224
PATHOGENS FOR CONTROL OF HELIOTHIS

D.G. Holdom and G. van de Klashorst
Dept. of Entomology, University of Qld, St Lucia, Qld, 4067

With increasing problems of resistance to chemical pesticides amongst
cotton pests, especially Heliothis, more attention is being given to biological
control agents, including pathogens. Pathogens are often more compatible with
chemicals than predators and parasitoids, and many can be formulated and
sprayed in the same manner as chemicals. In addition, some can be easily
grown using mass fermentation techniques. They are usually completely harm-
less to man, domestic animals and other biocontrol agents. However, much work
remains to be done on the ecology and physiology of these pathogens, as well

as on the technical aspects of production, formulation and application.

The best known pathogen is Bacillus thuringiensis (B.t.), yhich is
effective against a range of caterpillars. It can be mass produced easily
in cultures and is available commercially under several trade names, such as
"Dipel" and "Thuricide". It acts as a chemical insecticide, and destroys the
gut of the insect, resulting in rapid death. However, it does not persist in
the crop or spread through the pest population. Thus it cannot control those
insects which appear after application or those which are in the crop at
application but which do not encounter the B.t. quickly.

Another pathogen which is now available commercially is the Heliothis
nuclear polyhedrosis virus (HNPV), which is sold under the trade name "Elcar".
This organism is specific to Heliothis spp., and can only be produced in live
insects or in cell cultures. However, it can persist or "recycle" in the pest
population, infecting insects which were not infected at application or which
appear in the crop later. Thus a single application may give extended control.
It acts more slowly than B.t., but if applied when larvae are young, it can
kill them before they become large enough to cause significant damage. Thus
in contrast to chemicals or B.t., it is best applied as a prophylactic, before

any damage has occurred.

Although these pathogens are already available, the development of new
pathogens with different properties will provide pest managers with increased
flexibility in their choice of control strategy.

Several other pathogens have received considerable attention in the U.S.A.,
particularly the fungus Nomuraea rileyi and the microsporidian Vairimorpha
necatriz. Techniques have been developed for their production and formulationm,
but they are not available commercially. We have conducted a survey of the
literature in order to evaluate their potential for use in Australia.
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was at permanent wilting point to a depth of over lm.

The wet treatment was flood irrigated and the water ponded for an
extended period. Preparation began as soon as the surface soil was dry

enough to be trafficable.

The moist treatment was achieved a different way each season as
dictated by conditions. In the first year, a quick flush of irrigation water
down the furrows proved satisfactory. In the second year, a wheat crop
partially dried the soil in a wet winter. In the third year, regrowth of
sorghum stubble after flood irrigation produced the intermediate soil

moisture state required.

Profiles of gravimetric soil moisture contents in the three treatments
(just prior to land preparation in each of the three seasons) are presented
in Fig. 1.
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Fig 1. Soil moisture profiles at time of land preparation in each
of three years for the different treatments.
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On all treatments, surface soil conditions were dry enough to allow
good trafficability when land preparation commenced. All treatments received
the same operations: the difference was in the soil moisture content at the
time the land was prepared. Preparation consisted of disc ploughing the
cereal stubble, deep ripping (to 50 cm) scarifying, land-planing, chisel

ploughing and furrowing out. During the cotton season, all plots were
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treated alike: being irrigated, fertilized, sown, sprayed and inter-row

cultivated as one paddock.
Cotton (Deltapine 61) was sown on 11 November 1983 and watered up.
Results

The results in this paper refer to the third cotton crop of this
experiment, 1983-84 (i.e. after the same land preparation treatments were

imposed three times on the same areas of land).

Plant samples were taken on 16 January 1984 and again on 13 March 1984,

as indicators of vigour and yield potential.

Table 1. Plants sampled on 16-1-84.

Soil moisture state Dry Moist Wet

during land preparation:

Height, cm 39 34 26
Total dry weight, kg/ha K50 625 454
Leaf area index sl 0.8 0.6
Plant total nitrogen 7% 3.1 2.7 2.5
Nitrogen uptake, kg/ha 26 17 12

Table 2. Plants sampled on 13-3-84,

Soil moisture state Dry Moist Wet

during land preparation:

Height, cm 91 71 71
Total dry weight, kg/ha 6516 4875 4783
Leaf area index 2.6 1.4 1.8
Plant total nitrogen % 1.4 1.3 1.3
Nitrogen uptake, kg/ha 91 64 61
Boll dry weight, kg/ha 1659 1208 1231

All measurements indicate that the plants growing on land prepared dry
ranked highest in size, vigour and yield potential.

The plants growing on land prepared moist tended to be intermediate

between the other two treatments in January. By March, plants on the moist
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treatment tended to be very similar to those on land prepared wet.

Lint yields at the end of the season were assessed by machine picking

and machine ginning.

Table 3. Machine-picked lint yields.

Soil moisture state Dry Moist Wet

during land preparation:

Lint, kg/ha 826 546 588
Lint, bales/acre 1.49 0.98 1.06
% of best treatment 100 66 71

Fxamination of the soil profile (exposed by digging pits) at the end of
the season showed visual differences between treatments. The upper 20 cm
(the hilled-up portion of the rows) on areas prepared moist or wet contained
many more dense—looking clods than on areas prepared dry. The latter areas
had more crumbly clods. The upper subsoil showed greater differences,
particularly between 20 cm and 30 cm below the top of the hill. Here those
areas prepared moist or wet appeared more massive. There was a noticeable
absence of flat, shiny faces between adjacent clods. Instead, the clods were
large, contained few cracks (within themselves), were irregularly shaped and

dull surfaced. Many of the faces were rounded instead of flat.
Discussion

The wet winter of 1983 delayed the final stages of land preparation
(furrowing out) and the crop was sown late (11 November). The late sowing
and the cool, cloudy, wet growing season of 1983-84 were not conducive to
high yields: hence the rather low yield of the paddock as a whole. It is
possible that such a wet season may depress yields more where the soil is in
poor condition, through the effects of increased waterlogging. Hence we may
expect slightly smaller differences between treatments in a hot, dry season.
Such an interaction between soil structural degradation and waterlogging has

not yet been demonstrated.

Plant measurements made during the season and the final lint yields
both indicate a decreased yvield potential of land which is prepared for

cotton when the subsoil is either moist or wet.

The important point to note is that the yield depression was very

similar whether the land was prepared moist or wet. The intermediate moist
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treatment has caused as much damage as the wet preparation. Therefore the
only soil moisture state that we know to be safe for land preparation is
permanent wilting point. There may be a narrow range of moisture contents

over which minimum damage is done to the soil, but this is not known.

To protect s8oil structure it is necessary for the soil to be at or near
permanent wilting point before land preparation. In practice this means

using a crop to dry the soill over the full depth to be cultivated.

Most growers know that working the soil when wet can damage the soil
structure and reduce yileld. However the extent of yield loss was not known.
These results indicate that a very substantial yield loss (about one
quarter) is possible when soil structure is damaged. Management of soil
structure is, along with the management of water, nitrogen and pests, an
input that affects profit; it also affects the long-term viability of cotton

growing, by protecting the soil resource.
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