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MODELLING OF THE IN VITRO EFFECT OF CADUSAFOS ON
MELOIDOGYNE INCOGNITA

N. SasaneLLr and T. D’ADDABBO

Summary. The nematicidal effect of cadusafos on eggs of Meloidogyne incognita was tested in two in vitro ex-
periments. Final hatch was significantly reduced by four weeks incubation at concentrations =20 mg/ml. A 15
pg/ml diluition x 768 hour incubation periods was required to obtain a 90% mortality. The linear relationship
between log time of exposure to different concentrations and probit hatchability, fitted to the observed final
hatch percentages, was: probit h=bc-mlogiotcd "9, Cris a reference concentration and for Cr=25 pg/ml,
ber=10.82, m=2.3 and d=0.9528. On a log scale, the above relationship is estimated by the general equation

logioh=b"-mag t d“rO, with b’=2.1377, and mc,=0.0013.

Root-knot nematodes, Meloidogyne spp., are
widespread and can cause substantial yield
losses to numerous crops (Di Vito et al., 1980;
Sasanelli et al., 1992; Sasanelli, 1996). Control
of these phytonematodes is mainly based on
the use of chemicals, but there is a lack of ana-
lytical models which can predict the efficacy of
nematicide application by describing the rela-
tionship between nematode survival and chem-
ical dosage. According to Finney’s (1971) theo-
ry on the relationship between dosage and ef-
fect of an active principle on organisms, the re-
lationship is linear between nematicide dosage
and probit decrease of a nematode population.

Cadusafos (S, S-di-sec-buthyl O-ethyl phos-
phorodithioate) is an organophosphate choli-
nesterase-inhibiting pesticide, available both in
granular and emulsifiable formulation. It has
been used to control nematodes affecting annu-
al and tree crops (Sasanelli et al., 1995; 1996;
McClure and Schmitt, 1996). Nevertheless, in-
vestigations have not been undertaken to relate
rates of the nematicide with nematode mortal-

ity. Therefore, two in vitro experiments were
undertaken with the aim of modelling the ne-
maticidal activity of cadusafos on Meloidogyne
incognita (Kofoid et White) Chitw. as related to
dosage rates and exposure times.

Materials and methods

Batches of thirty egg masses (averaging 4,500
eggs per batch) of an Italian population of M.
incognita, host race 1 (Taylor and Sasser, 1978),
were collected from infested roots of tomato
(Lycopersicon esculentum Mill.) cv. Roma VF.
The batches were placed on 2 cm diam sieves
(215 pm aperture) in a 3.5 cm diam Petri dish.

In the first experiment 3 ml of 5, 10, 15, 20
and 25 pg/ml aqueous solutions of cadusafos
were added to the batches of egg masses, using
distilled water and a 5 ug/ml aqueous solution
of fenamiphos as controls (Greco and Thoma-
son, 1980). The dishes were in a complete ran-
domized block design with six replicates of
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each treatment, and were incubated in a growth
cabinet at 20 °C (Ekanayake and Di Vito, 1984).

Emerging juveniles were removed and
counted at weekly intervals, and the test solu-
tions and the control solutions were renewed at
the same time for the first four weeks. From the
fourth week and for five further weeks the in-
cubation continued only in distilled water, as
done in previous experiments (Sasanelli and Di
Vito, 1991; Sasanelli and D’Addabbo, 1992).

In the second experiment egg masses were
maintained in the same test solutions over a 24,
48, 96, 192, 384 and 768 hour periods at 8 °C
temperature to avoid egg hatch. Distilled water
only was used as a control. There were six rep-
licates for each combination of concentration
and exposure time. At the end of each incuba-
tion period the batches were transferred to dis-
tilled water at 20 °C and a hatching test was
conducted over a seven week period.

At the end of both experiments egg masses
were shaken in a 1% sodium hypochlorite
aqueous solution (Flussey and Barker, 1973)
and the unhatched eggs were counted. Number
of juveniles emerging weekly were expressed
as the cumulative percentage of the total initial
population.

Data from experiment one were subjected to

analysis of variance and comparisons made
with LSD’s, whereas final hatch percentages
from the second experiment were fitted to the
proposed mathematical model derived from
Finney’s theory (1971).

Results

Experiment 1. Final hatch percentages of eggs
in 20 and 25 pg/ml concentrations were signifi-
cantly lower than those in other test concentra-
tions and a distilled water control (P=0.01),
whereas no significant difference from hatching
in water was found at 5-15 pg/ml concentrations
of cadusafos (Table I). Incubation in fenamiphos
reduced final hatch by 48.5%, compared to those
in distilled water and the two lower concentra-
tions of cadusafos. Nematode hatching behavi-
our in the tested concentrations was similar over
the nine week period in comparison with the
water control, whereas differences between the
two highest concentrations and that of fenami-
phos were shown only from the sixth week.
Hatching in water and in 5 and 10 pug/ml con-
centrations occurred mostly (95-99% of the final
hatch) during the first four weeks. Hatch per-
centage increased significantly only after remov-

TasLe I - Effect of cadusafos at different concentrations on the cumulative percentage baich of Meloidogyne incognita.

Incubation period (weeks)

Treatment In test solutions In distilled water 15D
1 2 3 4 5 6 7 8 9 0.05 0.01
5 nwg/ml 479 678 719 734 755 764 767 767 768 148 199
10 pg/ml 549 699 725 732 753 762 765 767 768 7.6 10.3
15 png/ml 39.9 455 468 479 541 583 588 589 591 177 238
20 pg/ml 13.6 153 161 164 20.0 238 242 246 248 13.6 183
25 ug/ml 180 195 205 208 247 268 274 288 303 8.8 9.2
Fenamiphos 268 280 288 291 376 451 465 476 485 144 153
Distilled water 451 673 69.7 699 702 704 704 705 706 21.0 283
LSD: 0.05 114 146 14.6 148 13.8 141 142 140 142 - -
0.01 155 199 203 206 192 196 198 19.6 197 — —
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Fig. 1 - Effect of concentrations of cadusafos and different exposure durations on the cumulative percentage hatch of Meloi-
dogyne incognita eggs.
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ing fenamiphos, but not when the different con-
centrations of cadusafos were removed.

Experiment 2. There was no nematicidal activ-
ity in any of the cadusafos concentrations before
96 hour exposure time (Fig. 1). Percentage hatch
decreased to 70% after 192 hours in the 25 pg/ml
concentration. Incubation in 20 pug/ml x 384
hours gave a 61% hatch, while a 768 hour incu-
bation period reduced hatch to 10% in the 15
ug/ml concentrations of cadusafos.

A model describing the decrease of hatch-
ability of M. incognita eggs, as affected by con-
centrations of cadusafos at different exposure
times, was derived from data of the final hatch
percentage (Table ID. The model is based on
Finney’s theory (1971) on the relation between
dosage and effect of active principles on mor-
tality of organisms.

Assumptions made with this model are that
the maximum hatchability of the population of
M. incognita was 92% (average of the final
hatch in the control at different exposure
times), and that the relation between treatment
concentration and probit decrease at any dura-
tion is linear (parallel equidistant curves in Fig.
2).

With these assumptions, “best fit” curves were
constructed to the observed hatchability data
(Fig. 2). The decreasing effect of the various

treatments was represented by the estimated
hatch of the hatchable eggs and this effect was
estimated by dividing the observed per cent
hatches by the maximum hatchability (Table IID).

Probits of percentages (Table 11D were plot-
ted against log time to determine the best fitting
linear relation between the two variables (Fig.
3). According to Fig. 3 probit hatchability (5)
decreased by one unit if the concentration of
the chemical was increased by 20 ug/ml, or the
exposure time was multiplied by 2.7213. In-
creasing treatment duration to 1.2734 times, or
treatment concentration by 1 ug/ml, resulted in
a 0.05 unit decrease of probit A.

The relation in Fig. 3 can be described by
the generic linear equation:

probit h=b-mlogipt (1),
where b=probit b at logip =0, m=the tangent
of the angle between the regression line and
abscissa, and f=the duration of the exposure to
a certain dilution,

Probit b differs for different concentrations C
because the relations between logy ¢ and b, for
different concentrations C, are represented by
parallel lines (Fig. 2), whereas m is the same for
all concentrations. At a 25 pg/ml reference con-
centration (Cr) eq. (1) is:
probit h=10.82-2.3 logio t, or more generally:

probit h=bc-mlogipt (2).

Tapig Il - Cumulative percentage batch of M. incognita eggs in a seven week batching test in distilled water after pre-
vious exposure for different times to different concentrations of cadusafos.

Exposure time

Concentrations (lg/mb

(hours)

0 5 10 15 20 25
24 91.6 85.5 85.9 89.7 86.7 86.6
48 92.0 91.0 88.0 87.2 85.9 85.1
96 91.7 94.4 93.5 88.1 88.0 88.7
192 94.2 92.5 86.5 74.5 80.9 70.3
384 90.2 80.5 78.4 76.4 60.5 47.0
768 76.4 67.6 28.7 10.4 14.9 12.2
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Fig. 2 - Decrease of hatchability of M. incognita eggs as affected by exposure of different durations to different concentra-

tions of cadusafos.

Taste 11l - Haich percentages of Table II divided by maximum percenltage haichability of a M. incognita population.

Exposure time

Concentrations (1g/mb

(hours)

0 5 10 15 20 25
24 99.6 92.9 93.4 98.6 942 94.1
48 100.0 98.9 95.6 94.8 93.2 92.5
96 99.7 102.6 101.6 95.8 95.6 96.4
192 102.4 100.5 94.0 81.0 87.9 76.4
384 98.0 87.5 85.2 83.0 65.8 51.1
768 83.0 73.5 31.2 11.3 16.2 13.3

As the relation between probit b and Cfor a
given exposure time is linear, decreasing treat-
ment concentration by 1 pg/ml probit b increas-
es by 0.05 unit. Therefore, for a x variation of
concentration:

bCr—xz bC’r+O-05 (CV_C) (3).

According to Figs. 2 and 3:

lc.5=1.2734 tc and then

te.y=1.273415 1,=1.0495 tor

and more generally

tex=1.0495%tc (4) and
1c=0.9528" tc (5). Then:

probit h=10.82-2.3 logip# 0.9528%5-9  (6),

or more generally

probit h=be,- mlogig ted© 9 (7).
From eq. (7) it is possible to derive probit b
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Fig. 3 - Relationship between log duration of exposure to different concentrations of cadusafos and probit hatchability of M.

incognita eggs according to eq. (6).

for any other considered concentration by using a
correction factor d‘©*© or, graphically, by shifting
the straight line relative to by the same factor.
Using a log scale for hatchabilities A (survi-
val), the relation between logiob at a given con-
centration € and the duration of exposure t is
linear and is described by the general equation:
logig h=b=mt (8) (Fig. 4).
According to the straight lines in Fig. 4, for

Cr=25 ug/ml, b’=2.1377 (survival rate=137%)
and m2’=0.0013.

For other concentrations we can adapt eq.
(8), analogously to eq. (7), by multiplying for a
factor 0.952859 and then:
log10h=2.1377-0.0013 tc 0.9528@5%  (9), or
more generally

logig h=b"-mcy ted €O (10), and
te=(b-logioh) [mc, dCO11 (11).
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From eq. (11) the relation between concentra-
tions of the chemical and log exposure time nec-
essary to reduce a M. incognita population to a
predetermined level can be drawn (Fig. 5). This
relation, as at any given percentage reduction of
hatchability, is linear and its general equation is:

logiotc=k-0.021 C (12),
and then
o= 10(%0.021 O
in which k=logigtc at C=0, and C the consid-
ered concentrations of the active principle.

Discussion

In the first experiment, hatchability was not
affected by the chemical up to 15 pug/ml dilu-

tion and was strongly reduced only by concen-
trations 220 ug/ml, at which concentration the
nematicidal efficacy of cadusafos was greater
than that of 5 pg/ml of fenamiphos. At the high-
est concentrations, hatching was slower, dem-
onstrating a nematostatic effect on the remain-
ing viable eggs, similar to that of fenamiphos. In
a previous glasshouse experiment reproduction
of the population of M. incognita on tomato
was strongly suppressed by cadusafos at rates
of 2.26-9.04 mg a.i./500 cm? soil, with no differ-
ence from 16.95 mg a.i./500 cm? soil of fenami-
phos (Sasanelli ef al., 1996).

Data from the second experiment confirmed
the above results and demonstrated that at least
192 hours exposure time is required to kill 25%
of hatchable eggs at 25 pg/ml concentration.
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Fig. 4 - Linear relation between duration of exposure to different concentrations of cadusafos and log percentage hatchabi-

lity of M. incognita eggs according to eq. (9).
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Fig. 5 - Linear relation between concentrations of cadusafos and log exposure time at different levels of survival of M. #co-

gnita eggs according to eq. (12).

However, a reduction of hatchability to 10-15%
of the initial population was possible only with
a 768 hours exposure to concentrations>15
ug/ml.

The relation between probit hatchability and
log exposure time and that between concentra-
tion and log exposure time, at any given per-
centage reduction of hatchability, are linear.

According to the observed relationship
between exposure time to different chemical di-

lutions and nematode percentage hatch, a de-
crease of treatment concentration by 1 ug/ml at

- a duration of exposure ¢ was equivalent to a de-

crease of duration of exposure to 0.9528 ¢ with-
out varying the concentration.

The model can be applied to find graphical-
ly, or by computation, the duration of exposure
to a certain concentration needed to reduce an
egg population of M. incognita to a required
level: e.g., to obtain a 90% mortality of egg
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population, from eq. (11) an exposure of 875
hours at a 25 pg/ml concentration is required.

The same result can be obtained at 20 pg/ml
with 1,114 hour exposure, or at 15 pug/ml after a
1,419 hour incubation.

The maximum solubility of cadusafos in wa-
ter is 248 pg/ml, therefore the model can be ap-
plied for concentrations higher than those test-
ed. For example, to achieve a 90% mortality, the
exposure duration is reduced to 261 hours for a
50 nug/ml concentration, and to 78 hours for a
75 pg/ml concentration. ,

The model is based on data from in vitro ex-
periments and therefore further investigations
are required to ascertain its applicability in
glasshouse and field conditions where concen-
trations decrease as a consequence of biotic
and abiotic factors.
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