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Raw grain storage structures

Steel bins

Concrete silos (country elevator)
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Loulisflour mill




Storage ‘

Insects can infest grain and
grain products from the farm
to the consumer

Consumer Retalil store
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What are storeegrain/product

INnsects?

A Insects associated with cereal grains or
commodities that are harvested and stored are
OF f f SRANABANZNBRASON & E

A¢CKSaS Ayasouda I-pdgluct f a2
AYaSOoiadeyarS @palizidsinfesting
stored noncereal commodities and processed
cereal or norcereal products

A These insects have spread throughout the world
through grain trade (in ship holds and exports)




toreaproductinsects In the marketing

Imports into CA Olsen (1981)
Importsin CA 3,381 63 Zimmerman (1990)
Imports into UK 3,632 81 Howe & Freeman (1981)
Empty cargo 3,001 22 Stanawayet al. (2001)
containers

Foodhandling areas 1,428 16 Evans &Porter (1965)
of ships

Bakeries in CT 290 11 Hankin& Welch (1991)
Packaged food 20 24 Highland (1978)
warehouses

Import warehouses 18 26 Olsen (1981)

in CA

Source:Hagstrumand Subramanyan(2006)
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Earlyrecordsof stored-productinsects

x Egyptian pyramids, 1345 B.C.
x Red flour beetle

x |srael, 706900 B.C.

x Granary weevil

x Iron Age or Roman Period:400 A.D.

x Drug store beetlegadelle rusty grain beetle,
sawtoothedgrain beetle, hairy fungus beetle,
yellow and dark meal worms

x Mid 1700s
x Mentioned In literature
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Important orders

A Coleoptera or beetles = -

A Lepidoptera or moths

A Psocoptera or book/bark Tice
~ ol
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Development cycle of
stored-product insects

= 1 Ego

Lﬂj) \ Larva
Pupa
Adult

What are the active stages?

What are the inactive stages?
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Cigarette beetlel.asiodermaserricorne
Coleoptera Anobiidae

Photos, courtesy: Dr. Bh. Subramanyam



Development and survival of cigarette beetle life stages
ground, pelleted feed

Life No. Duration (days) Survival?
stage iInsects Mean+ SE  Range (%)
Egg 265 8.1+ 0.05 57 11 92.0
First instar 262 4.7+ 0.04 317 98.9
Siaeslil 260 45+ 0.04 37 6 99.2
Instar

59 4.7+ 0.04 31 8 99.6
11.8+ 0.2 71 20 84.6
Pupa 4.6 £ 0.05 3-7 95.9
Egg-to-adult 209 3+ 0.24 24 - 59 72.6

aSurvival of eggs is based on 288 e&s\

These are larval stages.



Number of insects

Frequency distribution of head capswigdth

measurementy instar of cigarette beetle
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Storedproductinsects

A Beetles (50 or more species)

A Moths (3 species in U.S.)

x Indian meal moth
x Almond moth
x Angoumois grain moth

A Psocoptergseveral species)




Internalfeeders

Weevils

Figure 1. Grain weevils: Left, Granary weevil adult; center, rice weevil adult; right,
maize weevil adult.



Immature stages of weevils
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Internalfeeders
Moth

Borer

LESSER GRAIN BORER-ADULT ON 2M)
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fv-;-‘Fem:aIe moth lays egg on grain kernal.

- The larva emeérging fromegg gnawsa
 hole, no larger than a pin prick, through

~ which it enters the kernel.

Kernel cut showing entrance
channel. Larva feeds and
grows, enlarging cavity.

The full-grown larva is as
long as kernel in which it
has eaten out a large cavity.

The pupa s the stage
between larva and
| || adult moth.

ANGOUMOIS
GRAIN MOTH
DEVELOPMENT IN WHEAT ﬁ

The moth leaves
ken}e! by round
: hole shown.

Figure 11.—Life cycle of the Angoumois grain moth on wheat.




Stages ofessergrain borer infestation

100 adults left in grain for 7 days and then removed
86° F (30C)

56 days 76days
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Externalfeeders
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Externa!ee!ers— Scavengers




Externalfeeders- Moths

Almond moth

i .
R ou e ALMOND M.

INDIAN M- M,

Moth larvae



Foreign grain beetle
% £

"+,
Sy o
h,
B

Hairy fungus beetle

Flourish under humid conditions
Mold/cheese mite
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Grain Depth (m)

Distribution of insect species In the

grain massKlinnet al. 2009)
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A Data from 23 elevators and
513 bins

A Insect distribution varies by
month

A More insects are found on
the upper grain layers

A Density of lesser grain borer
highest in February



70

60 -

90 1

40 A

30 -

20 -

10 =

Bins with >2 live insects/kg and distance between
Intervening binsKlinnet al. 2009)
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A Highly infested bins were
located near other highly
Infested bins

A Data from 23 elevators
and 513 bins

A Insects move between
bins

Intervening bins



Proposed

origins

A Mostly tropical or subtropical in origin

A Some species were seed feeders; others fed o
molds under the tree bark or on rotting animal
and plant matter

A Some species still inha
A Majority infest habitats

NIt these areas

orovided by humans




Why are insects present. Sourageated by
humans

A Foodprocessing facilities
A Spilled grain in fields or on farms
A Grain/flour residues

x Combines

x Trucks

x Wagon beds

x Bins

x Under perforated floors

x Equipment



Features of storegbroduct iInsects

A Small

A Highly mobile

A Live in cracks and crevices

A Feed on a wide variety of food products

A High reproductive rates

A Occur in natural or anthropogenic habitats




General biology: Beetles

A Adults can live between 2 months and a
year

I Shortlived and longived beetles
A Mate multiple times
A Both adults and larvae cause damage
A Females lay eggs throughout their adult
life




General biology: Moths

A Adults live 68 days

A Only larvae cause damage

A Eggs by females are laid within 6 days
A May mate 13 times




Sources of insects

x Raw grain

x 21, 3 kg wheat samples/railcar were taken from 8 railcars
(PerezMendoza et al., 2004).

x 1024 insects were found in 7 of 8 railcars
x 3% of insects were found immediately after sample collectic
x 77.1% were found 7 weeks after sample incubation

% Insects outdoors
x Reinfestationfrom insects already in the mill




Spatial Distribution

Trogodermavariabile
(warehouse beetle)

Plodiainterpunctella
(Indian meal moth)

Averg daily cpture rate fro 6/to 10/1/0

KANSAS STATE
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Flour mill 1: Inside and outside mill
Allen & Subramanyam, 2004; unpubl. data)

m=== Products
mmmm |nSide traps
mmmm Qutside traps

Product totals = 0.34 insects/gram
Inside trap totals = 216.6 insects
Outside trap totals = 260.4 insects
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RFB HFB CRP IMM FGB TRG CFB LGB Other
Species

IMM=Indianmeaimoth, RFB=Red flour beetle, HFB=Hairy fungus beetle, RGB=Rusty/fl
grain beetle, FGB=Foreign grain beetle, TRG=Warehouse beetle, CFB=Confused fla
beetle, LGB=Lesser grain bor&TGB=Sawtoothedjrain beetle, CADEadelle
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Infestation of adisused flour mill

GaXAyasSoOiu &aLISOASaE 6SNB 6ARSH
premises in considerably greater numbers than previously
0K2dzZAKOGP XY2ad 2F GKS&aS N
would not be moved during the normal operation of the
YIF OKAY SNE ®DE

Source: G. C. Williams (1962)




Newell E. Good. 1937. Insects found in the milling streams of flou
mills in the southwestern milling area. J. Kansasbomol Soc. 10:
135-148.

X

X

1932 and 193485

8-ounce samples were collected from 24 elevator boots
and other mill streams from 19 flour mills in Kansas,
Oklahoma, and Missouri

30 species were found

99.9% were beetles from 2367 samples collected from 17
mills during 193485 (78% were flour beetles)

Insect numbers were not influenced by seasonal and
climatic changes




Number Recovered

Rice weevil was predominantly in whole grain

S.oryzae
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Lesser grain borer was predominantly in whole grain

Number Recovered
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Flour beetles were found in all mill streams

Tribolium by lifestage

110 Tribolium adults

1 {@ Tribolium lanvae

Number Recovered
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Number of Insects
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Fig. 3. The intrinsic rate of population increase for Tribolium castaneum at 28.5°C and 65%
rh. (Data from Leslie and Park, 1949)
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KSU pilot flour mill data,
June 15 October 12, 2002
(Importance of sanitation)

No. product samples Percentage of samples| Percentage of samples
examined with insects immediately | with insects after 8 week$
after sample collection

439 53.8 80.1

Andy Allen andh Subramanyam2002. Unpublished data.
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Damage caused by insects
A Weight loss

Heating (116F [43.3C] or higher)
ncrease in moisture

ncrease In protein content
ncrease In fatty acid content
ncrease In uric acid content

A Structural damageQadelldarvae)

A Contamination of raw and processed
foods

x EXcreta, cast skins, eggs, body parts

KANSAS STATE
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Damage caused by insects (continued)

A Decrease in seed germination

A Distribution of molds from infected to
healthy kernels

A Penalties or rejection at time of sale

A Rejection by customers of infested foods
x Indianmealmoth larvae in pop corn

A Allergic reactions in sensitive people
x Dermestidhairs pastiseta¢g
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What Is pest management

At Sald Aa |yeioKAyYy3I a2dz
A Management as it relates to pest means

I Keeping pest numbers below damaging levels by
using chemical and nechemical approaches
iGa¢KA& adza3saaa dKFd 4S
2yte 1SSL) ydzZYoSNRA FFu @.
I Whether or not pest numbers are at or above

damaging levels is based on visual inspection,
sampling grain or using traps in food facilities

KANSAS STATE
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Management o! InsSects: concepts

I Preventive

ATactics applied prior to infestation or when infestation
IS low (below damaging levels)

ACheaper
ALongterm management
I Responsive
ATactics applied when infestation is at or above
damaging levels or when a problem with pests is seen
A Shortterm management
AReinfestation will occur

AMay be cheaper or expensive depending on method
used




Preventive tactics

A Sanitation of empty bins/silos, grain cleaning, and grain
processing facilities

A Application of insecticides to empty storages or to floors
of food plants

Al LILX AOF GA2Y 2F AyaSOGAOAR
A Exclusion practices

I Alr curtains

I Plastic strips

I Closing doors and windows; sealing gaps in buildings
A Cooling grain

I Use of aeration by use of fans in bins/silos
I Grain chilling




A Heat
I Empty storages and grain
I Grain heat treatment (only in
Australia)
A Fumigants
I For grain and in food plants
I Most commonly used fumigant on
grain is phosphine
I In food facilities it isulfuryl

fluoride (ProFume [not registered
In India]



Pest management decisions

A Should be based on sampling information
I To determine if pests are above or below damaging levels

A US standards for grain for live insects/IDK

I USDAGIPSA standarfor infested wheat, 2 live insects/kg
of grain

I For milling, FDA Defect Action Level of 32 IDK/100 (g)
{Millers do not like wheat with IDK >6/100 g}

A Without sampling information one commits two errors:
I Treating unnecessarily (treatment costs go up)

I Not treating when needed (damage to commodity goes
up)

KANSAS STATE
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Insect pestevels for graimprocessindacilities

A We have no standards!
A The only preventive tactic is sanitation (daily,

wee
equi
tight

Kly, biweek

y closing d

y, monthly, etc.) of floors and

oment, and screening windows and

00I'S

A There are several insect pest management
methods, mostly based on chemicals with one
method that uses heat




Sampling insects

A Insects can be detected in grain by sampling grain
with several devices or by probe traps

A Determining number of insects in a grain sample is
useful for making pest management decisions

A As you take more samples you will be able to
accurately estimate insect density

A The FGIS [GIPSA] standards of grain sampling may
not always be able to accurately determine insect
density

KANSAS STATE
UNIVERSITY



Grain bulk

w Static bulks
w Probesampler
w Spear otrier
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Vacuum probe for
bulk-stored grain
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Pitfallcone trap

A 95 mm x 125
mm cone
shaped with
holes

A Very sensitive

A For surface
area of the
grain bulk




Probe traps

x 370 mm x 27 mm

x Funnel and collecting tube

x Can be inserted into the
grain bulk

Trece.com




Trapretrievalis critical
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Infestation rates and grain sampling
(Hagstrumet al. 2010)

A 1 insect/kg equals 21,600

Insects in 800 bushels of
wheat in a truck g
A A railroad hopper car - i sosten
carrying 3,000 bushels will :: e
have 81.000 insects : J———
A With one sample your |

errors are large Number of Samples




Probability of detection for insects In
stored wheat

No. 1-kg Mean no. insectger kg of grain
samples per
1000 bushels

0.02 0.06 0.20 0.60 2.0 6.0

10
25
100

Probability of 0.02 is same as 2% (0.02 x 100)

KANuAG S7yrEt
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toreagrain insect management with insecticid:

A Clean empty bins and apply
an insecticide

i Kills live insects present 4R b T

VIO

LSRR b

i

A Clean grain (if possible)

A Apply an insecticide to grain £
as it is being loaded into a bin™

I Protects grain from infestation




Insecticides for storegrain insect management

Product Active ingredient Rate
(mg[Al}/kg)
Storcidell  Chlorpyrifosmethyl 3.0 + 0.5
+ deltamethrin
Tempo SC I -cyfluthrin 0.01 or
Ultra 0.02 g/m
Actellic 5E Pirimiphosmethyl 6-8
Centynal Deltamethrin 0.5
Evercide Esfenvalerate
Diasource Diatomaceous @ 500-1000
Dryacide earth (silicon
Protectlt dioxide)
DiacorlIGR  Smethoprene 1,250r5
Spinosad  Spinosyn® + D 1

(Sensa

Site treated Grain type

Empty bins, Wheat, barley, rice,
warehouses, stored oats, sorghum
grain
Empty bins

Stored grain Corn, sorghum

Empty bins, Wheat, barley, rice,
warehouses, stored oats, sorghum, corn,
grain rye
Surfaces
Empty bins, Wheat, barley, rice,

stored grain oats, sorghum, corn,

peas
Empty bins,
stored grain

All stored grains,
spices, seeds

Stored grain All stored grains,

including wheat




A Grain protectants are applied as grain
is loaded into bins

A Calibrationis essential to deliver right
chemical amount based on grain flow
through the auger

KANSAS STATE
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Grain protectants

do not kill insects
developing inside
because chemicals do not
cross the bran layer

If grain is infested it shoulc
be fumigated withphos
phineand then

treated with a grain
protectant



Hermeticstructuresfor
raw grainandfinished products




CocoonseE

Having the shape of a cube, impermeable to gases (hermetic), manufactured
of white PVC, flexible, UV resistant. Designed for in or outdoor storage, for
agricultural and non-agricultural commodities, dry and in bags. Can be installed
at any location in minutes. Annual post harvest loss less than 0.25%. Effective

life span 10-15 years.

150MT Cocoons Carqill, Philippines
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Vacuum Technology
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Laboratory Studies with Storage Pests

Hours to Kill 999d_T,¢) of Eggs at
Two Temperatures and Pressures

IndianmealMoth

22.5°C 37.5C
50 mm 58.0 17.4
100 mm 96.8 23.0

Red Flour Beetle

22.5°C 37.5°C
50 mm 69.7 11.7
100 mm 98.1 20.7

Source: Dr. T. W. Phillips
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