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History

THE KUM STORY
W. L. Nutting, Department of Entomology

This is the 30th anniversary of the official identification of the
notorious khapra beetle in Arizona. Old-timers in the milling, feed and seed
industries will recall that it marked the beginning of 10 years of quarantines
and great financial losses. It is the most serious pest of stored products
ever to have entered the United States and its impact was equivalent to the
descent of the pink bollworm on the cotton growers.

This insect is an inconsequential-looking, dark little beetle about one-
eighth inch long that looks much like the familiar carpet beetles to which it
is closely related. It lives for no more than a few months at most, doesn't
need to feed to reproduce, and can't even fly. In contrast, the immature
stages, the larvae, are fuzzy brown "worms" about one-quarter inch long that
are capable of heavy feeding and maturing within a few weeks or going into a
resting stage and surviving, even without food, for two or three years. It is
these qualities of the larvae that make the khapra such a formidable pest.
Indeed its name "khapra" is the Hindu word for brick and derives from the
larval habit of hiding out in cracks between bricks in storage structures.
Originally from India and southeastern Asia, it had spread through commerce to
all continents by the time of World War II (Lindgren, Vincent and Krohne,
1955).

Arizona had never had any really serious problems with stored grain
pests. However, in October 1953, the khapra beetle was recognized infesting
warehouses in the San Joaquin Valley of California. On the following January
21, 1954, the khapra beetle was identified from stored grain in a Phoenix
flour and feed mill. It was found a bit later in New Mexico. As it turned
out, good evidence indicated that it had been present in California at least
as early as 1946 and in Arizona by March 1953. Both federal and state
workers shortly began delimiting surveys and developing information that would
be needed for controlling this dreaded pest. Inspections concentrated at
first on large wholesale grain warehouses, mills and feed mixing plants but
eventually reached small retail establishments and grain storages on farms and
ranches, some in very remote areas.

Early state and county efforts were supported by a federal detection
survey that began in April 1954. Several hundred properties were inspected
that year, and they increased to a few thousand during 1955. By mid-'56,
36,000 sites had been inspected in 34 states plus about 10,500 reinspections!
More than 450 places also had been inspected in adjacent Sonora and Baja
California Norte, Mexico. This incredible diligence located 407 infestations
as follows: Arizona, 100; California, 272; New Mexico, five; Mexico, 30.
Several thousand properties were inspected each year at least until the mid-
'60s.

The critical role played by insect taxonomists during this campaign
deserves emphasis. One or more collections from each property inspected had
to be examined under a compound microscope by a person qualified to provide
unequivocal assurance whether the specimens were khapra beetles. The
technical problems of identification were compounded by the occurrence of at
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least eight other species of Trogoderma in Arizona, many very similar in
appearance and habits to the khapra beetle. This enormous and difficult task
carried with it great responsibility. The decision to fumigate a large grain
storage, which might easily cost a few hundred thousand dollars, thus depended
entirely on the expertise of a few systematic entomologists in Washington,
D.C., and California.

When the khapra beetle was first recognized in the Southwest there was no
satisfactory method known for controlling it. Early measures naturally
followed recommendations for the usual stored product pests: absolute
sanitation, sprays oflindane, DDT, chlordane and other conventional
insecticides. Even after the walls and floors of grain storages had been
saturated as many as three times with some of these materials, there was
sufficient survival of larvae in cracks for severe reinfestations to develop
within six months. These early attempts cost industry in Arizona tens of
thousands of dollars which amounted to a total loss.

Since the adult beetles cannot fly, the adult and larval stages must move
about locally under their own power. In nature they are probably transported to
a very limited extent by birds, mammals and the wind. A bit of early detective
work made clear that the most effective means of spread is by humans through
infested shipholds, railroad cars, trucks, farm machinery, burlap sacking and
workers' clothing. The most obvious means of checking its spread after
discovery was by restricting the movement of infested materials. No attempt
had ever been made, at least in the United States, to regulate a strictly
storage pest, and the early attempts were discouraging. An intrastate
quarantine was written, filed with the Secretary of State, and the required
public hearing held in Phoenix on September 27, 1954. It was attended by many
representatives of the grain and seed industry. Legal questions postponed
action on the quarantine by the Arizona Commission of Agriculture and
Horticulture. This inaction nearly a year after the discovery of the khapra
beetle started a chain reaction whereby 17 other states enacted quarantines
against California and Arizona.

Arizona finally adopted an interior quarantine on December 29, 1954, and
California followed on January 12, 1955. A Federal Domestic Quarantine,
effective February 28, 1955, declared infested properties to be regulated
areas and required that infested commodities be treated before they could be
moved in commerce. These quarantines imposed severe penalties on industries
handling grain, seeds and other stored products. For example, Arizona's
quarantine placed entire counties containing infested properties in a
regulated status. Permits were required to move stored commodities outside a
county regardless of whether they came from an infested property or not.
Commodities from infested properties had to be treated, generally by steam
heating or fumigation, before they could be moved. Quarantines imposed by the
other states prohibited Arizona, California and New Mexico from shipping,
under any conditions, any of a long list of hosts of the khapra beetle which
included wheat, barley, beans, rice, cottonseed meal, milled products, pastas,
dry feed for livestock, poultry and pets, nutmeats, dried fruits, powdered
milk and, perhaps worst of all, certified seed of grain sorghum, barley,
wheat, alfalfa, sugar beets and Bermuda grass. Arizona's certified sorghum
and barley seed was highly prized, and amounted to a million -dollar trade
throughout the western states that were represented by the Western Plant Board
and by other states farther east including Texas, Oklahoma and Kansas.
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The university was never directly concerned with the quarantines or the
eradication program, but rather with doing research aimed at, or in support
of, its control. A survey of the khapra beetle infestations in Arizona from
January 1954 to July 1956 revealed that they were confined to the larger
cities and towns of the major agricultural and cattle -feeding areas. At least
35 out of 101, about one -third of the infestations were in barley, while only
8 percent were in sorghum. They are by far the most commonly grown and stored
grains in the state and, under the hot, dry storage conditions, they support
the rapid and vigorous development of khapra infestations. Laboratory studies
on food preferences confirmed these findings that the khapra beetle has a
tremendous potential for development on a wide variety of stored products of
both plant and animal origin, but that barley and grain sorghum are, indeed,
primary hosts.

Studies in commercial storages as well as in the experimental grain bins
showed that the optimum temperatures for khapra development lie between 86 and
95F which favor a complete life cycle in 24 days. No significant development
occurs below 77F, but characteristic explosive increases may occur between 86
and 95 -104F with a new generation about every 30 days. Under storage
conditions in southern Arizona heavy khapra beetle infestations can build up
within six months to a year in contaminated storages and losses to 20 percent
by weight in sorghum and 30 percent in barley can be expected from two years
of heavy infestation. Other common grain pests include one kind of moth and
six different beetles. Their activities can lead to heating and deterioration
of stored grain to a point which favors development of the khapra beetle
(Nutting & Gerhardt, 1964). This research also turned up two small predatory
"bugs" and one mite, as well as eight different hymenopterous (wasp)
parasites, some of which might eventually prove useful as biological control
agents againstone or more of our grain pests including the khapra beetle.

This pest displays another characteristic which generally follows a
sudden increase in larval numbers, that is, the mass migrations of larvae to
high spots, shadows, beneath objects, into cracks and even onto walls and
beams. These accumulations have strained the credulity of entomologists --
they may be several inches deep and contain hundreds of thousands of larvae
per square foot. Indeed, workers at one badly infested warehouse in southern
California filled a 50- gallon drum with larvae they had swept up from the
floor. Combined studies in the commercial storages, experimental bins and
laboratory showed that this behavior involves nearly mature larvae, and is
triggered by a combination of falling temperature (below 77F) and
deteriorating food. As to why the larvae should leave their food, it was
discovered that there is a factor in the frass, apparently produced by dense
populations of the larvae themselves which, along with lower temperatures,
induces a resting state or diapause. (Research in England has since confirmed
that the larvae enter this state as a way of surviving adverse conditions,
even without food, for as long as two years.) The diapause can be broken by
disturbance, warming temperatures and fresh food as, for example, after a
granary is cleaned out and filled with fresh grain.

As a result of the khapra beetle eradication and research programs the
feed and seed industries need never suffer the losses that they did during the
period from 1953 -63. Research results have removed the mystery surrounding
its unusual behavior and contributed toward more effective detection,
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management and control of this disastrous pest. However, this costly
experience demonstrated dramatically that eradication is the only rational way

to control it. Practical recommendations coning out of this experience also
make sense with regard to our perennial grain pests that are so often
tolerated as part of the business:

1. In new storage construction keep cracks, crevices and ledges to a minimum.
2. Inspect all incoming materials for insect pests.
3. Vacuum-fumigate sacking, crates, and shipping containers before re-using.
4. Make frequent inspections of entire property.
5. Practice good sanitation all the time.

In short; cleaned, relatively dry grain, stored under sanitary
conditions, and below about 77F for one year or less is relatively safe from
the khapra beetle -- and other grain pests as well.

Inspectors in the Plant Quarantine Divison of the USDA were familar with
the khapra beetle long before it appeared in the Southwest, and they commonly
continue to intercept it in cargo from ships at most ports of entry into the

United States. An intensive detection survey was maintained through and
beyond the eradication program. It was believed that all infestations had
been discovered by mid-1962 -- the last one in New Mexico in May 1959; in
Texas in April 1960; in California in January 1962; and Arizona, in July 1962.
All of these had been treated by the end of 1963, with the last property to be
released from federal and state quarantine in Arizona on December 3, 1963.
Nevertheless, the survey continued through 1963 with nearly 32,000 properties
inspected in 37 states without a single khapra beetle being found. Then,

during 1964, inspectors suddenly turned up eight new infestations in Arizona
in such places as a hog farm in Yuma, a chicken ranch, a feed lot, a feed mill
and, ironically, in some grain stored in one of the buildings on the Campbell

Avenue Farm in Tucson! These infestations, probably all related to a single

source, were promptly fumigated. About 14,000 inspections were made in 28

states in 1965. Inspections still turn up an occasional small infestation
that is quickly and quietly eliminated.

It is highly unlikely that you will ever find the khapra beetle infesting
stored commodities on your premises. However, if you do find insects that you
suspect might be khapra beetles, mail specimens to the Department of
Entomology, University of Arizona, Tucson 85721. Send several adults and
larvae in a tight vial of 75 percent grain or rubbing alcohol well packed in a
small box or mailing tube.
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