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Respiration Rate of Steinernema feltiae Infective
Juveniles at Several Constant Temperatures

J. E. LINDEGREN, R. E. Ryj, 8. R. Ross, anND D. C. Fousk!

Abstract: Respiration was measured in dauer stages of the insect-parasitic nematode Steinernema
feltiae (= Neoaplectana carpocapsae) at 7, 17, and 27 C. Respiration, (3,9, and nematode viability were
temperature dependent. Mean O, consumption for 5 x 10°® nematodes the first 24 hours was 0.27
mlat 7 C, 0.83 ml at 17 C, and 2.68 ml at 27 C. The Q,, was 3.10 for 7-17 C and 3.24 for 17~
27 C. Some nematodes died during 2, 14, and 21 daysat 27, 17, and 7 C, respectively. The respiratory
quotient was below 1 at all temperatures tested. A standard asymptotic model is expressed as oxygen
consumed = 2.77 * {1 — exponent[—time * exponent(—B + C * temperature)]}; where 2.77 is the
maximum response at 27 C. This model estimates nematode O, consumption and viability at storage
temperatures between 7 and 27 C. The nematodes died when the O, concentration reached 0.5
ml/5 x 10% nematodes. This model may be used to predict O, requirements of S. feltiae infective
juveniles when stored as a waterless concentrate,
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A wide range of insects is susceptible
to steinernematid nematodes under labo-
ratory conditions (20). Commercial use of
these nematodes has been restricted pri-
marily to cost effective, noninundative ap-
plications for control of insects inhabiting
confined environments (5,11,12,14). Re-
duction in the cost of steinernematid
production reported by Bedding (1-3)
may now make inundative application
(4,13,16,18,22) economically feasible. An
important step for commercial use is the
development of methods for storing the
nematodes and transferring them to fields
or orchards. Nematodes have been stored
and (or) transported in oxygenated water
(7), aerated water (1), sterilized water or
0.1% formalin in flasks (19), 0.1% formalin
in tissue culture flasks, in plastic petri dish-
es, on moist polyurethane sponges, or on
water-saturated filter paper (3,8,9,15).
These methods are too bulky for inunda-
tive commercial application and may be
unwieldy, especially if refrigeration is re-
quired or if an additional extraction is nec-
essary.

Ideal commercial storage of steinerne-
matid juveniles would probably be a water-
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less concentrate that could be transported
easily to the application site. The required
concentration could then be used without
additional processing. The varied temper-
atures encountered in storing and trans-
porting infective juvenile nematodes to a
field site require a model for predicting
nematode viability and respiration at sev-

-eral temperatures.

Burman and Pye (6) determined the oxy-
gen consumption of Steinernema feltiae in-
fective juveniles grown at 20 or 25 C and
then stored at five temperatures (13-30 C)
in low-density aerated, oxygenated, and

‘buffered water. We wanted to avoid this

need for aeration and the limitations of O,
availability inherent when large numbers
of nematodes are stored at various depths
in unaerated water; therefore, we modified
the moist filter technique of Howell (9) and
sampled the atmosphere around nema-
todes stored at 100% relative humidity in
the absence of free water. We also devel--
oped a model for predicting the respira-
tory activity and O, demand and its effect
on the viability of concentrated nematodes
stored with limited O, at various constant
temperatures.

MATERIALS AND METHODS

Infective Steinernema feltiae (Mexican
strain) dauer juveniles were packaged as a
concentrate in water-saturated polyure-
thane foam in a polyethylene bag by a com-
mercial laboratory in northern California
5 days after harvest and transported to

221



222 Journal of Nematology, Volume 18, No. 2, April 1986

OXYGEN CONSUMED (mL. / 5 x 10° NEMATODES)

0.00 1 i Il [} A

A L i e A I |

0 2 4 [ 8 10

12 14 186 18 20 22

TIME (DAYS)

Fig. 1. Cumulative O, consumption of Steinernema feltiae infective juveniles stored at 7, 17, or 27 C. Each
point represents one replicate of three samples each. Solid line is fitted using a standard asymptotic model.

Fresno in an insulated cooler. No mortality
was observed in a sample of 50 nematodes
as determined by activity in response to
mechanical probing. The nematodes were
washed from the foam with deionized water
into a stirred stock suspension from which
five 0.5-ml samples were taken with a cal-
ibrated syringe. Each sample was diluted
with 499.5 ml deionized water to make a
1:1,000 dilution. Five 0.5-ml samples from
this 1:1,000 suspension were placed in a
100-mm plastic petri dish top and used for
counting. The stock suspension was
adjusted to obtain a count of 50,000 =*
5,000/ml.

The corrected nematode suspension was
then transferred with a 10-ml graduated
pipet to a moistened 9.0-cm grade 131 glass-
fiber filter paper previously placed on a
Leramie-Buchner funnel. The pipet was
then flushed with an additional 5 ml deion-
ized water onto the filter paper. The pres-
sure was held continuously at —50.7 kPa
for 1 minute. The filter paper was removed
and folded so that the edges were to the
outside and the nematodes were contained
inside. The folded filter paper with the
nematodes was then inserted into a gas-
tight 13.5-ml serum vial. The sample vials
were capped loosely with a butal-type sep-

tum cap and held for 48 hours at 7 C to
inactivate the nematodes. The vials were
capped with an air-tight aluminum seal and
held in chambers at 7, 17, or 27 = 0.5 C
for 21, 14, or b days, respectively, until the
available O, was consumed. A single 0.5-
ml gas sample was taken from the head
space of each unsampled vial at 24-hour
intervals for the first 5 days for each tem-
perature and then at 7-day intervals for 7
and 17 C for a total of 21 days and 14 days,
respectively. The gas samples were ana-
lyzed for O, and CO, content with a Fisher
Model 1200 gas partitioner equipped with
a thermoconductivity detector. Nematode
survival was determined by mechanical
probing within 2 hours of each gas sam-
pling. Nematodes were not checked for in-
fectivity.

Data from four replications of each sta-
tistic per temperature were analyzed by
means of a standard asymptotic mode] us-
ing Marquardt’s nonlinear least square
procedure (17).

RESULTS
Respiration rate of S. feltiae infective ju-
veniles was temperature dependent. Oxy-
gen consumption averaged 0.267, 0.827,
and 2.679 ml O, /5 x 10° nematodes after
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Fic. 2. Respiratory quotient of Steinernema feltiae infective juveniles stored at 7, 17, or 27 C.

24 hours at 7, 17, and 27 C, respectively.
Cumulative O, consumption was 2.25 ml
at7 C, 2.72mlat 17 C, and 2.72 ml] at 27
C for 5 x 10° nematodes at 21, 14, and 2
days, respectively (Fig. 1).

Figure 1 shows the fitted lines for the
relationships between O, consumption and
time at each selected temperature. The line
follows a standard asymptotic model forced
through the origin. The model is ex-
pressed as oxygen consumed = 2.77 * {1 —
exponent[—time * exponent(—B + C =
temperature)]}; where 2.77 is an estimate
of the maximum response at 27 C.

The amount of O, consumed per day was
highest the first day and then decreased at
all three temperatures. At 27 C consump-
tion was three times greater than at 17 C
and 10 times greater than at 7 C; it also
was three times greater at 17 C than at 7
C. The Q,, values, 3.10 and 3.24, were

nearly the same for the temperature inter--

vals of 7-17 C and 17-27 C, respectively.

When available O, reached less than 0.5
ml O,/5 X 10° nematodes in a vial, no
activity upon probing was detected. This
level was reached in 2 days at 27 C, 14 days
at 17 C, and 21 days at 7 C.

The respiratory quotient (RQ) was be-
low 1 for all temperatures (Fig. 2). The RQ
for nematodes held at 7 C decreased dur-
ing the first 5 days and then remained con-

stant for the remainder of the 21-day stor-
age period. The RQ for nematodes held
at 17 C decreased from 0.71 to 0.66 the
first 2 days, then changed little for 3 days
before increasing to 0.73 by 14 days. The
RQ for nematodes-held at 27 C increased
during the 2 days of storage.

DiscuUssION

The respiratory rate of S. feltiae infective
juveniles is highly temperature dependent
under the conditions described. We also
observed, contrary to published reports (6),
that the nematodes died at very low O,
concentrations. Burman and Pye (6) ob-
served nematode movement even after 43
days of storage at very low (0.5% of satu-
ration) O, tension, probably because they
bubbled O; into the water samples before
measuring dissolved O, consumption,
whereas we measured O, concentration in
the head space. -

In our study the respiratory quotient was
below 1. An RQ) below 1 indicates that the
nematodes were reacting to anaerobic con-
ditions or were utilizing fats (21). Imbriani
and Platzer (10) pointed out that Roma-
nomermis culicivorax infective juveniles
functioned at less than 1% O,.

Commercial shipping of §. feltiae dauer
juveniles may be possible at the magnitude
needed for large scale field applications.
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Our standard asymptotic model may be
used to predict the O, requirements of the
nematodes over likely storage times and
temperatures. Further investigations
should concern additional methods for
prolonging nematode viability in storage
by providing adequate O, concentrations
and (or) reducing nematode O, consump-
tion.
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