AN APPRAI SAL OF MOCAP AND OTHER
SELECTED NEVATI A DES FCR THE CONTRCL

CF MELAO DOGYNE SPP | N TOVATCES.

BY

STEPHEN SALAM OKATAHI
B.Sc. (Agric.) Ahnadu Bello University,
Zaria 1968

P.GD (Qop Prot.) UWniversity of |badan
1973.

A THESI S SUBM TTED I N PARTI AL FULFI LLMENT

CF THE REQU REMENTS FCR THE DEGREE OF NASTER

CF SO ENCE | N CRCP PROTECTI ON AT THE DEPARTMENT

CF CRCP PROTECTICN.  AHVADU BELLO UN VERSI TY,
ZARI A



List of Tables

List of Figures

List of Plates

Lcknowledgements

Declaration

Abstract

CHAPTER:

-

1
2

-

2.,1.0

2,2.0
2.241
2.2.2
2Ze3
224

243.0

2,341

TABLE OF CONTENTS

Introcoduction .o
Review of Litergture .o
History.of Nematicide
Develcpment ‘e .o .o
Method of Apnlication .o
Area or Overall Treatment ..
Row Treatment .. .o .o
Spot Treatment . .
Seedbed Treatment with
gaseous fumigants »e e
Physical Factors Affecting
the Effectiveness of Nemati-
cides .. .o o .o

Soil Type and Preparation ..

PAGE

b B
il
iv

vi

12

15
15
17
17

i

18
18



2.3.2
2.3.3
2.3.4
2.4,0
2.4
2ai.2
2+:5.0

2.5.%
2.5.2
2:5:3
2.5.4
2.5.5
2.6.0

2.7.0

TABLE OF, CONTENTS Contd.

Scil Moisture - .o
S0il Temperature .
Soil pH .. .o .o
lode of Action .. “o
Fumigant Nematicide o

Non-fumigant Nematicide ..
Properties and Nemati-

cidal Activities of

the Chemicals .o .
Basamid .. .e .
DD . .o .
Mocap .o .o .o
Nemacur .. .o .o
Vydate .s . .o

Method of Estimating the
Population cof Meloidogyne
in the Soil ‘e .o
Rating Scheme for Field
Evaluation of root-knot

nematode infestation .

PAGE

20
20
21
22

23

26
26
30
33
36
Lo

L3

L5



- e a m—

L

3.1
3.2
3.3

3.5
3.6

Lo
L2
ut2.1

TABLE OF CONTENTS Contd.

General Materials and

Methods, e o
Preparation of Plots .o
Treatments . "o

Field Evaluation of Root-
knot Nematode infestation..
Extraction of second

stage Meloidogyne larvae
from the soil .. .o
Harvesting .o .o
Statistical Analysis and

interpretation of Data -

Comparison and Appraisal
of the five Nematicides.
Materials and Methods o

Results and Discussion .o

PAGE

L8
L8
L8

50

51

51

52

sS4

Sl
5%

Counting the second stage populahons

of active larvae (L2) to
estimate Meloidogyne
population .o .e

58



h.2.2

he2.3

Le2.y

4e2.5

2.6

810
Selal
Sul el
5¢1.3

5.2.0

TABLE OF CONTENTS Contd.

Effects of the Nematicides
on Root--knot control of
tomato seedlings .. .o
Effect of the Nematicides
on germination .o .e
Effect of the Nematicides
on plant heights .. .o
Effect of Nematicides on
tomato yields .o .
Effect of Nematicides on
root development of tomato

plants .o .e .o

The Appraisal of Mocap on

Root-knot Nematode control

on tomateo .. .e .o
Materials and Methods .e
Hunkuyi Trial .o .e
Buruku Trial . .e

Government Residential Area
site Trial .. »e ae

Results . .. e

PAGE

59

65

69

76

79

81
81
81
85

87
88



5¢241

5-2 2

5¢2.3

TABLE OF CONTENTS Contd.

Effect of Mocap on root
galling and tomato yield
in area of scanty root-
knot nematode incidence ..
Effect of Mocap on tomato
yield and root galling in
an area of 1lmaw root-knot
nematode pepulation .o
The effect of Mocap on
tomato yieldsin an area
with high root-knot
nematode populatikon .o
Effect of Mocap on other

plant parasitic nematodes..

Discussion & Conclusion.

Summary of the performances
of the chemicals .. .o
Measurement and prediction

of level of damage to toma-

toes by root-knot nematodes..

G E

88

92

104

108

112



TABLE OF CONTENTS Contd.

PAGE
6.3 Recommendation for seedbed
treatment against rooct-
knot nematode .. 4 114
6.4 Sugpestions for further
work i r a 115
APpendix o s "o .o 117

References . . " ¥ 128



Lable:

| b

U

LIST OF TARLES:

Effect of scil fumigants on reoot-knot
control of tomato plants at © weeks
(Hunkuyi site) .o .« .«
Effect of so0il fumigants on root-knot
of tomato

contrel/plantsat 5 weeks (Samaru
SitE) . . . ’e
Effect of selected nematicides on

root~knet control of tomato plantsg

at 12 weeks . . T e

Effect of Nematicides on germination .

count of tomato seeds (at 2 weeks)..
Effect of Nematicides treatmentson
frult size .o .o .
Effect of Mocap treatment on root-
knot infestation indices of tomato
(Buruku trial) . .o .o
Effeet of Mocap treatments on tomato
yield per plant (Buruku trial) .o

Mean yield of tomatoc plants

.'following soll treatment with

Mocap (at Hunkuyi) v e

et

- 1 =

61

62

67

68

78

89

90

93



W
1
=

Vi
]
i

LIST OF TABLES Contd.

Root-knot infestation indices on
Napoli and Roma VFN varieties
Effect of Mocap treatments on
root infestation indices of
infested tomato plants at

13 weeks o0ld4,, .o .
Effect of Mocap on tomato yield
in an area with a high root-
knot nematode population .o
The effect of Mocap treatments
on the mean populations of all
nematodes species per 100cc of

soit, 8 weeks after application

PAGE
. 95
.. 96
.. 98
.0 106



rig.
o~ 1

res:

L]

of Meloidogyne sp. ‘e

LIST OF FIGURES:

PAGE
Gall development on root of tomato
seedlings growing in soils treated
with chemicals .e ‘e e B3
Effect of Nematicides on root-knot
index of tomato plants at 5 weeks
and 12 weeks . .o es B4
Plant height per treatment at f
S weeks - .o e - 7
Mean yield per plant of tomato _E 
treated with four nematicides at i
different levels .. .o es 75
Field lay-out of Mocap nematicide |
trial design ve ... 'J:. 83
Fruit yield of tomato plant plotted - .
against root-knot index (Hunkuyi |
trial) . . .e 99

Fruit yield of tomato plotted against

root-knot index (Buruku trial) .. 100
»lants

Fruit yield of tomato/plotted against

density of active 2nd larval stage

. 101

U



LIST OF PLATES:

Plate: - D pace

1 The Mep showing the experimental
| sites .o . .o .. L7
2 | Lay=-out of tomato seedbed trial
_} of four nematicides (at Samaru) .. 57
Y 3 Tomato seedlings (5 weeks)/?ign F

untreated plots {control) showing

heavy root galling Ces N
_ 3h  - Tomato seedlings growing in Mocap-
S treated plot (double dose) s 70
i;T5‘ Comparing the heights of root- =

galled and gall-free tomato _
seedlings at 5 weeks old . .s. % T
6  _ . Tomate reoot-system under various - ”
treatments of nematicides (at the
recommended dose) .. - Cee 84
7 Picture of the experimental plots

at Hunkuyi where Mocap nematicide

| was tried .. .o - 1
8 | @ Seedling at 10 weeks old growing in
;sﬁ'“g,* " soil of highly infested with root-
: knot nematodes - e - e 103
9 Perineal patterns of Meloidogyne spp.
worked with we 4 e 107



ACKNOWLEDGMENTS

I wish to acknoledge my deep appreciatiocn and
gratitude to my major supervisor, Ir. W.5. Boz , |
nematologist in the Department of Crop Protection.

Tfor his advice, guidance and constructive criticism
tiiroughout the course of the research and manuscript
preparation; and also to the other members of my
cdvizery committee, Dr, I.D. Erinle, Head of Crop
rotection Department, and Mr., J.G. Quinn, Head of

e Horticultural Section in the Department of Plant
Sclience, all at the Institute of Agricultural Research.
Ahlmadu Bello University - for their valuable advice and
supply of materials I used in carrying out this work.

I am equally grateful to Mr. V. Ratnam, the
dorticulturist attached to the Ministry of Agriculture,
 2éria, who helped a great deal in locating the nematode
infested sites where the experiments were carried out.,

My sincere and grateful thanks are duc to Dr. J.Y.
Yayock, Head of the Agronomy Section, I.A.R., for the
constructive criticism and advice he offered at several
times during the preparation of this thesis, I am also
grateful to beth Mr, S,A. Booth of the Agricultural
Fxtension and Research Liason Service, and Mr., B. Oruma
of the Agricultural Library, Ahmadu Bello University,



fdr theif useful suggestions and literature materials
piven at the initial stages of this work. I  | T

I must also show gratitude to Ir. J.J. Smit of the |
ﬂCrop Protection Department for giving me free access to
his books collection. Iy sincere apprecistion is due to
Mre. M.D, Alegbejo, Dr, A,C. Ebenebe, Dr. 5. Subbaray.lu
and Dr., A.K, Rhaheja -« all of the Crop Protection Depa-
rtment, Ahmadu Bello University, for the help and encou-
ragement recelved at sundry times during this work.

I am very thankful to Mr, S5.M. Abed, Mr, Ashiribo
“and Mr, Oyejola of the Data Processing Unit of Institute?__ﬁ
of Apgricultural Research, Amnmadu Bello University, for
their assistance in the analysis of the data, & |-

My gratitude goes to the technical and field staff
of the Nematology Unit of the Crop Protection Department =
for their cooperation, especially Mr. R.A. Lawal who
prepared the perineal patterns of root--knot nematodes
for identification. My brothers Joseph Otori, Abel
Jimoh and Osenl Itopa chare a great deal in my gratitude
for their Iinvaluable assistance with the field work., I
am olso thankful to Mallam Sule Munzu for the great pain
he has taken to type this work. |

I am very much indebted to Dr. 0.C. Onazi, Director,..'

Division of Agricultural Colleges, Ahmadu Rello Universitw.



for allowing me to undertake this study. The cooperations
of Mr, O, Olu~Audu, the Principal of the College of Agri-
culture in Samaru, and the Vice Principal, Mrs. R.K.
Tzharevba shown in many respects during this work are
also acknowledged and highly appreciated.

I am also greatly indebted to my mother-in-law,
lirse Aisetu Ovayengu Yusuf, whose motherliness, care and
services have given us peace and relief while engaged in
this work.

Finally, my gratitude to my wife, Angela, has no
limit, Her wit, understanding, encouragement and support
have been my tower of strength and sustenance during the

difficult moments encountered in this work.

o wl w



DECLARATION

The Candidate hereby declares that this
thesis is the result of his own individual
work and no part has been carried out in
collaboration with anyone else except
where reference is made to published
literature and where assistance is

acknowledged.

LR B R B O B B ]
—

Candidate's Signature

- yvii-



ABSTRACT

In an attenpt to find a substitute for Nemagon
five nematicides were tested for the control of root-
knot nemat odes on tomato. Mcap was quite effective
in root-knot control in nursery seedlings but phyto-
toxicity was observed when applied at dosages equal
to or higher than 10 kg a.i per hectare, the dosage
recommended by the manufacturer. A though Nenacur
was very effective in the nursery, it has a very
hi gh mammal i dn toxicity whi ch nakes the conpound
rat her dangerous to be recomended now. DD and
Basamd were found effective. Basamd however stays
too long in the soil at phytotoxic level during the
rainy season (nore than four weeks). Wdate was the
nost effective conpound in the trial in terns of root-
knot control and fruit yield increase; but it has a
high oral toxicity, though its dernmal toxicity is |ow.
Yield increase ranged from 10%in Mocap, to 87%in

Wdate-treated crop at the recomrended dosages.

- Vil -



CHAPTER 1

INTRODUCTION . =~ f'

nThé Nigerian farmer knows very little about plant
parasitic nematodes., Yet this group of animals cons-~
- titutes a major problem in his c¢rop production, espe-
cially in vegetable creops, In all soils where vegetable
crops are raised in Nigeria, different species of plant
parasitic nematodes are present. The survey of plant
parasitic nematodes carried out by Caveness (1968),

mainly in Southern Nigeria, showed several different

species found in association with various crops. The .: . .

most common genera he found were Meloidogyne, Helicoty-

e

- lenchus, Rotylenchulus, Scutellonema and Xiphinema. A .
very important and widespread group are the root-knot

 nematodes (Meloidogyne SPD ) « Lo e

1

.“E.Meloidogyne sppe. attack many vegetable arops, causing

varying degrees of damage. Bridge {1972) named such
vegetables as tomato, carrot, garden egg, melon, cucumbef
and french bean as most susceptible to root-knot attack,
while roots of cabbage, onion, lettuce and het pepper
suffered less attack, In the U.S.A. it is reported that
-vegetable crops suffer an eleven percent annual loss

(equivalent to 270 million dollars or N170,000,000) due
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to nematodes (Jensen, 1972). Netscher (1970, 1971)7"

showed that the presence of Meloidogyne sppe. can bhe a

limiting factor te economic vegetable farming in Senegal.,

Praguin and Marchand (1970) referred to Meloidogyne Spp.

and other nematodes as fithe most severe technical impe-
diment to vegetable production in Wesi Camerouns". They
estimated that when growing tomatces after tomatoes in

the presence of Meloldogyne spp., these nematodes could

cause yield reductions of 50 to 70 per cent. Here in
Nigeria, Bridge (1972) estimated a 4O per cent yield
reduction when plants like tomatec, garden egg, cucumber
and melon are heavily infested by nematodes. Bos (1978a)
however, reported a much more pessimistic figure in

respect of french bean ralsed by Bud-Holland at Kadawa,

~ Yields were only about three tons per hectare, as opposed

to an expected eight tons per hectare, due to root-knot
infestation. : - o o

The problems caused by root-knoet nematodes often start
~at the seedbeds. As the seedlings are attacked, their
roots show the characteristic galls and normal develop-
ment of the root system is prevented. Consequently the
translocation of water and nutrients to the aerial parts

of the plants is hampered and the plant growth is retarded
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(Oteifa and Elgindi, 1962), Bos (1978a) reported that
due to poor growth, seedlings of a susceptible cultivar
of tomato at Kadawa were being transplanted as late as
10-12 weeks after sowing instead of after the normal
period of 3-5 weeks. Plant infestation having started
in the seedbeds, contin_ues on the field after trans-
planting as the nematodes multiply and infest new roots.
The situation becomes worse if the fields themselves are
nematode infested.

Control measures of root-knot nematodes are based on
two principles; that of reducing damage in already infes-
ted fields; and that of preventing further spread of the
nematodes to non-infested fields. (Anon. 1968; Bos 1978b).
To achieve these goals, cultural methods, resistant vari-
eties and chemical sterilization of the soil are being used,

Cultural methods can take the form of crop rotation,
fallowing, flooding, use of organic manuring etc. These
methods however, have their limitations., The use of crop
rotation is limited by the occurrence on the field of a
wide variety of susceptible weeds which serve as reservoir
hosts (Wilson 1962, Caveness 1965) and by the fact that
only few acceptable non-susceptible crops are available

for inclusion in the crop rotation cycle (Bos 1979).
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- Fallow practices, especially bare fallow in combination :
i with repeated turning of the so0il may be suitable for

" certain parts of Northern Nigeria where the long dry
season and often very high soil temperatures can kill.7

. root-Knot nematodes through desiccation and héét;[the
practice is not easily accepted because the necessary

"~ land operations are difficult and expensive.

| ﬁ Flooding as a means of controlling nematodes is
-.effective under certain conditions, Praguin and Marchand
- {1970) observed that flooding of the soil during the wet
ﬂiseason in West Cameroun helped to control root-knot £
nematodes. Thames and Stoner (1953) found that floodingﬂff 
of rice fields for three months gave practical control o
llof Me.incognita for two following crops of vegetables,

It has also been observed that fields along the rivers
and streams in Northern Nigeria which are inundated for

: some portion of the wet season are mostly free from noot;
knot nematodes (Bos 1979) ~ (as was the case at the Galma
and Buruku Irrigation Sites)/ggéfg not produce a single
active larva of Meloidogyne when the soil dried up. In
temperate climates, Anon. {1968). reported that flooding
for 12 to 22 months was required to rid soil of root-

knot nematodes, So it can be generally said that flcoding
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és:a-ﬁeans of Eontrolling nematode is limited by the
avallability of water and the length of time an infested
s0ill remains submerged in water, These are_not conditions
the farmer can easily mantpulate, ‘ o
The use of resistant varieties of cr0p.p1ants is

regarded as one of the best methods and potentially the
most economic and effective ways of controlling nematodes
(Anon., 1968 and Taylor 197%1). This is particularly true
.in developing countries where farmers are yet to acquire
sufficient skill in handling chemicals. To be of any
value however, such a variety must be resistant to the.
.nematede specles prevalent in the region or locality
 4concerned, and, also have acceptable agronomic gualities,
Several resistant cultivars have been developed for crops

- such as tomatoes, peppers, french beans, cowpeas, soybeans
fote | Kir by

" and sweet potatoes etc, (Sassery, 1979). But breaking of

o resistance in such cultivars has already been reported

on several occasions., Netscher (1970) reported the
occurrence of an isolate of M.javanica and one of M.inco-
gnita capable of breaking resistance in the tomato
“Ronita®; Taylor (1975) reported the break-down of a

.. resistant variety of tomato, "Rossol", to Meloidogyne spp.

due to the presence of resistance breaking bictypes
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(B~races), and Idowu {1979) reported the océﬁfrenbe of
the B-races in a mixed population of M.incognita and
M,Jjavanica at Dadin-kowa (Bauchi State of Nigeria) where
a resistant tomato variety, Roma VFN was being grown.
This then takes us to the use of chemicals to control
nenmatodes, Taylor and Sasser (1978), are of the opinion
that nematicides are the easiest and quickest ways to
+ control plant-parasitic nematodes; the chemicals are an
excellent investment if used for production of crops of
': moderate to high value per hectare. They calculated that:
Tone dollar used to buy ncmaticides increases crop value

by L to 25 dellars or more per hectare'. Chemical steri-

. lization of soil alone is by no means the final answer

| to root~knot nematcde control, Oostenbrink (1972) has

.- suggested an integrated control combining the use of

'1.Chemicals, proper crop rotation scheme, weeding and resis-
" tant varieties - as being the reasonable approach, as long
as wve are still in search of an ideal chemical which has
no practical limitations. | [ ‘
JgﬁaﬁPractical control of plant-parasitic nematodeslﬁith
nematicidal chemicals started only after 1940 with the
 _idiscovery of the nematicidal properties of 1,3-dichloro

prépene = 1,2«dichloropropane mixture, Since then the



development of new nematicides has been intensified so
nuch that we now have a wide range of cluemicals from
which to choose. The older nematicides are volatile
nalogenated hydrocarbons which are injected beneath the
soil surface, They evaporate to produce fumes which
kill nematodes and are therefore called "Soil fumigants®.
Examples are Methyl bromide, Chloropicrin, DD (1,3-
dichloropropane 1,2-dichloropropene) etc. Fumes from
s0il fumigants diffuse through the soil in the vapour
phase, They enter nematode bodies through the cuticle
(Taylor and Sasser 1978). Netscher (1971) is of the
opinion that the fumes saturate the pores of the soil,
and thus kill the nematodes by asphyxiation. Wilson
(1962) and Caveness (1965) have recommended the use of
DD and Nemagon or DBCP (1,2~-dibromo-3-Chloropropene)
for soil sterilization in Nigeria, Netscher (1971),
working in Senegal, also mentioned EDB (dibromoethylene)
stating that DD, EDB and DBCP "are well adapted to nema-
tode control and because of their action asphyxiation
will not give rise to nematode resistance to these
treatments",

Philis (1974) reported that the root-knot nematode
M.Jjavanica Treub on tomatoes was effectively controlled
by the nematicides EDB, DD, Di-trapex and Terracur, with



inerease in yields. Taylor and Sasser (1978) recommended

8

the use of ‘methyl bromide in seedbeds and nurseries for
the control of plant parasitic nematodes, fungi, bacteria,
50il insects, and weed secds, All these recommendations
leave no doubt as to the efficacy of the soil fumigants

in see¢dbed applications. But however useful these che=-

. micals are, the peasant farmer in Nigeria may still find

© . it difficult to afford or cope with ‘the requirements for

their effective administration. These include, the pur-
chasing of wide polythene sheets or hand applicators;
calculation and application of the correct dosage;
determination of soil temperature, moisture and tilth
' ;gquired for individual chemicals; the danger of inhaling
toxiec vapours and the long waiting period of 2=l weeks

" before sowing. A less demanding soll fumigant in terms
if of equipment needed for application is Nemagon in granular
formulation. It can be Iincorporated straight into a well
prepared soil making use of ordinary hand hoe., The scoil
so treated is slightly compressed by foot or otherwise
‘and watered lightly (if necessary) to seal the surface
against fumigant escape. The relative ease with which
the chemical can be handled or used has made the Agricul-

tural Extension Research Liason Service (AFRLS) to reco-

1 -
E
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' ﬁméﬁa Nemagﬁh 26“t0 the farmers throughout Nortnern

" Migeria (Extension Guide No., 1), But Nemagon has
.recently been removed from the market and manufacturing
iz discontinued. This action was taken because of a
reported 1inkage between male sterility and low sperm

" counts and exposure to DBCP in factory workers handling
the material., There was also the possibility of carci-
nogenic action of the residues of the chemical in treated
) vegetable crops (Anon. 197%}. This situation has there-
' fore necessitated e search for a suitable substitute for
- Nemagon which can be recommended to the Nigerian farmers.
Because of the problems high-lighted above in respect
- of the soil fumigants, the substitute for nuirogon coull
be sought from the new group of nematicides called the

mon-fumigant® nematicides, This group (mainly organo-

" phosphates and organocarbamates) comprises chemicals that

have contact action and mosi are known to act systemically
in the plant, The non-fumigant chemicals are often appl-
ied in granuleted forms, and they have other advantages

of low phytotoxicity and veolatility. But the greatest
constraint that may 1limit their use is their high mamma-
lian toxicity, It is hoped that once a suitable chemical

ha®  been identified, their recommendation will he backed

T I
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f up by thorough educaticon on handling and usage,
The following compounds are used in the trial?
Mocap (Ethoprophos) O-ethyls, S-dipropyl
_f' | | phosphoredithiocate, |
Nemacur (Fenamiphos) ethyl u-(methylthio)-m-tolyi-
N isoprop. yl-phosphoramidate,
"~ Vydate (Oxamyl) methyl-N'-dimethyl-N- (methyl-
. - carbamoyl) oxy -1-thioxamidate,
Basamid (Dazomet) tetrahydro=-3, b~dimethyl-1, 3, 5-
S " thiadiazine-2-thione,
Eaigent: . - g
DD (1,3-dichloropfopane;7,2 dichloropropane)., This

chemical is included in the trial because of its long-

. . standing records and recommendations. But according to

recently received infcrmation, DD is undergoing a severe
scrutiny: the manufecturing of the compound is being
halted for health problems among the factory workers
(personal information obtained from Dr. Tayo Olowe,

b

Ibedan). - : RIR ]

" Vapam (Metam-Sedium). Sodium~N-methyldithio-carbamate

" which iz recommended for use in the Western States of

Nigeria (Cole—Egharevbaf197?) should have been included

in this trial but for the fact that the chemical was not

| P
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available at the time of trial, and had not been in the
Nigerian market for a long time. (Personal information
obtained from Dr. Ogunfowora, Ibadan and Dr, Amosu, Ife).
The objectives of this study are to evaluate the
efficacy of the nematicides listed above for the control
of root-knot nematodes in seedbeds and assess their use
under field conditions; to examine the efficacy of Mocarp,
wvhich is said to be applicable to the soil at the time of
planting, as a possible alternative to Nemagon in Nigeria;
to assess damage done by the root-knot nematodes to tomato
plants; and to be able to give advice to farmers on the

use of nematicides based on economic principles,
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CHAPTER 2 -

Review of Literature

2e1s History of Nematicide Development.

 The application of chemicals to the soil %o control -
plant parasitic nematodes solicited the attention of
several investigators when it became apparent that these |
animals were causing economic damages to crops. K&hn
(1881) tried a number of chemicals to control the sugar

beet nematode, Heterodera schachtii, and found carbon

bisulphide most promising. Neal (1889) experimented wiih.
numerous combinations of carbon bisulphide, tobacco dust,
pptassium sulphate, potassium sulphide, sulphur and caus-~
tic lime to control root-knot nematodes in Florida. He
found tobacco dust to be the most satisfactory of these
treatments. Mathews (1919) found the effectiveness of
Chloropicrin as a soil nematicide, Johnson and Geodfrey
(1932) confirmed this and reported that chloropicrin was
a very effective fumigant for controlling the root-knot
nematode., The chemical became widely used in the pine-
apple=-growing areas of Hawaii, Richardson and Johnson
(1935) worked with methylbromide in glasshouses and found

that it has nematiclidal properties besides being an insec-
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. ticide, herbicide and fungicide. The nematicidal proper-
“ties of 1,3-dichlore propene-1, 2-dichloropropane mixture
 :(DD mixture) was discovered by Carter in 1943, and that
of ethylene dibromide (EDB) by Christiec in 1945. Ten
- years later McBeth and Bergeson (1955) discovered the
| nematicidal action of dibromochloropropane (DBCP), Later
in that year Allen & Raski reported the chemical to be
effective nematicide after they conducted eXperiments
‘in 1953 and 1954. DD, EDB and DBCP - Soil fumigants, as
"_they are often called - became the major commercial nema-
ﬁticides in use throughout the world, o ?_ :
The non-fumigant nematicides came later into.ééé than-
the fumigant types. Whereas the non-fumigants, comprise
the organophosphates and organo carbamates, the fumigants,
nre mainly halogenated aliphatic hydrocarbons. The test-
ing of the non-fumigant compounds against nematodes began
in the early 1960s. Sasser (1952) found that demeton
used as a soil drench reduced root-knot on tomato and |

cucumber grown in pots. Helton (1965) demonstrated that - ;

}
!
R EE RN I

| 1 = Diethyl 2 - (ethylthic) ethylphospherothionate

+ Phosphorothiclate, {(Common name: Systox),
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dimethoate® suppresses root~knot (Meloidogyne hapla) on

potatos. Other compounds reported to have nematicidal
effects include Phorate- (Jensen 1966) and Ethopropu
(Miller Clark & Perry 1970). Soon after the discovery
of the insecticidal properties of carbomyl oxime compo-
wmds in the mid 19605 they were tested against nematodes.
[xamples of compounds in this pgroup with nematicidal act-

5

ion are aldicarb” and Oxamylé. Dazomet? was first intro~
duced in 1952 by Staceffer chemical company and formulated
" as a powder ("Pesticide Manual" 5th Edn 1977 p.147). But
Co R N o
2 =0, 0 dimethyl § - (N-methyl carbamoyl methyl

L3R 20 3 B BN R BN N )

phosporodithicete). (Common name: Rogor

CeePerfektnion)e ol ci e e kit s

aeil g

i -r-i‘m-‘h“v' L3

3 =0, 0~ diethyl S-(ethyl-thio) methyl ... i

R

. [
@ff;;;a phosphorodithiq%e. (Common name; Thimet)._h

ji 4 = 0~ ethyl 8, S~dipropyl phosphorodithioate.
 m; (Common name: Mocap), . . - ﬁnﬁ:m.{bAﬁ;;;i”
:?n 5'= 2-methyl-2~-(methyl thio) propional@ehydeFO_frt;;:l_
Q;HI_Iﬁ.(methylcarbamomyl) oxime., (Common ﬁame:f:;:_ﬁu%hgﬁ
i; Temik, Carbenolate). ' w7 g, -Pg;;ét
| .6 = § - methyl 1 - dimethylcarbamoyl-N-(Methylcar- ”f
P bamoyl) oxy) thioformidate. (Common name: Vydate).
7 = tetrshyto- dimethyl thiadiazine thione.,
el (Common neme: Bagamid)’ ' - s
T S SR S & R R
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the development of the granule formulatfon which could
be distributed mechanically was reported by Lush, Hans,
Hitchman & Levis in 1967, Phenamiphos (nemacur), a
highly effective organophosphorus nematicide for both
protective and curative applications was developed in
Germany by Farbenfabriken Bayer AG and reported in a
journal by Homeyer (1971), Burnett and Inglis (1971)
confirmed that this chemical gave effective contrecl of
root-knot nematodes in tobacco and tomato crops in exten-
cive field tests.

2,2,0 Method of Application,

The following application patterns of nematicides
are often used:
Area or overall treatment
Row treatment
Spot treatment
Treatment with gaseous fumigants,
2+241 Area or Overall Treatment.

Application of the nematicide to the whole area of a
field is known as area treatment, Area treatment is used
where maximum control is desired, or when crops are to be
planted in rows spaced less than 60 cm apart (Taylor 1971).

FFor this purpose, soil fumigants nre usually injected into
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the soil at a depth of about 20 cm in parallel lines 30cm
apart, Fumes diffuse from these lines, and control is
roughly uniform throughout the top 4O cm of soil. An
overall treatment can nlso be accomplished with tractor-
mounted power applicators, These applicators are genera-
1lly used for treating areas of more than 500 sguare meters.
Their essential parts are a device for metering the nema-
ticide and one or more times for placing it at the desired
depth, Metering devices are designed to provide constant
pressure on orifices, thus insuring a uniform flow as
adjusted to tractor specd (Taylor 1971). For small-scale
application of liquid fumigants, hand injectors are avaie
lable, These deliver nematicides to the soil through a
hollow spike, The amount delivered is measured and forced
through the spike by means of a hand operated pump. Liquid
non-fumigant nematicides are usually diluted to a required
concentration and sprayed uniformly over the prepared soil
surface, In the case of the granular non=fumigant nemati-
cides, they are generally spread uniformly over the soil
surface and then usually incorporated inside to a depth

of 10 to 20 cm. (Taylor and Sasser 1978). In the case

of Ethoprop "Nematode control is best where the material

is incorporated into the top 7 to 15 cm of 5011"1.

L

1 = Mocap Crop Bulletin No.174 by the Mobil
Chemical Company p.10,.



2.2 .2 I{Ol‘{.;_‘reatmer}_tc

Row or furrow trectment is particularly useful where
A crop is to be planted in rows spaced 60 cm or more apart
(Taylor and Sasser, 1970). Row treatments are used for
cotton, tobacco, vegetobles and maize (Caveness 1965).
Taylor (1971) described it @#s a very efficient way of
uging nemnticides. The cost is approximsntely onc-half
of overall application by comparisen {Sasser 1976€).

2+243 Spot Treatment. | .
Spot treatments are used where the plants afe widely.

spaced, as in orchards. A single injection of fumigant |

nematicide produces a spot of treated soil about 30 to

10 cm in diameter in which one plant can grow. The nema-

ticide can be ircorporated near the ploant base or can be

applied by hand applicotors (Caveness, 1965; Tayvler and
Sasser 1978). ' : : : -

e b

oo

The application of goseous fumigants like Methyl
.:-Ibromide or Chloropicrin to the soil can not be done by
any of the methods described above becauge of their
preculiar characteristics of being in the gaseous phace
even at low temperatures {(4°C}. ‘'hen such chemicals are

to be applied to seedbeds or potting scil, the soil is

Iy
i
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prepared for treating as if for plantiﬁg. Then a ﬁlastic
sheet is placed over the plot with its edges well buried
in the soil. A tube from an applicator opensﬁaifzﬂﬂstic.
The chemical is placed in the applicator and flows through
the tube as the applicator is operated (Toylor =snd Sasser,
1978}, The plastic, or gas-proof sheeting used does not
only protect the user Ifrom the poisonous gases, but also
encowrages adequate retention of the fumigants in the

soil (Khair and McLeod 197.). | | __ | | 1 |
24340 Fhysical Factors Affecting the _EQQP_’%.KG.H?.S,S;QE

b

. AL i e S

The physical factors affecting the effectiveness of
nemnticides that are mentioned in this passame are; Soil

3

~ type, soll moisture, scil temperature and pH,

The diffusion of volatile nematicides in the soil is
influenced by the soil type. Sandy leocam solls or soils
with low organic and clay contents are the types in which
volatile nematicides as well as non-fumigant types are y
mest effective in controlling nematodes (Allen/zzégg%%l
| Clay particles or excessive organic matter can absorb the
nemnticide and reduce its dispersion in the soil, Thel
pore spaces in clay soils are relntively small and are

_ : : _ S

b
b
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likely to be filled with water vhich blocks the spread of
tite nematicide, This rcsults in incomplete fumigation,
Clay soils therefore reruire 20-50% more fumigant than
o:ndy soils for effective trectment (Khair and McLeod
1974.)e It is known from the work of Hagan (1941), Stark
(1918), vade (1954, 1955) =nd Call (1957) that carbon
bisulphide, ethylene dibromide, and chloropicrin are
highly absorbed when they are in contact with dry scil,
lhen the pore spaces are relatively large as in sandy
soils, the nematicides applied spread rapidly, hence
attention must be given to the problem of sealing the
surface to prevent escope of the nematicide into the air
cbove the soil (3asser, 1976). For most chemicals proper
50il preparation is very important for best results, In
order to be effective, the chemical must penetrate the
entire soil mass to the depth required. The best way to
obtnin this is to prepare the seil to the consistency of
2 good seedbed - free from lumps and clods - as a good
number of nematodes can hide in them. Root debris or
plant residues from the preceeding crops should be re-
moved, otherwise they could form “chimneys® through which
the fumigent can escape bcfoirre it has a change to become

effective (Caveness 1965).
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2.3.2 Soil Moisture,
. Hagan (1941) has indicnted that soil moisture is the

most important factor limiting diffusion of fumigant ne-

moticides, A3 soll moisture increnses more soil pores

fill with water, which inpedes diffusion of gases, resul-

ting in poor distribution and prolonged retention of the

~ fumigant in wet soils ($hoir and McLeod 197L). Conditions

%of moisELre and temperature which are optimum will vary

with soil type, nematicide used, and other factors (S@sser,

1976), But talking of general condition$, Caveness (1965)

said: soil is:usually at the proper moisture level for =

fumipation when it barely retains its shape after being

squeezed in a palm of the hand?®, Most recommendations

call fo; é soil moisture content above field capacity in .

sandy soils (Allen 19603 Caveness 1965), In sandy loom

or clay loam soils, however, the moisture should not be

more than 85% or less than 50% of field cnpacity (McBeth

& Dergeson 1955),. ) _ LT

b

24343 Boil Temperaturc. R

The diffusion of fumiganit nematicides also depends
on soil temperature., Coveness (1965) suggested that the -
application of a soil fumigant should not take place if 7% 
the soil temperature at 15 cm depth is above 29OC1 This .

Lo
[
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is because excessive temperatures cause very rapid disper-
sion of fumigant gas and control is not achieved, On the
other hand, there is a lower limit of temperasture beyond
which fumigants can not work. Castro and Thomason (1971)
showed that EDB is not effective below 10°C. Peachy €1965)
said that soil temperature should be above 7°C for the
cpplication of DD and above 16°C for EDB and DBCP. Khair
nd McLeod (197L4) reported an optimum temperature of 21%
~or fumigants application,

Soil temperature does not seem to affect the efficie-
ncy of the non-fumigant nematicides, as the literature
nccompanying the various non-fumigant compounds presently
on the market is silent over tempernture effects. Khair
nd McLeod (197l) were of the opinion that this group of
nenoticides could be used to advantage when temperature
and soil factors are unsuitable for the application of
fumigants.

2,344 Soil pH.

pPH has no major effect on the toxicity of alkyl halide
nenaticides, the substinces however, do hydrolyse in basic
or neutral media (Castro and Belser, 1966), For many non-
funiszant nematicides, pH exerts certain effectson their

nydrolytic stability. Mocap is very stable in acid
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agueous media from 25°C to 100° and hydrolyseg moderately
fust in basic medium at 25°C and rapidly at 100°¢T. Oxa-
myl in solid form decomposes to inccuous materials in
naturael waters sind in soil. The rate of decomposition

is increased by alkalinity, seration, sunlight and higher

temperaturesz. The rate at which Dazomet {(Basamid) breaks

: o dovm in the soill to methyl isothiocyanate appears to be

" 2uug Mode of Action.

hagstoned in soils with low pH (Pesticide Manunl Sth Edn
Petl1), As for Nemrcur, Homeyer (1971} gave its hydroly-
tic stability as follows: LO¥ degradation after 13 days
at pH 2, no degradation after 1) days at pH 7 und half~
life of 31.5 hours at pll 11.3 (Pfianzenschutz—Nachrichten
Bayer 24/1971, 1 : 50), , . o
- R
Tie mode of action of hemuticides depénds on the type
{ of nematicide used, It is knowvm that both fumigants and
 u non~funigant nematicides dissolve in water at least to

some extent and enter nemntode bodies through the cuticle

\
. 3

[ B N BB B . F
;

H

i

. Mobil Chemicsl Tech., Bull. on Mocap No. 10-1
. Sept., 1973, | o
2 = E.I. du Pont de Kemours & Co (inc.) Product

Development Bulletin on #Vydate® Jan., 1977,
- _ _ i
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(Taylor and Sasser 1978), but what happens beyond the
cuticle depends on the nature of the chemical,
2elte1 Fumigant Nematicides,

In the case of funi:»nt chemicals, Castro and Thomzason

(1971) studied the entry of EDB and DBCP into Aphelenchus

------ -

Czenorhabditis sp., and mode several observations. They
found that the nematode cuticle is not a barrier to pene-
tration by nematicides vhich readily enter the body theuah
not by ingestion. Permeation through the cuticle is a
dynamic process in which the nematicide concentration
inside nematodes rapidly comes to an equilibrium with the
concentration in their aqueous environment; the egquilil. .um
concentration of nematicides in the animals exceeds that in
the external solutions. Thus, the equilibrium concentration
of ethylene dibromide in A.avenae exposed to a 0.53 x 10”2
solution was found to be 1.3l x 107°M, and the animals
remain alive for hours under this condition. They also
found that there are multiple sites available for the
action of any biocide on 2 living system. In an attempt

to explain the toxic tction of the alkyl halide namatici-
des, they showed that at concentrations under 200 ppi,

nematodes become quiescent and then die slowly. The slow
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deatl: was probably caused by interference of the nemati-
cides with the iron-containing enzymes of the respiratory
sequence. At concentrations above 200 ppm, there was
contortion of the nematode body and rapid death explained
by alkylation at numerous sites within the animal body.
iietscher (1971) had & simpler explanation to the toxic
action of the alkyl halide nematicides: "when these pro-
ducts (DD, EDB and DBCP) are introduced into the soil,
they evaporate slowly and saturate the pores of the soil,
thus killing the nematodes by asphyxiation®,

The non-fumigant nematocides, which are mainly organo-
rhosphoros and carbamate compounds, apparently have a
different mode of action, Rhode (1960) demonstrated
aistochemically the presence of an esterase which hydro-

lysed acetylcholine (the synaptic transmitter) in Paraty-

- — W -

D R

that this enzyme is inhibited by erganophosphorus insecti-
cides, Lee and #ftkinson (1965) reported that Aldicarb,

*Formerly Trichodorus christiei
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o carbamate derivative rapidly inhibits body activities

s ——

LN

~ctive against certain nematodes and said: it seems to
nct against the cholinesterases of the worm#., Kampfe

and Dietze (1972) were able to show the inhibition of
cholinesterase with systemic nematicides in nematode
sections histochemically and found cholinesterase located
in the central nervous system, It is generally accepted
that the organo-phosphoros and carbamate compounds act in
insects by inhibiting the hydrolysis of acetylcholine by
the enzyme acetylcholinesterase (Corbett, 1974). From

the work of Bunt (1975), on the effect and mode of action
of oxamyl and phenamiphos on nematodes in Vitro, he obser-
ved muscular contractions, paralysis crinkling and stylet
protrusion - indicating poisoning of nerve systems, in all
nemntodes examined. He concluded that: #the many simila-
rities with the effect of two chemicals in insects and
mammals, support the hypothesis that they act upon the
enzymes involved in the transmission signal to muscular
tissues by transmitter substances, such as acetylcholines-

terase’
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- 2.5 Properties and activities of nematicides use?

in the Trials.

é.S.1 Basamid (Dazomet), Cie : i

Dazomet is the common name approved for the chemical,

. tetrahydro 3, 5-dimethyl - 1, 3, § - thiadiazime-2-thione,

It has a structure:

| ]
S i
NS E i
- - i
" which in moist soil breaks down to various deéfﬁdation
. productss . . o : - _ }
- T | " __;'..m; .
- s . H 9 c=8
" HaoCw “CH, 4 2H,C0 Hye-NT  + ¢ 4 I
L3 3 2 TR |
- | H. LHH N - CH,
monomethyl - imethyliso-
) formaldahyde )
" aunine : thiocyan~*-
_ SN : \
e G 4 00 " HooHOH o (NIT,
R N - & H,0 + H-C-N-C-N-C-H
CHOH oW . Y‘{ | I i |
R ' i E ' '

-~ All these preducts give the compound a very broad spec-
trum of activity. | :_ B .;_f E¥;'
Dazomet was introduced.in 1952 by the Umioﬁ Carbide
Corporation under the trade mark ‘Mylone , and by Bayeris-

ce Anilin und Soda Febriken AG (BASF) under the trade

B
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mark 5Basamid“. The solubility of Basamid in water is
1.2 g/litre at 30°C., It is of moderate stability but
its stability is sensitive to heat above 35°C, and to
moisture, | o !
Dazomet formulations are: dust (850 g a.i/kg) and
Basamid' granules (950 g and 98C g a.i/kg). Originally
dazomet was formulated as a powder, but the need for a
product which could be distributed mechanically resulted
in the development of a granule formulation (Lush et al.
1967)« The chemical is strongly phytotoxic and seoil
treated with it should net be generally planted until -
shown to be free of the compound and its decomposition
:products. This can be by monitoring the germination of
Cress seed sown on 2 sample of the treated woil (Pesti-
cide Manual 5th Edn p.1t1). High moisture content of
the s0il and low temperatures tend to prolong persisternce
of the chemical in the s0il. The compound is not reco-
| mmended for use when the soil temperatures are below 7°C
(Lush et al. 1967), i
Toxicity to mammals is moderately high, The acute

oral LD50 for rats is about &40 mg/kg; the B85% dust is

[

Loy
[

'

:

a

irritant to the skin and eyes of rabbits. ;“”"
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The BASF gave the advantages of Basamid granular as
follows: It produces no drift from the wind; 1t can be
spread evenly; the uniformity of application is readily
visible; it requires no complicated application equip-
ment; no complicated methods are neceded to ''seal" the
soil; no unpleasant odour during application; no side
effects; the gases do not form until the product and the
50il are mixed; and very broad spectrum of activity with
the standard application rates,

Dazomet is reported effective for the control of

nenatodes as well as soil fungi such as Pythium, ghizoc-

- — -

incorporated into glasshouse soils at rates of 370 to

400 ko/ha, At these rates it is also effective against
wireworms, millipedes and soil insects and suppresses the
growth of many weeds (British Crop Protection Council:
Festicide Manual 5th Edn., p.147).

Several workers have used Dazomet to control nematodes
on crops like groundnut, onion, carrot, potato, tobacco
and tomato, and reported varying degreesof phytotoxicity
due to the chemical, Chabra & Mahaja (1976) tried dazo-
met, aldicarb and phensulphothion to control Pratylenchus
coffefle on groundnut (Arachis hypogaesd each at the rate
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of j00 kg/ha, he found that in this experiment dazomet
was less effective in controlling the nematode than the
other nematicides mentioned. A preplant application of
500 kg/ha of dazomet stimulated development of some

onion varieties but depressed that of other. Onion
planted 5 or 6 weeks after application of dazomet showed
stunting, yellowing and shrivelling of leaves though
recovered after 2 weeks, Waiting periods of more than

6 weeks were recommended (Greco & Lambert 1977). Shep-
herd (1975) tested granular dazomet (98%) in tobacco
seedbeds in Rhodesia (Zimbabwe)., He found the compound
not very effective but rather phytotoxic to the seedlings.
Men Whitehead & Smith (1975) tried to control Heterodera

rostochiensis* larvae attacking roots of young potato
plants, using dazomet at the rate of 330 kg/ha, he recor-
ded 98% decrease of the larvae population. Also most of
the eggs were killed. Dazomet has been successfully
used to reduce damages due to root-knot nematodes and

fungal attack on tomato plants. Fungi like Pyrenochaeta

lycopersici and Colletotrichum cocoides as well as Meloi-
dogyne incognita were controlled resulting in doubling the
yield of tomato (Cuany, Lavergne, Clerjean & Noarrisseau
197l )s Ogunfowora (1979) also found dazomet at 500 kg/ha

*now Globodera rostociiensis
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to be very effective provided sufficient waiting time is
allowed prior to sowing in order to prevent phytotoxicity
in the seedlings,

2.5.2 DD: Dichloropropene - dichloropropane mixture plus
many related compounds, The most active ingredient,
dichloropropane, is a halogenated aliphatic hydrocarbon

having the following structure:

H\ - (K ) H
/C =CL w o ond € =% P
C i
P / Sct 4 7 Nieh
ces H H
+run$

The product is often referred to Dy its trade mark
'D.D', It was introduced by Chell Development Zompany
in 1942 (Pesticide Manual 5th Edn, p, 179). 1Its first use
as a soil fumigant was described by Carter (1943), Pure
Dichloropropene is sold as Telone by the Dow Themical Co,
DD is a clear liquid, with a pungent odour, 1Its
solubility in water at room temperature is low, being
about 2 g/kg and it is soluble in hydrocarbon and halo-
genated solvents, The mixture is stable up to 500°¢,
It is strongly narcotic but low concentrations cause an
irritation of the respiratory tract, Exposure of guinea
pigs, rabbits and rats to concentrations of 1,600 ppm for

seven hours was tolerated by the first two species ('Fes-
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ticide Manual! p.178),

DD is a pre-plant nematicide effective against soil
nematodes including root-knot, sting and dagger, spiral
and sugar beet cyst nematodes, The mixture is usually
applied by injection into the soil or through tractor-
drawn hollow tines, to a depth of 15 to 20 cm at 150 1/ha
on light soils to 400 1/ha on heavy soils, and soils
containing much organic matter., The soil should be in
"seed=bed" condition and moisture should be at field
capacity before application. The soil surface can be
seeled by rolling a water-filled oil drum once over the
treated area (Bos, 1976b). Because the chemical is phy-
totoxic, the soil should be opened up to zllow the fumi-
gpant to escape. The waiting time is two to four weeks
before planting. The waiting time is shorter in light
soils, warm soils, and soils of low moisture content.
But it is longer in wet or cold soils and in heavy soils,

DD has often been included in trials with other
nematicides to control plant parasitic nematodes. Marks,
nlliot & Tu (1971) compared 5 nematicides (DD, Vorlex,
Dasanit, Furadan and Mocap) for control of root-lesion

nemotodes (Pratylenchus Eenq;rans) on flue-cured tobacco.

in Ontario. They found that DD, Vorlex and locap produced
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2igher yields than the others under high nematode popula-
tion densities, Philis (1974) reported that Meloidogyne
with DD at 50 litres, EDB at 11.3 litres, Di-trapex at
50 litres and Terracur at 2,5 kg a.i per hectares and,

ns a result yields were increased. Ogunfowora (1979)
tested Nemagon 75, Basamid, Vapam and DD in the nursery
and in the field for the control of root-knot nematodes
on tomato, He found that DD gave the most effective
control resulting in slight root galling and strong
vegetative growth, though no significant increase in
fresn fruit yield was recorded. In Ghana, liemeng (1977)
found DD as effective as Nemagon and Vapam in controlling
Me.incognita on a susceptible tomato cultivar. Dandria,
Lamberti & Vorlas(1977) in Malta showed DD at 300 1/ha to
be the most effective of the nematicides tried against
Meincognita. He found that whereas Fhenamiphos and
Oxamyl attacked the infective larval stage only DD also
acted directly on the eggs of M.incognita, hence making
it most effective.

In a trial carried out at Bambey, Senegal, the behaviour
of two tomato cultivars, one resistant (Rossol) and the

other susceptible (Roma) to Meloidogyne javanice, was



T e

compared on a field infested by the parasite. Before
planting the field was treated with different nematicides:
DD, Nemagon and Dupent 1410, 0Ff these, only DD was found
:capnble of raising yields of Roma to a level comparable
with yields of Rossol (Netscher and Mauboussin 1973).

From the foregoing account, DD is an effective nema-
ticide which can be employed as a seesdbed sterilant, and
also as a treatment of large fields provided it can be
applied properly, {Q
2.5.3 Mocap (Ethoprophos). | th;f;i“_f

Ethoprophos or Ethoprop is the commoﬁ name'approved
by the British 3tandard Institution and the American
Chemical Society for Mocap respectively. It was intro-
duced as a nematicide and soil insecticide by Mobil:_ |

Chemical Company in 1963 under the trade marks 'Prophos;
and '"Mocap' (Pesticide Manuzl S5th Edn, p.248). The che-
mical structure of the organcophosphorus compound is:

ﬁ S-CH2-0H2~CH3
/// . f
CHB—CHz—O—P\\\ ‘i
: S—CHZCH2~CH3 "

AT PR
. o

O-ethyl SS -~ dipropyl phosphorodithioate.
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The physical state of Mocap is a clear liquid with yellow
tint, having a vapour ypressure of 0,00035 mm Hg (26°C)
and specific gravity of 1.094. The compound is very
soluble in most organic solvents, =nd soluble to 750
mg/litre in water., In terms of stobility, it is very
stable in acid agqueous medium from 25°C to 100°C, but
rapidly hyrolyses in bhasic medin at 25°%c, Mocap is
commonly formulated zs an emulsion concentrate (700 g
n.i/}) or as granules (1CO or 200 g a,i/kg or 10% and
205! Granular respectively). It is a fairly toxic com-
pound as shown by its Median Lethal Dose figures indi-
cated below:
Ethoprop (technical grade),

Acute oral LDS50 61.5 mg/kg (rats)

Acute Dermal LDS50 25.9 mg/keg (rabbits)
Mocap 10% Granular =

Acute oral LDSO 355 mg/kg (rats)

Acute dermal LDSO 510 ng/kg (rabbits)

Acute inhalstion LDSO = 20,000 mg/l (rats).

The Mobil Chemicul Compnny described the characteris-
tics of Mocap as #a phosphatic compound with o broad spec-
trum of activity as a nemnticide - incecticide. It is o
non-funigant, non-systemic contact pesticide with good

50il movement and residucl properties. It can be
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applied immediately before or at the time of planting or be
used for treatment of established plant$’ (Mobii Chemical
Technical Bulletin ‘iMocap® No.10~1 Sept., 1973). Mocap
‘provides effective nematode and soil insect control on a
wide varlety of field, vegetable and ornamental crops.,

the
In/U.S.A. Mocap was registered for use on such crops as

. sugurcane; soybean, corn, banana, plantain, groundnut, :;
sweet potatoes, pineapple, limabeans, cabbage and cucumber
- with a tolerance level at harvest set at 0.02 ppm (Pesti-
cide Manual p.249). N _é.

Argauer and Feldmesser (1978) investigétéd £Eé uptake
of Mocap by ten vegetables grown in treated so0il for cone
trol of nematodes, Soils were treated with 3.4, 6.7, and

13,4 kg/ha active ingredient of Mocap 10% granules one

‘week before planting. At harvest the chemical was found

. at levels above 0.01 ppm in onion bulb (0.12, 0.52, 1,3L

prm), carrot (0.1, 0.34, 0.81 ppm), radish (0.12, 0.33,
» 0.66 ppm), and eggplant (0.027, 0.04l, 0.086 ppm). Mocap
was not detected (i.e. lower than 0.01 ppm) in beet root,
cabbage head, cantaloupe leaf, pea and tomato fruits. |
The results of this investigation proved the systemic

ed
- action of Mocap and also show that the chemical is qguite

" safe for use on such common garden crops as tomato, pea
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and cabbage. Several workers have demonstrated the effec-

" tiveness of Mocap used in controlling nematodes in tobacco

Brodie and Good 1973; Dickson 1974; Di Mure 1973%; and
..McLeod and Mead 1977). Ingram Rodrigue:,.Kabana & King .
(1977} compared the efficacy of Mocap and Fensulfothion
in contrel of M,agenaris in squash plants, and M.incognita
" ond Tylenchorhynchus claytond in cotton. They found that
Mocap reduces galls more sharply than the other compound.
MeLeod (1977) reported that of the several granular nema-
ticides tried against Meloidogyne spp. on tomatoes, the
best results were obtained with mocap, nldicarb and oxn-
myl. Root galling was satisfactorily reduced for at
lenist 5 months after treotment and, in one trial, yields
were increased by 20 to 10 per cent. Vasheishwili (1976)
reported a different experience when he found that Mocap
at 75-100 kg/ha (actual formulation) had low efficacy for
control of Melcidogyne spp. on tomate in the Georgian USSR.
2.544 Nemacur (Fenamiphos}.

Fenamiphos is the common name for Nemacur which is an
orcanophosphorus nematicide, Tts active ingredient is
O=ethyl-0 (3-methyl-lL-methyl-thiophenyl) - isopropyl

amidophosphate, having as structural formulas
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(a) £“13
O o<::j§
2
#

SCH3
(CHy),CH-N
H
The compound was introducad in 1969 by Chemnagro division

of the Raychem Corporation a2s a nematicide under the

tri:de mark “Nemacur:,

tlemzcur has a vapour pressure of 10"6 mm g ~t 30°C;
solubility in water at room tempersture is 700 mg/litre.
Thae oral LDSO to male r tes is 15.3 mg/kg:; and 500 mg, kg
derm~1 LD50 for the same animal.

Nemacur is 1 systenic nematicide, aétive against
ecto--pirasitic and endoparasitic, free-living, cvst..
.orming and root-knot nemstcdes (see appendix iii}. It
is suzested for broadcust epplication at 5 to 20 kg
41,/ he, for band application a2t 7 to 4O g a.i/100m of
row in 30 to 45 cm bands, for bare root dip at 100 to

SO g a.i /litre for 5 to 10 minutes. (Pesticide Mrnual

S Gon, (1977) pe.262,
The active ingredicnt of Nemacur disperses in the
50il via the water system md is then brought into con-

tact with the nematodes in a systemic manner, Its
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residual action in scil, at dosages of 5§ to 10 kg of a
wctive ingredient per nectire lasts for three to four
months (Heameyer, 1971)}. Momeyer reported & successful
use of Nemacur on 2 wide range of crops including toba-
cco, cotton, groundnut, cirrot, tomato mnd cucumber.

In field trials with MNen cur for the control of tobncecH

....................

c.'env tus and Meloidogyne spp.j, the nemuticide was

#peliced in granular and licuid formulations, @nd incor-
ror:ed into the soil, The results show that dosazes of
i te § kg of active inerredient per hectare, applied in

b nas, are adequate, even in severely infested soil, to
cbtein high levels of necustode control, good plint grewth
and “ull horvest yields., Tue applicatisn of 5 kg a.i/ha
of t'ew~cur achieved 80 to 90% control of M.incognita cand
Hot lenchilus reniformis @ttacking roots of cotton.
Tesldes, the chemical nlso give good control of sucking
insects, particularly Thiips tabaci. All nematode spe-
cies nttaching groundnut 'ere reportedly controlled with
6 ki a.,i/ha of Nemacur. Carrots, which in Furope are
aapla had been effectively protected with Nemacur ~gainst

these nematodes, In scvernl triesls, Nemucur, applied st
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10 kg asi/ha pre-sowing, both by broadcasting and by
apraying, gave good levels of nematode control, which
resulted in high yields and production of almost 100%
morketable carrots. The carrots from the untreated
control, on the other hiand, were small and bodily
malformed so that, on average, only 23% of them were
saleable, Nemacur also proved a good chemical for use

in tomato and cucumber. Trials results show that pre=-
planting overall applications of Nemacur at 10 kg a.i/ha
provides good control of the nematodes. Band application
at 2 kg a.i/ha gave only 35 to 50% control. Sadykhov and
Treskowa (1976) showed that Nemacur granules at 100, 150
and 200 g/m2 had respective efficacy rates of 58,3, 70.8
Azerbaidzhan, U.S.S.R.

The systemic nature of Nemacur calls for concern on
how much residue is actually present in the final products
of treated crops. Homeyer (1971) conducted trials to
determine nemacur residues in tomatoes., Nemacur granules
applied at the rate of 12.5 kg a.i/ha left a residue level
of 0.1 ppm (probably in the fruit) after 137 days and 0.05
ppm after 163 days., Application of 5 kg a.i/ha left a
residue level of less than 0.01 ppm . 124 days efter
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treatment. In two other trials, in which Nemscur granular
was broadecast at desages of 10 and 20 kg of active ingre-

dient per hectare and incorporated, there were no detec-

tnable residues in the tomatoes after 79 days. |

2,5.,5 Vydate (Oxamyl).
Oxamyl is the common name of the chemical, Methyl

N! N'-Dimethyl-N (methyl-carbamocyl)oxy)=1-Thicoxamimidate,

whose structure is: | A

H C . ¢ 5
Nl } 7
\fN—c—c = N;o-é-N-CHB
A \ ;

_H3C _quHB | H B

[ t
S
e

3C

It was introduced by £.I., DuPont De Nemours & Company Inc.
in 1969 and marketed under the trade mark *Vydate" oxamyl
insecticide/nematicide. S co

Oxamyl is a white crystaliine solid with a slight
sulphurous odour; vapour pressure is 2.3 x 10 ™mm Hg at
25°C; solubility at 25°C in water is 280 g/kg and 1.4
kg/kg in methanol. It is stable in solid form and in
most selutions, but decomposes to innocucous material in
natural waters and in soil. Aeration, sunlight, alkali-
nity and higher temperatures increase the rate of decom-
position, o h o  : ¥:i;; ﬂ'%f |

?
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Oxamyl is a potent anticholinesternse agent and a
.ﬁery toxic compound. In unformulated form, the oral
D50 for male rates is G.L mg/kg., The vydate L formu-
lation has an acute oral LD50 of 37 mg/kg for male rats,
The skin absorption LDS0O for this formulation ig 2960
mg, kg for male rabbits, There 1s a good measure of
safuty in the 104 gronular formulation which has low
dermal LD50 of 5000 mg/kg for rabbits. . .. -

Lecording to DuFont information Bulletin, Oxamyl |
controls nematedes by contact and systemic action.
Rates of 5 ppm or above in the soil kill nematodes by
direct contact in a short time, and lower concentrations
kKill nematodes if they are exposed to the chemical in
soil for an extended time. Bunt (1975) hoﬁever reported
something different. He found that when nematodes trea-
ted in as high as 14,000 ppm a.i oxamyl for 3 weeks were
transferred to water, some were able to recover comple-
tely and others partially malformed. He alsce found that
nemntode poisoning with oxamyl was reversible for treat-
ment concentration up to 10,000 ppm a.l within an exXposure
period of 24 hours.

According to DuPond information Rulletin, oxamyl
systemically provides a degree of protection from nematodes

3
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when applied as a foliar spray or through the roots of
the plant, In the soil, low concentrations of oxamyl
inactivate parasitic nematodes and inhibit feeding during
expoéure. Oxamyl hns bcen shown to provide good control
of a wide range of perasitic nematodes., The compound is
also a systemic, mod&rnt&f%esidual insecticide when app-
lied as a foliar spray and can control such pests as
thrips, aphids, whiteflies, leafhoppers, mealybugs and
mites,

Oxamyl has been evaluated for the control of Ditylen-
chus destructor in potato, sugarbeet and onion, Signifi-
cont increase in yields of these crops and reduction in
the rote of nematode population growth were recorded
(41lison, Sinclair & sSmith 1973). McLeod and Mead (1977)
tested 7 non-fumigant nematicides agninst M.javanica and
M.incognita on infected tobacco scedlings. Aldicarb,
liemacur, Mocap nnd Oxamyl gove similar levels of control.
But oxamyl persisted better on alluvial loam soil. Foliar
applications of oxamyl nt a rate of 1.8 kg per 100 gnllons
of water controlled Meloidogyne incognita on several host
plants (tobacco, pumpkins, sweetpotato, polebeans and
tomato) for periods ranging from 21 to 28 days. In one
trial, rates as low as 500 g per 100 gnllons gave good



control of M.incognitn and lesion ncematode, Pratylenchus

scribneri Steiner. Folinr sprays are prophylactic in
action; however, if infection has occured before sprays
nre applied, apparently the rate of nematode development
is reduced or the reproductive potential diminished
(ftndewald, Shibuya, Nelson, and Biven 1970)., Abawi and
Mai (1972) tested the mode of action of oxamyl in contro-

1lling Pratylenchus penetrons in seedling roots of peach,

pear and apple, Two foliar applicationscf oxamyl at
2=vicell intervals drastically reduced numbers of all !
stages of the nematode in roots of seedlings treated
before or after incculation with the nematode. In com-
phrison with treated controls, two follar sprays at rates
of 9,07, 6.80, L.5, 2.27 g a.i per gallon water reduced
populotions of lesion nematodes in roots of peach seedl-
ings by 9%.2, 94.0, 89,7 and L7.8% respectively. Larger
nunbers of nomatedes werwe found around roots of treated
than untreated seedlings during the first 3-lL weeks after
inoculntion, indicating that oxemyl in reoots provented |
invasion of P.penetrons,

2,60 Method of Estimoting the Population of Meloldogyne

in the Soil,

Demeure and Netscher (1973) have enumerated = numbef

K
H
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of rcasons why it is essential to be able to evaluate

~ccurately the level of soil infestation by Meloidogyne:

An nccurate evaluation method makes it possible to deter-
mine the threshold of critical infestation of a soil,
that is the rate of population above which damage is
expected for a number of crops; and also to determine

the immediate effect the differcnt cultivation technioues
such as rotation, soil preparation 2nd dessication have
on the population of the Meloidogyne. The two resear-
chers recognised however that no entirely satisfying
method of knowing the lcvel of infestation of a soil had
yet cmerged, This is due in part to the fact that the
Meloidogyne are in different forms. They can be: either
in the second stage of active larvae; or in form of iso-
lated eggs or eggs agglomerated in mass of eggs, some of
these may be available in a sedentary state. The methods
penerally used enables only the extraction of active 2nd
stoge larvae leaving off the immobile larvae, isolated
eggs or egg masses, However, Demeure and Netscher (1973)
reported that the above ommissions can be corrected if
Seinhorst's mistifying extractor is used. But this also
hns its limitations in that it works only with soils

which percolate easily,
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2470 Rating Scheme for Ficld Evaluation of Root-knot

Nemntode Infestation.

A rating scheme bascd on the severity of root galling
in the tomato plants wns uscd as nn index of the level of
root-knot nematode infestoations in the ficlds. Feldmesser
~nd Feder (1955) arrived ot on index of infestation |
weeks after planting occording to n five-step scheme, in
which 70" mean "no infestntion® ~nd *“/}* means hcavy gall-
inge Zeck (1971) observed thnt the scheme is hardly su-
fficient to quantitntively determine the degree of infes-
tation of field crops like tomatoes, tobacco, cucumber,
okra etc,, particularly vhen this determination takes
place at harvest., Scveral cycles of reproduction, re-
infestrtion and coalesccnce of galls would have taken
place, The number of g:lls by itself may not be suffi-
cient then, but the size of the gnlls has to be considered.
Dropkin (1954) found that with a given plant the size of
the gnll is dependent on the number of nematodes attacke
ing the root at a spot. Consequently, the size of the
goll at a given time correlates to the time of infestation.
[le also showed that the size of the gall at a given time
corrclates to the time of infestation. The earlier the

infestation is initiated, the larger the resulting gall,
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Zzeck (1971) took these points into consideration when he
introduced the eleven-step rating scheme in which 509

N represents no infestation and 7109 means total destruction'
of the plant. However, Toylor and Sasser (1978) suggest

a six-step scheme of “0 to 59 infestation classes which i
is stated in page 50. This scheme, they recommend for

the diagnosis of early infestation on scedlings L=5 o oy o
veeks old. At this strpge the root-knot symptoms hrve
doveloped but there hns been no time yet for the nematode

pnopulation to increase by reproduction., L

R

..
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3.7 Preparntion of Flots.

Ficlds known to be hipghly infested with root-knot
nemntodes were selected from areas within and outside
Samaru (Plate 1). The selected sites were ploughed ond
prepared to a fine tilthe Blocks and treatments were
then pegged out according to the various experimental
field plans. Samples of soil were taken to determine
the soil texture and pH using the "Hydromcter method*
~nd ~n electrical pH-meter respectivcly. From every
plot of the trials, about 300 grams of scil sample - a
composite of 12 subsamplcs - were taken in a random
pottern that covered the whole plot. These samples
were token at a depth of 0-25 cm with a soil auger.,
Mitrochalk compound (212N, 28/Ca0) fertilizer was app-
licd to the plots as base dressing at a rate of 500 kg/he.
3.2 Irentments.

The nematicides tested were Basamid, DD, Nemacur,
Mocap ~nd Vydate. Each chamical was applied at four

levels as follows: Two timces the amount recommended by
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the manufacturer; the exact nmount recommended; one-half;
(cnd in some cases, one-qu rter and one-eighth of the re-
commended dose were included in the trial). There was
nlways a control where no nematicide at all was used,

0f ench chemical the c~lculated amount necded for each
plot was weighced or me~surced out prior to application.

DD was opplied with 2 hand injcctor, while the other
chemicals = all in granules - were broadecast »nd incor-
por-ted into the soils with a2 hnnd hoc to a depth of 2bout
0-18 cm, depending on the chemicnl., After the waiting pe-
riod recommended by the manufacturcr of the nol . linids »-2
lrpsed so that the donger of phytotoxicity was removed,
the plots were planted with tomnto sceds of variety ‘Na-
poli®, Secds werc sown thinly along two rows on e~ch bed
“t n depth of 15 mm, Boeds were watered with cans (fitted
vith fine hoses) every merning during the dry secason or
drought pericd.

'mere transplanting of secdlings was necessary, as in
the ctnse of Mocap trinls, sccdlings were transplanted when
the they had developed 3 to L leaves or attained 12 to 15
cm in height. The scudbeds were soaked thoroughly the day
previous to planting, nnd lifting was made with a hand
forke A ball of earth was retained at the roots of each
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plant while in transit, Transplonting wns done during
c°rly morning or late nftcrnoon.

Routine wecding and spraying agninst fungal disenscs
or insect attack werc carried out ns it became necessary.
At 3 weeks after transplanting side dressing of Ammonium
sulphate was applied ot the rate of 125 kg/hn. Except
vhere furrow irrigation was uscd a thick mulch of straw

wns applied on each plot to conserve moisturec.

343 Field Evaluation of Root-knot Nemntode Infestation.
Root galling was nssessed at scedling and mature plant

strge according to the scnle suggested by Taylor and Saseer
(1978)., This is a 0-5 scnle representing the following
infestation classes:-

0 = no galls

1 = 1 = 10 galls
2 = 11 = 20 gnlls
3 = 21 - 50 galls
L

51 - 100 gnlls
5

The data was then tronsforred into percentage effoctive-

101 or more galls.

ness of the treated compared with the untrented plants =as

recommended by Abbot (1925) i.ec. Effectivencss (5)
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= Degree of infestntion - Degree of infestation
in control in treatment
x 100

- T T . -

Degree of infestation in control,

3.4 Extraction of Second Stoge Meloidogyne Larvaefrom

the Soil.
The soil samples trken from ficld plots were examined

for the prescence of active second stage Meloidogyne larvac,

The extraction of the nemntodes from the soil samples wos
by using Oostenbrink elutrictor Model III, After the
cxtroction the recovercd nematodes were examined under a
binocular microscope (x O magnification), ~nd the number
of second stage Mcloidogyne larvae per 100 cc of soil was
determined,

Ferineal patterns of some ten females of the Meloido-
gyne sppe occuring at cach site were cut nnd prepared into
slides, Thc species were later identified, Othcer species
of nematodes occuring in some of the sites were also reco-
rded,

3.5 Harvesting.

Fruits were harvestoed regularly and weighed, An aver-

age of four or five harvests was obtained from each exper-

iment, Stand-counts, total fruit weight per plot and per

!
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vlant, and the average of four or five replicates (ns the
cse moy be) of ench treatment were calculated ~nd tabula-
ted, The dat~ so obtnincd were later subjected to an
nnalysis of variancc.
3.6 3tatistical Analysis ond Interpretation of Data.

The designs (CRBD ‘nd Latin Scuare) in the trials
permitted statistical analysis of data by the technique
of anclysis of varisnce nssociated with each design,
Regression analysfs werc nlso done to detect the type
of correlation that existed between some variable factors,
IMost of the data analysis snd transformation wa$:. done by
computer, In order to ascertiin whether the observed
treotment effects were significant and discernible from
chance effects they were tested by the “F" test of sige-
nificonce « In cascs where the tost revealed the signi-
ficonce of trectment effects, LSD {least significent
differcnce) and Dunc n Multiple Range test ot 5% level
of probability were computed to elucidzte the nature
"nd magnitude of treatment cffects,

The coefficient of variation (cv) (which is the ratio
of the standard deviation to the population mean c¢xpresscd
as a percentage) was npplied to determine variability of

the experimental results, Wwhere the cv was high (i.c.
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exceeding 25%) the dntn were subjected to some form of
- tronsformation before the performance of analysis of

variance, S ' ' é
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CHAPTER _L

Comparison and Appraisal of the Five

Nematicides : |

i1 Materinls and Methods. ' ?

Il

Since the efficacy of the nem~ticides to control
root-=knot nematodes was the main issue of our work, it
wag pppropriate to select sites for trial which have
appreciable levels of Meleidogyne infestation, Tayler
- ond Sasser (1978) stated that land for nematicide oxpe-
k riments should have a moderate infestation of leloido-
gync species, the level of infestation being determined
by the use of "indicator plants®, With these points in
': mind, The sites selected for the trials were Hunkuyi
Cirrigation site and the Horticultural garden of the

- College of Agriculture Samaru {(see mep 1). These places
had previously been cropped with tomatoes and samples

| we Took had shown heavy root galling due to reot-knot

" nematode infestation. . ;

At Hunkuyi the experiment was carried out on 120m°

~lond, The nematicides usoed were Basamid, DD, Mocap and

- Hemacur - cach applicd »t three levels (viz: half-dose,

stondard-dose and double-dose of the recommended dosage

by the proprietors). Hence there were 13 treatments,
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replicated four times, ond arranged in an complecte rando-
mized block design. Each plot measured L.5m%. The soil
texture wns sandy clay lo~m with and cverage pH of 5.6,

The experiment was started by the middle of May, 1978,
The population densities of the second stage of active
larvce were assesscd 3 wecks after the land preparation
nd just before the applicntion of the trentments to the
plots, The nematicidcs were 2ppliced in a manner descri-
bed in section 3,3 above, Bosamid at phytotoxic levels
wns still present in the soil four weeks after applica-
tion inspite of soil=turning twice a weck., This must
have been duc to the wetnioss of the soil brought about
by the rains, After four wccks it became necessary to
turn over the soil daily for a whole weck in order to
facilitate the vapourisation of Basamid residuces before
the planting of tomato sccds.

Sceds of “Napoli¥ - o susceptible tomato variety
were sown five weeks after the application of the chemi-
cnls, Each plot or bed was mulched, and watered when
necessary. Germination occurrcd 8-10 days after plant-
ing. Four weeks later somples of 50 scedling plants per
plot were taken and examincd for the presence of nematcde

gnlls on the roots.
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2 iand.

I.At Sémnru, the trial was carried out on 120m
The same chemicals listed above were used except Nemacur
which wns replaced with Vydate. There were 18 treatments
replicoted four times and ocrranged in o complete rando-
mized block design (sce plote 2). DBach plot weas 2m®
geparated at one metre spacing. The soil texture was
sondy loam and pH 6.8. o i

The experiment was started in December, 1978, i.c.
dguring the dry scnson, so rogulnr wontering of the plots
was nccessary throughout the period of the experiment.
After cach plot had been scmpled for the count of the
second—-stage active larvace of Mcloidogyne the chemicals
wore opplicd. Elceven days after the applicotions seeds
of Napoli were sown on the plots treatced with Mocap,
Vydnte and the control., DNine days later, those trented
with Basamid and DD werce also planted. BRach plot was
planted with 150 sceds, and the germination count was
taken twe wecks after the cmergence of the secdlings,

Yhen the seedlings were $ weeks old, 50 plants were
srmploed from each plet and scored for the incidence of
f_ root-knot, using an index of 0 to 5. The plant heights
wéfe measured to obtein the mean height of plants per

.~ trestment. The plants were thinned at 5 weeks to 10
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pl-nts per plot in an even spncing of 20 cm betwcen the
plonts, Where necessary some werce transplanted within
the seme plot. The plints were sidedressed with Colcium
ammomium nitrate fertilizer at the rate of 250 kg/ha,
Yields data were tcken for the weight of mature fruit
horvested. After the last picking the plants were dug
out and the roots scored for the incidence of root-knot,

using again, an index of 0 to 5,

e e e e o e e e e e e e o o e e s e e e
=t 1 1 e

- & o= o

Estimate Melcidogyne Population,

The number of active L2 found have not gencrally
reflected the level of soil infestation by the root-knot
nematodes. Counts of L2 made from three sites: Hunkuyi,
Samaru and Government Residential Area (GRA) are shown
in Appendix 1, 2 and 3 respcctively. All the sites had
onc thing in common: they were previously planted with
tomato crop, samplcs of which showed heavy root galling
on examination. The very low count recorded in Appendix 1
con be attributed to the long exposure (3 weeks) of the

tractor-prepared soil to dryness before sampling, Taylor
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cnd Sasser (1978) have reported that larvoe and eggs die
in dry soil but can survive as long as there is enough
moisture to maintain thc soil air at nearly 1005 humidity,.
Although it was not measurcd, the soil humidity was likely
to be less than 100% fter the three weeks of exposure to
solar radiation and without rain. The other sites, Samaru
and Ge.R+As where the L2 figures were much higher, land
preparation was done by hand using hand hoe, ond sompling
followed immediately nfter the plot lay-out, The main
rensons why the number of the active L2 extracted dosnot
genuﬁziizereflect the level of soil infestation is that
the/L2 is only a fraction of the root-knot nematofauna in
the soil, The other forms of Meloidogyne, the inactive
L2, eggs and agglomeratced cggs present are not extractable
by the method used (Demeure and Netscher, 1973).

L.2.2 Effects of the llem~ticides on Root-knot Control

of Tomato Scedlings.
In the trial at Hunkuyi the level of the root-knot
nematode infestation turncd out te be generally low. This
is indicated by the amount of thc root-knots found present
on the control plants (Tnble 4=-1), where less than two
knots per plant werc seen., Comparing the performence of

the chemicals under this condition, Nemacur appenred to
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beufhe most effective of the nematicides used., Its
- effectiveness ranges from 99.3% nt half-dose to 100%
: &t the double desc. Bosamid, DD and Mocop slso have
prevented any gall formation at double the recommended

- Adoses  All the treatments have shown a significant effect

- on reducing knot formation on the seedling roots (Fig.

b=1}s As the Meloidegync population has been shown to
- be genernlly low, no conclusion seems warranted on the
relative efficacy of the nematicides. _

At Somaru where the nematede population was higher
(Teble =2), all the chemicals viz: Basnmid, DD, Mocap
ond Vydate significnntly reduced golling on the reoots of
the tomato seedlings. Vydate took the lead in the e¢ffen-
tivencss with a range of 97 to 100 per cent at 5 weeks
from a guarter to double dose application respuctively
(Fige 4=2, Table L-2). The lowest level of applichtion
(which was one-guarter of the recommended doses) also
gove significant reduction in root galling. In the cnsge
of Brnsamid and DD however, the galling index of plants
trected with one~quarter the recommended dose is signifi-
crntly higher than those receiving the normal and double
dose treatments. Still these levels of treatment produced
over 70% control of galling on the roots of tomato scedlings,

"-1.';; - ’ o
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Tnble Li=1
Effect of soil fumigonts on root-knot
control of tomoto plnntsat 5

wecks (Hunkuyi site)

. w A e o c— e e———— - o e e . E  — - o e s W me———

Soil —I Applicotion | Meon rootuknot{mﬁffectiveness
trcotment rate/hn «  Count/plant in %

= s st ¢ e s e s wee siae . T R T S — Y S—— Y T — .. "

Brosomid . 200 kg/bn ; 0.23 5 83.7
yoo @ 3 0.07 95.0
800 3 0.00 100.0
D 180 lit/ha 0.16 88.7
300 & 0.03 97.9
. 600 u 0,00 100.0
ifocnp 50 kg/ha 0.37 ] 73.8
100 W 0.18 8742

B e R

-—

200 ¢ 0.00 100.0
99.3
99.6

100,0

Nem2cur 50 kg/ha 0.01

100 - 0.05
200
0 kg/hn . Tel41

I L e ep——

0.00

Control

O L

- e
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Table L~& : ';
: Effect of soil fumigants on root-knot ;
] {
L cntrol of tomoto plantsat 5 weeks (Samaru) '§
Soll Application]| Mean root~knot | Biffecti- MB?H plant
treatment rate/ha ‘index 0 to § veness 5 helght at
7 E weeks
Basamid 100 kg/ha | 0,30 c 75.7 18.9 d
200 i 0.17 a b ¢ B6.0O 16.6 bed
LOO " 0.0L a b 7.0 17.7 cd
Boo ® 0.15 a 98,8 6.3 becd
DD 75 1i/ha | 0.35 c 71.3 17.2 c d
150 " 0,28 b e TTe3 18.8 a
300 " 0.07T a b 9.6 19.1
e 600 " 0.02 a 98,8 17.8 d
Mocap 25 kg/ha | 0.12 a b ¢ 50,1 13.2 &
(0] i 0.0 a 26,5 11.2 &
100 i 0.03 a 97.5 9.7 a
200 i 0.00 a 100 7.8 a
VYydate 13.75 ¥ 0.0 a b 97.1 M aded
27.5 " 0.03 a2 b 97.5 .6 abea
55 " 0.01 a 99.6 13-0 ab
110 w 0.00 a 100 11.5 a
Control 0 1.21 d 0 12.4 a

Mean with the same letdexr are not significantly
different at P = 0.05 with Duncan Multiple Range

Test,
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F10. 44. QALL DEVELOPMENT ON ROOTS OF TOMATO SEEDLINGS
GROWING IN SOILS TREATED WITH CHEMICALS
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FIG &2: EFFECT OF NEMAT|[CIDES ON ROOT-KNOT INDEX OF TOMATO PLANTS
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‘Plate 3 shows the extent of galling on roots in céntrol
plotse

The effects of the nemnticides on galling of tomatoe
roots ot 12 weeks are shown in Fig., L-2 and Table L-3.
Once again the effect of nll the treatments in reducing
reot galling is very noticeable. Except at the lowest
level of DD, Mocap and Vydate, all other levels controllced
- root galling significontly, Of the four chemic:ils, the
effect of Basamid appecred to last longest: in The one-
auirter dose trentment, at 12 weeks, galling was still
- significantliy lower than in the contrel. The effective-
nass of Vydate, Mocap ond DD treatments at lower ?atos
over the same period was much less.

11.2.3 Effect of the Nematicides on Germination.

e ey Chat e B ot T T A b R

The germination count following treatment with nemati-
cides is shown in Thble L-h, The germination counts taken
two weekg after sowing were fairly high nnd uniform for
all treatments except for those of the Mocap, Mocap at
higher levels tended To inhibit germination of sceds
planted 7 days after the application. Mcean germination
' percentages of only 16% and 116% were recorded for plots
treated with the double nnd the standard recommended

- rontes respectively. Germination in the half-dose and
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Toble L=l
Effect of Nem~ticides on Germinntion
Count of tom~to seeds (nt 2 weeks)
" soil | Applicotion | Mean germinn-] %
mentment | rate | tion count | Gemminetion
Bsamid ! 100 kg/hn i 120 : 80
i 200 @ § 131 ; 87
400 1 117 ! 78
800 ¢ 130 ‘ 86
DD 75 lit/ha 126 8l
150 @ 122 81
300 126 8l
600 | 118 78
lloenp 25 kg/ne 129 ! 86
50 o« 118 | 78
100 @ 69 I 46
200 @ 2l i 16
Vydate v 13,75 ; 6 i Q7
; 27.5 | 107 ! 98
toss @ 117 .78
100 ' 121 81

88

Control 0 J 133

R e B o —— e - g m—— & 0 4 miam - - -

e - =
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the quarter-dose plots was fazirly high and comparable with
the other chemicnlsy In the case of plots treated with
double dose, many of the plants were mnlformed (Plate L).
The plants grew with “C* - shapc stem; the rooting system
1~.s poorly developced nd lnckcd a taproot.
L2, Effect of the lematicidcs on Plant Heights.

According to the I....R.* recommendations, tomato
secdlings are rendy for transplanting when they have devee
loped 3 to L4 true leaves or =2ttained 12 to 15 cm in huight1.
Heirht is a useful parameter to consider when treating to-
mato secdlings with ncmaticides. The effect of the nemnti-
cides on the linear growth of the scedling by 5 wecks is
shown in Fig. 4=3. From the figures, it appears that
liocnp ecaused an almost linenr decline in plant height
from the low level to high levels. Thus, whercas at 200
g of Mocap per hectare the plants attained a height of
about 8 ecm, at 25 kg/h~ level, the plants progressively
reached an average of 13 cm height - just 1 cm longer

“ = Institute for Agricultural Research, Ahmadu

Bello University, Znria,
1 = Extension Guide No,1: Guide to the Production

of tomato.
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the time of application (Appendix 18). The seedlings
cttained 2 maximum average height of 14.6 cm at 27.5
kg/ha (half dose) level of treatment end 11.5 cm at
110 kg/ha (double dose) level of treatment. Though
there is a genernl increase in the height of all plants
treated with 13.75 kg/ha (one-cuarter) dose, hnlf dese,
~nd single dose of Vydntc over those from the control
plots, the incrense is not signific:mt. Basamid, and DD
trested plots hove produced plants significantly taller
thon those of the control plots. Basomid in the seoil,
kill insects, weeds, bacteria, fungi ns well as nemato-
des, DD is known to kill these organisms as well, cspe-
cinlly when applied at high concontrations (Personal
communication from Ir. Bos, Zaria). The broad spectrum
of ~ctivities of the two chemicnls, are likely to be
responsible for the higher growth rate of the sccdlings.
There was no correlation between the root-knot index
"nd the plant heights because of the toxic effuct of some
of the treatments at high dosages. But it cnn still be
generally observed that the goll-frec plonts grew taller
thon the gelled scedlings (Table 4-2 nnd Plate S5). This
observation agrees with Oteifa nnd Elgindi's (1962) fin-
ding that plant growth is rctardcd when the translocntion






FIG4.4. MEAN YIELD PER PLANT OF TOMATO TREATED WITH 4 *75=
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formced best of them all, The increnses in the yield are
scnernlly high; the lowest dose of 13,75 kg/ha still pro-
duced n yield increase of 68! over the control, Besides
controlling root-knot nem~todes, Vydnte appears to have
improved both the vegetotive growth nnd the fruiting
cunlity of tomnto planting though it hns no fungicidal
nctivities.

In order to ascertnin the relative sizes of the fruits
of vrrious trentments, the first twenty largest fruits of
three successive harvests were selected and weighed.
Seclection was based on visunl impression. The mean wei-
ght per treatment was found nd from that, the average
lorge fruit weight producernble by the plant was calcula-
ted (Table 4=5). Lorge fruits of Napeli can be obtained
from nll levels of Bascmid nnd DD treatments. The higher
levels of Vydate trentmonts produce large fruits, but the
lover levels produced relntively smaller fruit sizes though
not significantly. Mocap produced smaller fruits than the

other chemicals,






)

1426 Effcct of Nematicidcs on Root Development

R e

of Tomato Plants,

The roots of pl-nts trented with the norm~l reco-
mmended dose of ench nematicide were carefully dug out
~fter the last fruit horvest. They were washced and
cxmined, photographs of representative roots of each
trentiment were taken (Plote 6). All the chemicals ot
the recommended level of applicntion gave good control
of root knotting - (compare fig. A. B. C. ond D).

Roots of Vydate, Basamid 'nd DD - treated plants had

more feeder roots than those of the Mocap and the control.
Vydate in particular, has cncouraged a lot of fecder-ruot
formation, this may as well explain why the yields from

the Vydate-trented plrnts are higher than any other,
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CHAPTER 5.

The Appraisal of Mocap on Root-knot

e s s

Nematode Control on

Tom=nto

541 Materials and Methods.

. The genernl materi<ls and methods used in tﬂe appli-
cation of Mocap nematicide have already been discussed in
(3.2). The chemical was tried in three localitics where_
diffcrent levels of s0il infestation by root-~knot nematodes
were found. At Hunkuyi, where the crop whs raised under
roin-fed conditions, the average population was 310 active
larvae per 100 cc of so0il. The seil at Buruku hnd loﬁ.‘_;'
count of 2nd stage active lnrvae (or active L2) nt the
commencement of the experiment (in December, 1978). At
the G.R.A. the level of infestation averaged 1380 per
100 ¢c of scoll sample., The cxperiment there started in
rebruary, 1979. 'g_

5.7.17 Hunkuyi Trial 'E'

At Hunkuyi four levcels of Mocap were triad.oh Napcli
~nd Roma VFN in a 2 x Il Factorial cxperiment with I blocks
in a Randomised Complcte Block Design (Fig. 5-1). The
levels (actual formulotion) were 100 kg/ha, 25 kg/ha,
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12.5 kg/ha nand O kg/ha, the latter being contivl., They
vere applied to plots of 1% x 15m2 on the dny of trans-
plrnting (Fig. 5.1 and Flate 7).

The inclusion of a resistant varicty, Roma VFN, was
to tust any phytotoxic cffects of the chemical on tomntocs,
~nd to ennble us to follow up with a tomnto yield trial
during the next senson in this fiecld wherens vorious plo..
would have obtained different levels of root-knot nematodes.
Unfortunately, the land was no longer available.

Transplanting of tomnto seedlings was done five wecks
after sowing. Before the transplanting, ammomium sulphate
~nd superphosphate, were applied ns a base dressing at the
rate of 500 kg/ha each, Side dressing of 250 kg/ha of
ammomium sulphate was ~pplied four we¢eks later. Foliar
application of fungicides commenced three weeks after
tronsplanting and continucd for five weeks, using Difo-
latan=5 in U.,L.V. formul~tion, The spraying frequency
of once a week vasdoublcd during the third weck when

fungnl infestion (Septorin, Alt.rnaria ~nd Cloadosporium

leaf spots) on the lecves became very severc. A thick
straw mulch wns npplied to ench bed in order to reduce
so0il splashing and discase incidence on the fruits., Har-

vesting began as soon rs fruits started ripening, and was



Field Lay-out of Mocap Nematicide Trial

Design: 2 Varietics x li Level Factorial Expcr.
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completed about four wecks later. Plant roots from each
plot were dug out and cxamined for the presence of gnlls,
Only the Napoli varicty showed any gmlling and these were
assesscd, At the 13th week of the application of the che-
micnl, so0il samples werc tnken firom each plot for genernl
specles.,
5.1.2 Buruku Trial

The scil of the exverimental plot at Buruku was sandy
lonm with pH L.2. It h~d been lying fallow with heavy
grass cover for seven months, The l2st crop had been
tomato harvested in April, 1978, and it was reported to
hnve had root-knot nemntode infestation®*. From July te
October, 1978 (4 months) the area had been water-logged.
The site clearing was early in December, ~nd the experi-
ment storted two weeks 1nter when harrowing wns completed.
Four levels of Mocap were applied and the tomato variety
used was Napoli VF ( a tomato vrriety susceptible to root-
not nematodes). The design was a L x I} 1atin square.
The nematicide levels were 200 kg/ha, 50 kg/ha and control
(0O kg/ha). FPlot size wns ‘13m2 each and there was one

metre spacing between the plots. Before the application

L L B L

“Personal communicntion from Dr. Ratnam of the
Ministry of Agriculture, Znria.



of the nematicide each plot wns sampled for the identifi-
cation of active L2 and other plmnt parasitic nemetodes
present, The scedlings were transplainted at seven weeks
old because the low tempcrnture prevalent in December
retarded their growth. Ilanting was done on the same day
the chemicnls were applicd to th2 soil. By the fourth
week nfter transplanting, the plants on the contrel plots
vere firmly established ¢nd werc growing vigorously.

Most plants growing in plots treated with the double

dose of Mocap and a fcw in those treated with single

dose were stunted, their lenves appenred sm~llish and
crinkled, some of them nctunlly withered off: this was

no doubt a toxic effuct of the Mocap chemicnl sincc z. ...
lar symptoms hnd been observed in the seedbed experiments.
Seven weeks later, however, the plants were apparently
recovering ~nd looked even better than the control plants.
The control plants at this time alrendy showed galling on
their roots. No Meloidogyne larva was found in any of the
samples initially exnmined before the soil was treated.

A lot of non-parasitic nemantodes werc found, These
included many Dorylaimida (the most predominant group)
‘‘ononchida, Rhabditida nnd a few parasitic species com-

prising Scutellonems, Hclicoltylenchus, Fratylenchus and




Criconemoides s.1,

Horvesting of the¢ crop st rted 12 wecks nfter trons-
plonting. Yields werc genernlly high but about 405 of the
fruit was unmarketable duc to n heavy attack of fruit worm
ngliqtnig ggmigggg) 'nd fruit rot, the latter being m~inly
caused by the fruits lying low in the irrigntion wnter.,
5.1.,3 Government Residential Area site Trial v

The G.R.A. experimentnl site hnd the grertest number
of active root-knot nemntodes per liter of soil. The site
w~s the tomato seedbed nurscry of the Ministry of Agricul-
twre, Zaria, The Ministry raised tomcto seedlings here
for the Galma Irrigation Scheme, The site w"s peculiar in
that it is an uplnnd site which had been left fallow the
previcus dry season and wis put on maize sparsely inter-
cropped with okra in the wet season, but still showed =
nenvy root-knot infestntion. The soil was sandy loam ~nd
the pH was 5.4. The beds were preparcd for our experiment
~fter the secdlings had been removed, using the same beds
~gain in order to ensure the availability of high nematode
populntions., Four levels of Mocnp: 100 kg/ha (the reco-
mmonded dose), 50 kg/hn, 25 kg/ha, 12.5 kg/hn oand a control
vere applicd, A tomato voriety Roma VF was grown., The

desipn wns a Randomised Complete Block with 4 replications.
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Soil samples were taken from each plot for the count of
~ctive L2, Mocap trectments were applicd subsequently
ond the transplanting of seedling followed on the =zame
dnyes The transplonted seedlings were already heavily
infested with root-knot nemctodes nt the nursery. Bos
1979 was of the opinion thrt tronsplonting infested
scedlings into uninfested scil would usually permit
ndecunite growth of the plonts becnuse the newly formed
roots are not immedintcly attacked agnin. Mocap applied,
if effective, should provide such ~n uninfested soil for
an adequate growth of the plants,
5420 Rosults,
54241 Effect of Mocap on Root Galling and Tom~to
Yield in Area of S°3ntY  Root-knot lematode
Incidence (as ot Buruku).

Table 5=1 shows tlie root-knot indices nnd the per-
centnge effectiveness obtnined from tomnto at different
levels of Mocap application, Mocap at 50 kg/ha and 100
kg, o increased yields but not significantly over the
control plants (Table 5-2), At 200 kg/ha level of ~ppli-
cotion, Mocap decreased yiclds below thrt eof the control
plots (nagain not significr ntly). Perhaps any phytotoxic

¢ifects could have been avoided if sufficient time had
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Table S=1

Effect of Mocap Trestments on

Root-knot Infestrtion Indices of Tomato

(Buruku Trial)

Hocap Appl ication! Mean Hoot! Treatment LEffec-
Rate kg/ha l knot Index; tiveness in i
........ Fi e m st e i S
0 3.61 -

50 1.73 52.0

100 1.7k 51.8

200 0.82 773
........ ~. SRR PO s M g vs—

S«E. 0.15




Table 5=2

Effect of Mocap Treatments on

Tomato Yield per plant (Buruku Trial)

Mocap Applicatio{ Menn Yield Yield
Rate kg/ha : () l kg/ha
peiiinre —— __.:-........_.___[__,__,__..-__,__

0 1583 ¢ 73

50 1831 85

100 1775 82

200 1558 72

B WL A
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between
lapsed/the time of application and the transplanting

of the seedlings, but such is not recommended by the
manufacturer*. VWith regards to gall formation on the
roots (Table 5-1) it is noteworthy that the chemical
at 50 kg/ha nnd 100 kg/hn exerted the same degree of
control, Even at the level s high as 200 kg/ha, galls
vere £till formed on the roots =t the end of the grow-
ing season. The effecliveness of the compound at this
level, when compared to the degree of infestation in
the control plents was 77%. What the plant could have
gained by the decrease in galling is offset by the
phytotoxicity of the chemical. The net effect is that
the yields obtained from the plots treated with the
“double dose' chemical is zlmost the same as those
obtained from the control plots.

Both at Galma, nnd Duruku Irrigation Sites where
similar nematode situntions occurred. the land wes
left fallow for seven months (from May -~ November).

#Mobil Chemical Tech. Bulletin on

Mocap No.10 1 Seplember, 1973 p.1
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For three months (August - October, 1978) the land
had been submerged by flood water. Weeds predomi-
nent in the area were mainly CGramineae. and Cyperaceae
cnd those found are considered non-~hosts €0 root-knot

nematodes, Predominant were Panicum repens, Lleusine

indieca and Cyperus tuberosus. Thus the root-knot ne-

matode population which had been built up during the

| previous growing of tomttoes probably was brought down
by some natural fauctors during the subsequent fallow
period,

5a2e2 Effect of Mocap on Tomate Yield and Root

Galling in an area of low root=knot Nema-

tode Population (as at the Hunkuyi Trial)

The yield results obtained at IHunkuyi where the
Meloidogyne population was 310 per 100 cc of soll are
shown in Table 5~3. VWith reference to the AOV table
in Appendix 12 it can be seen that the chemical has
not affected the general yields of the crops, the
nematode - resistant Roma VFN had significantly hige-
her yields than the susceptible variety Napoli, This
may be due rather to varietal differences than effects

of nematodes. The more cor less uniform yields obtained
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Tnble 5-3

Mean Yield of Tomato Plaats

following Seoil Treatment with
Mocap at Ifunkuyi

o 1 posage of | Mean Yieldfplant
Cultivar i_ Mocap in kg/n=a (1)
i
Nanpoli ! 0] } 369.1 a
: !
lapoli ! 12.5 : 385.9 a
]
MNapoli 25 ; 388.6 a
Napoli : 100 ! 4Sh.2 b
i
Roma VFN : o | 52l;.8
Roma VFN 12,5 | 536.7
!
ioma VFN ' 25 | L66 .4
Roma VFN 100 \ 526.2
=S . | 7T e
! o Fo 9.2
?::z::n-—::nﬂ:::—:-_-:

There is no significunt difference in the

mean with the same letter at P -=.05 with L.S.D.
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from Roma VFN in response to various levéls of fhe
liocap treatments show that in this trial any payto-
toxicity of the chemicel has not affected crop yield,
This is confirmed by the non-significance of the vari- -
ety=chemical interaction analysis (Appendix 12). The
vuriety Napoli on the other hend showed significant
response to the different treatment levels; plants
receiving full dose of the chemical produced signi--
Ificantly higher yields than those on lower levels of
tre:tment -~ the control plants preducing the lowest
yields, | . o !

~ Table SL& indicates that Roma VFN showed no
salling on the roots at all., The variety Napeli
however, showed varying degrees of galling on the
" roots - the lowest galling appearing on the plants -
with full dose of Mocapr Treatment: mean galling in-
dices increased with decreasing Mocap dosages, the
highest occuring on the roots of the control plants.
HPisher’s F-test" and the Least Significant Dif:lferenc.e‘.i
tests showed that the application of the chemical had
 significantly lowered the amount of.galling formed on

the roots.
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Trble 5=l
Root-knot infestation indices on
Napeli and Roma VFN Varieties
Treatment ] Mean Root-knot index on
Mocap kg/ha ! Roma VFN Napoli
..-,-.,_*___,___,-,--;.-_-.______* E =
0 ! 0 ! .22 a
12.5 | 0 i 3.66
25 i 0 3.55 b
100 l 0 2,18
!

B a——— — W e & & a omow w s e

SOEI 0.08
L.S.D. 0.49

No significant difference in the figures
having the same letter.
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ig? L bl e 5"' 5
Effect of Mocrp Irestments on

Root Infestation Indices of infested

Tomato plants =t 13 weeks old(Luruku)

Hocap application hann Treatment
iec
Rate kg/ha Effectiveness in %
b | Hp— } - - —
0 : 1.6 n ! 0.0
)
12,5 lpody 2 ' L3
L]
25 he3 a | 6.5
100 3.7 b 19.6

Selle 0.27
LeS.De 0.47
CoVe 9.05%
There is no significant difference in figures

having the same letter,
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There was a negitive linear correlation between
the yield of wvariety Nopoli and the root galli in.ex,
L scatter diagram to this effect is shown in Fig., 5-2.
The correlation of the two variableg was found to be
significant at 5% level (See appendix 17)., At Buruku
where the root-knots galling indices were lowest (Table
5=1) there was also a negative correlation with the
yield though here it was not significant (Fig. 5-3).

5.2.3 The Effect of Mocap on tomato yields in an

area with high root-knot nematode popula-

e

The yields obtained from this site were generally
poor, amounting to an average of 0,98 tonnes/ha (Table
5-6). Factors responsible are attributable to high
nemstode population in the soil, the use of infested
secdlings, the phytotoxicity of the chemical used and
temperatures., o )

The population of the uctive L2 found in the over-
all sample taken was 1310 per 100 cc of soil, and the
meun count from the plots were 1050 per 100 cc of soil..z
Bearing in mind that other forms of Meloidogyne may also

be present, this site no doubt had a high infestation of

B
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Table E-6

e —

Yield in an Area with a high Root-

.......

knot Nematode Popula t_i Lon

— - = - i —— e W e e —— -

Mocap Application Mean Yield
Rate kg/ha y per Plant (g)
— - - - ---._-A-i-

0 167.0

12,5 194.7

25 109.6

50 153.6

100 10,8

S.E. h0.6
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root-knot nematodes. Plate 8 shows the pattern of
growth of infested ten-week old tomato seedlings on
the site before the experiment. Growth was. generally
retarded and some of the plants were either dead or
dying bechuse of the heoavy root infestation. A nega-
tive correlzotion was obtained when the yield was plo-
tted against the active larvne counted pleot by plot
before the treatments (Fig, 5~i).

The use of Mocap on infested seedlings has appa-
rently no significant effect on the development of the
plants. From the galling indices shown in Table 5-5,
it appears that the gall formation on the roots was
generally high, irrespective of the treatments, Besi-
des, the galls found in most of the roots were large
and dark brown, suggesting that they were formed quite
early in the plant life., So while Mocap has been found
recently to be systemic in tomato roots (Argauer and
Feldmesser 1978) it has not been able to kill the adult
females sheltered within the root tissues, nor the next
generation larvae. The seedlings were transplanted in
February, Quinn (197l) has shown that tomato crops tran-

splanted during January to May, produce yields which are
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Plate 8

13" 14" 15 W 17 0

S
L

Seedling at 10 weeks o0ld growing in a soil
highly infested with root-knot nematodes.
Some of the plants are either dead or are

dying because of high root infestation,
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very unsatisfactory between May and July. The factor
larpely responsible is the high temperature (night
temperatures above 21°C and day temperatures above 32°¢)
viileh are considered deleterious for tomato growth, and
fruit setting. i

The yield data {(Table 5-6) failed to brihg out the
effect of Mocap tremtments at different levels. Alth-
ough the yield guality has been shown to depend on
several factors (such as mentioned above), the role
of Mocap in this trial is inconclusive.

S5.24l4 Effect of Mocap on other Plant Parasitic

Nematodes.

The follewing species of nematodes were identifiled

at Hunkuyl experimental plots:c-

Aphelenchus avenae

Aphelencholdes app.
Helicotylenchus spp.

Hemicriconemoides sp.

Hoplolaimus pararobustus

Meloidogyne javanica

Scutellonema clathricaudatum

Xiphenema elongatum
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Table 5-7 shows the effect of the chemical
treatments on the nemntode population 13 weeks
after application. Mocap proved quite effective
in reducing nematode populations. At the recommen-—
ded dose of 100 kg/ha the nematode populations were
reduced ito one-third of the populaticn in the control

plots,



Table 5=7

Species per 100 cc of Soil, 8 Veeks

- - me .

Mocap Application

Rate kg/ha

0
12,5
25

100

-

anoli-plantedl Roma VFN

|

There is no significant difference in
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The Effect of Mocuap Treatments

After Application,

e

figures having the same letters,

' i Mean
plots ! planted plots:
L e 1 ' o
' L]
1790 {2350 2070 c
1380 1320 1250 b
1100 1050 1070 a ©
750 560 660 a
L.S.Ds 510






