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Egg-based spray thresholds for the control of Helicoverpa 
spp. on processing tomatoes 

J.T. Hamilton and J.A Macdonald, Biological and Chemical Research Institute, 
PMB 10, Rydalmcre, NSW 2116, Australia 

Summary 
The observed oviposition sites for Heli
coverpa annigera and H. punctigera on toma
toes were leaves (91.5%) on tbe upper balf of 
the plant (82%) with the maximum number 
of eggs being laid on the third compound leaf 
from the plant apex. 

A replicated small plot trial at Cowra 
showed that insecticide sprays applied at a 
tbreshold of 3 eggs per 30 leaves gave the 
same degree of protection as that afforded by 
a weekly spray program. Control based aD a 5 
eggs per 30 leaves threshold resulted in a sig
nificantly higher level of damage (2.8%) than 
that seen in the weekly program, however, 
this is still considered acceptable by proces
sors. 

lotroduction 
The tomato grUb, Helicoverpa armigera 
(HObner), and the native budworm,H. punc
tigera Wallengren. feed on the fruit of toma
toes and are the most destructive pests of this 
crop in Australia (Hely ef al. 1982, Tryon 
1923). 

Early this century control recommenda
tions for Helicoverpa spp. in tomatoes called 
for the application of insecticide after the 
detection of eggs on plants (Tryon 1923, 
Morgan 1931). However, the advent of the 
cheap and very effective insecticides such as 
DDT in the 1940s led to changes in control 
strategies which resulted in the use of 7-14 
day spray programs for the protection of 
crops from damage by Helicoverpa spp. Such 
programs are still in use today. Unfortu
nately, the activity of these pest species varies 
both during and between seasons so program 
spraying strategies often result in the unnec
essary application of insecticides. 

In recent years, H. armigera has developed 
resistance to many insecticides in Australia 
including the synthetic pyrethroids (Gunning 
and Easton 1989). Maintenance of the cur· 
rent level of crop protection with fewer insec
ticide applications would reduce insecticide 
pressure on H. annigera and probably extend 
the life of valuable chemicals. Similarly a re
duction in insecticide usage may allow natu
ral enemies - predators and parasites - to play 
a greater part in the control of the pest spe
cies, and result in an overall reduction of pro
duction costs. 

The eggs of Helicoverpa spp. are easy to 
see on the tomato plant and could be used as 
the basis for a spray threshold to control 
emerging larvae. During the 1984/5 seasons 
investigations were undertaken to determine 
the favoured ovipositional sites for Heli-

coverpa spp. on tomatoes, wbile a small plot 
trial (Hamilton, unpublished data) on trel
lised fresh-market tomatoes was conducted 
in 1985/86 on the coast to yield preliminary 
information on egg-based spray thresholds. 
Data from these trials together with work on 
H. zea (Boddie) from california (Aochi and 
Baker 1985) allowed the choice of a range of 
possible thresholds for use in this current 
work on processing tomatoes. 

Materials and Methods 

Oviposition. 
Each week six plants in commercial crops at 
Cowra were selected at random and the 
whole of the plant was systematically exam
ined for eggs. For the purpose of defining the 
location of the eggs, tbe plant was divided 
into upper and lower halves, the compound 
leaves numbered from the plant apex and the 
leaflets counted from the leaf terminal to
wards the petiole (Figure 1). The data were 
evaluated by Chi-squared anaJysis. 

Action thresholds. 
A replicated small plot trial was established 
to examine egg-based thresholds in process
ing tomatoes (Var. UC82) at Cowra. Three 
arbitrary thresholds ( 3, 5 and 8 eggs per 30 
compound leaves/treatment) were com
pared with a weekly program treatment and 
an untreated control. The treatments were 
replicated five times, and the five treatments 

Figure 1. Position of leaves and lcaDets. 

arranged randomly into five blocks. Each 
treatment plot comprised of three treated 
rows of tomatoes 15 metres in length with 
untreated buffer rows on each side. 

The 3rd compound leaf (Figure 1) from 30 
randomly selected plants was examined for 
eggs twice weekly from the commencement 
of Dowering. Initially the 30 leaves sampled 
were randomly chosen from the whole crop -
excluding the weekly spray plots - until the 
lowest threshold was exceeded, after which 
30 leaves - 6 per plot - were sampled from 
each of the threshold treatments. When 
thresholds were equalled or exceeded the 
treatment was sprayed, but jf recently laid 
eggs - eggs with a pearly-white or pale yellow 
appearance - were found spraying was de
layed until the next examination three to four 
days later. Fenvalerate (50 g aj. ha·') was the 
only insecticide used during the trial, and this 
control measure was not applied to any treat
ment more than once a week. Fungicides 
(copper hydroxide or chlorothalonil) were 
applied to the whole crop weekly to avoid 
disease problems. 

The trial was evaluated by sampling 10 
mature fruit from each of 20 sites per plot 
and recording the number of damaged fruits. 
Helicoverpa cause characteristic damage in 
tomatoes (Hely ef al., 1982). These sites were 
selected at random from the central 13 
metres of the three rows in each plot. Levels 
of fruit damage for the treatments, expressed 
as a percentage, were compared using an 
analysis of variance after a square root trans
formation of the means (Steele and Torrie 
1%0). 

Results and Discussion 

Oviposition. 
Ibe data indicates that HeJicoverpa eggs are 
usually laid on leaves (91.5%) on the top half 
of the plant (82%) (Table 1a), and that flow
ers or stems are used as oviposition sites. AI-
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Table 1. Number and posilion of Helicoverpa spp. eggs on processing plants <a) 
planl parts and (b) leaves. 

a. Plant part 

Number of eggs 
Leaves Flowers Stems 

Crop I 248 24 3 
Crop II 75 2 3 

Totals 323(91 %) 26 (7.3%) 6 (1.7%) 

b. Leaves 

Leaves 
1 2 

Number of eggs 
Leaflet Plant 

Position 

Crop I 
Crop II 

25 
12 

TOTALS 37 

54 
20 

74 

a Xl values are significant. 

3 

89 
27 

4 

50 
13 

116 63 
X', ; 69.56 

5 

30 
3 

33 

though the ouler leaflets of the first, second, 
third and fourth compound leaves (Table 1b) 
are all utilised as oviposi tion sites the third 
leaf appears to be the most favoured site. 

Spray thresholds. 

1 2 3 

63 
21 

84 

84 
25 

64 
21 

109 85 
X', ; 30.89 

4 

37 
8 

45 

Top Bottom 

203 
62 

265 

45 
13 

58 
X\; 132.66' 

During the nine week trial six, five and four 
sprays were applied to the three, five and 
eight egg thresholds respectively, whi le there 
were eight applications in the weekly pro· 
gram (Table 3). Both the three and five egg! 
30 plant thresholds can obviously provide an 
acceptable level of crop protection while al· 
lowing a reduction in the number of insecti 
cide applications required for comrol of Heli
coverpa spp. 

The crop at Cowra commenced flowering 
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in late December with maximum flower pro
duction occurring about mid-January. Al
though oviposition in H. armjgera was found 
to be synchronized with flowering (Parsons 
1941), few eggs were found during January 
(Table 3), and the highest number of eggs 
were actually recorded about the middle of 
February when few flowers were being pro
duced. 

A combination of egg numbers on leaves 
and damaged fruit are employed as the basis 
for timing of insecticide applica tion for the 
control of H. zea (Aochi and Baker 1985) in 
californian integrated pest management 
(IPM) programs for IOmatoes. The com
pound leaf immediately below the first open 
flower is sampled for eggs, however, as con
siderable damage can occur in the crop dur
ing the month before harvest when few flow
ers are produced, a sampling site independ
ent of flower position was adopted. Fruit 
damage assessment, used primarily to evalu
ate the activi ty of the beet armyworm, 
Spodoptera exigua (HUbner), is unnecessary 
as this species is not a pest of tomatoes in 
Australia. 

A spray threshold of 4 eggs per 30 com
pound leaves is used in California because 
the standard acceptable level of damage is 
two per cent of fruit (Anthe and Park 1986). 
In Australia a higher level of damage (5%) 
by Helicoverpa is tolerated (p. O'Keefe pees. 
comm.), and consequently a higher spray 
threshold - 5 eggs per 30 compound leaves· 
can be used. Both the farming and general 
community are aware of the desirability of 
reducing the pesticide usage for crop protec· 
tion. The use of spray thresholds permits ef
fective crop protection while having the po-

The results (Table 2) showed that the weekly 
spray program provided the best level of crop 
protection but the level of damage for this 
treatment was not significantly different (P< 
0.05%) to that observed in the three egg per 
30 leaves threshold. The five eggs per 30 
leaves threshold resulted in a significantly 
higher level of damage than that seen in the 
weekly spray program, however, the ob· 
served damage (2.8%) was still below the 
level of damage for acceptability set by the 
processors. (P. O'Keefe, pers. comm.). The 
observed level of damage to fruit in the 8 egg 
threshold was 6.4% and exceeds the level for 
acceptability. 

Table 3. Numbers of Helicoverpa spp. cggs!30 leaves and sprays applied lo proc
essing tomaloes, Cowra 

Table 2 Percentage of damaged fruil 
caused by Helicoverpa spp. on process
ing lomaloes - O>wra 1989. 

Treatment 

Weekly 
3 eggs 
5 eggs 
8 eggs 
Control 

Damaged fruit(%) 
Means Transformed 

0.6 
1.4 
2.8 
6.4 
9.7 

1.0 lie 
1.282be 
1.813b 
2.601a 
3. 130a 

LSD P<0.05 ; 0.652 

• Transformed means followed by different 
letters are significantly different at the 5% 
probability level. 

Date No. eggs!30 leaves 

3E 5E 

9/1 1/30+ 
12/1 1/30+ 
16/ 1 2/30 + 
19/1 4/30+ 
22/1 1 
26/1 I 2 
30/1 1 1 
2/2 2 5 
6/2 8 5 
9/2 14 4 
13/2 14 15 
16/2 5 5 
20/2 
23/2 1 3 
27/2 8 10 
2/3 3 6 
6/3 

• x indicates application of insecticide 

8E 

o 
o 
1 
2 
4 
12 

4 
20 

8 

6 

Sprays applied 

w 3E 5E 

x' 

x x 

x 

x 
x x 

x 
x x 

x 
x x 

x 
x x 

x x 

·sampled from the 30 randomly selected plants from the untreated part of the crop. 

8E 

x 

x 

x 

x 
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tentia! to reduce the number of spray appli
cations. A grower using the five egg per 30 
leaves threshold on a commercial ten hectare 
crop at Darlington Point (34' 34'S, 146' OO'E) 
found that a single insecticide application was 
required in the season for Helicoverpa spp. 
In this crop a 2.6% level of damage to fruit 
was found at harvest (Hamilton, Macdonald 
personal observation). In the same season, 
the neighbouring block was treated on a pro
gram basis and received seven sprays for the 
control of the pest. Depending on the insecti
cide used, the cost for application is between 
$22 and $27 per hectare (B. Walker, pers. 
comm.) The use of the threshold in this case 
resulted in substantial cost savings for the 
grower while significantly reducing the po
tential for the development of resistance. 

An evaluation of IPM in processing toma· 
toes in California has shown that the pro· 
gram provides growers with an effective 
means of reducing the risk of insect damage 
without a concurrent increase the reliance on 

chemicals. The net financial returns to grow. 
ers were increased slightly when the IPM 
program was used (Anthe and Park 1986). 

These trials have indicated that the adop· 
tion of a spray threshold of five eggs per 30 
compound leaves for the control ofH. annig
era and H. punctigera would provide good 
crop protection. A reduced number of sprays 
would also lower the cost of production and 
reduce the insecticide resistance pressure 
applied to Helicoverpa spp. populations. 
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