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Summary 

Single v. multiple applications of the 
systemic nematic ides aldicarb (as 
Temlk lOG) and ethoprophos (as 
Mocap lOG) were compared for their 
control of citrus nematode (1Ylen
chulus semipenetrans Cobb) in Eureka 
lemon trees in northeru Victoria. Both 
nematicides at single or multiple appli
cations, i.e totals of 2, 4 and 6 kg 
a.1. ha-I respectively, reduced nema
tode numbers to below pre-treatment 
levels for at least 26 months. All 
nematicide treatments, except ethopro
ph os at 2 and 4 kg a.i. ha", increased 
total fruit yields over two seasons. 
Multiple applications were no more 
elfective than a single application of 
either nematicide- Aldicarb residues 
( < 0.01 ppm) were found in the juice 
of lemons but not in the rind, 12 
months after application; no residues 
of ethoprophos were detected. 

Introduction 

The citrus nematode (1)!lenchulus 
semipenelrans Cobb) causes the eco
nomically important and debilitating 
disease of citrus, universally known as 
'slow decline'. The disease is particu
larly severe in young trees where groW1h 
and vigour are impaired (Baines and 
Martin 1957). Surveys in Victoria have 
shown that more than 95 "70 of the 
State's citrus plantings are infested, and 
the disease is estimated to cause a loss 
of at least 10"70 in citrus production 
(Meagher 1969; Brown 1978). 

Effective control of the nematode 
can be obtained by means of resistant 
root-stocks (Cameron el al. 1954; 
Baines el al. 1960) or by the application 
of nematicides (Baines and Martin 
1957; Heald 1972; Milne and De 
Villiers 1978; Badra and Elgindi 1979). 
Both methods are used in most citrus
growing countries. In early experiments 
in Victoria, Meagher (1969) improved 
the yield of Valencia oranges (Cilrus 
sinensis Osbeck) by 28"70 with the aid 
of the fumigant nematicide DBCP 
(1,2-dibromo-3-chloropropane) (Nema
gon EC) applied as a soil drench, but 
this treatment was never adopted by 
growers. 

Many experiments have been con
ducted with non-volatile nematicides in 

citrus overseas (Tarjan 1976; Baines el 
al. 1977; Milne and De Villiers 1978; 
Timmer and French 1979; Milne and 
Willers 1980), and although some treat
ments have reduced nematode numbers 
and increased yields and fruit size 
(Heald 1972; Baines el al. 1977; Milne 
and Willers 1980) the results have been 
inconsistent. With the exception of a 
single experiment by Harris (1983), 
there are no other reports on the use 
of non-volatile nematicides on citrus in 
Australia. This paper reports the results 
of such experiments. 

Materials and methods 

The experiment was conducted in a 
20-year-old planting of lemons (Cilrus 
limon Burmann) cv. Eureka on citron
elle stock (c. jambhiri L.), near 
Cobram in northern Victoria. Trees of 
uniform growth were selected for the 
experiment and each plot comprised a 
single tree surrounded by four 'guard' 
trees. Treatments were replicated six 
times and the experiment was arranged 
in a randomized block design. 

Two nematicides were used: aldicarb 
(as Union Carbine, Temik lOG), and 
ethoprophos (as Mobil, Mocap lOG). 
Table I shows the rates of application. 
The initial application of nematicide 
was made in May 1977 with subsequent 
applications 6 and 12 weeks later. 
Nematicide granules were applied by 
hand to the soil surface beneath the 
drip ring of each treated tree- Irrigation 
(2.5 cm) was applied immediately 
afterwards. 

For the duration of the experiment, 
applications of fertilizer, fungicide, and 
irrigation followed the normal practice 
of the district. Population levels of T. 
semipenelrans were monitored at the 
start of the experiment and at intervals 
during it. A composite soil sample was 
collected by taking 10 soil cores to a 
depth of 15-30 em around the drip ring 
of each plot tree. Nematodes were 
separated by elutriation (Seinhorst 
1956) from a 5OO-g subsample and the 
numbers of citrus nematode larvae 
present were recorded. Fruit yields were 
measured in 1977, 1978 and 1979. 

In October 1981, the same series of 
treatments was applied to 20-year-old 
lemon trees at the Sunraysia Horti-
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cultural Research Institute, Irymple, 
Victoria, in order to obtain data on 
residues in harvested fruit. Each treat
ment was replicated three times. Fruit 
was harvested in July 1982 and samples 
were analysed by the State Chemistry 
Laboratory in Melbourne for the 
presence of nematicide residues. 

Results 

All nematicide treatments significantly 
reduced nematode numbers (P= 0.05) 
within 4 months of treatment (Table I). 
Populations of the parasite were lowest 
in treatments with the highest rate of 
aldicarb (6 kg a.i. ha") and the middle 
rate of ethoprophos (4 kg a.i. ha·'). 
Fourteen months after the initial treat
ment, nematode numbers in all treat
ed plots were still significantly lower 
than in the untreated plots (P=0.05) 
and, although nematode numbers had 
begun to increase, they were still below 
the numbers recorded at the beginning 
of the experiment. Plots treated with 
aldicarb at the two higher rates had sig
nificantly fewer (P=0.05) nematodes 
than any of the plots treated with 
ethoprophos. 1\venty-six months after 
treatment, nematode numbers had 
increased in all plots, but were still sig
nificantly lower (P = 0.05) than in the 
untreated plots. Plots treated with aldi
carb at the two higher rates continued 
to have significantly fewer nematodes 
(P = 0.05) than any of the plots treated 
with ethoprophos. 

There were no significant differences 
in fruit yield between any of the treat
ments in 1977. 

In 1978 fruit yields from plots 
treated with aldicarb (2 and 6 kg 
a.i . ha·l ) and ethoprophos at the high
est rate were significantly greater 
(P=0.05) than those from untreated 
plots, but were not significantly differ
ent from those of any of the other plots 
receiving nematicide (Table I). In 1979 
fruit yields were obtained only for the 
winter crop (harvested in June). Yields 
from all trees treated with nematicide, 
e.xcept those of ethoprophos at the two 
higher rates, were significantly greater 
(P= 0.05) than those of untreated plots. 
Significantly greater (P=0.05) yields 
were obtained from trees treated with 
aldicarb at the two lower rates (2 and 
4 kg a.i. ha") than from any other 
treated trees. 

Total fruit yields over the duration 
of the experiment were significantly 
greater (P=0.05) from all nematicide
treated trees (except those treated with 
ethoprophos at the two lower rates) 
than those of untreated trees. The 
greatest total yields were obtained from 
trees treated with aldicarb at the lowest 
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Table 1 Effects of nematicide treatments on citrus nematode populations and fruit yield in lemons at Cobram, 1977-79 

Treatment Cost of 
chemical 

kg a.i. haol g/ Iree $/ Iree 

AlcUcarb 2 9 0.62 
Aldicarb 2+2A 18 1.24 
Aldicarb 2+2+2A 27 1.86 
Ethoprophos 2 9 0.23 
Ethoprophos 2+2A 18 0.46 
Ethoprophos 2+2 + 2A 27 0.69 
Untreated 
LSD (p~0.05) 

A Applied at 6-week intervals 
B Winter crop only 
C The current price of fruit for juicing is SlO5Ci 

rate and, although these were sig
nificantly greater (P=0.05) than those 
obtained by treatment with ethopro
phos at the two lower rates, they were 
not different from those of other 
nematicide treatments. 

No significant differences in yield 
were observed between aldicarb treat
ments or between ethoprophos treat
ments. No residues of ethoprophos 
were found in either the juice or the 
rind of lemons harvested from any of 
the treated trees at Irymple. Aldicatb 
residues were detected only in the juice. 
Irrespective of the application rate of 
aldicarb, a residue level of less than 
0.01 ppm was recorded in all samples. 

Discussion 

Clearly, both a1dicarb and ethoprophos 
control T. semipenetrans and increase 
fruit yields. Improved fruit yields were 
still being obtained 2 years after the 
nematicides were applied, although by 
then, the nematode had regained or 
almost regained its pre-treatment 
population. Similar yield responses 
were obtained in grapefruit 2 years 
after treatment with aldicarb (Davis et 
al. 1982), but the increase in this 
instance could possibly be attributed in 
part to growth stimulatory effects 
(Anon. 1984). 

Harris (1983) reduced nematode 
numbers in Valencia oranges with high 
rates of application of aldicarb (8 to 
24 kg a.i. ha·I ), but these treatments 
failed to increase fruit yields. His trials 
were conducted on similar soils in 
another district of Victoria where cul
tural practices differ from those at 
Cobram. Apart from the use of differ
ent root-stocks and scion cultivars, 
there are no obvious reasons why our 
results differ unless the nematicides 
were controlling some other uniden-

Citrus nematode larvae Fruil yield Yield increase 
(No. per 500 g soU) (kg per lree) (1978 & 1979 over 1977) 

April Augusl June June 1977 1978 
1977 1977 1978 1979 

3277 894 937 2657 214.4 338.3 
2812 701 806 2422 198.0 332.1 
3568 512 617 2168 219.2 354.0 
2600 597 104 2956 197.2 317.9 
3470 561 1208 3002 206.8 314.4 
2928 715 1666 3847 208.1 335.9 
3544 2937 3812 4948 197.1 287.2 
N.s. 227 293 506 N. S. 

tified pathogen that was present in my 
experiment but not in those of Harris. 

In the experiment at Cobram a single 
application of nematicide was as effec
tive as two or three applications. 
Aldicarb is clearly the more effective of 
the two nematicides and at current 
prices the cost of chemical for a single 
treatment at the rate of 2 kg a.i. ha-I , 

is about 62 cents per tree. This treat
ment resulted in the production of an 
additional 114.3 kg fruit per tree over 
a 2-year period and was valued at 
$12.00. Such a treatment is probably 
cost effective, but it is not known 
whether yield responses would have 
been obtained for a further year had 
the experiment continued. 

None of the aldicarb treatments 
produced residue levels greater than 
om ppm, which is the tolerance limit 
set for citrus fru it by the National 
Health and Medical Research Council. 
The Council has also set a withhold
ing period of 180 days for the use of 
aldicarb on citrus. 
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