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Abstract. Efficacy of different controlled-release formulations of carbofuran (RN-302-1, RN-302-2, RN-
302-3, currater 5% and currater 10% GY) at two rates (5 and 10 ppm) for controlling Meloidogyne javanica
on tomato plants was investigated separately or in combinations with some soil fertilizers (thiourea,
ureaformaldehyde and urea) under greenhouse conditions. Results indicated that the smallest numbers of
root galls and developmental stages of nematode were recorded with RN-302-2 formulation, Carbofuran
formulations were more effective in reducing egg-masses than ureaformaldehyde and urea. The addition
of soil fertilizers to carbofuran formulations resulted in a greater reduction of root-knot nematodes than
the use of carbofuran formulations alone. Thiourea was the most effective in enhancing the efficacy of car-
bofuran formulations, followed by urea formaldehyde and then by urea. The controlled-release formula-
tions of carbofuran improved the growth of tomato plants than the use of traditional formulations of car-
bofuran. With respect to mixtures the addition of soil fertilizers (especially thiourea and urea) to the tested
formulations resulted in a greater increase in tomato growth than the use of carbofuran formulations sepa-
rately.

Introduction

A Controlled-release formulation can either maintain equivalent control to a con-
ventional formulation with far less active ingredient or maintain control longer with
an equivalent of pesticides. In both cases, the environmental impact of pesticide
treatment is likely to be reduced [1]. Various controlled-release formulations of
organophosphate and carbamate insecticides have been tested against soil
nematodes. Batterby et al. [2] and Birtle and Wright [3] have examined the useful-
ness of controlled-release formulations of aldicarb and vydate against the sugar beet
cyst nematode, Heterodera schachtii Schmitt. They have found that such formula-
tions might be most useful on soils of low organic content. El-Shoura et al. [4} have
also studied the efficacy of different controlled-release formulations of carbofuran
for controlling citrus nematode Tylenchulus semipenetrans Cobb. They found that
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carbofuran in the formulation of RN-302-2 at 10 ppm was apparently the most effcc-
tive in reducing nematode juveniles and females among the other tested formulations
and this was followed by RN-302-3, The aim of this investigation was to determine
the efficiency of different controlled-release formulations of carbofuran separately
and in mixtures with some soil fertilizers namely, thiourea, urcaformaldehyde and
urea against root-knot nematode Meloidogyne javanica (Trub) infection and repro-
duction on tomato plants Lycopersicum esculentum var common, cultivar Ace under
greenhouse conditions.

Materials and Methods

Five different formulations of carbofuran (2,3 dihydro-2,2-dimethyl-7-ben-
zofuranyl methylcarbamate) were used. Three of which are controlled-release for-
mulations namely RN-302-1; RN-302-2; and RN-302-3 (each 5% G) and were
supplied by ICI company. The other two are traditional formulations, currater 5%
G. and currater 10% G. The three different controlled-release formulations of car-
bofuran have different rates of release of carbofuran (5),

Urea, ureaformaldehyde and thiourea were used as soil fertilizers. The charac-
teristics and constituents of the tested fertilizers are shown in the Table 1.

Table1.  Constituents and characteristics of the three soil fertilizers ysed*

Material Formula Solubility Shape %N Rate
Kg/fed.

Urea H,NCONH, Verysoluble Granule 46.5 100

Urcaform- CH,NCONH, Soluble Granule 46.5 100

aldehvyde ) ’

Thiourca H NCSNH, Soluble Crystal 36.0 120

Supplied by Abu Qir fertilizers and Chemical Company, Alexandria, Egypt.

Clay pots (12 cm diam.} containing one kg of sterilized-sandy clay loam soil
(using autoclave) were used. One tomato seedlings of 4 weeks old was transplanted
in each pot and then inoculated with 4600 second juvenile stage of M. javanica, Each
of the carbofuran five formulations was used at two rates, 5 and 10 ppm. The soil fer-
tilizers, thiourea, ureaformaldehyde and urea were used at the rates of 120, 100 and
100 kg/fed.; respectively. Each nematicide formulation, fertilizer and their mixtures
were applied, at the time of nematode inoculation, to the soil in pots at depth of 3-5
cm. The treated plants were then watered daily. Treatments (Table 2) were arranged
in a complete randomized block design in a greenhouse at 25+5C and 6535 R.H and
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Table2.  Effect of different controlled-release formulations of carbofuran singly or combined with some
soil fertilizers on infection and reproduction of Meloidogyne Javanica stages on tomato seedlings
var-comman cultivar Ace.

Rate No.of  AverageNo.of nematode stages/gmroot  Effectiveness %

Treatment* PPm galls/root larvae egg- galls larvae egg-
system femnales masses females masses

Currater5 % 5 259 107 23 36 32 56
Curr.+Thiourea 200 80 20 51 49 62
Curr. + Ureaformaidehyde 210 84 22 48 47 59
Curr+Urea 229 89 38 43 44 28
Currater 3 % 10 203 69 14 50 56 73
Curr. + Thiourea 149 51 13 63 68 76
Curr.+Ureaformaldehyde 151 35 11 63 63 79
Curr. Urea 188 62 17 54 61 67
Currater 10 % S 213 102 24 48 35 35
Curr. + Thiourea 142 70 15 65 56 72
Curr. + Ureaformaldehyde 173 78 14 57 51 73
Curr+Urea 190 80 22 53 49 59
Currater 10 % 183 59 15 35 63 71

Curr. +Thicurea 120 43 9 70 73 83
Curr. + Ureaformaldehyde 147 39 11 64 75 79
Curr+Urea 160 57 17 61 64 68
RN-302-1 5 209 79 15 48 50 71
RN - 302 -+ Thiourea 139 St 13 66 68 76
RN-302-1+ Urcaform 150 58 il 63 63 79
RN-302-1+ Urea 172 68 17 58 37 67
RN-302-1 10 147 63 8 64 60 84
RN -302 - 1 + Thiourea 91 44 10 71 72 82
RN-302-1 + Ureaform 102 39 11 75 75 79
RN-302-1+ Urea 111 49 15 73 69 72
RN-302-2 5 124 43 24 69 73 73
RN -302 -2+ Thiourea 73 30 8 82 81 86
RN -302 -2+ Ureaform 90 48 8 78 70 84
RN-302-2 + Urea 100 50 17 75 68 67
RN-302-2 10 100 43 9 75 73 84
RN - 302 -2+ Thiourea 60 21 6 85 87 &8
RN-302-2 + Ureaform 72 50 6 82 68 89
RN-302-2 + Urea 83 41 16 80 74 70
RN-302-3 10 150 47 12 63 70 78
RN -302-3+ Thioureca 949 41 9 75 74 82

RN -302-3 + Ureaform 120 50 14 70 68 74
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Table 2. Cont.
Rate No.of  AverageNo.of nematodestages/smroot  Effectiveness %

Treatment* PPm galls/root larvae egg- galls larvae egp-

system females masses females masses
RN-302-3 4+ Urea 122 22 16 K 86 76

kg/fedd.

Thiourea 120 271 115 39 33 27 27
Ureaformaldehyde 100 305 127 41 25 20 22
Urea 100 366 149 47 10 6 12
Check (nematode - 405 158 53 0.60 00O 000
inoculum only)
Untreated 0.00 - - - - -
L.5.D.0.05 35.31 5.49 0.00 - - -

* All treatments except the last one, included nematode inoculation.

were replicated three times. At the end of the experiment (7 weeks) plants were
gently removed from pots. Roots were washed, stained with acid fuchsin in lac-
tophenol for egg-masses counting. The number of galls per root system and the
number of juveniles, and females per one gm root were counted. Plants growth was
also recorded,

Results

Effects on number of galls and nematode development

The greatest number of galls, juveniles, females and egg-masses were found
with the treatment (nematode inoculation only), while the smallest numbers were
generally found in the mixtures treatments of RN-302-2 (at 10 ppm) with all fertiliz-
ers (Table 2). All treatments gave lower number of galls, juveniles, females and egg-
masses than the check.

All formulations of carbofuran significantly reduced the number of galls,
juveniles, females and egg-masses when compared with check. Their high rates were
more effective than low rates. At both rates, the formulation RN-302-2 was appa-
rently the most effective among the other formulations in reducing the number of
galls (75.41%}), followed by RN-302-1 (63.81%) and RN-302-3 (62.99%). Currater
5% G, on the other hand was the lowest (50%) (Table, 2).

With respect to the combined number of juveniles and females, the formulation
RN-302-2 gave the highest effectiveness (78.78%) followed by RN-302-2 (70.17%),
RN-302-1(66.34%), currater 10% (62.61%) and currater 5% (56.94%). Carbofuran
formulations were more effective against egg-masses than juveniles and females.
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The combination of soil fertilizers with carbofuran formulations resulted in
more reduction in galls, juveniles, females and egg-masscs than the use of carbofuran
formulations alone (Table 2). Thiourea fertilizer was the most effective in enhancing
the efficiency of carbofuran formulations against development of M. Javanica, fol-
lowed by urea formaldehyde and then urea. The effect of thiourea was more appar-
ent on RN-302-2, RN-302-3 and RN-302-1 than on the traditional formulations (cur-
rator 5% G and 10% G.). The soil fertilizer, thiourea was more effective in reducing
the number of galls, larvae, females and egg-masses, than urca formaldehyde and
urea, compared with control.

Effects on the growth of tomato plants

Inoculation with M. javanica reduced the growth weights of shoots (13.57%)
and roots (32%) of tomato seedlings (Table 3). Application of fertilizers has
increased tomato weights (shoots + roots) to as much as 26.75 —43.02% compared
with untreated control. All carbofuran formulations either alone or in combination
with the soil fertilizers, significantly increased root weight and shoot weight. How-
ever the low rates of all the tested carbofuran formulations stimulated the growth of
tomato plants than the high-rates. The formulation RN-302-2 gave the greatest
growth (205.35%) followed by RN-302-1 (186.91%) and then by currater 10%
(155.75%). The combinations of soil fertilizers (especially thiourea and urea) and
the carbofuran formulations resulted in more increase in tomato growth than the use
of carbofuran formulations separately. The combination of RN-302-1 with ureafor-
maldehyde gave the highest increase in tomato growth (244.03%) while the least
increase occured with RN-302-1-Urea (203.64%) mixtures (Table 3).

Discussion

The present results are in harmony with those obtained by Weight and El-
Shoura [5] who found that the carbofuran formulation RN-302-2 was the most effec-
tive against root-knot nematode, It also increased the fresh weight of the root sys-
tem. The other formulations were either phytotoxic or uneffective. They suggested
that the inert material of these formulations holds a moderate concentration of the
active ingredient of carbofuran for the time required for nematode control without
a phytotoxic effect on the root system. In conformation with these results, El-Shoura
et al. [4], reported that the carbofuran formulation RN-302-2 was the most effective
in citrus nematode control.

It can be concluded therefore, that the controlled-reiease formulations of car-
bofuran were more efficient in controlling M. javanica and improving the growth of
tomato plants, than its traditional formulations. The addition of soil fertilizers to car-
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bofuran formulations resuited in reducing more, the root-knot nematode popula-
tions and increasing tomato growth.
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