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ABSTRACT Six circular metal farm bins containing grain sorghum were sampled in north-
eastern Kansas with a pneumatic grain sampler. The grain mass ranged in volume from
109.6 to 429.6 m®. A stratified random sampling method was used. Samples were analyzed
in the laboratory for species and numbers of live insects, percentages of fungal-invaded
kernels, and percent moisture content. Cryptolestes ferrugineus (Stephens) was the only
insect species collected in all six bins. High numbers of C. turcicus (Grouvelle) were col-
lected, while few C. pusillus (Schonherr) were found. In five of six bins, more live insects were
found at or near the floor; in four, moisture content was greater on the floor. In comparisons
with a manual gravity-fill probe, equal numbers of insects and broken grain were collected.
Regression analysis was used to propose practical sampling schemes in which manual probes
were used to sample upper areas of the grain mass.

A VARIETY of devices and methods have been used
to sample stored-product insects. Water traps, con-
sisting of opened water-filled jars, have been used
for surface collection of arthropods (Watters and
Cox 1957). Bait traps have been used to determine
insect distributions, ranges, and density levels, and
have contained food or food mixtures (Strong 1970,
Bains et al. 1976). Volatile attractants such as de-
caying wheat (Loschiavo and Atkinson 1967) or
sex pheromones (Barak and Burkholder 1976) have
also been used as baits in traps. Gravity-fill triers,
probes, and spears have been used to sample in-
sects generally in the upper areas of the grain mass
(Winburn 1940, Osmun 1954, Barak and Harein
1981), although creative and time-consuming
manual sampling devices have reached ca. 25 m
(Anderson and Martin 1943). Power generated
sampling devices have increased the vertical sam-
pling universe by being able to sample greater
depths with greater ease (Burges 1960).

Recent government policies have encouraged
storage of surplus grain on farms. Recent surveys
(unpublished data) in Kansas have indicated that
many farmers not only fail to use good grain stor-
age practices, but are often not aware of problems
when they occur. This lack of awareness is often
attributable to improper inspection. Common grain
depths are 5-6 m and may be more than 10 m. A
standard manual grain sampling probe usually
cannot be forced deeper than 3-4 m, depending
upon type and condition of the grain. Thus, grain
in the lower part of the bin is not sampled for
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insect infestation, grain moisture content, or other
factors affecting grain quality.

The oLjectives of this study were to use a pneu-
matic grain sampler to detect insect infestations in
all parts of farm grain bins and develop a practical
sampling procedure. To study the practical aspects
of the sampling plan, manual probe samples were
concurrently taken, with the hypothesis that both
sampling tools would yield similar results.

Materials and Methods

During 1980, six circular metal grain bins were
intensively sampled in northeastern Kansas using
the stratified random sampling technique. The
grain masses ranged from 109.6 to 429.6 m?, and
the grain sorghum was of different harvest years
(Table 1). The bins were selected on the basis of
availability and insect species detected in them
during an earlier grain sorghum survey (unpub-
lished data). The grain surface was horizontally
stratified with three concentric circles; then the
surface was further divided by two lines (diame-
ters) through the center and perpendicular to each
other. These lines divided the areas between the
concentric circles, which were located so that the
central circle and all the areas between the circles
were equal. The location of a probing in each area
was determined by randomly selecting an angle
and a radial distance from the bin center (Fig. 1).

The bins were divided vertically into 1.2-m strata
beginning at the bottom. A surface sample was
taken from the layer of grain remaining above the
last complete 1.2-m stratum. Sampling points were
identified within each of these strata by randomly
selecting a depth of 0, 0.3, 0.6, or 0.9 m within
each stratum. A floor sample was also taken (Fig.
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Table 1. Bin dimensions, quantity of grain sorghum,
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Table 2. Species and total numbers of insects (Cucu-

year of harvest, and sampling date for six grain bins, Kan-  jidae) coll d using a p tic probe, Kansas, 1980
sas, 1980
No. of
. Dimensions {(m) . 3 Year of Date Bin sam- Cfe Ct. Cp. Os Tolals
Bio “diamby ht) S (M pleq  sampled ples
1 5.5 by 4.6 109.6 1976 7 June 1 45 45 0 2 3 50
(18 by 15 ft) 3,045 bu 2 63 39 32 2 0 73
2  73by64 273.7 1978 2 July 3 45 468 264 0 98 830
aiitly b AR
3 7.3 by 4.0 169.4 1978 1 Aug. ;
(24 by 13 ft) 4,706 bu 6 54 73 54 0 o
4 55bys2 1242 19781979 21 Aug Totals 324 1,087 483 14 2858 4437
18 by 17 ft 3,451 b
5 (73z 6'7) 286 7“ 5 31 Oc a Cf., Cryptolestes ferrugineus (Stephens); Ct., C. turcicus
-3 Dy ©. g f t. (Grouvelle); C.p., C. pusillus (Schonherr); O.s., Oryzaephilus
@4by22f) 7964 bu surinamensis (L.}
6 9.8 by 5.5 429.6 ? 7 Nov.
(32 by 18 ft) 11,934 bu

9 Calculated using radius of bin and depth of grain (1 ft3 = 0.8
bu, 1 bu = 0.036 m?).

1). The sampling was done using a commercial
pneumatic grain sampler (Cargill Probe-A-Vac)
which pulls air carrying the grain up through a
3.2-cm inner tube while replacement air passes
down between this tube and an outer 5.1-cm tube.
The air with the grain passes into a cyclone col-
lector standing on the grain surface. After sam-
pling was completed with the pneumatic probe,
gravity-fill (manual) “bullet” probe samples were
taken at the second and third depths for each sec-
tion.

Samples were weighed in the laboratory and
sieved over a sieve (no. 10 Tyler Standard) with
2-mm openings; the material passing through the
sieve (fines) was weighed and the amount was ex-
pressed as percentage of total sample. The mois-
ture content was electronically measured using
either a moisture computer (Burrows Digital Mois-
ture Computer 700) or, if the sample was <250 g,
a moisture tester (Insto). Live insects were sepa-
rated from the fines and placed in vials with 70%
isopropanol. Insect mortality during probe collec-
tion was not studied although it did not appear
excessive; only live insect data were analyzed.
Fungal invasion of grain was determined by plat-
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Fig. 1. Horizontal (left) and vertical (right) strati-
fications used in calculation of sampling cores and points.
This example represents a bin with four complete 1.2-m
strata, a surface sample (1) and a floor sample (6).

ing kernels that were surface sterilized by 5% so-
dium hypochlorite on a malt 4% salt agar plate
(Tuite 1969). Fungi were identified and divided
into two groups. Field fungi were represented by
the genera Alternaria, Cladosporium, Fusarium,
and Helminthosporium, and storage fungi by the
genera Aspergillus and Penicillium. This division
is not taxonomically valid, but is primarily based
on moisture-content requirements (Christensen and
Kaufmann 1974).

Means of insect numbers were separated using
Duncan’s (1955) multiple range test using the
General Linear Model procedure of the Statistical
Analysis Systemn (SAS Institute 1982). Comparisons
between the pneumatic probe and gravity-fill probe
data were made using ¢ tests. Regression analysis
of the sampling schemes was done using the
regression procedure of SAS (SAS Institute 1982).

Results and Discussion

Specific statistical comparisons among bins were
not possible because of different bin constructions,
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Fig. 2. Vertical distribution of insects per 1,000 g
in bins 1-6. Points represented by the same letter are
not significantly different (P > 0.05; Duncan’s [1955]
multiple range test).
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7Jdun 2Jul  1Asg 21 Aug 31 Oct 7 Nov Table 3. Average percent fungal-invaded kernels per
ple for six grain sorghum bins, Kansas, 1980
8IN 1 BIN 2 BIN 3 BIN 4 BIN S BIN 8
1] e b d c d ob Bi % field % storage
\ \ \ L , \ n fungi/sample fungi/sample
AR N
3 c -3 b c d a g 1(15'17 gg
z | \[ | L \ / 1 85.1 06
a 4 c a b 13 b 5 8.1 223
8 N N\ \ \ |/ 6 421 28.8
5 g a o b b c
a a b [
° / \ shelled corn (Farrar and Flint 1942, Osmun 1954,
y I a Barak and Harein 1981), wheat (Winburn 1940,
Sinha 1961, Barak and Harein 1981, Storey et al.
T e 1983), and oats (Sinha 1961, Storey et al. 1983).
ic 12 12 14 10 15 11 13 10 14 12 15

X MOISTURE CONTENT

Fig. 3. Vertical distribution of percent moisture
content in bins 1-6. Points represented by the same let-
ter are not significantly different (P > 0.05; Duncan’s
[1955] multiple range test).

grain histories, and sampling dates. The bins were
not replicates of each other. Generalized compar-
isons of the insect species collected and of the spa-
tial patterns of these insects in each of the bins,
however, were important. Cryptolestes ferrugi-
neus (Stephens) was the only insect species col-
lected in all six bins. Oryzaephilus surinamensis
(L.) was collected in large numbers in bin 4, but
was scarce in the other bins (Table 2). The collec-
tion of C. turcicus (Grouvelle) and the small num-
bers of C. pusillus (Schonherr) found were unex-
pected. C. turcicus was collected and identified in
only one other stored-grain survey in Kansas (K.O.
Bell, G. Partida, and R.B.M., unpublished data).
Bishop (1959) reported the presence of C. turcicus
in the northern growing regions of the United
States. LeCato (1974) reported C. pusiilus as the
Cryptolestes species of most economic importance
in the southern United States. Perhaps northeast
Kansas is in a climatic transition zone for the two
species. Cryptolestes spp. have also infested other
types of stored grain in other states, including

Other stored-product insects collected were Tri-
bolium castaneum (Herbst) (4), Rhyzopertha do-
minica (F.) (2), Trogoderma spp. (6), Typhaea
stercorea (L.) (2), and Lathridiidae (3). Other ar-
thropods collected but not included in the analysis
were Pscoptera, Acari, and Bethylidae (Hymenop-
tera).

In five of the six bins, more insects were found
on or near the floor than in the upper part of the
grain mass (Fig. 2). Several studies have described
higher numbers of insects along the surface or in
the center of the grain, where temperatures and
moisture levels were favorable (Sinha 1961, Smith
1978, Loschiavo 1985). In smaller bins, Smith
(1983) found a rapid increase in C. ferrugineus
populations on bin floors in early fall, but a dis-
persal of the population to higher levels in the
grain in mid-fall. Most other stored-product insect
studies and surveys did not sample in the lower
areas of the grain mass. Consequently, results de-
scribing higher numbers of insects along the sur-
face or in the center may be unsubstantiated.

The moisture content of the grain in four of six
bins was greater on the floor (Fig. 3). These results
can be partially explained by convection currents
within the bins, the movement of warm dry air up
near the walls, and cool moist air down during the
spring and summer months (Johnson 1957, Chris-
tensen and Kaufmann 1974). The spatial pattern
results of this study are probably related to the

Table 4. Comparisons between total insects and percent fiues collected using the pneumatic and gravity-fill probes,

Kansas, 1980

Bin [pa 1Mb de SE TS4 F.P.* FM/S de SE TSd
2 41 6.1 2.0 178 112 1.4 18 0.4 0.23 1.74
3 178 41.8 24.0 18.2 1.82 2.1 2.2 0.1 0.17 0.59
4 46.5 51.2 48 17.42 0.28 1.3 15 0.2 0.14 1.43
5 11.6 144 28 4.32 0.65 1.6 17 01 0.14 071
6 42 6.9 2.7 2.09 1.29 06 0.4 02 0.07 2.86

@ No. of live insects per 1,000 g collected from pneumatic probe.
b No. of live insects per 1,000 g collected from manual probe.

¢ Absolute difference between two collections.

4 Test statistic (d/SE), significant (¢;7 at P = 0.05 = 2.11).

¢ Percentage fines collected from pneumatic probe.

/ Percentage fines collected from manual probe.
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ORIGINAL SAMPLES (INSECTS/1000G)

o 20 40 60 80 100
SAMPLING SCHEMES (INSECTS/1000G)

Fig. 4. Regression of the original pneumatic probe
samples to two practical sampling schemes using the
upper three depths within the nine areas (27 samples)
(—), and using only the surface samples in nine areas
(nine samples) (- — ).

false, perforated aeration floors of the bins. Broken
kernels and grain dust can sift through the perfo-
rations and provide nutritional material under-
neath for residual insect populations. Since the false
floors are bolted in place, they are rarely removed
for cleaning. Five of the six bins had this type of
arrangement. Bin 3, which had high numbers of
insects on the floor, had aeration ducts lying on
the concrete floor. Broken sorghum and nutritional
dust could have been inside these ducts. Bin 2,
which did not have significantly high numbers of
insects on or near the floor, had a slight odor of
the insecticide malathion from its floor samples.
Apparently, some parts of the bin were treated at
an earlier time.

The age of grain and the type of fungi found
were related. Bins 1-3 contained 1978 or older
grain and had higher percentages of storage fungi-
infected kernels (i.e., Aspergillus glaucus group,
A. flavus group, and Penicillium spp.) (Table 3).
Bin 4 contained an uneven mixture of 1979 and
1978 grain and had higher percentages of field
fungi. The age of the grain in bins 5 and 6 was
unknown. Microorganism activity can cause heat-
ing of stored grain, and can be a factor in the
increase of certain stored-grain beetle infestations
(Wright and Burroughs 1983).

Comparisons were made between the pneumat-
ic and gravity-fill probes to test the hypothesis that
both yielded similar results. These tests were based
on data collected from two variables, total live in-
sects and the percentage of fines, and were per-
formed only on the results from bins 2-6. Bin 1
had high numbers of dead insects throughout the
bin, which leads to the conclusion that control
measures were taken. The data from the gravity-
fill probe were similar to those from the pneumatic
probe in all cases except for the percent fines in
bin 6 (Table 4). This demonstrated that the pneu-
matic probe was not picking up more fines or in-
sects due to the air flow and supports Hurburgh
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and Bern’s (1983) findings that pneumatic core
probes do not pick up more foreign material com-
pared to manual probes. Although the pneumatic
probe can sample grain at much greater depths
than manual probes, it is expensive and time-con-
suming to use. Manual probes are easier to handle
and more practical to use, and, as the results of
this study indicated, will yield similar results.

Selected sets of samples within the total original
complement of pneumatic probe samples were
analyzed to determine whether fewer samples from
each of the bins would have provided informastion
statistically similar to that obtained from the total.
Two of the sampling schemes selected appeared
practical. One involved samples from the upper
three depths within the nine areas (27 samgles),
while the second sampling scheme used only the
surface samples from each of the nine areas (Fig.
4). Both selected sampling schemes correlated well
with the complete sampling.

Bin structures and the way farmers store their
grain are important in sampling. It is desirable
that the bottom areas be made accessible by bin
modification so they can be sampled. Also, acces-
sibility to areas beneath the false floors when the
bin is empty would permit inspection, clearing,
and treating. Present methods of sampling and
grading of grain at local elevators are not known
or are inconsistent (Barak and Harein 1981). Bet-
ter techniques are needed to assure more repre-
sentative sampling of grain.
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