A prelimnary survey in some parts of Kaduna State nanely
Birnin Gnari, Funtua, Jemaa, Kaduna, Katsina, Wanka and Zaria
showed that nost vegetabl e crops were infested by Nel oi dogyne,
incognita except for Birnin Guari where Ml oi dogyne javani ca
was extracted fromthe roots of Ckra, H biscus escul entum

Ten different cultivars of Spl anum nel ongena were tested

for susceptibility against root-knot nenatode, M incognita

and Sol anumnel ongena var Zaria (SMZ-1) was found hi ghly

susceptible with root-knot index rated as 5.0 while Sol anum
nmel ongena Va. Ilorin (SM-1) was i mmune with root-knot index
rated O.

H stol ogi cal slides of infected roots showed danages done
to the cortical regions of the roots as well as parts of the
stel ar regi ons.

Four Neinaticides were tested for the control of root-knot
nenmat odes on eggplant. Basamd was feund effective but stays

too long in the soil and phytotoxio to. the plants. DD was

also very effective but it has adverse effect on mammal i an
health and also it's application requires great |abour and ,
skill fromthe farmers. Mycap was quite effective in the control
of root-knot nematode, but phytotoxic.to plants above recomrended
dosage.

xanyl was the nost effective conpound,in the trials in

terns of root-knot index and fruit yield increase, but it has

a high oral toxicity., though its dernmal toxicity is |ow
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CHAPTER 1

e e

1,  INTRODUCTION

The root~knot rematode, M:loidogyne species congtitute one of
the most important groups ¢f plant parasitic nematodes which infest
almogt every type of field orep, causing considerable losses in
yield, Staple food crops in the tropics and virtually all
vegetabler, fruit trees and ornamental plants grown in the
meditezraneah and pub-tropical countries are subject to the attack
of various species of “ais nematode. In temperate regions, crops
Erown even undqr glags hotge condit?rna may ﬂuffer damage due to
the infestation of several Meloidogyne species, In addition to the
d{;;cﬁ damage caused hy root-knot nematodes; many species have been
found. to predispose plants to the secondary infestations of
pathozenic fungi and bacteria,

The preblems caused by root~knot nematodes often start fronm
the se2dbeds. The seedlings are readily attacked by nematodes and
their roots develop the characteristic galls, This prevents the
normal development of the root aystem. Consequently, the transloca-
tion of watér and nutrients to the aerial parts of the plant is
hampered and the plant growth is retarded (Oteifa and wlgindi, 1962).
The reductions in yield due to the infestation of pests like nematod
in treyical countries have generated work on breeding especially
agalng% root—knot nematodes for the screening of resistant cultivare
in g number of crops like tobaccn, tomats, pepper, beans and cowpe

At presen't; becanse ~f limitec ~oeeamch in this area, few
nematode resistant varieties of plants are available to the Nigerian
farmers such as cowpea vi“%a-3. rort~knot resistant tomato, Roma ver,

Braces and Ronita. '
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Generally, control of root-knot nematedes is based on two principles,
First, to reduce damage in already infested fields and later
preventing further spread nf 2eratedes to non-infested fields
(Anon, 196%; Bos, 1978). To achieve these goals, cultural methods,
introduction of resgistant varieties and chemical sterilization of the
goil are being used.

Cultural methods usually invelve crop rotation, fallowing of
land, flooding, use uf organic manure, etc. These methods, however,
have thelr limitations becanse of the fact that very limited number
of acceptable non~nusceptible crops are available for inclusion in
the crop rotation cycle (3059 1979)

C/Falﬁow is combination with ¥epeated wirning over of the soil

may be suitable in certain pa ts of northern Nigeria where the lone
dry season and often very high n0il temperature ¢ n kill roet~knot
nematodes through dessication end heat, This practice is not easily
accepted by the f_a:rpers becausge of tie economic reasons.

Plooding as a means of controlling nematodes in soil is effectiv
under certain conditions, The floocing of seil during the wet season
in West cameroun hglped to contyol roct-knot nematodes (Praquin and
Marchand, 1970). Moregver. flooding of rice fields for three months
gave effective control of M. incegaitg for two following crops of
vageta.biea, ('I‘hamaa and Stoner, 1953). It has al'so been
obgerved that fields along the yivers and streams in northern
Nigeria which are abandomed fo- =ome portion of the wet season are
mogtly = ; Z:um free from rematodes (BDSJ 1979) «

In order to achieve effective control of root-knot nematodes,

flooding for twelve to twenty-iwo months ave required {Anon, 1968),
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This method of contrulling has great limitations because of the
availability of water and the length of time for which farmland
remains sulmerged in water. These conditions are not easily
acceptable to a farmer,

The uge of resistant varieties of crop plants is regarded
as one of the best methodg which is most economical and effective
for the control of nematodes, (fnon, 19683 Taylor 1971). This
is particularly true in developing countries where farmers are yet
to acquire sufficient skill in handling chemicals., Varieties
se%acted for thig purpoee mzst be resistant to specific nematode
up;Efea prevalent in the region besides having acceptable agronomic
qualitiea like early maturation periods and high yields,

Presently, Nematicides eve considered as the easiest and
quickest ways to control plent perasitic nematodes (Taylor and
Sasser 1978a). However, chemical sterilisation of gcil alene is
by no means the fir.al answer to {he eontrol of rcot-knot nematode.
Ooatenfbrink (1972) has suggestcd an integrated control method
combining the use of chemicals with proper crop rotation gcheme,
and introducing resistant varietiaa.

The Agricultural Extension and Research Liason Service (AERLS),
A.B.U,, Zaria recommended Nemagen 20 to the farmers throughout
northern Nigeria for che control ~f nematodes. However, this
nematicide has recently be~n rswnred from the market and
manufacturing digcontinued. Tais is because of its reported
linkage with male sterility. There same aleo reporis about the
possibility of carcinogenic, getiong of residues of the chemicals
in treated vegetables {4ron, 19?7)-

Because >f the above problam. the non-fumigant nematicides

have now been introduced into the market.
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This group comprises cheanicals having contact action and are known

to act gystemicelly in the plant. The non-fumigant chemicals are

of:hen applied in gramilated forms and have the advantage of low

phy totoxicity and volatility. However, they show high level of

toxioity in mammals.

Most of the work done on root-knot nematode in Vigeria is

reported from the Southern part of the ecountry. Moreover, no

investigations have go far been done on egg plant, Solamum melongen:

in this country. Similarly, other vegetables such as okro and

gp:Ll'(aBl} have alsgo received very little gttenticn.

The present research project was aimed at carrying out

investigations on the following aspvects of root-knot nematodes.

14

2.

3.

To survery the inocidence of rooi~knot nematode in association
wih vegetable crops in Ksiuna State so as to study the
distribution of nematodes in various parts of the State,

To develop and maintain pure laboratory cultures of Meloidogme
incognita for the purpose of experimentation on eggplant,
Histopatholdgical studies of damaged root system of collected
material as well as those developed in the laboratory conditiome.

Sereening of wven different cultivars of Solanum melongena to

evaluate resistance against root-kmnot nematode infestation,
To evaluate the economic feasibility of different nematicides

for the control of the nematode.
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i CHAPTER TWO
2, LITERATURE REVIEY

2.1 AGRICULTURAL TMPORTANCR_OF FOOT-KNOT NEHATOTR

It has been reported that vegetable crops suffer about 11%
ahmal loss due to thc infegtation of nematodes in the United
States (Jensen, 1972), Netscher (1970, 1971) showed that the presence
of root~knot nematode, Meloidogyne spp, can be a limiting facter
in vegetable farming in Senegal. Praguin and Marchand (1970)
referred to Meloidogyne spp. and other nematodes as the most pevere
technical impediment to vegetable production ir Western Cameroun,
They estimated that tomato infested with Meloidogyne spp. had yleld
reductions of 50~70 percent.

Tn Nigeria, Bridge (1972) estimated L0 yield reduction in
plants like tomatc, cucumber and melen heavily infested with nematodes,
Bos (1978) however reported a much more pessimistic figures in
respect of French Bean raised by Bud-Hollond at Kadawa. Crop yielde
obtained were only about three tons per hectare against an expected
eight tons per hectare, due to the infestation of root-knot nematode,
He observed that, #the geedlings of a susceptible cultivar of temato
at Kadawa were transplanted as late as 10-12 weeks af ter sowing
against the normal perind of 3-5 weeks becanse of the nematode attack
at an early stage.

2.2 CLASSIFICATION OF THE ROOT-KNOT NEMATODE

A full review on the history and nomenclature of root-knot
" Nematode, genus Meloidogyme Goeldl, 1887 hac been “rovided by
Frankling (1957), Wnitehead 1968) and Omiyi (1976). Over the years
the genus Meloidogymne has been classified in various ways regarding

1ts assignment to higher categiries. Earlier, it was-included under
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the family Heteroder;.da.e with the ocyst nematode (Filipjev 193L).
Later, Skaibilovich (19L7) created two subfamilies, Heteroderinae
and Tylenchilinae under Heteroderadae. Thorne (1949) redefined the
: family Heteroderidae and recognised Heteroderinae as the only

subfamily with three genera, Heterodera, Meloidogyme and Meloidodera.

Ohitwood and Chitwood (1950) recngnised three subfamilies, Heters-
derinae, Hoplolaiminae, .and Naccobinae under the family Heteroderidae,
Skaibillovich (1959) redescribed Heteroderidae by its sexual
dimorphysm and included 11;\ in five subfamilies, Heteroderinae,
Tylenchilinae, Spha.eronemaltinaa, Naccobinae and Meloidogyninae,
Paramonove(1967), Woute and Shwer (1971), recognised only two
subfamilies, Heteroderidae and Nacobbinae in this group,

Golden (1971) raised the status of family Heteroderidae
to superfamily Heteroderoidae which included two families,
Heterodae end N‘\cob'b‘l*q,.fﬂn ity In .addition to Heteroderoderinae
and Meloidogyninae. he proposed a new subfamily, Meloidoderinae s
accommodate genus Meloidogyne, Wouts and Sher (1971) amended
Thorne's definition of the family Heteroderidae and redefined the
two _aubfangiliea 'Heloidcgni_l}_ae and Heteroderinae. These authers
reo;gnised:m_g‘m;g as :l:h.e .cnly genus of Meloidogyninae.

Meloidogyne indice Khan aud Husgain (1972) a cycstforming species
with predominantly Mcloid~gyne like characters was placed by Hussain
(1976) in a new subfamily Maloidcderallinae. Presently, there are
three monotypic sub-families in the Melsidogynidae with the genera
Meloido, » Meloinegmn and Nelnldoderella.
2.3 HOST PARASITR RELATIONSHIP

The rcot-knot nematrde Meloidogyn~ epecies differ from other
sedentary endoparasitic neratodes by having wide most range and

'590&1‘19& in formation on intevealary knot or ge?l on the roots of
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susceptible hosts (Taylor and Saeser, 1978b), More than 2,000
dif ferent plants are known as the susceptible h.osta to this nematede,
ut only in r‘elat:lvely few ceses, have host-parasite relaticnships
been imeatiéated.

Plants affect the life cycle of Meloidogyne prior to egg
hatehing (?’:Iglierchio, 1968). Once second stage juveniles leave the
egg masseg, they infect nearby galled roots or locate new roots

., of gusceptible plants tA contirme their life cycles, Second stage
Juveniles are the only juveniles of Meloidogyne that migrate i

: the soil free from host tissue and hence constitute the infective
:stage. Although Juveniles may survive in the goil in a quiegcent

_‘ state for an extended period of time, their food reserves are limited

and their infectivity decréaaea with the depletion of these reserves

- (Bird, 1967). Research shows that Meloidogyne second stage juveniles

k do not £ind —oots by random movement, but are attracted to plants

t’ in response to stimuli emanating from roots (Green, 1971). These

E Juveniles possess well-developed, innervated cephalic gensory argans
that are thought to be chemoreceptive and presumably serve to locate

roots fCoomas, 1979). ‘I‘ha’cephalio sensory organs compripe six inner

labial sensilla and two amphide, The amphids, becauge of their large

size and structural complexlty, are considered to be the principal

gengory organs for secoud stage juveniles (Wergin, 1976). Plant

parasitic nematodes were considered capable of migrating only

TTRINAaE T ST T

a few centimeters per year (Prot, 1980), ilowever, recent studies
with second stage juveniles of Meloidogyne indicated they could

be attracted to and migrate to host Toets 25cm vertically in 10 days
(Prot, 1978).

]
!

T

Second stage Juveniles ars q\.lao attracted to apical meristem

points vhere lateral roots emerge., Penetration gites of other
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juveniles are cut surfaces of roots (Bird, 1960). The nature of
ptimuli produced by roots and perceived by second-sgtage juveniles

is not clear, The rhizosphere s greatly modified by growing roots
and aaaoc;iated microorganisms (Rusaell, 1977)s Many organic and
imrganiu compounds excreated by rootg of micrcorganiems form
gradients from the root surface out into the s0il and may influence
nematode at attraction ovew short distances. Klingler (1965) regards

certain amino acids and Co, as the most important root cxeretions

2
for attracting plant parasitic nemeatodes, ©Some of these compounds
act as attractants to Meloidogyne juveniles in vitro (Bird, 1959).
The mechanism of penetration may involve action bty thrusting
of the stylet (Linford, 1942), Cellulelytic or pectolytic enzymes
. may aleo be involved in penetration, however, the roles of specific
enzymes in the penetration process is still unclear (Bird, 1960).

2,4 HOST-RANGE AND GEOGRAPHICAL DISTRIBUTION OF ROOT-KNOT NEMATODE

Root~knot nematcdeg ere known to attack a wide range of plants
of economical importance all over the world, especially in tropical
and sub-tropical regions. The host list continues to increase which
includes vegetables, ofnemental plants, trees, shrubs and herbaceous
plants of various families,

Maroinowski (1909) listed 236 host plants susceptible to
root-knot nematodes, Tvo years later, Bassey (1911) provided list
of 480 such plants. By 1938 over 1,300 plants were recorded as
' !uucaptible hosts to this,nematodg. ‘ Raski (1951) listed 2,000 plant
‘species infested with robtmknot nematode which included tomato,

"egsplant, okro, beans, cabbage, papaya, yams, tobacco, coffee, rice,

carrot; etec,
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In Africa, surveys were conducted by gome research workers

determine the host range of Meloidogyne species (Pdward, 1955,
1956; Martin 1958; Wilson, 1962; Caveness 1965; Addoh, 1571;
Bridge 1972 and Bos 1978). It has been suggested thnt Meloidogyne
'gpeeies have congidereble over-lapping host ranges. In Ghana,
Addoh (1970) atudia& 141 plant species representing 36 families
of which, 126 plant species were found rusceptible to root=knot
infection of vérying degrees, The remaining fifteen plant species
were either "Poor hosts", or "“non hoste", He ccneluded that the most
susceptible cultivatad crops were found in the familieg Sclanaceae,
o v b \

Qmurh:l.ta.oes.e. Ma.lva.oe_é.e. Cruciferae, Umbelliferae and to some
axten't Dioaco:;eaoeae._.h ﬁowevér, non=hogts or poor hogts cultivated
erop plants occured in .the Gramineae, Pepilionaceae, Stecculiaceae
- and Idliaaqa.a. Wilgon (1962) ligted 108 pi‘tan't species as susceptible
!-hoats of root~knot nematodes in northern Nigeria., Bridge (1972)
reported 1L crops atiacked by root~knot nematodes in irrigated
fields in northern Nigeria, The crops represented the plant
families, Solanaceae, Cucurbitaccae Comporitae, Cruciferae,
Leguminogae, Umbelliftrae, Liliaceae, Gramineae and Passifloraceae,

Caveness (1976) provided a list of 140 cultivated and
uncultivated planta esusceptible to root~knot infeatation in Nigeria,
__Begides field crops of sconomic importance, many weeds sre nlso
known to be susceptable to root=knot nematodes infestation,
Odihirin and {desina (1975) reported that weeds representing more
E. than 20 plant fain;l.lilela'harboﬁred root-knot nematodes after the
maturation of annual crop in Southern part of Nigeria., Omiyi (197€)
reported 11 weeds belonging to the plant families, Solanaceae,

Compositae, Buphorbiaceae, Cyperaceae, Caesalphiniacere, Malvaceae



10

and Cucurbitaceae us hosts of root-knet nematodes in irrigated
fields at Zaria and Kalawa. Bos (71978) also U sted 22 weed hosts
from Kadewa Irrigation Scheme,

Taylor and Sasser (1978b) classified the described Meloidbgyne
species in accordance with their host range. They observed that
some Meloidogyne specles have restricted hoet range which may be
confined to one or few plant familieg, such as grasses, woody plants
or species of one gemus. Such species may have other host plantg,
but the probability of their occurance in the fields are comparatively
low. On the other hand some Meloidogyne species aprear to have
cosmopolitan distribution with wide host raiga,

Godfrey (1926) considered the climatic conditions as the major
limiting factor in the distribution of root-knot nemntodes. In
the hot interior deserts of the South Western United States,
Meloiuogyne species ha?g bqpn observed to develop at soil temperatures
ranging between 30-35?0 (Rrugbery and Nielson, 1958). According
to Thomeon and Lear (1961) most of known species of root=knot
nematodes are native tq’trcpical regiong anq reproduce best’ﬁt-éoil
temperatares ranging between 25-32"C..

Caveness (1976) also regarded environmental conditions as
ponjfb]:’e; :E:_a.qtoxjg_.affeq‘qi:ng distritutlon of Meloidogyne species
in Nigeria, He reported that among the three species, Meloidegyne
Q_c%snﬁg, M, Javanica and M, arenarig fcund in Nigeria, M. arenaria was
found most frequently in the f;fnwf-;éﬁ;;rn region while M, javanica
was common in the Northl. However., the distribution of thege
species cannot be associated with any particular environmental factor

like temperature, rainfall and vegetation,
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Olowe (1978) repnrted that M. javanica was more prevalent on
cowpeas in the Savarmah zone 6f Nigeria than in the forest zone,
while M, incognita was mostly found in the forest zone of this
country. |
2.5 i . RESISTANCE IN PLANTS TO ROOT-KNOT NEMATODES

The nature of plant resistance to root-knot Nematodes has
been invegtigated by many workers even though the actual definitian
of resistance as it applies to the study of plant parasitic
nematodes had eften been debated.

Steiner (1925) defined resistance as "the ability of roots
to resist penetration of nematodes". Barrons (1939) recogniged
resigtance as "any perceptible ability on the part of a plant
to grow in nematode-infested soil without the formation of galls",
He speculated that resistance in plante may be developed due to
certain chemicalg within +he roots of such plants that counteract
or neutralize the giant-cellg inducing effeet of the salviary
secretions by the nematode, However, Christie (1939) suggested
several bases for host residtence %o root~knot such as:=

(1) Lack of larval entry

(i1) Pailure of plant to respond to larval secretions

with glant—-cell formation nd
(111) Root-tigsue necrosis (hypersensitivity) during early
. stages of parasitism

Sanner and Giles (1957) found considerable necrosis in root
tissues without any symptons of gall formation or development of
the nematode larvae in invaded resistant peanut roots. Rigg -a,nd
Wingtead (1959) obeerved that the factors for resistance or
susceptibility to the root-krot nematode, Meloidogyme incognita

in tomato to were not translocated across a graft union,
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ae of root-knot nematodes were also observed to penetrate the

roots of resigtant plants as freely and as rapidly as they pencirated

roots of susceptible plants, They, however, concluded that the

invagion of resistant tissues resulted in the death of the tissucs

: around the invading larvae and the death of the larvae,

Unny and Jerath (19@ reported root-knot nematode on yam,

- Diogcoreg spp in Eastern parts of Nigeria: They however, did not

indicate anything about the damage done to the orop.

Amosu and Franckowizk (177h) studied the inberitance of
resistance against root-knot nematodes in cowpeas. They observed
thet when regigtant cultivars are orosmed with the susceptible ones,
in ¥, generation, single dorminent factcrs govern resistance, with
the result that vaJ;.iousl levels of galling formed in susceptidle
planta,

Olowe (1976) recorded wide distribution of root~knot nematode
in cowpea growing arc<as’of Imo, Ananbra and River States in early
1974, . He alse found the occurrence of this nematode in association
with maize orop during 1975-76 in meige growing areas of Oyo, Ondo
Ogun, Bendel, Anamtra, &m and PlaYecu States,

Odihirin (1976) reported root-knst nematode on cowpea (New era)
from the é‘ardena of the Univewsi’y ol Ibedan, involving three spectes,
M. incognita, M. Jjavenica amd M. gereparia. He also obgerved that
M. incognita was I_equng;ble for decaying yam tubers in Cross River

and Bendel States. Moreover, several grasses like Axonopus compersus

end Marigcus umbellatus wece found as the sonree of slternate hosts
for root~knot infections in the absence of susceptible crop,
K Caymeu (1976) reviewed thé Toot-knot nematode situation in

Nigeria and observed that thim nematode wae practically found in
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_all parts of the cowtry with maximum rate of infection in the

West followed by Eastern and Northern regions, Amosu (1976) tested
several, covpea and tomato cultivars fér resistance against M,
Imm. He listed 36 different cowpea cultivars and lines

: ghowing high degree of resistahoa especlally Mississippi Silver
which was found free from nematode infection, However, Mak 1/1

i and victor K.798 showed resistance in Wet season, These cultivare
developed few galls during the dry season,

Adesiyan and Odihirin (1978) »bserved that yam tubers grow
in Mid-Westerm, Bast Central, South East and Rivers States were
mostly infested with M, incognita, However, thoge grown in West
and Kwara States were infested with M, javanica. They recorded

highest Tate of infeoction in water yam, D. alata in the six states,

T ——

_'._f?llw yam, D, cayenensig on the other hand showed no symptsns of
root~knot nematode infection,

Ogunfowora (1976) in one of his screening reports on resistance
againat :r.‘pot-kmt nematodes in tomate cultivars indicated that
I‘ba:dan -lc;cal. Campble 135, Ife-2, Marzoma, New Yorker, Fusa early
dwarf and Harvester ;era most susceptible to nematode attack,
However, Hamgrad was recorded ap moderately susceptible to the
infection ef root~knot nemetode. They graded Rossol, Nematex Roesol,
Nematex and Enterprizer as slightly resistant, whereas Ronita, VFN
8 were reported as the resistant cultivars against M, incognita.

In another similar studies, Amosu and Babalola (1976) observed
sthat Ife~1 (improved) Line .76 (6210-10), Nematex, Rossol, Atkingon,
VEN 8 VEN were resistant to M. incognita whereas Ronita, Ouunui and
Nemarod were tolerant to some extent against this nematode,

Hugsain (1980) screened fourteen different tomato cultivars against

root=knot nematode, Meloidogyne incopnita.



14
le found some resistence in Red<river, Lafayette, Vi-198 (improved)
; pomodorasanmazano . B.anist'anoe in Roma~VFN, Rogsol and Ronita
as confirmed, However, Roﬁia was recorded a.s-: the most susceptible
lti{rar against root-knot infestatior.,

Khan (1985) recorded M. incognita and M. javanice in
‘association with 15 different fruit trees within the radine of
. 25kms in Za.r.‘{a. area, He observed that M. incognitg was more prevalent
‘as compared to M, javanica.
2,6 UHE OF RESISTANT PLANT VARTETIES

ey -

Use of plant rasigtanlt varieties is regarded as an extremely
‘easible method for oont:c;l;izvg root-knot nematodes. It is an
fective, economio;.l and environmentally safe meens of reducing
losnes from digeases caused by these pests, Selection of resigtant
I plants enable the farmer to control the root=knot digease without
increasing production cests associated with the purchase of expengive
chemicals, applicators and overall operatlional costs invelved in
production of a crop. Introducticn of resistant varieties is
especially valuable in controlling root-knot nematodes in low value
crops and minor crofs which can increase crop yields equal to that
obtained by soil fumigation (Good, 1972; Netscher and Mabboussin 1973),

, The benefits derived by growers using resistant tobacco 'Ne 95!
variety introduced in 1 951 have been reported to be spectacular,

y saving millions of dollars (Moore et al. 1962).

Successful development of root-knot resistance requires the
manipulation of genetic uystems to transfer resistant genes from a
resistant plant to a suscepitible agronomic or horticulturally
acceptable type, Significant accomplishments have been made in

this area of study over the past sixty years,
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This is evident from the available information that about 235
cultivars representing 15 major cropa have shown resistance againgt
one or more Meloidogyne specles {Table 1), Most of these crops
have, however, devle’lgped resigtance spucifically against M, incegnita
 with regerds to ou]‘.:ci*fara of tomato, tobacco, cotton, soybean,

cowpea, and sweet potato. Resistence in more than one species has

| been found in tomato, cowpea, Bermuda grasc, Peach and Grapevine
(Good 1972).

2.7, TYPES OF RESISTANCE

Resistance to root-knot nematodes may operate within the goil
environment, preinfectional er within the root system, postinfectional,
Pre~infectional résisﬁanoe is alsoc referred to as passive, Fre~
exigting or natlu‘al resigtance which operates before the nematode
penetrates the surface of the root (Wallace, 1973}, This type
of Eeaiatanon may 'bo associated with root exmdates that either repel

the infective stage iarvae from the roots or are toxic to them

-

(Rohde, 1972)s, Pre-infeotional resistance may be westricted to one
nematode .species. , Sasser (1954) reported that M, incognita larvae
do penetrate cats and rye but M. incognita larvae do penetrate

in the roots of these plants. Plants exibiting pre-infectional
resistance could be called 'non-hoste',

‘Poa'b-infactional ruaia‘tance is the most common type manifested

B v O T

after the nematode penetrates into the plant tissucs, A definite

L4

hoa‘b—paraa:lte relationship is established that determines the fate

of the host plant and the nematode {(Wallace. 1973).
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Table 13  EESISTANCE DEVELOPED IN CROPS_AGAINST ROOT-KNOT

NEMATODE, MELIOIDOGYNE.SPP. -~

INEE of crop : Scientific Name Roo t-knot nematode No. of
/ I Meloidogyne spp Cultivars

Tomato Lycopersicum M, incognita

esculentum L. M. Javanica 65
iy M, aurenia

Cowpea Vignn unglata L M. incognita 30
M. javenica i
M. arenaria b
Sweet Potato Ipomoes batatas L M. incomnita 17
A i 3
M. greneria 7
Soybean Glyeine max L M. incognita 19
Tobacco Nicotiana tabacum M. incognita 1
Cotton Gossypium spp I M. incognite 12
Pepper Cepsioum gnnuun M, incomnita 3
spp La M. Jjavanica 6
M, arenaria 7
Pole bean M, incognita 8
Lema bean Phagolus lunatus M. incognita L

Grapevine Vitis vinefera M, incognita
(L) M, javanica. i

M. arvenaria

Alfalfa Medicago M. incohnita

&tiza Il, E, ‘jay_anicg

M. hepla
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Neme of crop Scientific Name Root-knot nematode No. of
o Meloidogyne spp Cultivars
Lespedeze L., Striata L. M, incognita 3
- Iupin / Iupinug L, M. Javenicg
M, hapla - L

M. arenaria

Bermuda grass Cynodon dactylon M, incognita -
pers. M, Javenica -
M, hapla 2

M. arenarig -




18

Plants are generally categorised as being immune, resistant,
tolerant or susceptible to diseases. These are relative_ terms
that represent interactions between the nematode species and the
host pla:.ﬂ;. An immune host plant ias the one that ig able to
prevent infection with no disease symptons showing absolute
resistence. A suscentible plant on the other hand cannot overcome
or withstand the injurious effects of the nematode and permits it
to develop to its fullest capacity., A resistant plant cannot
prevent entrance of the parasite tut is able to prevent, resirict
or retard its de‘valomzfnt. However, tolerant plents endure
invasion by the nematode without appreciable symptdmg or damage,
2,8 THE EGG PLANT

The eggplant, SOM‘ um melongena L, a vegetable crop, is widely
grown throughout Nigeria. It belongs to the family Solanaceae vhich
iacludcs several other economically important crops such as tomato,
Iycoremsicum egculentum, the chilli and bell peppers, Capsicum spp.
It is a perennial shrub usually grewn as annual, gelf compatible
g1 bisNy fertile crop. The flowers are solitary or in clusters
of t7o or more oppoai':e leaves. The fruit is a berry differing in
size and form, The colour varies from being green dark purple,
red, white or yellow (Srubben, 1977).

Garden eggs are raired in nursery and later transplanted to
the field, Seedr are sown. in nursery beds and they germinate in
T=10 days and are transplanted L,~6 weeks later, The plant centinues
to grow up to about 18 weeks. Regulac harves*inz -t weekly intervalg
is essential to encourage further fruiting and to avoid over
maturity., The size and number of yields progressively declines

after the second and third harvests (Nsowah, 1969),
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Different ftriews have been expressed about the origin of
eggplant, Vavilov (1928) suggested that its centre of origin was
Indo-Burma where Jlarge number of genetic varieties were found,
Hoﬁev‘er, BLaduri (1951) and Omidirin (1976) suggested that Solanum
melongena possibly evolved independently in different Parts: of
the world,

248,17 PRODUCTION AND USES

The total world praduction of eggplant in 1980 was recorded
as 4,5 million {ones, produced nver 323,000 hectares of land, giving
an average yield of 13.9 t/ha, (FAC 1980),

BEggplant is widely consumed as one of the vegetables throughout
the warmer regions of the world. {(Cheudhuri, 1976). It supplements
starchy foods in addition to being cheap source of protein, minerals
and vitamina, Kogba(1981) reported S. indicus, S. nigrum and g,
eathiopeium which are : * grywn because of their leaves, On the

other hand, 8. ferox in South+East Asia, 8. forum and Solanum gilo

in Africa are largely cultivated becanse their immature fruits are
chewed raw, cooked as vegetables gnd also for seasoning other foods
(Purseglove, 1969, Tologbonshe, 1984).

Some goj_gg_tg_g—apeciea are used in native medicine throughout
the tropics. The alkaloid 'Solanine' extracted from the roots, leaves
and frgits is welJ_. lmown for 1ts therapeutic value (Choudhuri, 1984).
Solanum avioulare ¢nd S. khagianung have also gained importance as
a source of Solasidine used for synthesis of steroid hormene, Ameng
these, S. gilo appears to be more widely grown by farmers in Nigeria
both for consumption and for market purp-ses probably because of its

prolific fruit production and its ebility to transport and store well,
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2,9 THE ROLE OF NEMATICIDES IN NEMATODE MANAGEMGNT

Nematioides sre cne of the most impertant and reliable means
of controlling a wide variety of nematodes, Commercial use of
nematicides began about 1945, and auitablé application methods
have been devised for several highly effective nematicides like
Baagmid, DD, Oxamyl and Mocap. Their use increaged rapidly during
the last 15 years, Tﬁe principal use of nematicide is for contrel
of nematode populations in the soil before planting crops.
Nematicides are used to protect a number of highly susceptible
crope from nematode infection,

Phillips (197L) repsrted that the roct-knot nematode, M,
Jjavanica on tomatoes was effectively controlled by the nematicides
EDB, DD, DI-trapex and Terracur, resulting in considerable increase
in ylelds. Taylor and Sasser (1978a) recommended the use of Methyl
Bromide in geed-beds and nurseries for the control of plant
parasi tic nematodes, Fungi, Bacteria eto.

However, the farmer in Nigeria may still find it difficult
to afford or cope with the requirements for the effective administration
of the nematicides beef.use nf their handling and operational problems.
2.9.1 TYPES OF NEMATICIDES

The mode of action of Nematicides depends on the type of
nematicides ugsed. It has been reported that both fumigants and
non-fumigant nematicides dissolve in water to some extent and enter
nematode bodies through the cuticle (Taylor and Sasser, 1978a)
However, further nanatioid.all action in nematodes depends on the
nature of the chemical involved.

Soil fumigants are usually formulated as liquids which form
vapours that pass through soil pores. These nematicides have a

broad spectrum of bilocidal activity and may kill fungi and other
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organisms, They may show phytotoxic effects when applied at high
dosage levels, A waiting peried of two to three weeks is required
between application of goil fumigants and planting, Tumigants are
organic halides or organic sulfurs and may be referred to as alkyl
halides,

Non-fumigant aematicides are formulated as granules but some
are avalilable as liquida, for spraying on soil., These nematicides
move by percolation in soil water and have a narrower tioccidal
activity, They are non-phytotoxic and are active at lower dosages.

2.9.2  MOIE O ACYTON OF NEMATICIDES

Castro and Thomason (1 97‘1) studied the effect of fumigants

on Aphlenchug avence, a fungal feeding nematode and observed that

the nematode cuticle acts as a barrier for the penetration »f
nematicides, The equilibrium concentration of nematicides in the
worms exceeds that in the external solutions., Thus, the equilibrium
concentration nf ethylene dibromide in Aphelencus avenae exposed

to a 0.53 X 1072M snlution was found to be 1.3k X 107°M, and the
nematode remainad alive for hours under this condition, These
workerg, further obseryed that there are many places for the action
of any biocide on a living systems. In an attempt to explain the
toxic action of the alkyl halide nematicides, they showed that at
concentrations under 200ppm, nematodes become quiescent and then die
glowly., The slow death was probably caused by interference of the
nematicides with the iron containing engzymes of the respiratory
sequence, At concentrations above 200ppm. there was shrinkage of
the nematodes body and rapid death occured by alkylation at mumerous
places within the nematode body. Nestcher (1971) gave a simpler

explanation to the toxic action of the alkyl halide nematicides,
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that "when these products (DD, EDB, and DBCP) are introduced into
the soil, they evaporate slowly and satvrate the pores of the soil,
thus killing the nematodes by asphyxiation".
2,9.3 ~  NON-FUMIGANT WFMATICIDES

The non-fumigant nematicides are mainly organo-phcgphores
and carbamate compunds; have differert mode of action, Fhode {1960)
demonatrated the preseuce ~f an esterase which hydrolysed acetylcholine

(synaptic tcansmitter) in Pratylenchus penetrans, and showed that

the enzyme was .'thib_ited by organo-phosphorus ingecticides, Lee and
Atkinson (1965) reported that Aldicarp, a carbamate derivative
rapidly ini‘:libitad body activities of Heteroderg larvae and caused
enzyme hydrolyeis ir the body.

It has been generally cocepted that the action of organc-
phosphorus and oarbm:a.te compoundg in ingects inhibit the hydrolyeis
of acetylcholine by the enzyme acetylcoline esterase (Corbett 197L),
Bunt (1975) studied the effect and mode of action of oxamyl en
nematodes and obgerved muscular contractions, paralytic crinkling
and stylet protrrtions; indicating poisoning of nerve system.

Badra et al. (1980) studied the efficacy of non-fumigant
nematicide for the co:ztrol of root-knot nematode in yam in Nigeria,
They applied Oxamyl 10G at the rat. of 6kg/ha in row treatment for
Meloidogyne incognita under field conditions, This resulted in the
increase of yield hy hg percent,

2.9.4 PROPERTIES AND ACTIVITIES OF SOME SELECTED NEMATICIDES
29,41  BASAMID (DAZOMET)

The chemical is composed of tetrahydro 3, 5-dimethyl-1,3,5
tyiadigzime - 2-thione, It breaks down in moigt scil +o various

degradation products which gives inis compound a very broad spectrum
activity,
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Basamid was first introduced in 1952 hy the Union Carbide
Corporation under the trade mark "MYLONE", and by Bayerische Anilin
under Soda Fabriken AG (BASF) under the trade mark "Besamid", The
solubility of Ba.smidhin water ie 1,2g/litre at 30°C, It hag moderatc
gtability but is sensitive to heat ahove 3500 and to moisture,

Basamid formilations are either dust (BS9g a.i/kg) or granules
(950g and 280 a.i/kg). Originally, Basamid was formulated ae powder,
but the growing need for this product which could be distributed
mechanically resulted in the cdevelopment of a granule formulation
(Iush et al 1967). The chemical is strongly phytotoxic and soil
treated with it is genez:ally. not planted until it becomes free from
the compound and its decompnsition products. This can be monitored
by germination of cress seed sown as sample on the treated soil
(Lush et gl 1967).

High moigture contents of the soil and low temperatures tend
to proleng persistence of the chemical in the scil. The compound
is not recommended for use when the soil temperatures are below
7°C (Iush et al 1967).

The BASF give advantages of Basamid granules, It produces
no drift from the wind, can spread evenly, the uniformity of
application ie readily visible, requires no complicated methods
needed to 'seal' the soil, no unpleasant odour during application,
no side effents, the gases donot form until the product and the
goil are mixed and have a broad spectrum activity at the standard
application rates,

Bagamid is reported effective for the control of nematodes as

well as soil fungi such as Pythiun, Fusarium, Verticillium end
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Colletotricium when inlrzorpora.ted into glasshouse soils, They are
said to suppress the growth of weeds and fight againsi wireworms
(Chabra et gl 1976). " Nasamid has been successfully used to reduce
damageg due to roet~knot nematndes, and fungal attacks a on tomate
plants, Ogunfowora (1979) observed that sufficient waiting period
should be allowed prio» to sowing so thati phytotoxicity could be
preventad in the seedlings.
2.9.4,2 ID (Dichloroprepane) dichloropropene)

The most active ingredient dichlorspropane dichloropmpene is
halogenated aliphatic hydroecarbon. The product, introduced by
Shell Developmeut Co, :Ln‘ 1942 is often referred to by its irade
marks 'DD', Its first use as a scil fumigant was described by
Carter (1943), Pure dichloropropene is sold as telone by the Dow
Chemical Company.

DD is a clear liquid, with a pungent odour, Tts solubility
in water at room temperature is low but soluble in hydrqearhon
and halogenated solvents. The mixture is stable up to 50070,

It is strongly narcotic but low concentrations cause ivritation
in respiratory tracte

Preplant application of DD is effective against most of the

soil nematodes including root-knot nomatode, Meloidogyne incomi ‘-,

The mixture of the nematicide is uanally applied by injcction into
the soil or through tractor drawn hollow lines, to a depth of 15 i~
20cmg, The soil for treatment should contain high moisture leovel

before applicatisn. Surface of the soil should be properly sealed by
rolling a heavy object eaver it, Being phytotoxic, the fumigant
should be allowed to escape by opening up the sealed soil before

gowing.
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The weibing period has been recommended between two to four wecks
before planting. The waiting period could be reduced in light
soils, warm soils and soils of low moisture content, but it is
longer in wet or cold soils and in heavy clay soils (Tu, 1971)
2.9.4s3  MOCAP

Mocap was introduced as a nematicide in 1963 under the trade
mark 'Prophos' and 'Mocap's Mocap is a clear ligquid with yellow
tint having vapour pressure of 0,00035mm Hg (26°C) and specific
gravity of 1,094. The compound is soluble in moegt organic solvents)
It is stable in acidic aqueous medium betwzen 25°C - 100°C but rapldly
hydrolyses in basic medium at 25‘00. Mocap is commonly formulated
as an emulsion concentrate (700g a.i/l) or as granules 100g or 200g a.i
/kg or 10 percent and twenty percent gramular respectively, Mocap
is a non- fumigant, non-gystemic contact pesticide with good soil
movement and res.idual properties, It can be applied immediately
before or at the time of planting or be uged for treatment of
established plants (Feldmesser, 1978). Mocap provides ef fective
nematode and soil insects control on a wide range in vegetables and
ornamental crops. )
2.9u4oh, OXAMYL (VYDATE)

Oxamyl ig the common name for, methyl-N-dimethyl-N,

The product was intrcduced in 1969 under the ttade mark
‘vydate', Oxamyl is a white crystalline in appearance with a2 slight
sulphuruous odeour, vapour pressure is 2,3 X 1O-hrm1Hg at 25°C., It is
stable in solid form and in most solutions, but decompeses 1o
innocuoug material in natural waters and in soil, Aerztion, sunlight,

alkalinity and higher temperatures increase the rate of decomposition,
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Oxamyl is reported to control nematodes by contact and systemic action,

It gystematically provides some degree of protection from nematodes
when applied as a foliar spray or through the roots of the plant.

In the soil, low concentrations of cxamyl inactivate parasitic
nematodes and inhibit feeding during exposure, Oxamyl hag been
ghown to provide good control of a wide range of parasitic nem:itodes.

2.9.5 FACTORS AFFECTING THE EFFECTIVENESS OF NEMATICIDES

The factors which affect the efficacy of the nematicides in
the goil includes:-
(a) Soil type
(b) Soil moisture
(u) Soil temperiture
(a) soil FH,
2¢9.5,1 SOLL TYPE

The diffusion of velatile nematicides in the soil is influenced
by the soil type. Scndy loam soils or soils with low organic and
clay contents are the types in which volatile nematicides as well as
non-fumigant types are most effective in controlling nematodes,
(Allen and Raski 1950),

Clay particles or extessive crganic matter can absorb the
nematicide and reduce its dispersion in the soil, Morecver, the
poor spaces in clay soils are relatively small and likely to be
filled with water which blocku the spread of the nematicide, 0(lay
goils, therefore, require 20-U&% more fumigant than sandy =0ils
for effective treatments (Khair and Meleod 197h). Relatively due
to large pore spaces in sandy soils, the nematicides applied spread
rapidly (Hagan,mqj_). i 7" For most of the chemical treatnents,

proper gsoil preparations are very important in order to acheive
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best results. The soil should be free from lumps and clods as =
good number of nematodes can hide in them., Ogunfowora (1976)
observed that the developm;'u:. of rcot:knot nematode is favoured
by light soils and adequate moisture for plant growth,
2.9.5.2 SOIL MOISTURE

Hagan (1941) indicated that soil moisture is the most importon®

limiting factor for the diffusion of fumigant nematicides., As the
goil moisture lncreases, soil pores are filled with water which
impedes diffusion of gases, resulting in poor distribution and
prolonged retention of the fumigan:. (iinir and Meleod 197L).
Most recommendations call for a soil moisture content above field

capacity in sandy snils (Allenm&cw(tﬂgjhe moisture should not be

more than 85% or less than 50 »f field capacity (McBeth and Bergesor,

1955) .
2.9.5.> SOIL TEMPERATURE

The diffusion of fumigant nematicides, also depends on the
soil temperature, Caveness (1965) suggested thnt the ~pplication
of soil fumigant can be accompligel if the soil temperature at 1%5en
depth is above 29°C. This is because, due to excessive heat, rapid
di spersion of fumigax:t cannot give good results, Similarly, ther
is also a lower limit of temperature beyond which fumigonis cannet

work, Castro and Thomag.n (1971} obgerved that soil temperature

should be above 7°C for the applicatirn of DD and above 16 C for ELE

However, [Chair and Mcleod (197L) reported an optimum tempe ratnr
21°¢c for famigant application. Soil vemperature, on the other ha
does not seem to have adverse effect nn the efficacy of non-fumigant
nematicides. Wlhair and Meleod (197L) suggested that non=fumisnt
nematicides coula be applied when temperature and other soil factor

are unsuitable for the application ~f fumigants,
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2.9.5.4 SOIL PH

Soil pH does not show major effects on the toxicity of alkyl

halide nematicides, In many non-fumigant nematicides, pH exerts ceri. .o

cffects on their hydrolytic stability. For instance, Mocap is stabls
in acid aguecus media between 2500 to 100°C, and hydrolyses
moderately fast in basic medium at 25°C and rapidly at 1007C

JAnon, 1973). Oxamyl decomposes to Inocuous materials in soil water,
The rate of decomposition is increased by alkalinity, aeration,
sunlight and higher temperaturcs. The rate at which Basamid breaks
down in scil to methyl iso-thiccyarc te uppears to be increased

in soils with lov pH (Khair and Mcleod, 197L).



29

CHAPTER THREE
3. MATERTAL AND METHODS

3.1 SURVEY

During the course of General Survey »f root-knot nematodes,
vegetable plants showing diseases symptions wcre uprooted and the
roots were examined for the infection of rnot-knot nematode, Suet.
samples were ccllected from some vegetable growing nreas of l‘a‘irnin
Gwari, Funtua, cema'a, Kaduna, Katsina. Wanka and Zaria,

The infected roots of Okra (Hibiscus esculentum), spinach
(Celosia srgentea), tomatoes (Lycopersucuw rron crtum), eseplant
(_30__1_@9_33 gg'-_l_u_ng_g}_a) and peppes (Capsicum spp); showing the symptons
of galls on them were carefully placed alrng with adhering soil in
Polythene bags. Each sample was tegged with necessary information
in respec: of the name of the hoat plant. locality, date of collection
before they were brought te the laboratory for further exemination,
3.2 ISOLATION

Root samples along with the soil were brought to the laboratery
for further examination. The adhering soil particles were rer;if*-'.rl'.d
from around the roots, by Blacing them in water, in o plastic bucket,
The infected roots containing galls were then examined under the
steroscopic binocular microscope in a Petridish.q“ The root-knot
index in respect of each samples was determined a;ul rated according
to the scale suggested by Tayler and sasser (1978a)., This 0-¢ scale
represent the following infestation classes.

O= Nc roat-knot infestation. Roots free from galls and ecgg

masses >f root-knot nematodes.

|} = Very light infestation, Galls and eggmasses usually

incongpicuous, require a careful gearch,
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63 = " Light infestation with numerous small scattercd galls
and egg-masses,
3 = Moderate infestation with numerous small seattered s-11=
and egemasses.
I = Severe infegtation with few large galls and esgmasses,
5 e Very severe inferstation vith numerous large galls

egg magses. Often the root system is rotied,

3.3 IDENTIFICATION OF NEMATODE.

The infected roots containing adult females were stnined by

the following method.

(a) A staining solution, lactrphenol in cotton blue was bof
for about a minute in wihich the infected roots were placad
for about three minutes. Daring this procese both plant
tissue and nematodes embedded in them were stained,

(b) The roots were then removed from the staining solutinn
and wash~3 with cold watler,

(c) They were later transfered in a clear lacto-Phenol solnti
until properly destained, In thig medium the plant tiee
became some what translucent leaving the nematodes sinin
and cleexdy visible.

The stained nematcdes were then carefully removed from the

plant tissues with the heln of needles and mounted on glnss slidc.
for identification,

3.4 PREPARATION OF PERINEAL PATTERNS FOR THE IDENTII'ICATION OF

OF MEIOIDOGYNE incognita. smm

Identification of various species of root=knot nematodes o
based on the structural difference of the perineal paticrns
(Plate 1), The following method was adopted for the propar-tion

of pevineal pattern of preserved adult females.
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Mature femaleg from the root galls were selcoted and placed
in Petri digh containing tap water, The cuticle of the female wno
ruptured near the neck and bedy surface contiining vulvar and wnnl
region representing the perineal pattern which was tronsferred i
a drop of glycerin on a clesn glass microscope slide. Coverslin
waé gently placed on 1t. BExcess of glycerin was sbsorbed with -
piece of filter paper end then the slide was examined under thre
microscope,

3.5 DEVELOPMENT OF PURE CULTURE OF MELOTDOGYNE INCCGNMITA

In order to obtain enough incoulizm fo =ubsiquent studies,
pure culture of roo‘b—knot nematode population was maintained in

pots raised from egg magses ~f Meloidoryne incognita, This was den

on the most su39eptib1e variety of tomat~ plants in sterilized anil.
Af ter & period of about 55 days, Infected to .ato plants
éc;nt'giniﬂg. sgg masses of Meloidogyne incognita wero carefully
up-rooted and washed to rem:ve the adhering soil psriicles wndenr
a gentle siream of itap water. Nematodes and egr mosses wore
collected from the galled root systwm by putting them into a hl:or
with about 10090 of water and the blender was operatcd for 10-15;.
_‘ the cmshed roota contammg mixture of egg Masses, nematodes and
root tissues was passed through a crarse 20-h0 mesh sieve by washir,
gently with a gtream of water. Regidnes on the corrsge sieves were
discarded, and the ones collected on the fine sieve (200-250 mash) -
examined for nematodes and eggmﬁssés of M. incognita,

3.6 SUSCEPTTBILITY TRIALS

The egg masses of Meloidogyne incoemita v-iscd in pote were
removed from the galled roots., Tae material . as trensferred in -

measuring sylinder of 1 litre ronteining 200ml of 0.5% sodium
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hypochlorite (clorox) solution. The jar was vigorously shaken
manually for 3 minutes. This dissolved the gelatinous matrix of
the egg masses. The eggs were not exposed to ~he clorox solutinn
for longer than L minutes (Taylor and Sasser, 1978b). This was
then {ransferred into water. The water thus contain.ir.g eEEs Was
passed through two sieves of 75um and 25m mesh gizes respectivelv.
Eggs separated from the egg masses passed through the lirst siov
with 25m opening were washed uhder a slow stream of inp water,
The eggs were then raised into a l1-litre flask.

The concentration of eggs in the suspensicrn w-s determined b
counting the number of eggs in 1 ml aliquots of the stock suspensim
The average of the three counts was taken as the number of emgs

per ml, Some 20~30,000 eggs per pot were used as inoculum,

3.6,1 PRFPARATION OF EXPERTMENTAL PLANTS

Ten different cultivars ~f Solarum melongena L, were raised
geperately in nurseries, The soil used was sterili ved before the
seecds were sown, The germinated seceds were transplanted afier
weeks into experimental pots.
3.7 EGGPLANT VARIETIES TESTED

The following varieties of Selanum melongena were uged durin
the suceptibility trial against 1oot-knot nematode, Meioidogyme
incognita.
Type 1 =  Solanum melongena var. Giwa-1 (&MC-1)

Tall, leaves deeply lobed, fruit round and green

Type 2 =  S. melongema var. Giwa-g (3 -2 2wl

Leaves slightly lobed. fruit round and white in colour,

Type 3 =  S.melongena var, Zaria-1 (5MZ-1) Imarf,
leaves deeply lobed, fruit long and oval, whi i

colour and pointed at ends,
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Type L - S. melongena var, Basawa-2 (SMB-2) Dwarf, leaves
slightly lobed, fruit short, oval ond white,
Type 5 - _Q-Ee_l_ome_r_l_a‘-'var, Bagawa-1 (SMB-1) Dwarfish, leav
deeply lobed, fruit long oval, white with grecn
Type 6 - S. melongena var. Ilorin-1 (SMI-1) Dwrrfish
slightly lobed, fruit short oval, roundish
white with green stripes,
Type 7 - 8. melongeng var, Ilorin-2 (&MI-2) Dwarfish,
slightly lsaved, fruit round, white with

Type 8 - S. melongena —ar Bomo (SMBM) Dwarfish, leav

lcbed, fruit long oval, white mound ot the ond.
Type 9 = _§,_ melonguna var., Akabe (SMA) Dwarf leaves, deepl:

lobed, fruit long oval green white mosaic with pu
, splash, flower purple.

Type 10 = 8. melongena var, Ogunmo (SMO) Dwarf, leaves ¢
lobed, frult round, mosalc green with blue pur
gplashes,

3.8 NEMATICTDAL TRIALS

Sugceptible varieties of Solanum melongenn were select

determine the gfficacy of Basamid, DD, Mocap and Oxamyl far i

of root=knot nematcde,

The experiments were done during the month of April 1286,
The population densities of the second stage active larvae wer
ansessed three weeks after the application of the nematicides,
nematicide was applied in three 4 fe-»---

Basamid, half dose 0.2Kg/Pot, Standard dose 0,.0LKg and d

dose 0.08kg/Po t.

ID, half dose 0.,15L/Pat, Standard dose 0.030 /Jiot -nd

dose of 0.06 [Pot,
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Mocap was applied at the rate of 0,005kg/Pot, 0.010Kg/Fot =nd

0,020Kg/Pot for the half dose, standard dose and double dose

respectively.

In the case of Oxamyl half dose was 0.025Kg/Pot “trndard dose

was 0,05Kg/Pot and for double dose. ,110 Kg/Pot was applied.

For each of the nematicides used, the required amount needed

for each pot was weighed prior to its application, DD wns applied

with a hand-injector, while the other chemicale all In granules

were broadcast and incorporated into the soil with » hand hoe to

depth of about B-18em, ier the recnmmended wniting periods, the

Solanum melongena seedlings vere trorsplanted into the pots.

The pots were regularly watered very morning, Houtine weeding

was done and Sgms of DDT powder was applied to protect scaingt

ingect and fungal diseases. Three weecks after t o pln

fertiliser (15,15,15) was applied at the rate of 10:ms

Six weeks after transplanting, the heights of pla
treatment were taken., Yields data were also recorded ¢

harvested fruite, After the last picking, the plants

to determine the incidence »f root-knot infestation us

not index 0=5, .,

ng, N.P.K.

r pot.

3 per

matured

& up-roo ted

- the M™Met-

3.9 HISTOIOGICAL STUDIES OF THE DAMAGED ROOT SYSTEM B\ JO0T-KNOT

NEMATODE MELIOIDOGTNE INCOGNITA.

Histologloal Studies were done after preparing pes ent
mounts of the infected root system. The following p» e g
adopted to prepare the slides,

3.9.1 FIXATION AND DEHYDRATION
Few galled roots were fixed in FAA for 2 hours, ey were

later dehydrated in 70, 95 and abgolute alechalg for 2
grade,

1rs in each
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They were later passed through the series of chloroform/
absolute aleohol mixture in the following crder:

(a) 2% chloroform in gbsolute aleohel for 2 hours

(b) 50% chloroform in absolute alcohol for 2 hours

(¢) 75% chloroform in absolute alcchol for 2 hours

(d) pure chloroform for 2 houras (twice).

2,942 DINFILTRATION

The dehydrated galled rcots in pure chloroform were transferred
in paraf.in wax at 60°C until the wax started to jel in the chloroform,
It was left overnight in the same medium for proper infilteration
of wax in the plant tissues. During this peried thg chloroform was
completely evaporated,

3.9.3 EMBEDDING

The galled roots were pogitioned .1'..n the cooling paraffin so that
it was sectioned easily after hardening, The embedding mold was
greased with glygerina before the paraffin wax was poured into it,
Ai'tnr hardening, the paraffin was removed from the mold and
motmteci on the mierotome,
3¢9.4 SECTIONING

Sectioning of the paraffin block containing the galled rcots
was done on a rotatory microtome equipped with a knife, As the gectior
were cut, the edge of each section adhered to the previous section
thereby forming a ridbbon, Fine Micron pections of ﬁw galled roots
were obtained,

3.9.5 MOUNTING

Sections obtained were placed on the slides and labeled,

The surface of the slides were coated with a small amount of Haupt's

adhesive,



36
Before the adhesive dried up, the slides were flooded with a
2.3% formalin solution, The flooded glides were then placed on
a warming tray held at 35 to LOYC, As the slides warmed up, the
ribbong flattened out and the liquid evaporated and the slides were
removed when they were completely dried,
3.9.6 STAINING

The staining procedure was carried out usging the safraning and
fast Green stain method in the following way (Saes, 1951),

The slides were placed in te a solution »f Xylene, xylene-
absolute ethanol (111), 95% ethanol, 70% ethancl, all at 5 mimutes
each, then they were placed in safranin solution for 2 hours,

The glides were then rinsged in tap water and placed into 1% agquecus
methyl violet 2B solution for 10-15 minutes after which they were
rinsed again in tap water 95% ethanol - methyl cullosolve-tetiary
butyl alcohol (1:131) was prepared in which the glides were placed
for 15 secs and then into Past green FCOF Selution for 10-15 minutes,
then in 95% ethanol-tertiary butyl aleshol (1:1) plus 0.5% glacial
acetic acid fir 15 secs after which they were placed in orange

G golution fer 3 minutes,

After this prE;CeE slides were carefully placed into clove
oil-methyl cellosolve = 95% ethanol (1:1:1) and then clove-oil
absolute ethanol-xylene (1:¢1:1) for 15 gseconds each, Finally the
slides were placed in xylene golution for 5 minutes twice.

3.10 PREPARATION OF SOIL TOR EXPERTMENT

The type 3f 801l used frr the experiment was soil with lew

and clay .

organic icmtents since clay particles and organic matter

can absorb the nematicide and reduce its dispersion,
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The soil sample was sieved thoroughly and put intc a seil steriliger
where 1t was heated to a temperature of atout 120°C before it was
cooled off and poured into pots,
20Kg of Sterilised Soil was measured into each pot and the
temperature of the Coil at the start of the experiment was noted

to be 29°C; ILikewige, the PH »f the Soil was found to be 6.5 with the
help of a PH hydrometer,



38
CHAPTEK FOUR

L RESUILTS
L,1 SURVEY

A preliminary survey was conducted in eight different localities
of Kaduna State o determine the incidence of Toot=knot nematode
infestation in association with five different vegetable ~rops
including egg plants, Solanum melongena (Ta.ble 2). It was observed
that most of the vegatables were susceptible to the infection of
nematode, On identification, Meloidogyne incognita was recorded
as the most dominant species of nematode in these areas except

for one location at Birnin-Gwawi where d¢kro, Hibiscus esculentum

was found infected wiﬂm'_fjf_. Javanica. - The nematode species showed

two different types of perineal patterms. In the case of Meloidegyne
incognita, the perineal patterm was characterised by the presence

of a high, squarish dorsal arch with a distinct whorl in the tail
terminal area, The striae were smooth to wavy, sometimes zigzagged
while M, Javanica displayed ridges that divide the dorsal and ventral
gtriae, Generally, the ridges run the entire widtar of the pattern,
but gradually disappear near the tail terminus (Plate 1),

In most of the areas sur\rayed, tomatoes, Lycopersicum

esculentum were found hea.vily infested with M, incogmita galls
showing roab—knot index 'be'bween 4.5 and 5 O, This was followed

by okro, Hibiscus esculentum with root=knot index generally ranging
between 4,0 to 5.0 except ier samples collected from Birnin Gwari
where the roet=knot index in okro plant was 3,0, GSevere roct-kno<
infestation was also recorded in egg-plants, Solanum melongeng with
root-~knot index ranging between 3.5 to 4.5, Moderate tc severe

infection was recerded in spinach, Celosia argentes with root-knot
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Perineal patterns

Meloidogyne Javanica
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index ranging between 2,5 to 4.00, The pepper plants, Capsicum spp
were collected from Zaria and Katsinag with root-knot index 2.5

and 3,00 respectively (Table 2).
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Table 28 Ront-knot Nematode, Meloidogyne incognitgzinfeatétion

on vegetable crops surveyed in some Parts of Kaduna State,

Common Name | Scientific Name locality | Rooteknot ; Date af
! index l collectirn
Okra "Hibiscua esculentum ‘Birnin _T
{ Gward i 3:0 ! 18/1/8¢
Spinach Celogia argentea g [ 2.5 | 18/1/86
Tomgto Lycepersicum esculentum% " | L5 % 18/1/86
} i
Tomatoes Lycopersicun _e.,;g_c:t:tlﬁan’cv.n-LI Daura 5.0 : 21/1/86
Okwra Hibiseus esculentum " : 5.0 #
Eggplant Solanum melangena tFuntua 4.0 25/1/86
Tomatoes Lycopergicum egsculentum: " i L.5
Spinach Celogia argghteg Jemaa 3,0 | 30/1/86
Eggplant Solanum melongena i " 1 LS
T
Eggplant Solanum melongena lKaduna 3.5 30/1/86
Tomatoes Lycopergicum esculentqgi " 5.0
Spinach Celogia argentea " L.O
Peppers Capsicum spp iKatSina 3.0 1/2/86
Okra Hibiscus esculentum ¢ @ 5.0
Tomatoes Lycopersicum eaculentumiWanka LS 3/2/86
Eggplant So lanum ;elongeng " 3.5
Ege Plant Solanum melongena  |Zaria 3.5
Peppers Capsicum éﬁp " 2,5 _ 3/2/8¢6
Tomatoes chépérsieum egcoulentum " g,0
Ckra Hibiscus esculentum { o 440

* Meloid~gymne Javanica






