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“Pesta’’: New Granular Formulations for
Steinernema carpocapsae

W. J. ConnICK, Jr.,! W. R. N1cKLE,2 AND B. T. VINYARD'

Abstract: “Pesta,” a new granular product for use with entrapped biocontrol agents, is based on a
cohesive dough made of wheat flour, fillers, and other additives. Infective juveniles of the ento-
mopathogen Steinernema carpocapsae strain All incorporated in Pesta granules emerged when the
granules were softened by immersion in water. These granules may be useful for the biocontrol of
insect pests in the soil. Storage temperature had the greatest effect on recovery of nematodes,
followed by the moisture content of the granules. Recovery of nematodes was the same among the
formulations tested and was unaffected by storage in nitrogen. Nematode recovery after storage at
21 C decreased to zero after 3—6 weeks. Storage of samples at 4 C and with a high moisture content

(19.9-23.1%) greatly improved nematode viability.

Key words: Biological control, emergence, entomopathogenic nematode, formulation, nematode,
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Entomopathogenic nematodes of the
genera Steinernema and Heterorhabditis are
used successfully in agriculture for the bio-
control of numerous insect pests and are
often as effective as chemical insecticides
(7). The introduction of commercial nema-
tode formulations has accelerated. in re-
cent years, but new formulation technol-
ogy that produces stable, effective, and
consistent products would expand markets
even further (6,7). Spray application using
a nematode suspension in water is straight-
forward, inexpensive, and often effective.
However, capsules, bait pellets, and gran-
ular formulations that protect and (or) re-
lease nematodes in the soil are also desir-
able for insect control. Novel alginate cap-
sules containing nematodes have been
developed (10,11,14), as have wheat bran
bait pellets (4) and alfalfa—wheat bait pel-
lets (3).

A process for entrapping fungal weed
pathogens (mycoherbicides) in a wheat
gluten matrix has been developed re-
cently, and the free-flowing granular
products were also referred to as “Pesta”
(5). It is possible that the Pesta-making
process, which is simple to use and per-
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formed at ambient temperature, could be
adapted for use with entomopathogenic
nematodes. For this initial study, wheat
flour, kaolin, and peat moss were selected
as the formulation ingredients, rendering
the granule matrix nontoxic and harmless
toward the environment.

The principal objective of this study was
the determination of Steinernema carpocap-
sae strain All viability after entrapment in
Pesta and nematode capacity for emer-
gence from wet granules. Additional ob-
jectives were the determination of the ef-
fects on product shelf life of formulation
composition, moisture level, storage tem-
perature, and storage atmosphere (air or
nitrogen).

MATERIALS AND METHODS

The nematode used in this study was
Steinernema carpocapsae Strain #25 (All)
from Biosys (Palo Alto, CA). Three aque-
ous suspensions containing between
744,000 and 770,000 live nematodes per
ml were received on separate occasions
and aerated at 5 C with an aquarium pump
until used (randomly) in sample prepara-
tion within 3 days of receipt (with verifica-
tion of viability immediately before formu-
lation).

Preparation of Pesta granules: Semolina, a
coarse durum wheat flour, was obtained
from Tropical Nut and Fruit (Charlotte,
NQ). Kaolin, RC-32 type, was furnished by
Thiele Kaolin Co. (Wren, GA). Sphagnum
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peat moss (Premier Brands, New Rochelle,
NY) was ground and sieved to pass an 80-
mesh screen. Semolina was mixed thor-
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oughly with kaolin and, for some samples, %E § § § § § §
also with peat moss in the quantities shown p é S ~wd
in Table 1. Semolina content in the three Zg ¥
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five milliliters of nematode aqueous sus- I 2 ESRARS
pension was added to the flour mixture g =
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on 18-mesh (1.00 mm) screens. Samples
were stored in air or nitrogen atmospheres
in sealed glass or plastic vials at 4 C and 21
C. The nitrogen atmosphere was provided
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by introducing a stream of the gas for
about 30 seconds through a glass pipet that
was pushed through the Pesta granules to
the bottom of the storage vial. It is possible
that trace levels of oxygen remained in the
vial.

pH, water content, and water activity: The
pH of a freshly prepared dough sheet was
measured with a flat tip combination elec-
trode (Fisher Scientific, Pittssburgh, PA).
Water content of granules was determined
by Karl Fischer titration (AquaStar V1B ti-
trator and Model EV-6 Solid Evaporator,
EM Science, Cherry Hill, NJ), using 0.20-g
samples and 135 C chamber temperature.
Water activity (a,,) of granules (1.5-g sam-
ples) was measured with a CX-1 instru-
ment (Decagon Devices, Pullman, WA). All
pH, water content, and a,, measurements
were duplicated and averaged for each
sample.

Emergence and counting of mematodes: A
0.200 = 0.002 g aliquot of each sample was
weighed in a disposable weighing boat (8-
cm square at top). Freshly drawn tap water
(10 ml) was added and the sample was left
undisturbed for 20-24 hours at 21 C.
Then the water with immersed sample was
swirled, four bursts of air from a dispos-
able pipet were injected to aerate the
nematodes and aid mixing, and the liquid
was decanted quickly into a 10-ml gradu-
ated cylinder. Four tap water rinses were
used to transfer the nematodes into the
graduated cylinder. If the granules had
mostly disintegrated after soaking, all the
material in the weighing boat was rinsed
into the cylinder. The volume was brought
to 10 ml again (about 4-6 ml had evapo-
rated during the soak period) with tap wa-
ter, and the cylinder was stoppered and
inverted several times to mix the contents.
An aliquot was quickly withdrawn from
the center of the cylinder, diluted if neces-
sary, and placed in a 1-ml eelworm count-
ing slide (Hawksley & Sons, Lancing, West
Sussex, England). The number of active
nematodes (unprovoked movement) that
emerged from the water-softened or par-
tially disintegrated granules was counted
and expressed as the number per gram of

sample. The number of live nematodes
was probably higher because S. carpocapsae
infective juveniles can remain motionless
even though alive. A second aliquot was
withdrawn and counted and the results
were averaged. Nematode emergence was
determined for the freshly prepared Pesta
and at 1 week, 3 weeks, and 3-week inter-
vals for as long as active nematodes were
present up to 36 weeks.

Assay for infectivity after storage: A stan-
dardized nematode infectivity test that
regularly provides 90~100% wax moth lar-
val mortality in 72 hours was used (1. Pop-
iel and P. Pruitt, Biosys, pers. comm.). This
method utilized a nematode suspension of
100-120 third-stage infective juveniles in 2
ml of water applied to two filter papers in
a petri dish (100 X 15 mm) into which 10
wax moth larvae were added. The result-
ant 90-100% wax moth larval mortality in
72 hours was used as an indicator that
nematode infectivity was retained after be-
ing stored in Pesta granules.

Statistical analysis: Four experimental
factors were considered across time: for-
mulation, moisture level, storage tempera-
ture, and storage atmosphere. Polynomial
(i.e., linear, quadratic, or cubic) regression
models were fitted across time to the
square root of observed nematode count
triplicates for each of the 24 treatment
combinations: four temperature by atmo-
sphere treatments for each of the six sam-
ples listed in Table 1 (15). Two analyses of
variance were conducted using time as a
tifth factor. The first analysis crossed all
effects with the exception of moisture
level, which was nested within formulation
to allow examination of specific differ-
ences among levels of moisture for a given
formulation. The second analysis nested
formulation within moisture level to exam-
ine differences among formulations at a
given level of moisture and crossed all
other effects. An analysis of covariance
(15) was conducted to compare overall
nematode counts and rates of release for
specific samples as suggested by the analy-
ses of variance results. The curves repre-
senting the number of live nematodes re-
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leased across time were not forced through
the actual number released at time zero.
Thus, the method of least squares could be
used to fit the data.

REsuLTS

Formulations that contained more than
10% peat produced doughs with cohesive-
ness insufficient for easy processing.
Doughs from each of the formulations
were dried to two different moisture lev-
els. Low moisture was the designation
given to Pesta with a water content of
13.3% and a water activity of 0.71. Me-
dium moisture was 16.6-18.0% water and
a,, = 0.88-0.89. High moisture included
the range of 19.9-23.1% water and a,, =
0.94-0.95. The pH of fresh dough without
peat moss was 5.9; addition of peat acidi-
fied the dough (pH 4.7 with 10% peat).
The product weight of 10-18 mesh gran-
ules averaged 54 = 6% of the dried dough
sheet weight before grinding. The calcu-
lated number of active nematodes in each
sample averaged 424,000 per gram. For
each formulation, the sample with higher
water content had fewer nematodes be-
cause of dilution by the extra water. No
allowance for this difference in nematode
content was made in subsequent data anal-
ysis.

Effect of moisture and formulation at 21 C:
Survival of nematodes entrapped in Pesta
granules stored in air at 21 C was relatively
poor for all formulations and moisture lev-
els. A rapid loss in nematode viability was
observed (Fig. 1) and, by 6 weeks, few live
nematodes remained. The low moisture
sample had the poorest survival rate. At a
given moisture level, there were no signif-
icant (o = 0.05) differences in survival rate
due to formulation composition. Fungal
growth of an undetermined nature fre-
quently was observed on the granules, es-
pecially those with high moisture content,
and the infested granules became matted
together and were no longer free-flowing.

Effect of mowsture and formulation at 4 C:
Survival rates of nematodes were high for
the two formulations of high moisture con-
tent (19.0-23.1%) that were stored in air at
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Fic. 1. Effect of moisture and formulation on
nematode emergence in water after storage of S. car-
pocapsae—Pesta granules at 21 C in air. Fitted regres-
sion curves explain between R? = 83% and R? = 98%
of the total variability observed in the data. Formula-
tion key: numbers refer to percentage by weight of
dry ingredients; S = semolina, K = kaolin, and P =
peat moss.

4 C (Fig. 2). More than 60,000 active nema-
todes per gram were released from these
samples after 18 weeks. The three repli-
cates of sample composition 80S/20K at
high moisture were tested at 36 weeks.
The average number of active nematodes
released per gram of Pesta was 15,500, and
each replicate caused 100% mortality of
wax moth larvae (with typical infection by
the bacterial associate).

Samples with a medium moisture level
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Fic. 2. Effect of moisture and formulation on
nematode emergence in water after storage of S. car-
pocapsae—Pesta granules at 4 C in air. Fitted regression
curves explain between R? = 59% and R? = 97% of
the total variability observed in the data. Formulation
key: numbers refer to percentage by weight of dry
ingredients; S = semolina, K = kaolin, and P = peat
moss.
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were not as stable as those with high mois-
ture, and the decline in numbers of emerg-
ing nematodes was more rapid over the
first 6 weeks. There were few viable nema-
todes observed after 6 weeks. Survival of
the nematodes was poorest in the low
moisture sample. For each formulation
composition, the higher moisture level al-
lowed significantly (P < 0.0082) better
nematode emergence than the lower level.
At comparable moisture levels, there were
no significant differences (o = 0.05) due
to formulation composition. The gluten
matrix of these formulations continued to
entrap a significant number of nematodes,
even after a 24-hour immersion in water
(Table 1, Figs. 1-3). When granules that
had been rinsed of emerged nematodes af-
ter the standard 24-hour test were resub-
merged in water for an additional 24
hours, a further recovery of 8-29% of the
number initially counted often was ob-
served (data not shown).

Effect of storage atmosphere: In general
(comparing levels of atmosphere using av-
erages of levels of the other three factors),
there was no significant difference (a =
0.05) between storage of samples in air or
in nitrogen. This is shown in Fig. 3, which
is a plot of data from the 805/10K/10P for-
mulation at high and medium moisture
levels stored at 4 C under air or nitrogen.
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Fic. 3. Effect of moisture and atmosphere on
nematode emergence in water of §. carpocapsae—Pesta
granules made with 80% semolina, 10% kaolin, and
10% peat moss and stored at 4 C in air or in nitrogen.
Fitted regression curves explain between R? = 27%
and R? = 96% of the total variability observed in the
data.

DiscuUssION

Pesta dough, like pasta, gets its desirable
cohesive properties from wheat gluten in
the wheat flour. A sufficient quantity of
semolina, usually about 70-80% by weight,
is needed in the formulation to make a sat-
isfactory dough. Preliminary testing indi-
cated that high protein bread flour per-
formed similarly to semolina. Fillers and
adjuvants can affect dough properties, but
the Pesta process is amenable to the incor-
poration of a wide variety of solid and lig-
uid additives. For proper consistency, the
dough usually requires a flour:water ratio
of 1:0.6-0.8, depending on the effect of
additives. We have not evaluated the Pesta
granules as a bait, but the wheat flour com-
position and the compatibility with sub-
stances like wheat bran, sugars, vegetable
oils, etc., suggest that a bait could be for-
mulated readily.

An improved method of granulating the
Pesta dough is desirable. Grinding dried
dough in a Wiley mill produces a substan-
tial amount of fine particles that release
fewer nematodes than larger granules.
Undoubtedly, the grinding that produced
the small granules decreased nematode
survival.

Kaolin is an inexpensive filler, but other
clays may be more compatible with nema-
todes (1,16). Peat moss holds water effec-
tively, and granules made with 10% peat
are softer and disintegrate faster in water
than those made without peat. The num-
ber of nematodes that can be incorporated
in Pesta is governed by the concentration
of nematodes in the aqueous suspension
and by the amount of this suspension that
can be added to the flour and other ingre-
dients to make a satisfactory dough.

Generally, Pesta formulation differences
were not significant for the three that were
tested. Analysis of the nematode release
data clearly showed that storage tempera-
ture had the most profound effect, fol-
lowed by moisture content. Shelf life at 21
C was 6 weeks or less, regardless of mois-
ture content. Storage of high moisture
content granules at 4 C maintained a high
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level of viable nematodes over the 18-week
test period. The 80S/20K sample was still
effective after 36 weeks at 4 C. The bene-
fits of refrigerated storage and high mois-
ture levels to nematode survival are well
known (6,9,11,13).

Oxygen requirements of entomopatho-
genic nematodes in storage can vary (2,8,
12,17). We found no significant differ-
ences in shelf life for Pesta granules stored
in air or nitrogen. Storage in air is simpler
and cheaper, but storage in nitrogen may
sometimes be advantageous to control the
growth of microbial contaminants. The
formulation work described was not per-
formed under sterile conditions, and via-
ble fungi and bacteria are present and can
grow under favorable conditions. This was
evident particularly in samples with high
moisture content. Storage in nitrogen
seemed to reduce the growth of these mi-
croorganisms, but a suitable antimicrobial
agent is needed to preserve the products in
storage.

Pesta products are worth further devel-
opment and investigation in greenhouse
and small-scale field tests. Free-flowing
granules that are easy to apply to soil
would be a commercially attractive means
of applying entomopathogenic nematodes.
A sustained release of nematodes from
Pesta may occur in soil and make applica-
tion timing a little less critical for effective
insect control. The temperature and rate
of drying of the dough with entrapped
nematodes should be optimized to prolong
shelf life. Further improvements in recov-
ery of nematodes from granules and in
prolonging shelf life at ambient tempera-
ture are needed and may result from in-
corporation of, as yet, untested adjuvants.
The goal of further formulation develop-
ment is a commercially acceptable biocon-
trol product for the home gardener, turf
specialist, and farmer.
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