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Area-Wide IPM for Commercial
Wheat Storage

m USDA-ARS Demonstration Project for Area-
wide IPM for commercial stored grain in
Kansas and Oklahoma.

m Two elevator networks, one in each state =
844,000 tons (grown on = 324,000 hectares).

= About 70% of the wheat that came to the 4
terminal elevators originated from country
elevators participating in the project.



Application of the Area-wide IPM
Concept to Stored Grain

m Area-wide IPM is particularly
important for stored grain
because insects are often o
moved through the St

marketing system along with gee

-

the grain

m Failure to control insects at
country elevators early can
provide a source of
infestation that can infest
much larger quantities of
grain as it is combined and
blended at the terminal
elevator




Insects of Stored Wheat

B

Rusty Grain Beetle: Lesser Grain Borer: Rice Weevil:
Cryptolestes Rhyzopertha dominica Sitophilus
ferrugineus oryzae

Red Flour Beetle: Sawtoothed Grain Beetle:

Tribolium castaneum Oryzaephilus
surinamensis

Parasitoid Wasps



Insect Damage to Wheat

= Primarily from insects
that develop inside the
grain kernel: lesser grain
borer and rice weevil

m Insect-damaged kernels
or IDK can cause grain
rejection
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Why Not Use Moving Grain
Samples?

® Moving grain samples were often difficult to
acquire because of:

= Grain blending from 2 or more bins
= Unpredictable timing of grain movement

® Moving grain samples required turning grain,
which is expensive - as long as you are turning,
you might as well add the phosphine tablets.

m Turn and Treat: not exactly IPM - we needed a
method to monitor insects without turning the
grain, and to quickly get the information back
to the manager.



Vacuum Probe: Best IPM
Sampling Method

= Vacuum probe sampling provided the time
needed to collect and process samples and then
give the results to the elevator manager in time
to take any needed action

m Timing of sampling was less restrictive.

= Vacuum probe provided a vertical profile of
insect density for each grain bin

m Probe traps captured only surface insects.

m Bottom samples: poor correlation with average
insect density in a bin



Vacuum probe sampler
was used to sample
elevator grain bins
(100-120-foot-tall)

Vacuum Supply Line

Vacuum Pump




S TE e R
._

A 3-kg sample was taken every 1.2m of
grain, dewnite a;depthiof 12 meters
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A custom-designed
Inclined sieve Is used
to separate the
Insects from the grain

It allows us to rapidly
separate insects from
the 3-kg grain
samples; so that we
can leave the grain at
the elevator and take
only the fine material
(which includes
Insects) back to the
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Insect Identlflcatlon & Counting




Insect Species Found In Stored Wheat

Rice Weeuvil Sawtoothed
1.0% Grain Beetle

Red Flour 0.1%

Beetle :
13.9% Rusty Grain

Beetle
22.8%

Lesser Grain
Borer
62.2%




Seasonal Trends: Summer to Winter
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Insects per kg of Wheat

Seasonal Changes In Insect Density

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May




Percentage of Bins Requiring Fumigation
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Stored Grain Advisor Pro

m Developed by scientists at the USDA-ARS Grain
Marketing and Production Research Center.

m Data from the vacuum-probe samples is entered into
SGA Pro program

m [he program analyzes the insect data and
recommends the best treatment strategy for each bin

= SGA Pro also profiles the wheat protein for each bin
so that elevators can optimize blending



SGA Pro Decision Support Software

= SGA Pro’s management recommendations are
aimed at commercial elevators

m Includes a database for: insect density, grain
quality, bin characteristics, temperature and
moisture

® Includes risk analysis for: insect density,
moisture and temperature

® Includes a model that forecasts insect density
based on current insect density, grain
temperature and moisture

m Economic analysis



® SGAPro 1.0.2 - [Main Form]
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Risk Rules (Default)

Analyze nsk for: Wheat only
Temperatures fram: Installed Thermocouples

Adjustable
Risk Rules

Insects:

lse most recent records, within the past b0 days.

Abin iz considered considered athigh risk ifthe current insect
populationis » 2 insects/kilogram.

A binis considered at low risk if future insects are > 10 insects/kilogram.

Risk analysis rules
can be adjusted by

Insect population calculations are based on:

Awerage number of ingects in P4 samples (RGE. LGB, 5TGE. BW. RFE)
Awerage temperature of thermocouples in Flat and Steel OR average of top
halfin Concrete OR a defaultwvalue of 75 2F.

Awverage maoisture content for B4 quality samples

OR adefaultwvalue ot 125 %

thresholds, hot
spots, and grain
moisture
thresholds

Alerts:
Hot spot alert- Hot Spot Thermcocouple Analysisis On

A hotzpaot iz any sensarwhosetemperature is 100 *F overthe average

of all senzors. AND the sensortemperature 1z atleast 70

=ingle sample Alert- Single sample with > 3 internal insectsfkilogram
OF>» b total insects/kilogram.

High moisture Aler{ for different grains) »

Wheat  13.0 %% sunflower. 14.0 %%
Corn: 16.0 = Barlew: 14.0 %
kdila: 140 = Oats: 14.0 %%
oovbean: 12.0 % b 140 2%

|
|
|
|
|
the user for insect
!
|
|
|
|

Done Edit Rules




Elewvator:
| TSB ] ‘ Econ. Analysis

Twpe of rules: Default Rizk Rulez | Exit Module

Head Housze

Bins in blue are
at moderate risk
for insect
damage

Bins in red are at high
risk for damage

Rizk Analyziz | Inzect Data | Inzect Graph | Thermocouple Data | Thermocouple Graph | Grain Quality Data | Bin Charactenstcs | Bin Board Data

Insects/kilogram Frint:
Grain M oist Temp. IDE. Inzects 9/1352001, 1 Month Z2 months 3 Months &hbre. Repart
Wheat | 12.4 | A1 | 26% | 25 | | 146 A5.2 497 f
Full Report
Inztalled : ; Future Inzect Densities .
i __ Recommendation for bin 620 _ Elev. Diagram
anagement Option: Alerts:
Fumigate, cool Aeration oingle Sample insect
his grain 1s at risk, fumigate now. Prevent population regrowth by aerating the grain to

L F.

Biny: 620 104117200



Elevator:
| 15E ‘ Econ. Analysiz

Twpe of rules: Default Risk Rulez | Ewit Module

Maorth Head House

T hermocouple Graph | Grain Quality D ata | Bin Charactenistzs [ Bin Board Data
Al | Top Hi tid Lo kid Bottom Frint Graph

Rizk &nalysiz | Inzect Data | Insect Graph | Thermocouple ©ata

Thermocouples — Cable 1 (Bin 820}, Al Positions

Top

gu- - " Hi Mid
Lo Mid
Bottom

Grain
Temperature (F)

052501 oS s ORI oTHTIH 08 4 0BZRM oRITIH e

Bind: B20 10411/2001




Elevator:
Demo | | Econ. Analysis Type of rules: Default Risk Fules | Exit Module
Marth | | |

Rizk Analyziz | Ingect Data | Ingect Graph | Thermocouple Data | Thermocouple Graph | Grain Quality Data | Bin Characternistcs

Data “iew (hMonths): |§ - Print Graph |

Elevator: Demo; BinlD: 604; Date: 9/12/2001; Sample Type: PV
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Manager’s Report

® Risk Report [SGAPro 1.0]

o |

& Zoom | 100%

Rizsk Internal Current 1 2 3 Alerts Management Option Date Grain Moist. Temp.
Month Month Month

WMedium 0% 0.0 0.3 24 207 Resample by 111 0/2001 1401 Wheat 116 S3.9
Safe 0% 0.0 0.0 0.0 0.0 Mo action required. Sr1/01 Wheat 112 5§39
WMedium 0% 0.0 0.3 24 209 Resample by 111 0/2001 1401 Wheat 118 8956
Wedium 0% 0.1 1.3 125 1205 Congider fumigation. 910401 Wheat 122 538
Safe 0% 0.0 0.0 0.0 0.0 Mo action required. 910401 Wheat 114 G234
Safe 0% 0.0 0.0 0.0 0.0 Mo action required. 910401 Wheat 1.8 G386
Safe 0% 0.0 0.0 0.0 0.0 Mo action required. 910401 Wheat 1.8  S4.1
safe 0% 0.0 0.0 0.0 0.0 Mo action required. 10401 Wheat 11.8 541
Medium 1.8 15.4 1324 11355 Fumigate, cool Aeration g2 Wheat 116 95933
Medium 0.2 20 111 41.4 Congider fumigation. g2 Wheat 122 782
Wedium 1.2 2.3 6.5 150 Cool w Aeration 921 Wheat 120 74T
Safe 0.0 0.0 0.0 0.0 Mo action required. 92 Wheat 12.4 804
Safe 0.7 0.7 0.7 Mo action required. 92 Wheat 1186 7086
Medium 1.7 81 355 Cool w/ Aeration 821 Wheat 121 81.0

610 Safe 0.8 0.2 0.2 0.8 Mo Action Required TR | Wheat 11.8

611 Safe 0.1 0.5 2.0 76 Mo action required. 92 Wheat 11.0

612 HMedium 1.3 86265 Fumigate, cool Aeration 913/ Wheat 127

613 Safe 0.0 0.0 0.0 0.0 Mo Action Reguired 9131 Wheat 12.0

614 Safe 0.0 0.0 0.0 0.0 Mo action required. 91 Wheat 11.0

615 High 43 Fumigate 92001 Wheat 11.6

616 KMedium 0.5 45 Cool wi Asration 913 Wheat 128

617 Safe 0.0 0.0 . . Mo Action Required 91 Wheat 126

618 Safe 0% 0.0 . : . Mo action required. 93/ Wheat 11.0

619 ESafe 0% 0.0 . : . Mo action required. 91301 Wheat 12.0

620 High 28% 25 Fumigate, cool Aeration 913 Wheat 1259

621 High 0% 2.8 . Fumigate 91301 Wheat 126

Pages: Hl{ ||E }|H|




Validation Methods

SGA Pro was tested during the final two years of the
area-wide |IPM study

Bins at each elevator were sampled at approximately 6
week intervals, data were entered into SGA Pro, and
the report recommendations were shown to the
elevator managers

SGA Pro was validated by comparing predicted insect
densities and control recommendations with actual
insect densities in the same bins 6 weeks later

Validation data came from bins in which the grain had
not been turned or fumigated for at least two sampling
periods



Validation Results

The number of correct predictions by Stored Grain Advisor Pro, and type
A and B errors for elevator bins in Kansas and Oklahoma.

N | Correct % | Type A % Type B? %

Kansas 399 285 /1.4 2 0.5 112 28.1

Oklahoma | 133 107 80.5 0 0.0 26| 19.5

"Type A errors: software predicts “safe” (< 2 insects per kg, and actual density

in 6 weeks is > 2 insects/kg of wheat.
2Type B errors: software predicts “medium risk” (> 10 insects per kg and

actual density in 6 weeks is less than 10 insects/kg of wheat.



Value of the IPM Program

® Incidence of damaged kernels for year 1 of
the scouting company were compared to
samples taken 2 years later in the same 4
elevators (N = 2,132)

= Number of samples with a high kernel damage
(> 10/100¢g) was reduced by 24% (P < 0.01)

= Mean kernel damage (IDK) was 2.5/100g and
1.9/100¢g in the first and third years,
respectively (P < 0.05)



Demo

Economic Analysis is only valid for concrete bins with wheat!

L} |

Economic Analysis: Default Farameters

Parameters
$/Case $/KWH
Fumigant Type  Pellets/Flask Flazks/Caze [Fumigant Fricel  Pellats 1000 bu [Elect. Cost]
Pellets  «| |16E0 21 $235.00 300 $0.07
$/Bu Pw'heat Price]  Shrink Factar Hwiorkers "Wage
$2.75 i : A Default Parameters | || Calculate
Fezults \|/Detai|$ \|
Fumigating All Fumigating Bins
Sampled Bins At Risk
Bins: 33 a
Bushels: B4BR9A 214340
Turning: 323 Hours 107 Hours
$2.133 707
Fumigant: $1,308 $433
Shrink: $1.778 $5a9
Sampling: $1,323
Total Cost: $6.220 $3.063
1041242001 Fririt Form Done




summary

SGA Pro saved managers money and reduced fumigation
by only fumigating bins at high risk for insect damage,
rather than fumigating all the bins at an elevator

Although insects were detected in 807% of bins, only 20%
of these bins required fumigation

Elevators that followed SGA Pro’s recommendations
reduced the number of bins they normally fumigated by
at least 50%

A grain-scouting company was started in 2002 that is
currently using SGA Pro and the sampling tools that
were developed in this project (currently being used in
over 70 elevators on a contract basis)
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