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Chlorpyrifos-methyl, an organophosphate, is an insecticide that is used primarily in 

stored wheat, with lesser use in other grains such as barley and sorghum. Because of the 

. .  Environmental Protection Agency’s (EPA) review process under the Food Quality 

~“roiezt~onAct (FQPA); phasedut of chlorpyrifos-methyl began in 200 1 with the ’* I 
I‘ 

termination of saIes of dust formulationsthat were associated with greater worker risks. 
* 

Sales of the liquid formulation will be allowed until the end of 2003, with use allowed 

until the end of 2004. Tolerances will not be revoked until 2008 to allow treated grain 

and processed food products to clear the market. 

TheFQPA review process disallowed several data “bridges” that were used in the 
-

original registration of chlorpyrifos-methy1, from chlorpyrifos-ethyl toxicity studies, 

creating numerous gaps in the toxicology profile. EPA requires additional studies for 

continued registrationofchlorpyrifos-methyl. In light o+theseleqnizements; the. 

manufacturer, Dow AgroScknces, has entered into the voruntqcancellation agreement 

described above. I 

Chlorpyrifos-methyl is the only effective grain protectant currently available for use on. 

stored wheat. While malathion continues to be used, its efficacy has been severely 

diminished dueto the development of insect resistance. Cancellation of 

chlorpyrifos-methyl eliminates the use ofgrain protectants asa pest management option. 

In grain growing regions where on-farm storage is prevalent, where pest pressure is high, 

or where facilities or environmental conditions are not amenable to aeration or 

fumigation,the impacts will be greatest. Increased reliance on on-farm storage due to 

trends towards identity preservation and rising transportation costs will increase the need . 

for reliable pest control practices that are practical for use by growers in their varied 

storage facilities. In addition, seed producers..willbe particularly impacted q.s pest 

management is more valuable in this setting, and r e l i k e  on chlorpyxifos-methyl is 

highest. Further, tightening grain standards and increased competition from foreign 
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producersw i h l i o  increasetheneed for sound pest management throughout the grain 

storage and transportation system. 

Several issues complicate estimating the potential losses of the phase-out of 

chlorpyrifos-methyl. The primary difficulty rests on a general lack of data on which to 
. I base loss estimateb. USDA surveys pesticide usage in only commercial grainstorage, Asp.-. , 

grain protectants such aschiorpyrifios-methyl are believed more commonly ~ S e a  ,in 

on-farm storage, the use of these materials is grossly underestimated. With roughly 

one-third of wheat in on-farm storage at any point in time, the omission of estimates of 

pesticide use in this setting is a potentially large gap. Few surveys have been conducted 

to estimate the use of pesticides in on-farm storage. 

Data on losses in stored grain due to insect damage, and insect infixtation, are similarly 

incomplete. Surveys of discounts received by growers have been only sporadically 

coxdude&: The prevalhce of various insects in s t d  grain,wkhjisnotmgularly. 

sampled by f e r n  or even commercia1 grain managers, has also been surveyed for 

particular areasatxertain moments in time: However, much of these data were collected. 

in the 1980's. 

Due to these data gaps, a rule of thumb has emerged, as many cite an estimate of 5 to 
I 1Wo lossoftoh�production.to msect pests; at a value of $500 million. However, the , I 

basis for this estimate appears to be a 1965 USDA report. Many parameters of grain 

storage and pest management have changedk the pat  35years, which leads one to-

question the relevance o�thisestimate. 

It is estimated that loss of chlorpyrifos-methyl would result in an $18.3 million loss, with 

, approximately 72% of this loss experienced by fanners in their on-farm storage:,This 

estimate.is based on total usage of 67,70Qlbs of chlorpyrifos-methyl onstored wheat, 

annually, which accounts for 183 million bushels of treated wheat. It is  assumed rhat all 

currently treated wheat will be subject to a $0.1Ohshel discount. Taking into account 
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3 thecost saingsroinot tratinggxdhchlorpyrifos-methyl at $0.02/bushel,the net loss is 

estimated at $14.64 million. 

This estimate is based on chlorpyrifos-methyl usage data from 2000/2001, a year with 

relatively low levels of on-farm storage compared to levels typical over the last 15 years. 
I . .  Anticipated increased reliance on on-farm storage for reasons cited abdve wouldmult in. 7 J 

evea higher 10-ssesthanthoseiestimate8here. 

To ensure the sustained stability and success of the U.S. wheat storage and marketing 

system, the needs of on farm and small bin storage must be met. The continued 

availability of safe and cost-effective stored grain insecticides is primary among these 

needs, requiring regulatory action to provide for the extended use of current insecticides 

and expedited registration of new products. <Aminor-use waiver for acute; Slrbchronic; 

and developmental neurotoxicity studies must be granted for chlorpyrifos-methyl for use 

at 3 ppm, half the current rate. Use at thisrate will mitigate any &&my corycem 

generated by anomalous food'd"etects of chlorpyrifos-methy1whiIe providitig for the 

development and use of highly effectiva combination insect control products. 

Unfortunately, this transition to lower rates and greater efficacy cannot be made 

immediately. CODEX MRLs orequivalent interim measures must be established for all 

components of combination products for use in stored wheat. Until these MRLs are set, 
' any combinationpxiuct t r e d  wheat is limited exclusively to domestic marketing. To J I 

maintain US,presence andcompetitivenessin international wheat trade, use of 

chlorpyrifos-methyl at 6ppm must be continued until the CODEX MRLs �or , I '  

combination product components are available. Additionally, to provide growers with 
the greatest number of insect control options and to promote positive resistance 

management, Spinosad and Deltamethrin must be granted U.S. registration for useon , 

stored wheat. With these regulatory actions: 

granting 0f.achlorpyrifos-methyl acute, subchroniqand develqxnental 

neurotoxicity minor use waiver at 3 ppm 

continuation of chlorpyrifos-methyl use at 6ppm until MRLs for combination 

. 
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i e. ,  " * .  	 pmdract compnenb established, 

establishment of international MRLs for Cyfluthrin and Spinosad foruse on 

stored wheat and, 

domestic registration of Spinosad and Deltamethrin for use on stored wheat, 

. 

U.S. wheat storage managers, especially those on fann or using small bins, will have the 

, most costeffective;safesf and varied insect control options possible-., . 

In recognition of the constraints pIaced upon crop protection companies by the small 

market and specialized use patterns of stored grain protectants, it is difficult for 

companiesto develop and market new grain storage insecticides at costs practical for use 

by on-farm storage managers. With this understanding and the above-prescribed 

regulatory actions, theU.S. grain storage and marketing system is provided with the 

greatest opportunity to maintain itspominent and competitive"pa~in internhnd L 

markets. 

", 
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U.S. Wheat Industry . ’  + 

Wheat is the third largest crop in the U.S. in terms of acreage planted, with 60 million 

acres planted in 2002.1861 Tatal crop value for 2001 was $5.5 billion. [87] Wheat 
, ? ’  prodnction is concentrated inthe ‘%bread basket” states. Kansas, North Dakota, ‘8 -. t 6*% c 

a : 

..< 

Oklahoma and Texas are the Iargest wheat states, in terms of acreage planted. (Table”1’ 

shows wheat acreage and production by state. Figure 4 shows acreage by state.) Total 

wheat acreage has declined steadily over the past five years. (See Figure 2) 

The United States is the fourth-largest producer of wheat, harvesting 2.23 billion bushels 

in.2000,or 10% oftotal world production, in 2000/01. [87] Other major wheat 

producing countries include China (IT!of world total in 2OOa/Ol.y; India (13%); France. 

(6%), Russian Federation (6%), Canada (5%) and Australia (4%). [87] 

Wheat is primarily used in food, with a much smaller portion of the crop used as 

livestock feed or.seed, In 2001,76%of domestic use was ia food, 18% for <feedand.7%, 
for seed. [87] 

Exports accounted for 44% of U.S. wheat usage in 2001. [87] Over 97% of wheat 

exportsaremw wheat withtthemmaining portion exported as flour. Of major importers 3 ,  

of whole wheat grain, Egypt accomts for the largest share (16% in 2000/01), followed by 
Japan (11%), Mexico (7%), Philippines f7%), Nigeria (5%), Korea (5%) and Taiwan 

(4%). [87] 

In recent years, foreign wheat producers have become more competitive in the warld 

wheat market. Canada, Australia, the European, Union, and ‘Argentinaare producing. 

more, higher quality, and less expensive wheat than ever befme- Though impcHts61 

accounted for only 29% of supply in 2000/01, U.S. wheat &in imports increased by 

1500% since the early 1980’s. [20] During the same period, U.S. wheat grain exports 

t 

. .  
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bavedecreased by.33% [w(9ieFigures 2&5) 

Since 1998-99, wheat prices have slumped to near 30-year lows, sustaining average 

prices between $2.48 and $2.80 per bushel. [20][87] Figure 1 shows wheat prices 

received by farmers since 1955-56. 

There are two general types of wheat, winter and spring, reff ecting the tiine of yem the 

seed is planted. Normally, about 70to 80% of U.S. production is winter wheat. [11 

These two types of wheat may be further divided into six major classes: hard red winter, 

hard red spring, soft red winter, hard white, soft white and durum. Hard red winter 

wheat accounts for the largest acreage, 40% of total production in 2001. [SS] Figure 3 

showsU.S. wheat production by class. 
--~ 

The classes differ in protein and gluten content, which makes each class desirable for 
different uses. Hard wheat contains higher.levels ofgluten thmsofiwheat. Hard red * 

wheat is primariIy milIed into flour used to produce breads. Soft reci Winter and white 

wheat aremilled into flour far baking, cereals,md noodles while durum wheat is milled 

to produce semolina, the flour used to make pasta. [11 

Each class of wheat requires particular growing conditions, which has resulted in 

regional Specidimtbn. Hard redwinter W b r  production is concentrated in the 

central plains and northern tier states, with some scattered production throughout the 

west. Hard red spring and durum wheat production is located almost exclusively in the 1 

northern tier. Soft &.spring is p w n  mostly in the Mississippi and OhioJRivervalleys 

and along the central and southern Atlantic coast. White wheat production is 

concentratedin the Pacific Northwest with some additional growth in southern Michigan 

and westemNew York. [33] I -

A higher proportion ofwhite wheat is exported than other cIassesafwfieat. .Nearly . 
two-thirds of white wheat usage in 1999 was for export, compared to 46% for all wheat. 
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.-... . .  d a -	 [88] Approximately half ofiwbitewheat exports were destined for Japan (18%), Korea 

(14%) and the Philippines (1Yh).[20] 

. . . Postharvest Storarre .;; 

2 . 

ARer harvest, wheat moves through a series of channeIs withh the*wheatmarketing 

system. Once introduced into the wheat marketing system, the grain is used, exported, or 

stored. This system may include almost any combination of storage in on-farm facilities, 

commercial elevators, export terminals, mills or processor warehouses, and transportation 

by truck, rail or waterway. Figure 6 shows possible market channels after harvest. 
1 ., 

' 4  f 
-

In the major wheat production areas ofthe US., must farms have grain storage bins, and 

nearly every small town has a grain elevator. Often, wheat first enters the marketing. 

system at acountry elevator, where grain is collected h m  the surroundingh n s .  weak 

then moves to a terminal elevator, a regionaI load-out facility or a river termid where it 

is blended with0 t h ~wheat.and shipped to an export terminal or major domestic use 

point. Grain typically moves from the harvester to a farm bin or country elevator by 

truck, but some is trucked directlyto a terminal elevator. Grain is moved from country to 

terminal elevators mainly by truck and railcar. [3] 
~ 

AI1 wheat is stored for some period of time after harvest, the length ofwhich is largely *. 

determined by market conditions, as growers a d  marketers strive to sell when prices are 

high. Wheat may remain in s t m e  at any of these locations from a fewdays to several 

years, although &ti-year storage is increasinglyrare in the U.S. because the government 

programs thatencouraged long-term storage have been discontinued. E31 In any crop 

year, some portion of supply may be comprised of wheat harvested in previous seasons. I ' 

The average.storage time h rcwheat is probably in the range of 6-9 months, (31 

As of September 1,2000, when the amount of grain in storage is at a peak just after 

9 



hamest, the U.S. wiiuttstorag~system held 2.35 billion bushels, with approximately 1/3 

held on-farm and 213 at commercial elevators, export terminals, or processor warehouses. 

[21] Throughout the year, wheat stocks decrease as they are consumed or exported, 

being depleted to approximately one third of peak capacity before being replenished by 

the next harvest. < .'" . 

It isdifficult to gen'eralize about storage IeveIs, as many factors contrr'butetu Variability 

in how much grain might be in storage at any point in time, including the impact of 

weather on annual production, the influence of farm programs on planting and marketing 

decisions, and fluctuations in domestic and international demand. Between 1960 and 

2000, the maximum level of wheat in storage varied between a low of 2 billion bushels 

(1966) and a high of 4 billion bushels (1986). The variability has been somewhat less 

extreme since 1991, with a low of 2.7billion bushel5 (19%) and a high of 3.3 billion 

, 	 bushels (1998). [87] Maximum annual storage of wheat, as comprised by beginning 

stocks and production, is shown in Figure 7. 

The distribution of storage between on-farm and off-farm facilitiesJalsovariesdOnAimn,, 

storage grew between the early 1960s and the early 1980s, as the government attempted 

to decnzase government-held grain stores. A federal program to encourageon-farmgrain* 

storage, the Farmer Owned Reserve (FOR), was established in 1977, after which time, 

on-farmstoragegrew substantiaIly.jAThe early to mid 1980s were a period of high.levels 

of storage, both on and off the farm. InSeptember 1987, there were about 3 billion . : 
bushek of wheat stored in the US.,which was stn dl timehigh. The combination of 

drought in 1988 and a growth)in exports drove stocks down until the late 1990s. In the 

late 1990s,off-fm grain storage reached near-peak Ievels. (See Figure 8) After the 

mid-1980s, there were fewer incentives under the FOR program to store grain o n - f m  

and it was eliminated in the 1996 Federal Agricultural Impvement and Reform Act.. 

~421I 

Grain stores are either flat or upright. Upright stores are more than twice as tall as they 

10 
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. r '  	 are wide andare usually.anadeofconcrete, although some are made of metal sections 

bolted or welded together. Flat stores, either cylindrical bins or warehouse-type, may be 

built of metal or concrete. In general, concrete stores are better able than metal structures 

to exclude insects, to insulate grain from changes in ambient temperature, and to retain 

fumigant. [31 

Steel bins or tanksare the most common &�arm type of storage fkcility.onU.Si wheat 'I 

farms. In a 1996 survey of stored wheat management practices in key food-use wheat 

producing areas of the U.S., about 93% of farmers indicated they stored some wheat in 

the 1995-96 year in a steel facility. Flat and wooden storage was used by 3% of farmers, 

each, while the use of concrete storage facilities was reported by 1% of farmers. [42] 
* 

" , -~­-
, ,  As wheat stockspass through the s tmge and transportationsystem, the grain is subject 

to numerous stresses, such as elevations in temperature, changes in atmospheric moisture, 

mechanical damage from conveyance, mold growth and toxin deposition; am?most 

significantly, insect infestation. The Ionger grain is held in storage, the greaterthe 

potential for damage, especially that caused by insect feed. 

' n  Storage Insects 

Stored grain is constantly under threat of infestation by a number of insects. When 

improperly cared for, stored grain is susceptible to weevils, moths, grain borers, grain and , 

flour beetles, and other insects..*These insects are classified aseither interna1or external is 

feeders. Internal feedersbore throughthe kernel's shell to feed on the contents and are 

themast damaging. External feeders feed primarily on broken kernels and the fine grain 

dust present in the bin. While the feeding patterns ofexternal feeding pests are not as 

economically destructiveas that of internal feeders, their mere presence in grain at 

inspection and sale is just as detrimental as the presence of internal feeders, 

11 
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I&:.* ... g , ,  .The rhstdamagingktsedpests ofst& wheat in the U.S. are rice weevil and lesser 

grain borer, which are both internal feeders. Lesser grain borer is the most damagingpest 

of farm-stored wheat. Other insect species in the genera Tribolium,Oryzaephilus, 

Cryptolestes, Ahasverus, and Typhaea are commonly found in stored wheat but cause 

little damage to grain and contribute little to insect fragment count in flour. [3] Table 2 

shows common and scie&ific.names of common wheat infesting insects. ., . e . I .. , ;' .:. .': ' L .  
. . I _  . 

, ,., . , 

. .  
' Insect infestation of stored grain varies both temporally and geographically. Insect 

populations on farms and at elevators reach their highest densities and are most 

noticeable in the autumn. [3] In southern parts of the U.S. wheat belt and the Pacific 

Northwest insects are a greater problem than in the northern portions of the wheat belt 
" . . 

I .  , and thus receive greater attention. .[3) . . 
~- ~ 

,.. 

A 1980 survey provided the most comprehensive view geographically of insect 

infestations in farm-stored wheat in  17states. O v d R  2 W o  ofsampleswereinfested. 

with an average insect density of 105 per IOO0.g ofwheat. Flat and rusty grain beetles 

were the predominant insects found, occurring in 13.8% of samples at anaverage density 

of 45 insects per 1OOOg of wheat. Sawtoothed grain beetle was the second most 

frequently identifiedsinsect, found in.7.9% of samples at 30 insects per 1OOOg of wheab A 

Only four other species or groups of species were found in more than 1% of the total . 
sampIes: psocids (booklice), lesser grain borers, dermestid beetles and red and confused ' 

flour beetles. Among the 7 most heavily sampled states (North Dakota, Montana, 

Minnesota, South Dakota, Nebraska, Kansas, and Colorado), Minnesota had the highest-. 

incidence of insects (42.9%) and Montana the lowest (1 1.6%). [133 Table 3 shows the 
1 incidence and density of insects inksting wheat by state from the 1980 survey. 

Other surveys have found higher levels of infkstation. A survey of farm-storedwheat in 

central and south central Kansas at four times during the 1975-76 storageseason,found 

79% ofsamples infested with Indian meal moth. [141 A subse@ent survey of ) '  

farm-stored wheat in Kansas in 1986-87 also showed high levels of insect infestation. [9] 



I .  	 I . Throughbmafpitfall trap aDa@ain sampling, it was estimated that 95% of the bins 

were infested during September and November when infestationswere at their bighest, 

mainly with flat and rusty grain beetles, red flour beetle and sawtoothed grain beetle. 

Sampling results from September indicated that flat and rusty grain beetles infested 61% 

of samples, while red flour beetle was found in 59% of samples. Other prevalent insects 

inciuded lesser grain borer (34%)and sawtoothed grain beetle (31%)- . 

. I  A 1992 survey of elevator managers in the hard red wheat production system ranked six 

wheat-infesting insects as to their order of importance. Nationwide, granary weevil 

received the highest ranking, followed by “other,” lesser grain borer, and Indian meal 

moth. [28] Elevator manager insect rankings from that survey are shown in Table 4. 

7,: s _ _  

A 1980 survey of farm-stored wheat in Minnesota indicated that 44.7% of samples were (


infested with insects in May-June and 50.0% of samples in August-September were 


infested. E481 Flat and rusty grain beetles were theirnost commonly found species, in 1 


3 I .6% and 44.7% of sampIes in May-June and August-September, respectively. In terms 


,. , I 

of the numberof storages in which graininfesting insects were found, 57.9% and 71.1 

of storages were found infested in May-June and August-September, respectively. 

On-fm stored wheat in north central Oklahoma was sampledmonthly in 1982-85. 

Between79.90hand.81,8%ofsamples were infested, across the3 years. Lesser grain ’ + 

borer was the most prevalent primary insect species found in 29.0 to 37.5% of on-farm,’ 

grain bins over the3 year%. Rice weevil wits detected in 4.4 to 7.7% of bins. Flat and ‘ 

rusty grain beetles, Man meal moth and Confused atdred flour beeties were themost 

abundantsecondary stored grain insect species, in each of the 3 years. [671 

On-farm and commercial storages were surveyed for insect infestation in Oklahoma from 

1985 to 1988. [23 Lesser grain borer was found to be the most impoxtant.insectpestby 
far, found.in 23% to 62% of bins, over the,4years, foilowed by3lat and rusty grain 1 ’ 

beetles, confused and red flour beetles and Indian meal moth. (See TabIe 5.) 
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Insect infestations at port terminalswere surveyed at 79 terminals in.theUS.andCanada " 

in 1977-78. [47] One or more live-stored-productinsect species were found in 17.9% of 

wheat samples. The most common insect pests were maize and rice weevils, infesting 

7.7% of samples at an average density of 4.2 insects per 1000 g, followed by flat and 
.. '.' rusty grain beetles in7.5% ofsamples at 1.9 insects per 1000 g and lesser grain h e r  in i rmr .! ; . . I  

5.6% of samples at 4.3 insects pei.1000g. Indiari meal moth wad less prevalent, in 1.2 %. 

of samples, but found at a much higher average density, of 21.5 insects per 1000 g. 

Farm-stored grain in South Carolina was sampled for insects during 1979 and 1980. 96% 

of wheat samples were infested. [68] 

Insect Damage in Stored Grain 

Insect damage to stored wheat may be direct or indirect. The total quantity of grain may 

be reduced directlysdue,toinsect feeding,' Indirect losses dt&omdreduced-grain. I 

quality. After harvest, losses in quantity and quality of grain, due to insects and other 

factors, can onlyamcrease, which underscores the importance of propergrain.storage 

management. 

Direct lossesin thequantity ofgrain between harvest and eventual sale, are not generally 

measured. Oneestimate ofdirect losses to insects in wheat was made based on a survey, 

of growers in 17 states conducted in 1980. It was estimated that insect infestations 

caused an average weight reduction of 0.8 pounds per bhshe2,1.33% of the bushel mass, 

reducing the aggregate mass of that year's grain production by 4million bushels or 

approximately 240 million lbs. E531 

More information is available on indirect losses due todeneasedquality, as these are, 
observable characteristics of the grain at the time of sale. Wheat quality is assessed by 

14 
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. .  thathay be grouped into two categories: composition and physical state. 

Grain composition, including protein, starch, oil, fiber, and m i n d  levels, is establislied 

while the grain is growing in the field. The physical characteristicsof grain are divided 

into two types, purity and soundness. Grain purity is decreased by the presence of fungal 

toxin residues and foreign material including organic and inorganic matter. Grain 

soundness resufts from measurescof grain moisture, kernel size, test weight, and defect; , . 
I.. and damage levek [2n ’ . 

,: ., 

Insect infestation reduces test weight, reduces nutrient content through the consumption 

of proteins and starch, causes the grain to have a foul odor and appearance, and increases 

the moisture and heat within the grain mass, compounding insect infestation and 

promoting fungal growth and subsequent mycotoxin deposition. When assessing wheat__ ­
.. I 

at the time of sale, the mere existence of insects in the grain mass, even if no grain is ‘ 

damaged, can be an equally important determinant of quality as damage or low-test 

weight. [ l l ]  

Quaiity Stwdards and Price Dfscaunts 

\ I .  	 The importance of quality maintenance is reflected in the price assessment practices of I .  

the U.S:.wheatrnarketingsystem.. The value ofwheat as it moves through the wheat 

marketing system is determined by its quality at the point of sale., Assessments ofwheatl i  

composition and physics� state determine price discounts and premiums. 

The USDA Federal Ghin Inspection Service (FGIS) administers a national inspection 

and weighing program with descriptive standards and terms to facilitate trade..The I 

Commodity Credit Corporation (CCC), which acquires grain from commodity loan : 

defaults, recently established minimumstandardson grain cleanliness. In addition, 

domestic or foreign buyers may require that grain meet certainminimum levels of 

quality. 

15 
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FGIS 

The United States Grain Standards Act (USGSA) was enacted in 1916 to provide a 

uniform inspection and grading system to facilitate interstate and international commerce. 

Prior‘topassage of the USGSA, there had been as many as 73 separate and distinct sets of 
‘grades and grade rules, deveIoFdby state agencies and tradeOrganiZatiobs. [27J The 

first federal wheat standards were established in 1917. [27] 

USGSA requires the inspection and weighing of all export grain. Any U.S. grain sold by 

grade and shipped in foreign commerce must be officially inspected and officially 

weighed by FGIS with a few exceptions. Grain destined for domestic markets may be 

inspected by FGIS upon request. [69] 

Under USGSA, there are five grades for wheat for human consumption and a “sample” 

grade, which is unfit for human consumption. Special grades supplement the primary 

grades. Tables 6 and 7 show USDA FGIS official and special grades and grade 

requirements for wheat. Each of the wheat grades is associated with specific tolerable 

levels of impurities, defects, and damage. The physical quality characteristics of grain, 

such as test weight, foreign material and damaged kernels, generally serve as the basis for 

the numerical grades. [273 

Other characteristics of grainmay be sampled during inspection, and may affect the price 

received, but are not oEcia1 criteria under current USGSA grading rules. Dockage, 

which is matter such asweed seeds, wheat stems, insect parts, dust and small parts of 

wheat or other grains, is one such characteristic. Dockage may be removed from a 

shipment by grain cleaning methods. Moisture and-proteincontent may*alsobe recorded 

during inspection, but are not grade-determining factors. 

The USDA Grain Inspection Packers and Stockyard Administration (OIPSA).has’-‘ * ’ 
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pmposedthat.docl;agnfor&wheat exports be included as a grade factor. Currently, the 

percentage of dockage is recorded, but not figured into the wheat grade. Under the 

GIPSA proposal, it must contain no more than 0.3% for the top grade and 0.5% for the 

second grade level. The proposal was published in the FederaZ Register for public 

comment. 1771 

FGIS regulations on insect infestation and insect-damaged kernels ’wmimplemented in 

May 1988. Wheat containing 32 or more insect damaged kernels (IDK) per 100 g 

sample is judged unfit for human consumption and designated “Sample Grade.” Further, 

a special grade category, “Special Grade Infested,” sometimes referred to as “Special 

Grade Weevily,” indicates the presence of two or more insects known to be injurious to 

grain ina I kg sample, Any primary grade can be classified as infested. _ - ­

ccc 
In 2000, then-Secretary of Agriculture Glickman announcedraising the standard for 

cleanliness of U.S. wheat exports destined for overseas food aid. Historically, CCC 

purchases for government donatfon programs had been at the 1.0% dockage Ievel, which 

is the level often used in U.S. commercial purchases. In June 2000, Glickman announced 

a 0.8% dockage standard. Later thatyear, in October 2000,the maximum acceptable 

dockage level was lowered further to 0.7%. [77][79] 

On February 5,2002, USDA’announced that it would lower the maximum acceptable 

dockage level to 0.6%, for the remainder of FY 2002. On March 5,2002,USDA issued a 

Federd.Register notice seeking public commentonwhethez the limit should be further 

reduced to 0.5% for FY 2003. [70] 

Other Standards 

Many elevators and processors employ stricter or more specialized quality St;andards,to. 

identify and acquire high quality wheat for specialty uses or export markets. Among the 
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’,A , i. -. 	 mostcommonpiivake staadards applied by processors are revisions of allowable IDK 

levels, lowering the acceptable threshold from 32 IDK per lOOg to 3-5IIDRper lOOg, or 

requiring specific starch and protein levels. 

~. Growers who wish to grow and market specialized qualities generally enter into contracts 

wthprocessors. The cuntxact estabIishes the volume of wheat tobe pnodwed, the _. .,’ 

specific @ties desired, and the price for the agreed upon quality. The fann&must 

them grow wheat with the characteristics desired and maintain these quality 

characteristicsin storage after harvest until the time of sale. 

Foreign buyers may also require that U.S. wheat meet minimum quality standards. In 

Japan, millershave longrequestedd-r U S .  wheat, resulting in the Japanese Food 
~~ 

Agency, which controIs most imports in Japan, to gradually phase in tighter dockage 

specifications. [89] In 1994, the Japanese wheat purchasing agency implemented a 

L v 

program of bonuses and discounts to reducethe amount &dockage that is acceptable in / a 

wheat imported fiom the U.S. [3] EventuaIIy, a standard was implemented lowering the 
allowable level of dockage to OS%. The standards were expected to be tightened to 1 

0.3%. The U.S. may need to meet this level to remain competitive as Canadian wheat 

imparts average 0.2%dockage. Taiwan also has voiced concerns about dockage levels in 
U.S. wheat, andin 1998 instituted a maximum dockage level of 0.5%.c89J 

Blending 
‘ Blending is a practice that is used to create a uniform product fiom lots of varying quality 

or to meetspediied standards; Blendingof,grainover wide margins of quality to 

create a uniform product for sale is necessitated by the lack of any minimum receival 

standards. TheU.S. system*lacksuniformity in quality throughoutthe market channel:, 

When grain reaches export, blending is used in an attempt to produce a uniformquality 

meeting the buyer’s specifications. [22] 
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d , ,  . , *  + . 	 S p e c i a l i d  quality s t d a d s  ammet through different means by different typer 

storage operations. Larger elevators often create lots with the special q d i t y  

characteristicsby purchasing only wheat with qualities approaching the specialized 

standard, and then blending these various qualities to achieve the exact standard desired. 

This method requires notonly specific wheat qualities, but also the facilities and 

equipment to bfend Iarge V e s  of grain. 4 a. i’ . 

As the U.S. wheat marketing system has no minimum quality standards, growers and 

storage facility managers can market grain of any quality, the levels of which are 

reflected in prices. Producers can deliver any quality of grain and it will be accepted 
_ _  with approPriate discounts, The,nagnitudeandprevalence of grain discounting by 


buyers for insect damage and infestation has been surveyed in various areas. Survey 


results are summarizedin Table 8. 


A 1986-87 survey of elevator managers in Kansas indicated $0.02/bushel discount for 0.1 


to 1 insects per 1000 g sample, $O.O2I/bushelfor insect density of 1.1 to 5.0 insects per 


1000 g sample and $0.04l/bushel for insect density greater than 5.0 insects per 1000 g 


sample. i l l ]  A similar survey was conducted in Kansas in 1991, though this Iatter survey 


was expandedaoinclude wheat growers. In the 1991 survey, the value o f a  price 


discount for live insects ranged from $0.02 to $0.05 per bushel with a mean of $0.043 per I , 


bushel. In the same study, elevator managers reported an average discount of $0.044 per 


bushei for live insects. [24] A 1980 survey of elevators in Minnesota indicated an 


average discount for iminfestation of $O.O7/busheI with modes at $0.05 and 


$0.1O/bushel. [48] A 1988 survey of South Dakota grain producers indicated an average 


charge for required fumigation of$O.05/bushel7an averagediscount forodorsor insect - I 


damage of $0.07/bushel and an average discount for musty or moId damaged grain of 


$0.06/bu.shel. [50] A 1.992survey ofelevatormanagersindicatedm average discount . 


for insect infested hard red wheat of $O.OSl/bushel. [28] . 
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eat is usually sampled to determine grain quality when received at eIevators or moved.e
from one bin to another. Sampling is designed to provide grain quality information for 

segregation,blending and marketing. Routine grain sampling practices focus on factors 

other than the presence of insects, and sampling rates are much too low to routinely 

. .  detect sparse mSect'populations~Because of the low grain-sampling rate, insect related. + . , 

' ' quality factors are subjectively evaloated and inconsistently penalized. [3] Policies on 

discounts for insects or insect-related grade factors vary greatly from one elevator to 

another, and are applied less consistently than discounts for moisture, dockage, or tFst­
weight. [l 11-
One study ofdiscounts sssessed in relation to various quality characteristics found that _.-~ 

lots whose samples were infested with insects were no more likely to receive a discount' 

than lots with samples free of insects. Neither the presence nor the abundance of 

insect-damage kernels was significantly associated witha greaterrisk of price discount, 

which appeared to indicate a toIerance of Iive insects and their damage on the part of 

many elevator managers. However, when discounts were applied towheat that was . 
infested, the value of the discounts was significantly associated with the number of live' 

1


insects and &e numberof insectdamaged kernels in the samples. E11J 
7--


Aggregafe Loss 'Estimates 

It is generally accepted that 5 ta 1oOA of U.S. stored grain is lost to insect infestation each 

year, costing the grain industry $500 ntiI1ion annuaIly. However, the basis of this widely 

cited estimate is unclear. Table 9 summarizes aggregate wheat and combined grain loss 

estimates. 

The USDA Agricultural Research Servicepresented anearly estimate of store& grain 1 

losses due to insects in 1965. [58] In that report, the average annual losses from 1951 to 
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+ 	 . .  I960causedhy insectsin’wbeatwexe estimated at 3% of the total crop, not including 

costs of control or secondary losses. [58] 

In a 1990 survey, extension entomologistswere asked to estimate the total amount of 

damage caused by insects and molds to stored corn and wheat for their state. [17] Of the 
. 15 states reporting, estimates ranged from none in Alaska andNew h p bto$73 J’ I . * .  

millionin Minnesota and $76million in Nebraska. A nationaI estimate was‘derivedfor 

1989 of $356million. [173 A $50 million annual loss to insect and mold in stored grain 

in Oklahoma has been estimated. [26] 

A Kansas State University extension publication cites industry estimates of 5 to 10% of 

stored corn andwheat lost to insects each-.year, amounting to diminished revenue from $1 
~ 

. billion to $3 billion, [59] 

Damage caused by insects, molds, heat and sprouting was estimatedtu result in annm�’ 

Iosses totaIing more than $I biIIion for U.S. grain. [60J’ 

Total stored product insect control costs for stored grains in Georgia were estimated in 

1993 at $3 million [233Theproportion of these costs that could be attributedta whew 1, 

alone is $747,950. 

The South Dakota Department of Agriculture estimated potentid economic losses to I 

wheat resulting from infestations of lesser grain borer. Of the 114 million bushels of 

wheat produced in South Dakota, it was estimated that 33% would be infested to 
economicalIy damaging IeveIs. The assumed average discount applied to infested wheat I 

was $0.29/bushel, approximately 10%of market value, accountingfor $10.9 million in 

potential lost wheat value for the state of South Dakota. [29] 

Insect Pest Management ; ’ 
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Farmers delrtvato~mamgmemploy a variety of practices to protect grain fiom factors 

that could reduce the quality of stored grain. The most important factors affecting stwed­

grain insect and mold population dynamics are: stored grain moisture content, 

temperature, the time grain is in a susceptible condition and accessibilityto pests. [26] 

Recommended insect-control practices include sanitation, grain drying and cooling, 

monitoring and the ~ a e eofpesticides. N o  one set of management practicescan insUnethat .C I +*d . 

wheat.d.I remain sorindand infestation free throughout the &rage period. Climatic and * 6 J 1 . I  

storage infrastructure conditions are factors that influence which management tools are 

most effective. 

Sanitation, Loading, Aeration and Monitoring (SLAM) 

S d g r a i n  storage practicesrely on a combination of sanitation, loading, aeration, and 

monitoring (SLAM). Thoroughly cleaning all harvesting, loading, and storage equipment 

and facilities removes old, dirty grain and preexisting infestations, allowing the storage 

manager to begin witha clean, insect fiee storage space. Upon loading wheat should be 

dried to about 12% moisture content, have the grain peak leveled after loading, and as 

much of the fine materia1 within the mass as possible should be removed. These 

practices establish a consistent and manageable microclimate within the storage facility, 

minimizing the available amount of food and water to attract organism infestations. 

.Aerating, when done selectively, can manipulate and homogenizethe temperature and 
moisture content within the grain mass, making the microclimate more hostile to insects 

and fungi. The desired microclimatemanipulations are accomplished by circulating 

outsideair.through.the2grainmass. Bymplacing the wann air trapped,withinthe grain 

storage with cooler outside air, the ambient temperature within the storage facility is , 

lowered. . .  . .  
.*. , -I 

. 

The use of aeration is limited by erWiromenta1conditions;l,A prerequisitefor'eBctive' ' <..,." ' 1 e _'..+ .  

aeration is cool, dry air: in climates such as those m the'southeast andsmthem plains 
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. _ I _  . ,; G 	 where& air iswarm and/or moist for much of the early fall, aeration can not be 

effectively employed as early in the storage season as is possible in northern climates, 

where cool, dry air is quick to replace summer heat. 

... To be employed effectively, aeration requires a combination of proper facilities, 

equipment and management. Storage facilities must be fitted w i t h , d o nfiiwand. . , a 

. either exhaust orintake ports. While air cax be forced throughthe mass with h s  
- 1 applying positive pressure, a greater volume of air can be transferred more rapidly using 

aeration fans to draw outside air into the mass through the application of negative 

pressure. Ideally, aeration fans are only operated while outside air is at its coolest and 

driest in comparison to that contained within the storage mass. Advanced aeration 

systemsconnect the fans to temperature and moisture monitors within and without the__ 
-

grain mass, which turn fans on and off accordingto comparativeclimate differences. 

Manual systems can be as effective as automated systems, thereby avoiding the 

associated capital costs, if the operatorvigilantly monitors climaticconditions inside and 

outside the stored mass and turns the aeration system on and off accordingly. This 

method of operation is labor andknowledge intensive, and therefore is frequentlyI 

abandoned in favor of less precise operation of aeration fans, consuming greater amounts 

of electricity and transf&g air at less than optimal temperature and moisture levds. 

The eEcacy ofaeration as an insect pest control technique has been demonstrated. In 

trials conducted on 5 farms in south-central Kansas, insect infestation in grain that was 

aerated early in the storage season was compared to infestation in grain that was slot 

aerated until 0ctoberNovember.- The grain cooled early in the storage season had 

SignificantIy Iower insect iflestation than the grain with delayed aeration. [82] 

When favorable environmental conditions exist, equipment is present, and it is operated 

properly, aeration can be an effectivepest control option. However, ififclimatic 

conditions arenot favorable, aeration equipment is not present or ill maintained, or not 

operated properly, aeration can have a negative impact upon the storage microclimate and 
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'I 

- consume significantamountsofelectricity. 

These sanitation and aeration practices to limit infestation should be supplemented by a 

regiment of monitoring temperature, moisture, and insect presence within the grain mass. 

By frequently rnonitoring the grain mass, storage managers can discover possible 

pblfems earfy in deveiopment and initiate corrective measures behe a crisisQCCWS v ; 

< 

'* .Insecticides 
Augmenting the techniques of SLAM with the selective use of insecticides can maximize 

quality maintenance of stored wheat. Insecticides for storage management are used as 

prophylactic treatments and crisis management tools. Prophylactic chemical usage 

includesempty bin trtatments, msidual entire massgrain treatments, and residual top 

dress applications. Crisis management of insect infestations in stored grain is achieved 

through fumigation of the grain mass. 

Prophylactic stored grain insecticides, often referred .to as grainprotectants, may be 

applied to empty bins or directIy to the grain mass. Empty bin sprays are made to interior 

surfaces, openings, and surrounding areas of storage bins before loading. This type of 

application aims to surround the stored grain mass with a chemical barrier against insects 

' , f  

moving into the bin fromoutside. Entire mass treatments and top-dress applications are .r ' 

made using insecticideswith residual activity, in order to provide sustained protection, 

over the storage jmiod! Entire mass applications of grain protectants are designed to 8 

prevent insect infestationsthroughout the entire body of stored grain. The chemical 

protectant isapplied ta the,stream of grain as it is conveyed out off i e .transport vehicle I 

and into the storage bin so that all of the stored grain receives treatment. Top dress 

applicationstreat only the upper portion oftkgrain 'mass: Sueh.applications canlbt? ' t 

made either to the flow of grain as the top of the bin is being loaded or to thetop of the 

grain mass after loading is complete. The applicationtiming is determined by the ! '  

formulation of the protectant and ease of application. Top dress applications of grain 
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pmk&zm&provide a barrierwittiinthe grain mass at the top of the bin, where 


infestations most frequently begin, without incurring the costs of treating the entke mass;. 


Grain protectants, as the name would imply, protect grain from infestation, but do not 


eliminate existing infestations. Fumigants are used for crisis management of developed 


insect infeStatidri. FumigantsreIease toxic gas into the grain mass, Uling any existing,. , . 7 - ,  ~ 


insect infestations. Fumigants canprovide 100% rnortaIity to existing insect'infestations *' a* 


if used properly. Fumigants must be held at critical concentrations and above minimum 


temperatures within the bin, frequently for several days, in order to be effective. This 


often proves difficult in old or poorly maintained storage structures and can result in 


incomplete mortality. Fumigants provide no residual insect control. 

. ,  

-~ 

Farmersrelied upon Iiquid fumigantsto control insects in stored grain from shortly after 

World War I1 until the mid-1980's. The main ingredient of the most widely used 

fumigants was carbon tetrachloride, which was banned in 1986due to concerns over 

potentiaI carcinogenicity. EthyIene dibmmide had also been used asa stored grain 

fumigant, but was removed from the market in.1985for similar reasons. Phosphine 

fumigants have been more widely relied upon since the removal of these other fumigants 

from the market. Malathion, a residuaPinsecticide, has also been used since after World 

War 11, though its efficacy has been diminished due to the development of resistance. 
1 . 

Chlorpyrifos-methyi(ReItian)W&S registemdirp1985 for direct application to stored 1 ' 

wheat and other small grains asa protectant. [24][381[63) 

Few protectants have been available for postharvest application because of the relatively 

small size ofthe stored-fm>ductmarketcompared to markets for broad-spectrum field'< 

insecticides, strict regulation of pesticides on food and feed grains, and a lack of 

incentive for farmers to protect stored grains from insect damage, �621 

Among the insecticides available today for y e  in stored wheat, growers and elevator , 

managers primarily use chlorpyrifos-methyl, malathion and cyfluthrin, as well as the 
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, * .  	 phmphixwfhrnicnrnte.AIchlorWtifos-methyllcyfluthrinCombination product, used 

previously only with emergency exemption, has just recently been fkIIy registered for use ' 

and will surely be adopted by storage managers. 

' Chtorpyrifos-methyl !, . . L.'~,, " 
. . 

, 
9: : . '  

I .

Chlorpyrifos-methyl is-a'residualh c t i c i d e  that is registeieclf6rnse & eifieii,bin+qhay~I~ '-1 .( . 
. .

.it __ 
, ' or a direct grain treatment. Originally marketed in both dust and emulsifiable concentrate 

. . .  , 

formulations, only the emulsifiable concentrate is still available. Chlorpyrifos-methyl is 

labeled for the control of stored grain insect pests, including granary weevil, rice weevil, 

red flour beetle, confksed flour beetle, saw-toothed grain beetle, Indian meal moth and 

Angoumois grain moth. ,1321 Although it was not registered until 1985, efficacy trials of 
I /  . ., 

, , I  

.~ 
''  ' ch&pyif-thyl,m otganophospbate,began @ the 1970's. A I977 efficacy study 

found that residues fiom an initial application to hard winter wheat at 3 ppm in samples 

withdrawn at intervals during a 12-month storage period controlled rice weevils, granary 

weevils and maize weevils. Other insect pests required higher application rates. A dose 

as high as 8 ppm controlled 90% of lesser grain borers, 83% of confused flour beetles, 

and 98% of red'flour beetles, 12 months after initiaI application. [151 

' The efficacy ofchlorpyrifos-methyl treatments varies depending on temperature and . 

moi,isturacontent.�71 When applied at a calculatedrate of 6.00ppm, the actual rate of . , ,, b . .  

deposition is 4.39ppm. [7J Chlorpyrifos-methyl residues further degrade at half-lives of 

8.9 and 6.7weeks onwheat stored at 30°Cand 11.2% and 13.7% moisture content, 1 

respectively. [35] Corn treated at an application rate of 6 ppm of chlorpyrifos-methyl and 

held at various temjxmtures was sampledevexy 2 months over a 10-month storage period I .  

for survival of maize weevil. Noweevils survived on corn stored at low temperatures 

until month 10. Weevil survival increased as moisture content increased in corn stored'at 

30.0 and 37.5 C. Population growth, the percentage of insect-damaged kernels, and 

dockage weight were all correIatedwith insect survival. E81 While this demonstration of '1 >* ' , 

chlorpyrifos-methyl efficacy does not reflect a.registeredJurproposed use,it doesprovide. 

26 

1 



* .  . %, I aoiibtmbon’afthepa&t’r&icacy under differing environmental conditions. The-
half-life of chlorpyrifos-methyl is shorter at higher temperatures and moisture contents: 

In areas where wheat is harvested and stored in mid-summer at temperatures above 3OoC, 

the duration of chlorpyrifos-methyl efficacy may be dramatically reduced. 

. ”  	investigated.. A 1995 study comparing aeration done to chlmpyrifos-methyl follavLed by ,I‘ 

aeration in stored wheat in Georgia showed significantly more dockage and 

insect-damaged kernels in the untreated samples over a 9 month storage period. [161 

Wheat samples treated with chlorpyrifos-methyl were examined from aerated and 

non-aerated batches over a 16-week period. No differences in either biological efficacy 

o~therate of chemical decomposition were detected between the aerated and non-aerated I 

, I 

samples. [41] 

Malathion. 

Malathion is among the oldest of the prophylactic chemical treatments still registered for 


use in stored wheat. Since its registration in 1958, it has been the most widely used 


residual insecticide for direct application to stored grain in the U.S. Malathion is an 


organophosphate that is labeled for useas an empty bin treatment and a grain protectant. 


It issold in.liquid and dust,t2mnuiations. The development of resistance in target pest I I $1 . .% 


.’ * ‘ populations limits’tkutiiity of malathion as rrgrain protectant. [4][38][63] 6 

Malathion’s efficacy is also compromised by susceptibility to degradation induced by 

em.ironmenta�hctoxs.Malathion residuesdegradequickly at ratesthat.vary directly 

with temperature. [7]The mid-summer harvest of most wheat in the United States, and 

the subsequently high grain$empemture!s after harvest;e d y z e !temperature degradation.. 

when malathion is applied directly after harvest. c ‘  

Thecooperative extension service recently mounted an educational campaign-against 
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.: ;. ':. i, malathion.use-:of itsmas complete lack of efficacy as a residual insecticide. 
' .I , 

. .  '- - Insecticide resistance to stored grain insecticides is discussed in the next section;-' ..,-' 1 

Cyfluthrin 

First registered in 1987, cyfluthrin (Tempo) was labeled for use with stored wheat only as 
I ,; ­

3 . an empty bin spray. On S&pternber*30,2002, Cyfluthrin was regisaaedfbrr'&kt f ' .i 

applicationto grain. Formulated asan emulsifiable concentrate or a wettable powder for 

structural use, stored grain usage is among several insecticide uses, including foliar 

application in crops. Unlike chlorpyrifos-methyl and malathion, cyfluthrin is a 

pyrethroid. Pyrethroids are syntheticallyproduced analogs of natural insecticides, called 

pyrethrins, which are derived from plants. Pyrethroids are synthetically developed to 
. h e t h e  photostabilit;r, insecticidal toxicity, and spectrum of coverage, of naturally . . .  

produced pyrethrins. [37] The standard impact of pyrethroids is a "knockdown," or 

immobilizationof the insect pest, which may be followed by recovery. . I . 

Efficacy tests of cyfluthrin on partially treated concrete surfaces were undertaken for 

confused flourbeetIe. Between 20 and 80% of the total area was treated, and beetles 

were exposed for 1 hour to each of the treated areas four times at monthly intervals. The 

percentage of beetles still mobile after exposure decreased as the percentage of treated 
' r (  + areaincreased,wikhrnsigniticant diffmnce with respect tah e .  Further, a deiayd t . @ . * , * 

toxic effect was .observed, as some ketles that remained mobile aer exposure did not 

survive. [SI ' 

ln a study oftk*cy ofcyfluthdntmtments of concreted a w s  on confused flour , , 

1. 	 beetle at variable exposure intervals and application rates, all beetles were knocked down 

after 4 hours of exposure at all applicationrates 156) 

Although cyfluthrin was just recently registered as a direct applicanttograin, its efficacy, : . I 

foruwas 8 protectanthas been determined for some time,,'Efficacy ofcyflutlxin~on~~-,6 


L. 
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. .  
1 1.1 t . , .  . lessergrain borerand r k  WieeVJj in soft red winter wheat was evduated in southern 

Georgia. At an application rate of 2ppm, cyfluthrin demonstrated greater than 88% 

mortality among lesser grain borer over a 10-month storage period with no definite 

pattern of variation between efficacy and length of storage. Control of rice weevil was 

equally effective, producing mortality rates of no less than 87% over a 10-month storage 

P 	 period. [6] Wen!appliedtocan at a rate of 2ppm, cyfluthrin exerted 100%mortality,, ?* ’8 
, c  

over maize weevil and 90% or greater mortality among red floufbcet’feover the course of 
’ 

a 10-month storage period. [36] To achieve required efficacy as a grain protectant, 

cyfluthrin is marketed only as a formulated product in combination with 

chlorpyrifos-methyl. There are no plans to market cyfluthrin as a “stand alone” grain 

protectant. 
” ... 

Storcide 

Storicide is a new stored grain insecticide that combines chlorpyrZos-methyl at 3ppm 

with cyfluthrinat 2ppm. Through the combination of two insecticides with different 

chemical modes of action, Storcide is able to achieve efficacy among insect populations 

that may be resistant to any single insecticide. AIthough Storcidejust recentIy received 

its section three registration in September 2002, it was previously used in South Dakota 

and the PacifxNorthwest with section 18 emergency use exemptions issued for 
8 ’  I * chlarpyrifosawthylresistant Lesser Grain Borer infestations.b.Durislgits use.under:i A . I .  { 

section 18 exemptions,’therewere numerous anecdotal reports of its strong efficacy.,In 
Laboratory tests conducted withStorcide, 100%mortality among Rice Weevil and Lesser ; I 

Grain Borer was exhibited 48 weeks after treatment. [40] I 

. I
Phosphine!.:-1 ’ . . * 

The most widely used fumigant in wheat is phosphine gas. This fumigant is most 

commonly formdated as aluminum or magnesium phosphide tablets or pellets that are ,, 

mixed with the grain flow during bin loading or turning, or probed into thegrain mass 

after it is in storage. 
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’..,... I , . . ,. -..:.’;.:”. - *  .., w u s & p D p e r iyzphosphinc~gashas historically resulted in 100% mortality of all 
. .  

’ ” 
.., , 	 stored product insects. When used improperly, in bins that are notcompletely sealed; in 

grain that is below 40”F,in concentrations below a critical level, or if the critical 

concentration level is not maintained for a sufficient length of time, phosphine’s efficacy 

can decrease dramatically. Even when used properly and maximum efficacy is achieved, 
.. .:. .. . phosphine fbmigathn proiides no,residual insect control., <... i’ ..i. ’,:, , 6 ,  ;9- 1 ,i I . ., 

, .  

. ,r ‘ 

Phosphine is an extremely toxic, restricted use substancerequiring the supervision of a 

trained and certified applicator for use. Phosphine’s extreme toxicity also imposes other 

demands upon its use. Phosphine users are required to establish and follow a 

‘‘FumigstionManagement Plan,” placard all facilities and vehicles being fumigated, 
J 

provide local emergency management agencies with material safety data sheets and-
- =  

notify them when fumigating. 

-Methyf Bromide 

Methyl bromide is another broad-spectrum fumigant that is infrequently used in stored 

grain. It is more expensive than phosphine and is problematic as improper application 

may kill the germ of the wheat, causing rancidity. Phase-out of methyl bromide began in 

4 < h  . ’ , 1999, due to concerns about its ozone-depleting qualities, andwill be compIete by 2005, ; 

, * * ,  . ’ withmies dlowed after thattimeonly by:exemption. ,’ 1 “ & i . Q * ‘  . r ’  

Chloropicrin ’ 

Chloropicrin, commonly known as tear gas, is a fumigant that is also infrequently used in 

grain storage. It is sometimes combined with methyl bromide in order to widen the 

spectrum ofcontrol;as it is a particularly effective fungicide. It is also combined with . 

methyl bromide at low concentrations as a marker, due to its pungent odor. Chloropicrin 

use in grain storage is restricted to use in empty bins. 

Diatomaceous Earth 
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% * a 	 DiatbmaDtous earth-@E) isan alternativestored product insecticidewhose action is 

mechanical, not chemo-toxic. Diatomaceous earth is a dust formulated fiiom the 

fossilized remains of aquatic microbes. The silicate exoskeletonsof these microbes are 

ground into a dust that acts as a desiccant, absorbing and abrading the moisture-retaining 

cuticle of stored product insects, causing them to dehydrate. 

.- The.poteatidfor use of DE in stored grain is consideredto be'Iirhitedto &ace 
*'. treatments. Efficacy across species is variable. Further, application of the dust to grain 

can alter the physical properties of the grain, including bulk density and flow rate. 

Ideally, DE would be removed from grain after the storage period, which would increase 

costs. [83] 

Methoprene 

Methoprene is another alternative insect control substance that, unlike insecticides, does 

not kill insects. Methoprene is an insect growth regulator that arrests insect development 

in the pupa stage, preventing adult emergence and subsequent reproduction. When used 

at the proper time in an infestation cycle, Methoprene can effectively arrest the 

development of entire pest generations. Without the development of successive 
generations of adults, the infestation will age and eventually die out.[WEBecause a 

~. .  	 M e h requiresspecificaAAy hpwdapplication and does not immediately e l h i n a b  if 

or prevent infestations; its p p e r  use require a certain amount of training and tolerance , 

for insect damage. Cost and efficacy concernshave severely limited adoption and use of 

the chemical in grain storage. 

Other alternatives ( J  -
Besides the discussed grain protectants and fumigants, there are a number of alternative 

insect control and quality management practices that are under investigationfor use in 

U.S. stored grain. Among the discussed alternativesare synthetic ch&icals including 

..I , 

, 

. 

various.synergisedpyrethroid combinations, d i c h l ~ r ~ o ~ ,biopesticides l i e  Bacillus , 

thuringiensis (Bt),insect growth regulators, neem oil, plant, h g a I  and bacterial 
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6-. 'I, 4 ,' 	 derkativetgph- fix trapping and reproductive interference, biological controls 

including pathogens, parasites (parasitic wasps), and predators, and environmental 

manipulations such as grain heating, chilling, irradiation, and C02 infusion. Some of 

these alternativesappear to be promising; especially the bacterial derivatives and some 

pyrethroid combinations, b u t 4 1  most likely cost substantially more than current insect 

:-+; ',,." controigi T* esptciaily promising alternative grainprotectants$= use i.n.~heat.zmr'~;''' .,. .., 
. .  I .. * . . .I 

. .  Spinosad and Pirimiphos-methyl. . 
. .:1, ... 7 

Spinosad 

Spinosad is an emerging alternativeproduct for the control of insects infesting stored 

grain. Spinosad,a bacterial derivative, is labeled for use on a multitude of crops and has 
-

received an experimental use permit for use asa stored grain protectant. As a bactgial 

derivative, Spinosad has a pesticidal profile very different from those of conventional 

grain protectants like organophosphates. While the product is highly toxic to insects, its 

mammalian toxicity is law. Spinosad has been approved tbt useinmganic,pt.oduction 

regulated by the USDA's National organic program. 

While Spinosad is still under development as a stored grain protectant, there is 
1 ' - preliminary efficacy data indicatingthat Spinosad may be effective against some stored 

&	 I product insects,Whentestedagainst lessergrain borerandTndknmkd moth taiva on ' " , 

four classes of wheat, Spinosad treatments of1 ppm-resulted in to@ mortality, 84 to 

100%progeny repression,and 66to 100%reduction in kernel damage among lesser 

grainborer infested samples. The same dosage of Spinosad also resulted in 98 to 100% 

larval mortality and 95 to:~ W Okernel damage reduction in Indian meal moth infested 

samples. Efficacy among populations of rice weevils, sawtoothed grain beetles, and red 

flour beetle was lower at all dosages of Spinosad on all classes of wheat than theefficacy 

demonstrated against lesser grain borer and Indian meal moth. Rice weevils were 

generally more susceptible to Spinosad, especially at 1 ppm doses, thanred flour beetles 

and sawtoothed grain beetles, and all species were most dfectiveiy controlled in I3urr.m 
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,* * .. ~ .I1, I‘3. 	vuhet&pWhik effkkyqpinst rice weevil after 14 days exposure to 1 ppm rates 

remained at or above 80% mortality in all classes of wheat, rnmtdity under the same time 

and rate conditions never reached 80% among red flour or sawtoothed grain beetles and 

never rose above 14% in red wheat samples. [3 11 

Deltamethrin is a pyrethroid similar to Cyfluthrin. Its mode of action is the same as 

Cyfluthrin’s, a rapid, paralyzing “knockdown” induced by a toxic effect to the central 

nervous system. Deltamethrin’s toxic effect is more powerfd than that of Cyfluthrin, 

often resulting in lethal knockdowns. [9 13 While not currently registered for use on 

stored wheat in the U.S., Deltamethrin has been proven an effective insecticide for use in 
I ,  . ~ 

stoked wheat, espedy,when its& ihcombination with Chlorpyrifos-methyl. An 

evaluation of Deltamethrin used in isolation at 0.5,0.75, and 1.Oppm and at 0.5 and 1.O 

ppm in combination with 6.0 ppm Chlorpyrifos-methyl demonstrated its ability to control 

lesser grain borer and rice weevil infestations. After 10 monthsof storage, no insects 

survived in lots treated with any combination of Deltamethrin and Chlorpyrifos-methyl. 

During the same storage period, in lots treated witIiDeltamethrin onIy, Iesser grain borer 

survival varied throughout the storage period, with maximum survival occurring at 10 

months (48% survival), 10 months (35%), and 4 months (15%) in the 0.5,0.75, and 1.O 

ppm treatmentsreqectively, Rice,weevil survival in these saslle;lotsranged fiosn 8” , 2 

maximum of 84.5% in 0-5 ppm treated wheat to 26.2%and 3.5% survival in0.75 and 1-0 

ppm treated wheat, respectively. [92] As is the case with cyflnthriq there are no plans to 

market deltamethrin as a “stand done” grain protectant. 

Pirimiphos-methyl 

Another possible alternative is pirimiphos-methyl, marketed under the name Actellic. 
Actellic, an organophosphate, is registered for use as a grain protectanton corn and 2 

sorghum. Althoughits efficacy pattern is similar to that of chlorpyrifos-methyl, it costs 

approximately twice as much. Recent efficacy studies iIlustrate pirimiphos-methyl’s 
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I 	 f - i y  irs analtanativetochlorpyrifos-methyl. Pirimiphos-methyl’slethality against 

red flour beetle, flat grain beetle, lesser grain borer and riceweeviI was demonstrated in 

1990 among populations sampled fkom Kansas. Among these populations, all red flour 

and flat grain beetles and lesser grain borers and 95% of the rice weevil populationswere 

susceptible to pirimiphos-methyl. Similar mortality patterns were observed with 

comparable doses of chlorpyrifos-me$byl, with the excephm of slightly greater m s i m  21 

among lesser &rainborer (lTA) and rice weeviI(14%) populations. f71]The 
- 6 

q\ 

, , 

I 

developmentof resistance to chIorpyrifos-methyl among lesser grain borer populations 

occurringthroughout the 1990’s was mirrored by resistance to pirimiphos-methyl. In 

1996, lesser grain borer populations sampled from Kansas demonstrated58.4% mortality 

to discriminating doses of pirimiphos-methylwhile mortality resultant from 

- chlorpyrifos-methylWas 38.8%. I851 
. a .  

Resistance 

The potential for insect populations to develop resistance ta.insect control practices is a 

recurring issue in the developmentand stewardship of effective pest control practices. 

Insect populations may exhibit resistance by different mechanisms: innate resistance, 

mutated development of resistance or cross-resistancedue to exposure to similar 

practices. 

Chlorpyrifos-methylisrelated to relatively few instances of resistance,with the notable 

exception of Iesser grain borer. Chlorpyrifos-methyl resistance among lesser grain borer 
was documentedprior to its registration and use as a stored grain insecticide. [151 A 

1990 study found tbat among.22,populationsof lessecgrain borer sampled from 

Oklahoma, all were less susceptiblethan laboratory control populations. Laboratory 

control populations exhibited 98% mortality, while fieldmrnpled populations exhibited 2 

mortality rates fiom 79% to as low as 1%. [IO] 

Observations oflesser grain borer resistance to &iorpyrif.os-methyl are(hpported’bya 
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., ? .  J. 	 1996ShKfyofkser grain borer populations from Kansas and Brazil. Populations fiom 

both areas exhibited resistance from 5.6 to 167.9 times higher than susceptibre 

populations. Although Brazilian populations tended to be more resistant thanU.S. 

populations, with 24.9%and 38.8% mean mortality respectively, both resistance patterns 

were statistically significant. The existence of resistant lesser grain borer in Brazil is 

UnMcely to‘* duetothe use of chiorpyrifos-methyl, as it isnot arecommendedawidely, 

used grain protectant. Instead, Btazifan lessergrain borer r e S i w  mery have resulted *- * 

from cross-resistanceto anotherinsecticide. [85] 

Chlorpyrifos-methyl resistance in sawtoothed grain beetle has also been detected, in 

Minnesota barley storage. Of six populations sampled, four had mortality rates lower 
5 thansusceptible laboratory controls. Resistant population mortality rates ranged fromI 

--~ 

40.0%-to8.3% zind were statisticaIIy significant when conrpared tothe 100% mortdity 

rate of the control population. The barley from which the resistant populations were 

extracted had never been treated with chlorpyrifos-methyl: This may indicate that the 

resistance exhibited by sawtoothed grain beetles Ts the resuIt of natura1tolerance or 

cross-resistance to another pesticide and not selection by insecticidepressure., E121 

Insect resistance to malathion has long been recognized in several insect pests. As early
. 

2.’ 


as 1967, insect resistance to malathionwas observed among stored e n  insect pest 

populations. [38] EieFddrains of red flowbeetle were found to be up to 11.3 times as1 

resistant to malathion as susceptible laboratory strains, and that even field strains 

collected from sites where no malathion had been used were an average of 2.1 times more 

resistant than susceptible lab strains: This study concluded that the development of 

resistance was directly d a t e d  to malathion use. [38] In 1997;the first definitive 

evidence of malathion resistance among confused flour beetle was published. After 

being administered a 2 mg/g dose of malathion, 10 field strains of confused flour beetle 

exhibited an average mortality.of 76.1% compared With 100%mortality among 

susceptible strains of the same insect. Using the same doses, thisstudy ais0 demonstrated 

a 20.4% average mortality among 14 field strains of red flour beetle. [4] Similarly low 
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4 ,  , .((I!; . morlaiity ratw'wenefolmd.rmongU.S. and Brazilian populations of lesser grain borer in 
'1996. Seven U.S. populations of lesser grain borer had an average mortality rate of ' 

31.6% after exposure to varying concentrations of malathion, while the mean mortality of 

Brazilian populations was 27.3%. [85]  

Lack ofef f icacy Ogphcmphhc rirmigants is most commonly thed t of,impmpez nscg *, I 

however,somenecent research documentsthedevelopment of insect resistance. A 1990 . % *  

study found that 12 fieId strains of lesser grain borer infesting wheat exhibited a mean 

mortality rate of 71% when fumigated with phosphine. Of these twelve populations, 

eight had mortality rates at statistically significant lower levels than the 100%mortality 

found among laboratory strains. One of the resistant populations showed mortality as 

--;I low as8%.. This Same study also suggests that phosphine resistance may be beginning to 
-~ 

develop among some populations of red flour beetle living in stored wheat. While the 

mortality rates are not as striking as those among lesser grain borer, one of the eight 

populations of red flow beetle tested with phosphine =%ant did exhibita mortality that 

was lower and statistically significantwhen compared with the 1007%mortality among 

the lboratory strain. [101 

- I 	 The possibility ofresistance:to phosphine among wheat dwelling red flourbeetle is 

strengthened by evidence of phosphine resistant red flourbeetledwd�ingin peanutsin. , 

theSoutheastemUnite&States: Whm'adminibtereda discriminating doses ofphosphine, 

8 out of 23 field strains of red flourbeetle in peanuts exhibited resistance through 

mortality rates that were lower and statistically significantwhen compared to a laboratory 

susceptible strain. The resistant strainssuffered a mean mortality rate of 91%. This 

study also revealed some phosphine resistan'cepatterns among Indian meal moth. Of 

seven field strains tested withdiscriminatingphosphine doses, four displayed 

significantly lower mortality rates than a laboratory susceptiblepopulation, indicating 

phosphine resistance. Among resistant Indian meal moths, the mean mortality rate was 

83%. While such low levels of resistancemay not be high enough to cause insect control 

failures, they do demonstrate that phosphine resistance definitely exists and w-11only 
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,' . e-. . ,, . incmtiein smroify and 0cope.a~more phosphine is used. E441 

Strains of stored-product insect pests collected on farms and at country elevators 

throughout Kansas in 1987 were screened for resistance to chlorpyrifos-methyl, 

pirimiphos-methyl and malathion. Tribolium castaneum and Cryptolestes spp. were 
.. . 	 unif'oxmlysukeptibk tbboth chlekpyrifos-methyl and pirimiphos-melhyl, but all T. . . * %  ; 

castancum strains were strongly resistant to malathion. of22 strains of Oryzaephihs ' .? 1 

8 - r surinamensis tests, all but three were susceptible to chlorpyrifos-methyl, but only about 

one-third were susceptibleto malathion. One of the chlorpyrifos-methyl -resistant strains 

was cross-resistantto pirimiphos-methyl. Of the 18 strains of Rhyzopertha dominica 

tested, all but three was susceptibleto chlorpyrifos-methyl. These resistant strains were 

4 ,  not cross-resisbnt&pirimiphoscmethyl. The data indicate that Kansas populations of 0.- - 4 

surinamensis, T castaneum,R. ddminicaand Cryptolestes spp. are generally susceptible 

to chlorpyrifos-methyl and pirimiphos-methyl aso�1987. E621 

CODEX MRLs 

CODEX Alimentarius is the commission charged with the development and maintenance 

of international food safety standards and the facilitation of fair international food trade. 

The commission was established and is operated as a joint venture between the Food and 
I 

Agricultural andWorld H d t b  Organizationsof the United lhkms,' L o n g  its duties is ' *  


the establishment of toIerances for acceptable maximum residue limits (MRL) for 


pesticides in food products being traded internationally. Currently,chlorpyrifos-methyl 


and malathion are the only stored wheat protectants that have both U S .  registrations and 


CODEX MRLs., The lack of existing MRLs for other insecticidal products places p 1 


restraints upon storage managers and wheat marketers. The limited number of CODEX 


MRLs for stored grain insecticides forces storage managers and wheat marketers to either I 


confine their insecticide use to chlorpyrifos-methyl or malathion, or market their wheat 


for domestic use only. Until recently, this situation did not compromise US.wheat % I 


storage because chlorpyrifos-methyl was the most cost effective insecticideavaiIaMe: 


37 


1 



. ,. I 	 How$wer, k h s e  thtxk ismMRL for cyfluthrin on internationally traded wheat, storage 

managers are not able to take advantage of the recent Storcideregistration mIess they are 

committed exclusively to domestic marketing. While Storcide provides is an effective 

insecticide, the opportunity for its use is limited by the current lack of CODEX maximum 

residue tolerances. Until an international MRL or interim measure is adopted for 

. 8 cyfluthma on aozdwheat; Skide's real potential will not be realize&:.* 5 I 

. .  
i' 

On-farm vs. off-farm pest management 

Storage conditions and pest management practices for grain held on the farm can be quite 

'.I r . 	

different those for wheat held in commercial storage. Farmers manage approximately 

onethirdofU.S. stonxiwheat. Thevariation among on-farm storage practices =KgrTater 

than among commercial storage facilities. 

Generally, farmers are more reliant on sanitatian and theuse of grainprotectants than 
commercial storage managers, who tend to rely more on fumigation for controlling insect 

infestations. Variation in facilities, costs and management skill are all factors that 

contribute to these differences. Regardless of the differences between farm and 

commercial storage; emphasis on IPM techniques is essential for effective insect control. 

* - .  * -

The ease ofuse for any one particular insect control method is generally dependent upon 
the storage facilities available. The storage structures commonly used to store wheat * 

on-farm are generally, in both form and condition, not conducive to effective and 

economic fumigationandfarmersare frequently not licensed to use chemical fumigants.. 

Empty bin residual sprays, which must be applied directly to the interior surfaces of the 

grain bin, are much easier to use in the smallerbirrs ch-ctaistic offarm storage than in, 

large commercial bins. Application of a residual top dress, made after the bin is loaded, 
; Iis also easier in smaller farm bins'thanlarge commercial bins:i,' ~~~: 

. . .  
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* . c ~ C M d storage Witieshre best suited for the use of fumigants as the primary 

quality maintenance tool. Commercial facilities generally have profkssiond staffthat me 

trained and certified to apply restricted use fumigants, bins are properly sealed and 

prepared for fumigation and environmental monitoring, and they have the equipment and 

storage space to apply fumigants by introducing them while turning the grain. 

4 , 

The cost of using -fumigants in on-farmstorage is substantiailyhigher than at commercia1 

facilities, estimated to cost a minimum of $0.06 to $0.12 per bushel, in comparison to the 

cost o f b i n  protectants which ranges from about $0.01 per bushel for malathion to 

approximately $0.02 per bushel for chlorpyrifos-methyl. A higher cost of fumigating 

on-farm grain storage results from the logistical challenges faced by on-farm storage 

systems. On-farm storage bins are often old or in ill repair, requiring extensive effort to-- - ~  
I '  _ -

properly searthe bin against h i g a n t  leakage. Even new, good quality farm storagebins 

1 	 requiresome effort to ensure proper sealing. Most farm storage managers are not trained 

and certified to apply restricted use fumigants, requiringthemtu hire outsidecontractors 

to fumigate for them. Depending upon interpretation of new label restrictions, these 

contractors may be required to remain on-site during the entire multi-day.periodduring 

which fumigants are held in farm bins, which would greatly increase fumigation costs. 

.Differencesin marketing strategiesbetween farmers and commercial elevator managers ... . 

also dn'vedi.flFerences~iwpcstmanagement. Farmers store wheat to increase market., 

flexibility. For many wheat-producing areas, wheat prices are at seasonal lows atharvest' 

time because ofthe abundance of newly available wheat. By storing wheat on-farm, 

farmers may wait to market their crop until prices begin to rise. In order to ensure 

maximum value for their wheat, farmers need to maintain quality during the entire 

storage period by minimizing insect infestation. The residual insect control provided by 

a single harvest time application of grain protectants fiequently makes them a -. 

cost-effective quality maintenance tool for on-farm wheat,marketing strategies. 

Marketing strategies for commercial storage facilities are based upon moving wheat from 
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, .  . 	 the storage fihitity toponoessossand exporters. With frequent inflow of new grain and 

outflow of sold grain, commercial storage emphasizes shorter-term storage. The low 

tolerance of processors for live insects and insect damage favors the more complete 

efficacy that can be achieved with fumigants immediately before sale. The fumigation 

friendly infrastructure of commercial storage facilities combines marketing factors to 
fmor fumigation asm b am m  cost effective insect controk tool ihanresidual. ,$ :' + 

insecticidesfor commercial storage. % 

Regional patterns in reliance on on-farm and off-farm storage have developed. In the 

central and southern plains, wheat is harvested relatively early before prices decline to 

seasonal Iows. In thisarea, there is less reliance on on-farm storage. In contrast, wheat 
.*  

grow in themrt?lerntier is genaaily stored on-farm. It is harvested well into the--

national harvest season when wheat prices are at annual lows. This combines with the 

ease of aeration resulting from early cool weather to provide economic incentive to store 

on-farm and wait for prices to rebound befmmarketiaCfFt 

Pest Management Practice Use 

Data on theuse of pest management practices in stored grain are incomplete. The extent 

of use of non-chemical pest management practices has been surveyed occasionally in : 

v a r h s  areas.,Pesticide use.isestimated annually by USDA NASS, h t  th& S W V ~ ~ W ~t 

include only commercial storage facilities. Information on on-farm pesticide use is 
sparse and irregularly collected. Surveys of on-farm pesticide use on stored-grain have * 

been conducted only occasionally and often include only limited geographic areas. 

Pesticide industry d e s  datapvide information on thetotal amount of pesticides sold, . 

but do not accurately describe where the pesticides are being used. 

C' ' 

Surveys have shown that farmers and elevator managers are using basic sanitation 

practices. US.farmers surveyed in 1996 indicatedthat !XI% svikpt fioop, 60% cleaned ' 

conveyors, 34% Iifted aeration ducts and 24% blew down the waIIs. [421 A 1992kurvey 
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. , . d,.. ', 	 of ekwiicw managere ofbard redwheat showed that 95% would sweep prior to receiving 

grain, 6% would hose, 9% would blow and 15% would vacuum. [Z8]'" 

Aeration is also widely used. Forty-three percent of U.S. farmers surveyed in 1996 

indicated that between YIand '/z of all bins were equipped with aeration equipment. [42] 

% A I9!?Zs~eyofelevatormanagc~sestimated the percentage.ofx.ommercidstwage1. q 	 . 
.

facilities with'aeration equipment, by storage *e. That Weyindided that 8 1% of ' 

round steel facilities, 5 1 % dconcrete facilities and 69% of flat steel facilities were 

equipped for aeration, The proportion of facilities equipped with aeration systems varied 

across the wheat area. Areas with the greatest aeration present were Texas, Kansas, 

Nebraska, Indiana, and Oklahoma. The higher proportion of facilities equipped with 

-. I * 	 aerationin tksmthern meas can be explained by the critical need to manage 
I- =  __ 

temperatures to reduce insect and mold populations. [28] 

USDA NASS data on the postharvest use of pesticides in stored wheatat Oommereiak 


faciIities show that h i g a t i o n  is the most widely used, with 18% commercially-stored 


wheat in surveyed states treated with aluminumphosphide alone. 1.491 All other 


pesticides are used on less than 3% of total commercially stored grain. 


Chlmpyrifos-methyl is the next most widely used pesticide, used on 2.09%, foilowed'by 


malathion, whicb was used on 1.05%. State level data show that chlorpyrifos-methyl use : 

is m m  cwnmo~
inthe PacificNorthwest than in other areas of the cduntry. Washington; ' 1 

Idaho and Oregon estimates show between 4 and 6% of commercially stored wheat 

treated with chlorpyrifos-methyl. Fumigation was more prevalent in the southern plains . 

mm. Accordingto USDA NASS szwey, more than 25Y0ofcommercially stored wheat 

in Oklahoma, Texas, Kansas and Missouri was fumigated with phosphine. TabIe 10 

shows USDA NASS postharvest wheat pesticide use for 2000. 

An Oregon state extension survey of pesticide use at commercial storage elevators 

conducted in.1994 estimated that &tween 60%and 1000/0~0�wheatwas treated with 
chlorpyrifos-methyl in different regions of the state. [46]Table 1 1  shows estimated grain 
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Other surveys do not estimate the volume of grain treated with pesticides, instead 


reporting simply the number of managers who use a particular practice. While these 


surveys are usefid in describing the extent of adoption of various practices by stored 


grain managers, theyare Iessustfnl in determining the amount ofgrain rhaa istmatedTr:,*.$ ' . I < 


with pesticides, as it is Mknown what portion of grain is being treated. A 1992 survey of (' ' 


ekvator managers for hard red wheat in 11 states estimated the reliance by managers on 

various pesticides. Between 12 and 39%of elevator managers reported treating stored 

wheat with malathion, across the surveyed states. [28] Chlorpyrifos-methyl use was 

reported by between 4 and 49% of managers. Table 12 shows results from the 1992 

survey. 

.)-	 A survey of southern plains elevator managers conducted during the 1996-97 storage 

year, indicated that 19% ofmanagers used chlorpyrifos-methyrimsteekbins, and 12% of -

managers used chlorpyrifos-methyl in concrete bins. Marathion use was more common, 

reported by 34% of managers for use in steel bins and 17% for use in concrete bins. E451 

Ena 2001 sxmtp of four elevators in Washington State, only one reported the useof 

chlorpyrifos-methyl in thepast.twoyears. Further, the manager reported that . .+ 

chlorpyr&s-rxrc&yl was used dtieto the lack of aeration. [34]1.Tennesseeelevator 

managers surveyed in 1994 reported widespread reliance on malathion, with 72% of 

managers reporting malathion use as a bin spray, 38% as an entire mass treatment and 

37% as a top-dress. Cblorpyrifos-methyl was the next most widely reported pesticide 

used, by 14% of managers as a bin' spray, 19% as an entire mass treatment and 37% as a 

top-dress. [30] Results of the Tennessee survey are shown in Table 13. 

Two surveys addressed on-farm use of pesticides in stored wheat. A survey of Alabama . 

farmers was conducted in 2001. Malathion was the most widely used insecticide, as an . .;'. 

empty bin treatment, grain protectant or top-dress. MaIathion usage results' are presented 
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t + , " &  	 in.Tabk 14, Fumigationwith phosphine was also widely reported. Seventy-seven 

percent of growers reported fumigating withphosphine. [22] 

A 1987 Oklahoma survey includes both on- and off-farm pesticide usage. In that survey, 

malathion was the most commonly reported insecticide as a bin spray and grain 

protectant. Grain protectants were generally used more widely o n - f m  thanoff-farm. , 

Conversely, h i g a t i o n  was more commonly reported by commercial eIevator operators 

than by farmers. f2] Results of the Oklahoma survey are shown in Table 15. 

It is generally accepted that chlorpyrifos-methyl use is more prevalent in on-farm storage 

than at commercial elevators. Therefore, the USDA NASS survey data of insecticide use 

in commercial storage facilities greatly understates the total usage of chlorpyrifos-methyl 

and other grain protectants that are more likely to be used by farmers. Gustafson sales 

data indicate total annual sales of approximately 81,000 lbs. of chlorpyrifos-methyl for 

use on all labeled stored grains: [72] It is believed that approximately 80% of thisusage 

is on stored wheat, or approximately 67,700 Ibs. [25J USDA NASS'estimates only 

18,900 lbs of chlorpyrifos-methyluse in commercial storage, or 28%. [49) Gustafson has 

also estimated the total amount of wheat in the Pacific Northwest that is treated with 

chlorpyrifos-methyl to be approximately 73million bushels. At an application rate of 6 

ppm, the Pacific Northwest would account for 39% of chlorpyrifos-methyl use on wheat. 

Gustafson sales data for chlorpyrifos-methyl are also calculated by state. However, these 

data indicate sales fromdistribution centers that may serveregional markets. Therefore, 

we have aggregated the state level sales data to the regional level. Further, these data are 

for total chlorpyrifos-methyl d e s .  Assuming that 80% of total sales in any region are 

used for wheat, regional estimates ofchlorpyrifos-methyl use can be derived. Those 

estimates are shown in Table 16. 

The available.data suggest someregional patterns in pest management practices between. I 

the three major wheat-producing regions of the U.S.: the Central and Southern Plains, 
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4,.k ,  . - .  s the Northern tier andthePacificNorthwest. Stored grain managers in the Central and . 

, Southern Plains, where there is a large commercial storage capacity and less reliance on 

on-farm storage, primarily fumigate to control insect infestations. In the Northern Tier, 

naturally low harvest and winter temperatures favors reliance on aeration as primary 

..L' insect control practice, . Farmers and elevator managers in the Pacific Northwest treat a 

comparatively high percentage of its wheat with residual grain protectants. .:.: :; !.; .i .4 ,,*.. . . :  
I 

.I ... , 

Pest Management in Wheat for Seed 

The maintenance of quality during storage is especially important for those growers who 

produce wheat for seed. Foundation seed growers first produce seed. The plants grown 

from foundation seed are used to mass-produce seed for distribution to farmers. This 

seed production system is organized and overseen by state crop improvement 

associations and universities. Although farmers frequently save some of their own 

harvest to provide seed for planting the following season, they must periodically refresh 

their seed.stocks, oftenwith new, improved, or purified wheat varieties fiornthe, 

foundation seed system. [64] 

Those who grow and store wheat for seed rather than processing, especially those 


involved in the production of foundation seed, must pay special consideration to the 


maintenance of quality, including the suppression of insect infestations. A wheat 


kernel's value as seed is dependent upon its viability to produce a healthy wheat plant. 


The viabiIity of a seed is quickly destroyed by damage to the germ, the part of the seed 


that grows into a new plant. Seed germs are made unviable by direct insect feeding or by 


excessiveheat,which can be generated by insect and mold infestations. To avoid germ I I 


damage, it is imperative that insect infestations be minimized. [66] 


The maintenance of quality within seed stocks is further complicated by the conditions 


under which seed is commonly stored. Seed is fiequently stored in small lots, in bags 


ready for sale to farmersor in 50- or  100-bushel bins. Storage,containerssuch as these 
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5 4 - prohibit the practkdapi;dicatiordofggntS for insect control. Fumigating bagged seed .I 

, or seed stored in small bins requires sealing, applying, monitoring, and airing out each lot 

individually. Seed is sometimesbagged and distributed to the point of sale early in the 

storage season. Even though the seed leaves the producers' facilities, its quality must 

remain high until it is purchased and planted. To ensure quality maintenance after the 
*seed is distributed, residual insect control is needed. [66] v . I 

1 ,  ' ' I  ' '.,. I C 

The difficulty of fumigation in small lot seed storage combined with the need for residual 

insect control to protect sensitive seed germs throughout the storage season has lead the 

wheat seed industry to become particularly reliant upon grain protectants. The seed 

industry currently treats a large portion of its wheat with chlorpyrifos-methyl. 

- - - Chlorpyrifos-methyl is the product of choice among wheat seed storage managers 

because of its broad-spectrum insect control, its residual toxicity, and its food additive 

tolerance. Using a product registered for food to protect seed gives seed storage 

managers the ability to release their wheat into the food processing system. While seed 

storage managers enjoy the flexibiIity chlorpynfos-methyl's food additive tolerance gives 

them,chlorpyrifos-ethyl (Lorsban) is an effective and economical alternative. 

Chlorpyrifos-ethyl provides comparable efficacy to chlorpyrifos-methyl, resulting from 

the similar chemical. structuresand action, at appmximately half the cost: This low cost 

alternative can provide the quality protection in stored wheat seed required by the 

industry, but compromisestheability of seed producersto sell leftover or damaged seed 

into the processing market. 165J . 

The rigorousinsect cmtroi necessary to ensure viable wheat seed isjustified by the 

added valde of seed wheat in comparison to processing wheat. Higli quality wheat seed 

generally sells at two to five times theprice of wheat for processing. This higher value 

allows seed producers to invest more heavily in infestation suppression and prevention. 

[661 
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Many factors influence the structure of the U.S. grain storage and marketing system. 
v Changes in storage type and capacity, federal programs, transportationhfiastructure, 

demands for segregation, changing cleanliness standards, increasing pest management :* . ' ' 

c ') 

costs and increased foreign competition a11 contributeto an evolving system with 

differing implications for pest management needs. The U.S. stored grain marketing 

system is adapted to current conditions. However, the system is shifting to accommodate 

trends in these influences that impose greater pressures on grain storage, at once making 

storage quality maintenance more important and more complex. 

-~ 

Grain storage capacity increased greatly in the 1970's; as the government supported 

construction of storage structures, both on and off the f m ,  through low interest loan 

progmms. U.S.grain storage capacity continued to increase through much of the 1980s, 

peaking in 1987. For the next decade, capacity steadily declined, but has risen sliglitly in 

the past few years. A largepoportion of the storage facilities in use were therefore 

constructed in the 1970's. The useful life of steel storage bins, common in on-farm 

storage, constructed inlthat period was typically 20-30 years. Therefore, much ofthe 

on-farm grain storage capacity constructed up through 1980 is past, at, or near the end of 

its u&I life: [I931 I 

Most grain elevators currently being used in theU.S-were built in the 1950's and 1960's. 


The cost ofconstructingupright collcfetebins has increased more rapidly than that of 


metal storage bins, much of the new elevator space aremetal bins. These bins are usually " I 


larger and are more likely to have aeration equipment thanconcretebins, but they have 


less thermal insulating capacity, are more accessible to insects, and are more difficult to 


seal for fumigation. [33] 


Four primary federal programs influence wheat planting and marketing decisions: the 
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I , ' 	 Farm Storage Eacility Loan (FSFL) program, the commodity loan program, the Farm& 
ownedR&erve(FQR) program and the conserv&mreserve program: I '  

The Commodity Credit Corporation (CCC) has made loans on grain storage and drying 

equipment under its authorities intermittently since 1949. CCC stopped making new 

storage facility loans in 1982 because studies indicated that producers had sufficientq... 

on-farm storage for their crops at that time. The Farm Storage Facility Loan program r 

was again implemented by CCC under an interim rule published in the FederaZ Register 

on May 11,2000. 

Grain storage capacity has increased modestly (2%) since its low in 1997 as a result of 

expansion in both on- and off-farm facilities. However, these small increases in capacity 

have not kept pace with expanding production, partimlarly in the western growing areas. 

Between 1987 and 1999, U.S. grain and soybean production increased by 20 percent, 

from 12.8 and 15.4 billion bushels: The largest regional increases were in the western 

Corn Belt and central prains states where grain and soybean production increased 31% 

during the period. These regionsare also the regions where storage capacitylhasbeen 

especially short following the past three harvests and where rail abandonment has been a 

significantproblem. OI1-f- grainstorage capacity has expanded in the past 2 years 

substantially more thanoff-farm capacity, with the largest share of that expansion coming 

in 1998.[19]-. 

Commodity loan programs, starting in 1933, allowed producers of designated crops to 

receive loans from the government ata cropspecificloan rate per unit of plwtuctionby 

piedging production as loan CoIIateraI. A farmer may obtain a loan for alI'or part of at 

crop at any time following harvest through the following March or the following May, 

depending on the crop. For production put under loan and pledged as loan collateral, the 

farmer receives a per-unit amount equal to that year's loan rate (bycounty)for the crop... 
Under the loan program, the producer must keep the crop designated as loan collateral in 

approved storage to preserve the crop's quality. The producer may repay the loan (plus 
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L ' I -	 interest)atany time duringk9 to 10 month loan period. Before marketing loans were . 

introduced, the f h w m o ~ ~ l dsatiethe loan by Rpaying the toan principal plus accrued 

interest charges. Alternatively, the farmer could choose to settle the loan at the end of the 

loan period (loan maturity) by keeping the loan proceeds and forfeiting ownership of the 

loan collateral to the government. Thus, the program supported prices by removing crops 
1 . Lfrom the marketplace. Marketing loans for wheat were implemented in f99X ' Market@ 6 i. . , 

loan provisions aIIow farmers to repay commodity loans at Iess than the original Ioan rate 

when market prices are lower. Alternatively, farmers may choose to receive benefits 

through direct loan deficiency payments. E741 

New provisions of the marketing loan program distinguish loan rates for different grades 

of wheat, which will affect areas that produce lower piced grades of wheat adversely,~~ 

likely lowering wheat acreage planted. 


The current farm marketing loan program ends after 9 months. The now discontin& T 


FOR program provided incentives for farmers to store wheat for longer periods, 


depending onmarket prices. TheFOR began in 1977 and was terminated in 1996, [57) 


The elimination of subsidies as incentives for long-term storage has reduced the amount 


of grain carried over from onecrop year to the next. Grain reserve programs provide 


strong incomejust for storing grain and not necessarily to maintain the quality of the 


product,acting in an.almostcounter-productive manner [43] 


Under the voluntary Conservation Reserve Program, USDA pays farm owners and 


operators to idle highly erodible andorenvironmentally sensitive cropland for 10-1 5 


years: Participantsreceive annuaI rentalpayments during the contract period, and half 


the cost of establishing grass or trees on enrolled acreage. Begun by the 1985Food I 


Security Act during a period of excess commodity supplies, low prices, and farm 


financial stress, the CRP was initially conceived as much for supply control asEDr 


environmental improvement. However, beginning withthedroughts of the late 1980s, 


supply control became less important, and CRP implementation increasingly reflected its 
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I .  	 env- antilnatusalresource objectives. In April 1996, Clinton signed into law 

PAIR that contimes the CRP through theyear 2002:%*Under thekct, USDAcan re-enroll 

existing eligible CRP acres as well as enroll new land, subject to a maximum annual 

enrollment of 36.4 million acres. Although the elimination of annual acreage reduction 

programs by the 1996 fann act makes the C W  the principal remaining program that 

reduces croplandavaiIability, USDA has made it clear that it Will operatethe CRP not d - ’ j , , C b .’.” 
a supply control program, but to conserve and improve natural mources inchding 

wildlife habitat, water quality, and soil. [76] The CRP had been one of USDA’s most 

ambitious program efforts. At the height of the program in 1993-95, some 36.4 million 

cropland acres had been enrolled in the environmentally oriented land retirement 

program. Approximately 60% of those acres were located in the Great Plains States, 

where wheat is the main crop. According toa 1993 smey, nearly 41% of CRP land had 

been planted to wheat prior to their enrollment. [76] ’ 

Rail abandonment during the last 20 years has also increased storage demand: 

Reductions in the size of the U.S. rai1 network, primarily from the loss of branch Iines 

that once served Naland agricultural areas, has resulted in many farmers having to rely 

on trucking, a less cost-effective transportation alternative. Still other farmers are finding 

that ClmssIrailroads are tending to de-emphasize carload business, preferring shipments 

of unit-trah length or for the short-line feeder railroads to provide the gathering 

M o n s .  mese changesrhaveleft fanners in many areas with fewer and less accessible 

markets and a greater need for on-farm grain storage. [191 

Changes in therate stmctme for railroad transportationhave resulted in more grain being 

moved by truck than ten years ago and grain is now less likely to be oficiaIIy inspected. 

The rate changes also have made it more likely thatwheat used domestically will be 

stored at the first handler level (country elevator) rather thanat tennid elevators., Grain 

moving to export is received at traditional terminal elevators or new regional high-speed ~ 

“g. loading facilities, which have the capability to efficiently load 25 to 100car unit trains. 

. . 
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‘ 

* Theimpendii- n ofgenetically engineered wheat varieties and other quality 


di-tiated varieties’will mpireincreasec?refhnde‘onidentity pmemation systems, I ‘ 


and contribute to the need for expanded on-farm storage and handling capacity. E191 


Identity preservation involves the isolation and tracking of specific qualities or lots of 


wheat as they move through the marketing system. Currently, identity preservation’s 


importance is seen in storage ofspecial quality, often value-added, wheat beingmarketed 5 ;  . ,: ‘ I  


for specialtyuse. In such lots not only must the special quality be maintained, but also 


the lot must be isolated to ensure that other quality wheats do not contaminate it and that 


it is accessible at the time of sale. Identity preservation’s role in the wheat marketing 


system will only increase in the future as genetically modified wheat, currently under 


development, enters the general marketplace. 


-._ 

The need for identity preservation poses other unique challengesto the U.S. grain storage 

system. Commercial grain storage facilities heavily rely upon blending to manage grain 

quality and insect infestation in their wheat stores. Identity preservationinherently -

prohibits grain bIending as a quality controI technique. Identity preserved wheat’s need 

to be isolated and accessible will alsoremove emphasis from the large, high-capacity 

storage bins and warehouses that are the basis of contemporary commercial storage and 

increase reliance upomsmalI bin.storage Identity preservatiwnneeds especially increase 

reliance upon on-farm storage, since that is where the segregation and isolation 

responsibilitieswill begin: ; 

Foreign wheat producers havebecome more competitive. As described above, US. 
wheat exportshave declined in recent years as importshave increased at a rapid rate. 

These changes in international wheat grain trade reflect the increasing production and 

quality of foreign wheat and a widely held perception of U.S. wheat as low quality and I 

“dirty.” 

Pest management costs have increased recently as stored grain managers strive to comply .~ 

with increasingly strict safety regulations. The increased costs may be in the form of 
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rnoretntiningxqukmm&farpesticide applicators, or new restrictions on the method of '@+ ' 

application ofpesticides? Over time, thismay reducctheamount ofieguhd pesticide ' 1 

used in grain storage, placing more emphasis on best management practices. 

wheat quality,standardsare rising, which imposes additional pressure on storage 
. -,managersto maintain whbt quality. In Japan, millers have long requestadcie!anerV.S$+ ' .J , t ' * 4  


wheat, resulting in the Japanese Food Agmcy, which controls most imports in Japah has 


tightened dockage requirements to a 0.3% maximum. [77] The U.S. may need to meet 


this level to remain competitive as the Japanese say that dockage in Canadian wheat 


kports averages02%. Taiwan also has voiced concerns about dockage levels in U.S. 


wheat, and in 1998 instituted a maximum dockage level of 0.5%. [89] 


The demand for higher quality wheat is seen spreading to other parts of the world, such 

as South Africa, where privatization of wheat buying is occurring and customers are 

expected to become more sophisticated and specific about their grain purchases: The I 

Canadian Wheat Board subsidizes quality maintenance, which export customerssay 

provides cleaner.wheat thanthe US. Growth of U.S. wheat exports has been limited in. 

recent years because cleaning facilities are not widely available within the U.S. export 

distributionsystem: Canadian dockageis 0.2%to 0.3% and Austdian dockage is 0.3% 

e for buyers concerned about cleanliness, with dockage running slightly higher to less 

sophisticatedbuyers.+[89)r"' 

The 2002 Fann Bill included new incentivesfor hard white winter wheat, which is in 

greater demand for export, Thebill adds $20 million to other government wheat 

subsidies to build up white wheat production. [80] Some types of oriental noodles 

require hard white wheat, of which f ie  U.S. produces little. Now, bard white wheat 

varieties are being developed for U.S. farmers that would be competitivewithAustralian 

varieties for this noodle market. Some hard white wheat is currently prodwed in the 

Pacific Northwest region for export to Asia. Elsewhere, however, U.S. production of * 

hard white wheat is very limited because previously available varieties produced low 
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1' I I . 1 y k b .  Varieties are now being released that have yields comparable to the hard red c 

. 0 	 wheatVarieties.+It is unlikely that sub!&ntial premiumswmid koffered initially for the 1 9  ' 

white wheat to encourage the growers to switch. High premiums are not likely because 

there will be some initial expenses as the marketing system adapts to keep the white 

wheat segregated in the hard red wheat areas. Grain storage and transportation systems 

will havetohandle a second classof wheat in thmzareas. The white grainwill have tot I i L + t  ,%J 

. . .  

i 

be kept separate Eom oth'er wheat varieties through the entire production chain to the 

end-user. [383f' " ' 

As in the current market, insecticideswill play a vital role in insect control and quality 

maintenance in stored wheat under the emerging market conditions. Insecticides will 

remain particularly vital in regions- -especially conducive to insect infestation, like the 

Southeast and the Pacific Northwest. As emphasis within the U.S. grain storage system" 

shifts in response market pressures from centralized commercial storage to small bin and 

on-farm storage, so too will the need for insecticides. In response to increased volume of' 

small-bin storage and international and domestic demands for high quality wheat, @n 
protectant use will increase in volume and significance. New closed bigation system 

have potential to supplement the reliance upon grain protectants for small bin quality 

maintenance:' The effective-useof these fiunigation systems will require much of the 

nation's small grainstorage facilitiesto be retrofitted with the equipment necessary to 

fumigate;including bin sealing andinstallation'of Wigant circulating equipment. With 

much of the nation's storage capacity at or near the end of its serviceable life, installation . 

of such fumigation systems will be restricted to only thenewer, sounder storage b:. I 

stsuctures. Older structures and those in ilk repair will continue to rely upon grain 

protectants to securethe quality of grainstored within. 

Reldan's Impending Cancellation 
? 

Chlorpyrifos-methyl is currently in the midst of a voluntary phase-out schedule that is set 
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i 	 to complete onDecember 31,2004. The regulatory process that led to its phase-out is 

m t e d  in some hatnres  of its &ginaI -spration:' C h l ~ b s - m e t h y lwas first , * 1 .  

registered for use as a stored wheat and small grain insecticide in 1985. The original 

registration was granted for three formulations, all marketed under the name Reldan. 

These formulations.includeda 2% dust, a 3% dust, and an emulsifiableconcentrate. 
. ' These proddcts could beusedon smdi grains inciuding wheat, barley, oats,rice,hd,:... is..g. * * I I 

sorghum. Food toierances were established, including meat and milk products. To * Y 

expedite and simpIifirthe registration of chlorpyrifos-methyl as a grain protectant, much' 

of the toxicity data from chlorpyrifos-ethyl, marketed under many names including 

* 	 Lorsban andDursban, was "bridged': for use on chlorpyrifos-methyl. This data bridge 

allowed many of the regulatory decisions supportingthe registration of 
' chlorpyrifos-methyl to be based on data for chlorpyrifos-ethyl. Use of the bridge was 

-_ _  

justified by the chemical similaritiesbetween chlorpyrifos-methyl and chlorpyrifos-ethyl. 

On August 3,1996 the Food Quality Protection Act (FQPA) was passed into law. FQPA 

amended the Federal Food, Drug and Cosmetics Act with the expressed purpose to better 

protect children and other sensitive subpopulationsof Americansfiom~risksassociated 

with pesticide use and exposure. FQPA mandates that pesticide tolerances be 

recalculated, considering the aggregated risks of exposure through drinking water, food 

consumption and non-occupational exposure. FQPA also mandates that the risks of 

active ingredientswith commonmechanism@oftoxicitj. be considered cumulatively. 

Aggregate and cumulative risks are then evaluated and managed through the potential 

addition of a 1Ox safety factor applied to uncertainty in the supporting data or to mitigate 

risk 40 children and other sensitivesubpopulations. In implementing the requiredFQPA 

tolerance reassessments, the US. Erivironmental Protection Agency (EPA)designated . a ' 

organophosphates, including chlorpyrifos-methyl, as the first major class of chemicalsto 

be reassessed. 

Upon conducting the FQPA tolerance reassessment, the data bridge between 

chlorpyrifos-ethyl and chlorpyrifos-methyl was disallowed, producing several gaps in the 
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4 . ~ chlorpyrifosmethyltoxicitycbmwtemation database. Regardless of the data gaps, an 

initiak risk assessmfflt w s conducted. It was determined that acute andehmnic dietary 

risks for chlorpyrifos-methyl were below EPA's level of concern. When considering the 

use pattern of chlorpyrifos-methyl, EPA did not anticipate any residues in drinking water 

and therefore did not conduct a drinking water assessment.r Likewise, because there are 

no residential uses of cldorpyrifos-methyl a residential risk analysis was not conductcrti. 1 , 

. Based on these fmdings, the dietary, water, and residential aggregate risks for 

chiorpyrifos-methyl were below the EPA leveI of concern and no risk mitigation 

measures were proscribed. These calculationsincluded the 1Ox FQPA safety factor. 
. .. 

When conducting occupational exposure assessments, data from the Pesticide Handler 

Exposure Database were used. Based upon these calculations, risks at or above the level 
I-_ _  

of concern were generated in all but one application scenario (automated liquid iidmix 

application). To further analyze the occupational risks of concern, EPA required a full 

chlorpyrifos-methyl database, which did not exist after the chlorpyrifwethyi dawbridge 

was removed. 

EPA noted the presence of residues in foods frequently consumed by children, 

specificallyteething biscuits, cookies, and crackers. [54) Among these cited residues of 

concern the highest single detect measured 0.265 ppm and was observed in teething 

biscuits: The averageresidue level amongthe25 teething biscuiw sampled was 0.0204 

ppm. When considered within the context of the established chlorpyrifos-methyl A 

tolerance of 6.0 ppm, the average teething biscuit residue represents residues at 0.34%of 

tolerance and the maximum detect represents only 4.42% of tolerance. Even after 

application of a I Ox safety fador for children and sensitivesubpopulations, the average 

residue represents 3.4% of the 1Ox safety factor reduced tolerance andthe maximum 

detect would occupy less than half of the 1Ox reduced tolerance. Among the other cited 

cookies and crackers of concern, none had mean residue levels higher than 0.02ppm, 

0.33% of the 6.0ppm tolerance, or higher maximum residues than 0.107ppm, 1.8% of 

tolerance. [55][51][52] 

I :  

4,' 
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To=ti@ thedata gaps produced by disdiowihg tfre data bridge, the EPA Health E f f i s  


Division identified a list of specific data to be supplied by chronic dog, chronic mouse, 


2-generation rat reproduction, rat developmental toxicology, and metabolism studies. [181 


The list of datagapsand corresponding studies was then expanded in September of 1999 


to include, acute o d  toxicity rat, acute dennal rabbit, acute inhalation rat,primary ocuk~., -5, ., 4 * II 


irritation rabbit, primary dermal irritation rabbit, dennaI sensitization guinea pigs; 


delayed neurotoxicity hens, acute neurotoxicity rat, subchronic dermal toxicity rat, 


chronic toxicity dog, prenatal developmental rabbit, 2-generational reproductive rat, 


developmental neurotoxicity rat, general metabolism rat, aspirated grain fraction field 


trial, and occupational exposure studies. A data call in (DCI) was issued for studies that 


could supply the needed data. [18] 


After considering the costs associated with satisfyingthe data call in, estimated at or 

above $4 million with the developmental neurotoxicity study alone costing 
approximately $ I  .5 million, Dow AgroSciences applied for a minor use waiver for the 

acute, subchronic, and developmental neurotoxicity studies in December 1999. E831 In 

March of 2000, EPA rejected Dow’s request for the neurotoxicology DCI waiver. The 

reason cited fordenial was the penceof chtoxpyrifos-methyl residue in Food and Drug 
1 Administration Total Diet Study samples. [491 . , I 

On August 16,2000, following therejection of the neurotoxicology DCI waiver riquest,,. 

Dow AgroSciences entered into negotiationswith the EPA regarding a voluntary . .,c 

cancellationagreement for chlorpyrifos-methyl. The negotiationswere completed on. 
December 20,2000 and the agreement was fmdized 3anuary 30,2001. Under tlie 

voluntary cancellation agreement, the sale of chlorpyrifos-methyl dust formulations 

would stop on March 30,2001. Use of chlorpyrifos-methyl dust could continue until 

December 3 1,2001. This early removal of the dust formulation was designed to mitigate 

the high occupational exposures associated with application of the dust formulation. To -. . 
allow the grain industry time to transition to new insect management products and 
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techniques, the end saledate for liquid chlorpyrifos-methyl formulationwas established i .  

*, onDecember 31; 2003with an'end use dataaf Decembff3 1; 2ooCO:. Toallow treated + 

grain to clear the marketing channels, EPA will not revoke tolerances on 

chlorpyrifos-methyl until 2008. 

" I 

Beyond thenear immediate discontinuation-of the chlorpyrifos-hethy1d& foxmdatiorq**.L ,. * ,' , - 


risk mitigation measuresmandated for the duration of chIorpyrifos-methyl's phase-out ' 


include a number of label changes.' Among the changes, all registered uses of 


chlorpyrifos-methyl other than direct applicationto grain and treatment of empty grain 


bins were cancelled, application asan empty bin spray must be made from outside the bin 


while wearing basic personal protective equipment plus an approved respirator, and all 


direct grain applications must be Lnade by an automated admixture apparatus. 

L e  

While entering into a voluntary cancellation agreement and adopting prescribed risk 

mitigations measures reduced the amount of data supplernenl.required by EPA, i tdid not 

eliminate a11 the data gaps. To continue with the phase-out of chIorpyrifos-methyl as 

negotiated, the registrant still needed to supply studies including acute neurotoxicity in 

hens and two-generation rat reproduction. [181 

AlternativeCombinath Products 

Threecombinationproducts are being developedthat add address some of the \ 

registration problems ofchlorpyifos-methyl by allowing its use at a reduced rate. 1 

Chlorpyrifos-methyl, when used alone, is an effective and inexpensiveinsect ControI 

measure, however, it can be more effectively used in combination withother,insecticidea 
By combining chlorpyrifos-methyl at a reduced rate of 3 ppm, compared to the current I 

rate of 6ppm, with cyfluthrin at 2 ppm, a broad spectrum and cost-effective residual 

insecticide is created. This product has been developed, under the trade name Storcide, 5 

and tolerances for the cyfluthrin component on stored grain were approved in September, 



-- 

2002.Eff iky  datag& byXlklahoma State University demonstrated 100% 

mortality among both lessergrain borer and riceweevii,two ofthe most prevalent and 

damaging stored wheat insects, for up to 48 months after treatment with Storcide. [40] In 

2000 and 2001, the South Dakota Department of Agriculture requested Section 18 

emergency registrations for Storcide to control infestations of lesser grain borer. The 

Section lSwasgr;smtadin2001 andfeedbackfrornfannersusingtheproductwai~,,;' * I 

resoundingly positive. The Idaho Department of Agricuthre submitted a Section 18 

request for use of Storcide in Idaho, Montana, Oregon and Washington State in July of 

2002. The EPA approved that application. 
I 

The estimated cost per bushel for Storcide is $0.035. The cost for Storcide is 

approximately I .5 timesIthat of chlorpyrifos-methyi. Because it is a liquid applied in the 
_ _  

same manner as chlorpyrifos-methyl, no capital expendituresfor appIication equipment 

or storage facility modification would be required. The chlorpyrifos-methyl in a liquid 

formulation that is applied through an automated admix to the grain flow or from outside 

an empty bin to the interior surfaces eliminates the occupational exposure concerns of the 

EPA that surrounded the dust formulations and empty bin application from the inside., 

Further reducing occupational exposure concerns and mitigating the already below 

tolerance food detect ofm n c m  for chtorpyrifos-methyl is the reduced rate at which 

chlorpyrifos-methyl is used in Storcide. Inclusion of chlorpyrifos-methyl at 3ppm, half 

that of the current, stand4omlabeled rate, automatically halves thechtorpyrifos-methyl 

residues deposited on grain and exposed to workers. 
. ,  

A similar product combining 3 ppm Chlorpyrifos-methyl With 0.5 ppm Deltamethrin is 

currently being considered by Gustafson and Bayer. This combination has proven 

effective against both lesser grain borers and rice weevils. 1921 While the prospective 

registrant of this product is still considering the feasibility of bringing it to market, both 
Chlorpyrifos-methyl and Deltamethrin have established CODEXMRLs for stored wheat, 

enabling wheat treated with this combination product to enter the international marketing 

system. However, before this product becomes a viable alternative for use in U.S. stored 

57 

' 



A third combination product, with chlorpyrifos-methyl and Spinosad, is also in 


development. ,Spinosad is the most promising stored wheat insecticide in the research ~ ~ 


pipeline.. Spinosad nxmtly received an experimental usepermit foreievatord&~.,.: : 1 t -. 

efficacy and residue trials. In Iaboratory trials conducted at Kansas State University, 


Spinosad grovided total, 100% mortality ainong populations of lesser grain borer for 


twelve months at applicationrates as low as 0.1 ppm. The same study also examined 


Spinosad'se t l k a c y ~ 
redflourbeetle. At twelve months of storage, mortality 

dropped to 50% with treatment at lppm and 80% with treatment at 3 ppm. [31] Another 

study conducted by thesame researcher demonstrated efficacy of Spinosad at 1ppm on 

rice weevils where mortality rates dropped beIow 83% on hard red wheat after only 

fourteen days. [311 If combined with chlorpyrifos-methyl for its weevil and flour beetle 

control, in a similar manner as Storcide, Spinosadchlorpyrifos-methyla d d  prove a very 

. effective insecticide. 

Requisite for these combinationproducts to be viable stored grain protectants is a 

continued registration for chlorpyrifos-methyl. Cyfluthrh, Deltarnethrin, and Spinosad 

.d 	 are particularly effective against theLesser Grain Borer, au insect with demonstrated _.J % . 
resisttanceto c h l o r g y r i f d y l .  C?omrersely;Cyfluthrbi;Ddm&n, and Spinosad 

are relatively ineffective against weevils, insects against.whichchlorpyrifos-methyl is 

particularly effective. Without a continued registration for cMorpyrifos-methyl, even if 

at a maximum rate half the current, these threepromising altemative products would be 1 

irrelevant. This would leave a situation inwhich the most promising new stored grain . 

< 	 protectants control only Lesser Grain Borer allowing weevil infestations to Continue 

unchecked. 

NCFAP Survey 

5 8  




- -- * q. 

c, 


-1-

I A swvq ofg~owe~whostoregrain on-farm was conducted to determine the 

significanceof chlorpyrifos-methyl in on-fimn storagesystemsand to examine the 

alternatives that would be used by farms were chlorpyrifos-methyl no longer available. 

While the survey was distributed nationwide, the Pacific Northwest received special 

attention during distribution becaw of their historical reliance on grain protectants. 

InFebruary 2002, the National Center for Food and Agn'cuItural Poky  (NCFAP) issued 

a calI for feedback regarding the significanceof chlorpyrifos-methyl in farm stored 

wheat. The issued press release included a brief discussion of the regulatory status of 

chlorpyrifbs-metbyl., The call�orfeedback requested that any individual or group 

interested in the chlorpyrifos-methyl specifically or in stored grain pest management in 

general contact NCFAP. This request was distributed through regioastl newspapers, 
_ _  

agricultural journals and periodicah, and state and nationaI grain and fked associations 

via newsletters, web postings, and e-mail digests. 

The call for feedback was subsequently augmented by NCFAP through the issuance of a 

storage pest management survey., The survey was distributed in a number ofshort, long, 

and industry specific forms by the National Association of Wheat Growers in conjunction 

withseveral state wheat commissions and crop improvement assoCiations. Respondents 

were asked tocommenton the general size and scope of their grain storage, the I1.1 

Significanceof chigpyrifds-nrethyl in their storage operatiori,athe impact any cancellation 

of chlorpyrifos-methyl may have on their storage operation,and what alternatives, if any,, 

would be employed tocompensate for the boss of chlorgyrifos-methyl. 

The calI for feedbadcand various surveys have generated approximately 200responses to 

date. The storage operations and goals ofrespondents vary widely, including fanners 

storing as little as 10,000bushels of wheat on-fann, commercial storage elevators with 

many hundreds of thousands of bushels stored, and seed producers concerned with . 
storing wheat specifically for certified seed. Each type of respondent has different 

concerns regarding chlorpyrifos-methyl's future, but all share common satisfactionwith 

..... 1' 

*', 

, 

' 
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Most survey respondents reported rarely experiencing economically damaging insect 

infestation in chlorpyrifos-methyl treated storage, but fear that without the product the 

incidence of theseinfestations will increase. Farm storage managers universally 

- 4 .  *expressed concern that a loss ofchtorpyrifos-methylwould force them toadopt taxic d:' . ' * I**  

l 	 voIatiIe phosphine fumigitnts as their primary means of insect control. Regardless of the 

size and nature of storage, current leveI and fiequency of infestation, or willingness to 

adopt phosphine, all respondents project negative economic impacts ranging from loss of 

) .  I 	 a few centsperbushel tO."monumentaL"economic impacts folAowing a phase-out of 

chlorpyrifos-methyl. 

- -

No statistical conclusions can be drawn from the survey, but the responsesqualitatively 

describe the views and needs of on-farm storage managers. All respondents who 

currently use chlorpyrifos-methyl in their storage described complete efficacy throughout.' 

the storage season. None of the respondents noted discounts or penalties having been 

assessed at time of sale for insectdamage intreatedwheat. One farmer who stores wheat 

on-farm in North Dakota noted receiving a $0.02 per bushel premium for 

chlorpyrifss-methyl tnxted wheat. 

1 .  r , 

Whmasked what they will doshould chlorpyrifos-&thyI no longer be available, l imnen 

responded with a variety of answers, but alI  expressed consternation and concern. A few 

farmers stated that they would abandon on-farm wheat storage or wheat produdionrdl . 

together. Many responded that they would have to sell their wheat earlier in the storage 

season before large insect infestations develop, suffering low prices to avoid quality 

discounts. The rest of respondents, including farmers who grow and store wheat for seed, 

who are unwilling to sell early for iow prices see no other option but to use phosphine, 

fumigants or revert to malathion. Among this group, most recognize malathion's 

inefficacy, yet they feel that it may provide them at least some minimal protection against 

insect infestation. Those who plan to use phosphine fumigants are not satisfied with their 

1 

* 

, % 

I 

. .  
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alternative,. AI1 respondeassareconcernedabout the toxicity and dangers associated with' 
phosphine useand recognize that multiple applications may be required to a f f ec t  insect 9 

management. 

, .  


. 	 For seedproducers, the prospect of using phosphine is especially problematic. Seed is 

fkquendy stored in small marketablebags or in bins as small as50 bushels. Theme of'*B'*h' " . 5 *. 

phosphine fumigantstocontrol insects in these storage vessels wuld require them to be 

wrapped in plastic and fumigated individually. Such scenarios involve large amounts of 

labor and maximize possible exposure to toxic fumigants. Regardless of the strategiesI 

fam-s&mgge managerswill use to compensate for chlorpyrifos-methyl's loss, they all. 

concede that their ability to maintain wheat quality and retain already slim profit margins 

will be compromised. 1 

Impact 


The completion of the chlorpyrifos-methyl phase-out will leave U.S. grainstorage,and* 


especially wheat farmers who store on-farm,in a precarious position. With the 


elimination ofthe only,currentlyavailable effectivegrain protectant, storage managers, 


are left with few truly feasible options. 


The potential impact of chlorpyrifos-methyl cancellationto on- and off-farm wheat . 


storage is based on.USDA wheat pduttian data and c h l m h m e t h y f  salcs'andde' 


data supplied by Gustafsoa , In2000, U.S. wheat growers produced approximately 23, 


billion bushels of wheat ofdl classes. With an average marketd u e  of about $2.65/bu, 


thisproduction was valued at $6.1 billion. (203 


-

: 


Approximately 67,700 lbs. of chlorpyrifos-methyl were applied to stored wheat in 2001. . 
According to USDA NASS, 18,900 lbs. are applied to wheat held in commercial storage, 

leaving 48,800 lbs. that is assumed used in on-farm storage. E721 When used at the 

labeled rate of 0.00036 lbhushel, on-farm chlorpyrifos-methyl usage accounts for 

approximately 130 million bushels treated. This is approximately 16% of all wheat 
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. + <' 	 stored on-f8rma dhasavalue of $345 million. O f f - f m  use is estimated at 

approximately53 &Ilion bushels treated, With a totdvalue of$139 million. 

The cost of treating the 183 million bushels of wheat is estimated at $O.O2/bu or $3.66 

million total. Without chlorpyrifos-methyl, it is assumed that all previously treated wheat 

wi~~~ecomeinfwtcdandbe~di~o~~averaging$o.~olb\i: 
Thepotentialtoss... 4 * I 

for the 183 miIIion bushels currently being treated with chlorpyrifos-methyl is $18.3 ' 3 

' 
million dollars. The net loss, when the savings for not applying Reldan are included, is 

$14.64 million dollars. This aggregate loss represents $0.08 per bushel loss suffered on 

each currently treatedbushel.,tTable 17shows estimated losses broken down by on- and 

off-farm use. 

- a  

This estimate is made upon the assumption that all wheat currently being treated iseither 

not discounted at the time of sale or receives a lower discount than would be expected if 

not treated with chlorpyrifos-methyl. 

The estimated losses represent a maximum loss to stored insectpest damage in stored 

wheat due to the loss of chlorpyrifos-methyl as an option for grain protection, under 

current market conditions. Managers would be expected to attempt to limit these losses 

I 	 by increasing expenditures on storage insect pest management. Multiple fumigation 1 I 

applications in current on~fiumstmge to maintainquality ata Ihei equivaIcntwith 

foreign producers and raising commercial standardswill certainly elevate thatcost of 
insect contd without increasing wheat value, "i I *  

' 

Losses may become greater as reliance on on-farm storage increases, identity 


preservation becomes more significant,transportation costs increase, and grain standards 


are tightened. The compounded economic impacts of the damage due to the loss of grain . 


protectants, an increased reliance upon multiple on-farm fumigations, and an increased 


need for on-farm and small bin storage drive the cost of stored wheat quality maintenance 


higher with uncertain potential for increased revenue through value-added specialty 
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The statements of farmers augment the quantitative analysis of lost revenues. Grain 


protectants are an integral part of U.S. stored wheat quality maintenance, especially in 


areas where on-�bmstorage is prevalent, where pest pressure is high or where facilities 


ormvmmmtd cctnditiomare mt rtmenable ta aeration6r firmigation. 1 Faimers hiwe 4 . I, :. 

made it clear that they areunwilIing and unabIe to store wheat without the assistanceof 


grain protectants, and chlorpyrifos-methyl is their last available and effective grain 


protectant for wheat. 


f '  

To ensure the sustained stability and success of the U.S. wheat storage and marketing 


system, the needs ofon fann and small bin storage must be met. The continued * ­

-~-

availability of safe and'cost-effectivestored grain insecticidesis primary among these 

needs, requiring regulatory action to provide for the extended use of current insecticides 

and expedited registration of new products. A minor-use waiver for acute, subchronic, 

and developmental neurotoxicity studies must be granted for chIorpyrifos-methyl for use 

at3 ppm, haif the current rate. Use at this rate will mitigate any dietary concerns 

generated by anomalous food detects of chlorpyrifos-methyl while providing for the 

development and use ofhighly effective combination insect control products. 
+ Unfortunately, thistransition to lower rates a d  greater efkacy cannot be made * I \ 


immediatelyk CODEX MRCs or equivalent interimmeasuresrmogtbe established fora& 


componentsof combination products for use in stored wheat. Until these MRLs are set, . 


any combinationproduct treated wheat is limited exclusively to domestic marketing. To ..A 


maintain U.S. presence and competitivenessin international wheat trade, use of 


chlorpyrifos-methy! at 6ppm must be continued until the CODEX MRLs for , n 


combination product componentsare available. Additiodly, to provide growers with 

the greatest number of insect control options and to promote positive resistance . 


management, Spinosad and Deltamethrin must be granted U.S. registration for use on 


stored wheat. With these regulatory actions: 


granting of a chlorpyrifos-methyl acute, subchronic, and developmental 
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neurotoxicityminor use waiver at 3 ppm J i $ '. 

I continuation of chlorpyrifos-methyl use at 6ppm until MRLs for combination 

product components are established, . establishmentof international MRLs for Cyfluthrin and Spinosad for use on 

stored wheat and,. 
.* domestic @stdm of Spinosaa and Deltamethrinfor u ~ eMIstored wheat, .* < \  6 

- . 
. 

. *  b - ,  

U.S.wheat storage managers, especially those on farm or using small bins, will have the 

most cost-effective, safest, and varied insect control options possible. 

Inrecogni6onaftkc0nstraht.splaced upon crop protection companiesby the small . 

market and specialized use patterns of stored grain protectants, it is difficult for 

companiestodewlop andmarket new grain storage insecticidesat costs practical for use 

by on-farm storage managers. With this understanding and the above-prescribed 

regulatory actions, the U.S. grain storage and marketing system is provided with the 

greatest opportunity to maintain its prominent and competitiveplace in international 

markets. 

t 

,.4 .  
i .. , ­
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, .  Table L U S .  Wheat Production 2001 by State 

State 11 Area Planted I Yield I Totalvalue 1 

. ... , 

. .>....-

I I 1284 71.4 279, M4. 
I 75Q 61.6 107,604. 

i,. 
P I .  k 406 66.6 60,192.L 

.. . c .. 
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Source: [87] 
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Table 3-,Insect Infestation in Farm-Stored Wheat 1980 ,..
C . 

h State lbo. of sampled % I Avg. insect I 

. . .II 

.., . . . 
... .. ... .  ... .  . , 

. .. 1 .  ' 
. I  , . I  , 

.. .:. 

24 3.4 I ,  

, <  24 34.8) ,... , .  

Wyoming
l.. 

1q 
17 

10.4 
5.q 1: . 

'Jtah 9 
7 ~. 7 
.exas II 33.4  

I h 

:rJewMexico 1 3 c 
I 

A11 states ii 4171 25.1 1O! 
~~~ 

Source: [13] 
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encountc 

Colorado 

1.g of insect problen 

Idaho 1 3.11 I 2.00 

IMM I LGB 

2.00 1.7 
2.75 2.29 
2.67 4.67 

, .. 
'. * 

3.45 I .92 
,,i. , 

., : .: L I Kansas :*" 1 - * 

.../ . ... , . 
Montana 2.79 1.74 2.93 3.18 
3.11 1.72 

2.87 4.43 

* . 
.	 , 3.72 2.37 . .  

' I2.08 5.63 * 

Nebraska 
3.00 2.00 
2.75 2.25 
3.50 6.00

PNevada 
HOklahoma 3.02 I 2.56 

2.65 1 I .68 

3.141 , 1.77 

3.19 1.83 2.60 I 3.20 

p::o*A Im 

Note: l=most important, +least nportant 

RGB: Flat and r&q grain beetles 

GW: Granary weevil 

IMM: Indian meal-moth 

LGB: Lesser grain borer 

FWB: Red and confused flour beetles 

RW: Rice weevil 

Source: [28] 


-ed 1992-
_..< -- * '  

RFB -RW 

1.61 5.20 

-== 
2.59 5.90 

2.90 5.20 
3.71 -4.19 -2.94 -5.01 
3.48 -4.15 
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Table 7. Special Grades and Special Grade Requirements 

11 Special Grade Definition 
4 

Representative sample contains two or more live weevils, or 
one live weevil and one or more other live insects injurious to 
stored grain, or two or more live insects injurious to stored 
grain OR the lot as a whole when two or more live weevils, or 
one live weevil and one or more other live insects injurious to 
stored grain, ortwoormore other fiveinsect injtuioustostored 
grain are found in, on,or about the Iot 
Contains more than0.05% of ergotFContains in a 1000 gram portion more than two green garlicGarlicky 

.I : bulblets or an equivalent quantity of dry or partly dry bulblets 
, ' a , Lightsmutty. Has an unmistakable odor of smut, or which contains, in a 250 

g portion, smut balls, portions of smut balls, or spores of smutI in excess of a quantity equal to 5 smut balls, but not in excess 
. . 
. I of-a quantity equal to 30 smut balls of average size 

Contains, in a 250 g portion; smut balls, portions of smut balls, 
or spores of smut in excess of a quantity equal to 30 smut balls 
of average size 

1 
I 
I Treated . Wheat that has been scoured, limed, washed, sulfured; or 

treated in suchamannex thatthe true.cpaliiy isnot reflected,byY either the numerical grades or the U.S. Sample grade I 
I Idesignation alone I 

Source: [39] 
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Table 12. Elevator-ManagersReporting Use of Particular Insecticides in Hard Red I . 

.. . 

, .  

. .9 '-1: 

I'."' 

I 

, . ,
,i , "  
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. . , .  '. .i, 

." ., , I  

, . . .  . 

L 

,68.13 , 22.50 136.W 1 3.75 9.50 
75.40 
79.93 
84.74 
100.00 

NE 
L ~ 

84.17 , 16.67 24-10 5.13 8.04
' * 'I80.80 

85.88 1 I 

OK L . 
I I 

82.50 25.71 31.82 35.29 36.36 
80.60 

e .,90.002 

83.33 
SD 

9	 . 9.09 
79.38 
87.50 
84.19 
100.00 

TX 

Y 23.44 29.61 19.00 23.24 
66.67 
0.00 
0.00 

I 65.00 
. AVG., I 1 

r 
s 

j . 

11 77.41 , 78.83 88.11 84.22 

Source: [28] 
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Y 
0.00 0.76 

1.29 0.00 
4	 . * t 

> .  
' 

* 
I .. , 

a 

.. 
I 

0.00 6.33 

-
I 

2.17 10.91 

n' 


1.33 3.56 

. I . 
I * . I . , 

85.00 90.00 
I "  



I I . .  ' .. . . .  ,. :. . 

0%N/A '8, N/A 29% 
N/A9("rrain' I 

protectant 
38% 19% ' t '  .- ..., ' . . ' .I ,

" 	 oo/o 0% N/A 
N/A 

Top-Dress 
.37?!'i56/.


3.' 0%15% 

. . IJN/A N/A 
Fumigation -
Source: [30] 

,... , 

Source: [22] 
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hoina Stdred Wheat Msinap In and Off 

Adoption Malathion Chlorpyrifos Methoxyc 
-Methyl hlor 

YOOn Farm 85% 77% 8Yo 5% 

* ,  . . 

- _  ­
... .....'. %Off 2% 1% 

-, Fam ' .  

*Use still reported even though 80/20 fumigantswere banned in 1985. 

**Numbermay result fiom misunderstanding of what fuinigants are. Several producers 

Iisted malathion, chlorpyrifos-methyl, and methuxychloras fumigants used. 
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1 . .. 

Sales 80%of Bushels State % of 

II M I 
ast u 3,124 

1O,654 
16,188 

Source: [84] 

< . .  I . 

80 

Sales Treated Productior Prod. 
I 

2,49q 6,929,60c( 74,294 
'' 8,529 23,628,07 
12,95� 35,906,81 

d * \  
h .c " -. 
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Table .17. Estimated Losses Due toCancellation of Chlorpyrifos-methyl in 
Stored Wheat 

, ..: .,. _. , .  

. .
', . , 
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Fi ure6. WheatMarketingChanneLs


*[ 

. 

SubterminaElevator 

PortElevator . , ." .. . , 

' L . . j . ' . . . / 

Source:[27] 

, 


' ,. ' 



0 

r4 

a2 
W 
E
0 

, $-
E 

0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 4,

m 0 m 0 m

d d cc) m r4 0 2 2 m 0,9 




I 

4­
. .:. I 

. .:. 

. .  

0 0 < 

0 0 < 0 C 0 0 C 

0 0 < 0 C 0 0
0 0 0 C0 0 < 0 C 0 00 0 < 0 
3 2 E: 0 0 0 C00 d 



. . '  

.. m 



Amendix. . _ _  


The immediate concern regarding the stability of the U.S. wheat storage and marketing systems . 

is the current lack of safe, effective, and inexpensive chemical insect control options, especiaIIy 


for farmers storing their harvest on-farm. While this concern must be promptly and directly 


addressed, its remedy will not ensure a stable and competitive future for U.S. wheat. No single 


im- pcst management considered and implemented in isolation can accomplish this.4. . +  ." .'t 


To ensure ad 1 e  andcompetitive firturefor US. wheat a host of pest management tools must 


be developed to ensure that W.S.wheat remains internationalIy cdmpetitive.' 


5. *  

The effarts to provide storage managers with the most effective set of pest management tools 


possible include the provision of information, not just the development of new insecticidal 


products, Among tbe most promising and importmt&&xmation sources that must be provided . 

to storage managers are expert systems for the pnidiction and control of insect infestations, crop -

profiles, and Pest Management Strategic Plans for various grain storage regions. Expert systems 


for pest management are computer prbgrams that allow storage managers to input data reflecting-


the current characteristics of their storage bins. These data include exterior and interior 


environmental, insect sampling, and storage facilie data. After data input, the system gives a 


recommendation regarding appropriate pest control options. This system is heavily reliant upon 


two types ofdab, insect population models and insect damage economic thresholds, which are . . 


currently kine,developed. Insect population models take the data provided regardingthe;,i,v* . , , 


currentinsectinfestationIevdsand extraplakeh~thepopulation h l l  g r & M u p o n  I C ­ 


p r o ~ d e dand projected environmentaldata. These population models are thenappliedto the . 


economic damage thresholds, levels of insect infestation needed to create damagewithin the 


storage mass that would result in discounts at the time of sale. By combining these data, the 


expert system can advise storage managers when treatment for infestation is warranted. These' 


systems reduce the cost of insect control by advising against unnecessarytreatments, saving 


managers treatment costs and time, while simultaneously reducing pesticide use. 


' 4 '  ' 

Pest Management Strategic Plans address pest problems and pest control options for specific 

crops from a regional perspective, providing a comprehensive dverview of the pest challenges. 
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The document is dkected.toward EPA, USDA, universities, and pest management stakeholders 

as a source of information regarding the status of regulations, research, and educationregarding 

pests and pest management in specific crops. The information for Pest Management Strategic 

Plans are assembled from state and regional crop profiles, researchers, producers, and pest 

management professionals. The value of this document is as a one-stop, easily accessible 

, 

I 

,nxmurcz for reguhxsaad s?&&olders The development of a. StratcgiC Pest Management Plan #. F~ 

;, fbrwt.reatin~~and~pfainsaadth:PacificNo~westwouldvastIyimprove '3' 

the body of descriptive information specificallydinktedat individualsWith0;ut agricuItuia1 

experiencewho iuake decisions that directly impact wheat production and pest management.. 


-I n e  current a--of this ii&nwml ContfibGteStoa sub optimal environment in which pest 

management is often regulated without full understanding of the crop/pest system by all parties 

, . kvrphred s*.w . ., 3 
_I 


Similar to Pest Management StrategicPlans, crop profiles are general overview documents 

designed to inform both a technical and popular audienceabout theemtire system of a specific 

crop's production and marketing. Crop profiIes already exkt for wheat productio~in many 

states, however, these profiles do not address the specific concerns of wheat storage. A stored 

wheat profile has been developed as a prototype in Kansas, however it is not currently available 

throe the Oflice ofpest ManagementPolicy. The �&her development and dissemination of. 


+ 

cmpprofiles-fixstondwheatwouldnotonIypnovjdetheregulatorycoanmunitywitha. ' 

Comprehensivedescription ofstthge managementpractices mdpesticide*m&but ais0 pruvide a 

definitive guide of accepted best management practices for storage managers. With thecurrent 

lack of these profiles, there is not diable and comprehensive source ofpesticide use data for ­

t 	 wheat storage: Without reliable and comprehensive pesticide use data and an accurate depiction 

of industry practices, regulation of stored grain pesticides can only be conducted thaw 
assumption and analysis of old, incomplete, and inaccurate data. 

r. 

While improvements in the aggregation and presentation of information regarding pest 

management in stored wheat will certainly advance both regulatory and pest control 

effectiveness, improvements in pest management technology ate equally important. Beyond 
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new orcontinuedpestrcideregistrations, the iargest advances in stored wheat pest management .~ 

. I 

technology are taking place with the storage facilities themselves. Three interconnected* 

technologies are greatly improving storage managers’ ability to employ true IPM techniques: 

internal electronic monitoring systems, automated aeration systems, and closed system 

fumigation. Many new storage facilities are designed to employ these technologies and some 

_I 2 I a older facilitimart kihg ktrofittedto accommodate them. Internal eiectmnicmaaitoring~,, : 
. . - systems are comprised of aseries ofwires thatrun boughout the grain mass, measuring 

temperature and moisture at several Iocations. These measurementscan be used by storage 

managers to mnitor the conditions within the grain mass, recognize infestations, and make pest 
* . 

* m a n a g e m e n t d e c i ~ ~ h n t e m a t e i e c t r o n i c ~systems can be particularly effective 
\. 

when paired with an automated aeration system. These systems compare information gathered 
( I . by the moniforing system with externalenvironmental conditions. When sigmficant and 

appropriate differences exist between the external and internal temperature and moisture, the’ 

aeration system is automatically turned on and off to maximize its cooling effect and energy 

efficiency. 

Advances are also being made in fumigation technology.. The most promising and practical of 

them is closed system fumigation. Closed system fumigation can use the same fumigants 

. currently employed forinsectinfestation&sis contmi more effectivelythat traditional 

L 
8 fumigationpractices., Closedsystem fumigationuses aeratiollh s  configlllied withspecial ducts I +c. .* 

to redmtlatch n i p t s  through the grain mass. This’tvpeoffumigdion requires mmpktdy 

closedand sealed grain bins to be effective. If this closure is achieved, the rekculationensures 

, that the fiunigant is evenly distributed throughout the mass, eliminating safe h v m s  in wbich 

insects could survive within the mass. To take best advantage of closed system fumigation, new 

cylinderized fumigants are being developed. These cyhderized fumigants, including phosphine ’ ? 

gas and carbon dioxide, are introduced into the grain mass directly in a gaseous state, rather than 
the traditional solid or liquid states, further improving fumigant distribution within the grain 

mass. The cylinderized carbon dioxide fumigants being developed have the added advantage of 

being less toxic to workers than phosphine fumigants. 
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