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PREFACE 


This report is a joint project of the U. S. Department of Agriculture and the 
State Land Grant Universities, and is the first in a series of reports recently 
prepared by a team of scientists from these organizations in order to provide sound, 
current scientific information on the benefits of, and exposure to, diallate. 

The report is a scientific presentation to be used in connection with other data 
as a portion of the total body of knowledge in a final benefit/risk assessment under 
the Rebuttable Presumption Against Registration Process in connection with the 
Federal Insecticide, Fungicide, and Rodenticide Act. 

This report is a slightly edited version of the report submitted to the 
Environmental Protect~on Agency on September 12, 1977. The editing has been limited 
in order to maintain the accuracy of the information in the original report. 
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the preparation of the report. 
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ABSTRACT 


Diallate 	 is an important preplant, soil-incorporated
herbicide 	 for the control of wild oats in the geographical 
area from Minnesota west to the Pacific Ocean southand 
into California, Wyoming, Utah, and Colorado, with some 
less extensive infestations in Arizona, New Mexico, Texas,
and Oklahoma. 

Wild oats estimated infest 29 
of land in the United States. Economic returns beyond 
treatment costs occur on over 15 million acres. 

are to 	 million acres 

Wild oats cost $319 million annual~y in yield losses 
and produc tion expenses. One-half of these losses are 
reported to occur in North Dakota. 

Wild oats is a major weed problem in sugarbeets, and 
is of economic importance in oats, soybeans, peas, dry beans, 
flax, lentils, corn, sunflower, and grass seed~ 

The total loss from wild oats, including both direct 
yield losses and indirect losses, exceeds $1 billion annually 
in the United States. 

When diallate is used as directed on the registered 
label, contamination of water and air has not been found. 
Soil microflora rapidly degrade diallate when it is 
incorporated into the soil ~s directed. Human exposure 
is minimal because the herbicide is applied by machine 
and incorporated directly into the soil. No reference 
could be found relative to adverse health or environmen~al 
effects of diallate when used as directed. 

Keywords: 	 Diallate, wild oats control, herbicide, weed control, 
sugarbeets, flax, lentils, dry peas, alternatives to 
diallate, crop losses, pesticide registration, RPAR, 
economic impacts, human exposure. 
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IN7RODUCTION 


Title 40, 162.11, of the Code of 
FE-'cleral Regulations for the Federal 
Insecticide, Fungicide and Rodenticide 
Act (FIFFL\) as amended (86 Stat. 971, 89 
Stat. 751, 7 U.S.C. 136 etseq.) provides 
that a rebuttable presumption against 
registration (RPAR) shall arise if the 
Environmental Protection Agency (EPA) 
determines that the pesticide meets or 
exceeds any of the risk criteria 
relating to acute or chronic toxic 
effects set forth in the Regulations 
(Section 162.11 (a)(3». A notice of 
RPAR is issued when the evidence related 
to risk meets the criteria set forth. 

The RPAR may be rebutted by 
proving that: 

(1) In "the case of a pesticide 
presumed against pursuant to the acute 
toxicity or lack of emergency treatment 
criteria, "that when considered with the 
formulation, packaging, method of use, 
and proposed restrictions on the 
directions for use and widespread and 
commonly recognized practices of use, 
the anticipated exposure to an applica­
tor or user and to local, regional or 
national populations of nontarget 
organisms is not likely to result in any 
significant adverse effects"; and, 

(2) In the case of a pesticide 
presumed against pursuant to the chronic 
toxicity criteria, "that when considered 
with proposed widespread and commonly 
recognized practices of use, the pesti ­
cide will not concentrate, persist. or 
accrue to levels in man or the environ­
ment likely to result in any significant 
chronic adver.se effects"; or, 

(3) In either case, that "the 
determination by the Agency that the 
pesticide meets or exceeds any of the 
criteria for risk was in error." 

The regulations also provide that 
evidence may be submitted as to whether. 

the economic, social, and environmental 
benefits of the use of the pesticide 
subject to the presumpticn ou.tweigh the 
risk of use. If the risk presumptions 
are not rebutted the Administrator (of 
EPA) will consider the information in 
determining the appropriate regulatory 
action. 

In the Federal Register of May 31, 
1977, the Environmental Protection 
Agency publish~d a notice of rebut table 
presumption against registration and 
continued registration of pesticide 
products containing diallate. 

EPA has determined that pesticide 
products containing diallate meet or 
exceed the following criteria: 

The reader is directed to the 
notice published in the Federal 
Register for detailed information used 
as the basis for the decision to 
issue a Rebuttable Presumption Against 
Registration (8). 

Oncogenic Effects in Test Animals 

The United Nations International 
Agency for Research on Cancer, after a 
review of the mouse feeding study 
conducted by Innes, concluded that dial­
late is carcinogenic when administered 
orally to mice. The Environmental 
Pro tec tion Agency Carcinogen Assessment 
Group (CAG) reviewed the Innes study and 
concluded that there were statistically 
and pronounced increases in hepatoma 
incidence in males of the two tested 
strains. There were small but statis­
tically significant increases in the 
incidence of lung adenomas in both sexes 
of one strain of mice and in males only 
of the other strain. 

The CAG concluded that the Litton 
Bionetics study showed a statistically 
significant increase in malignant 
tumors, as a whole only at the highest 
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dose in male rats and only at the lower 

dose in female rats. Industrial 

Bia-Test conducted a rat study in which 

they concluded that the neoplastic 

lesions noted in the test and controls 

were considered normal for rats of the 

age and strain. CAG evaluated the study 

and concluded that the rats showed a 

statistically significant excess of 

mammary carcinomas in females. 


Neurotoxicity 

Neurotoxic effects were observed in 

chickens administered dia.llate at 0.312 

g/kg body weight by gavage twice daily 

for three consecutive days. This dosing 

was repeated for three more days 

beginning on the 21st test day. 

Evaluation of this study by EPA and by 

an EPA contractor concluded that this 

study provided adequate evidence of 

neurotoxicity. 


Mutagenicity 

A dominant lethal study on mice and 
a bacterial study have been reported. 
The dominant lethal study concludes that 
diallate produced no mutagenic effects. 
It is, however, limited because the 
investigator used only two dose levels 
ins tead of the three-four dose levels 
recommended as good protocol. 

The negative result of the 

bacterial study is considered as 


IMPORTANCE OF DIALLATE 

The major wild oats infestations 
in the United States occur in a geo­
graphical area from Minnesota west 
to the Pacific Ocean and south into 
California, Wyoming, Utah, and Colorado, 
with some isolated infestations in 
Arizona, New Mexico, Texas, and Oklahoma 
(Figure 1). 

Wild oats was estimated recently by 
weed scientists in various States to 
infest 29 million acres of land (28) 
(Table 1). Wild oats infestations to 
the level that control methods would 
provide an economic return beyond the 

tentative because no metabolic activa­
tion system was included. 

Reproductive Effects 

A 90-day dog study, submitted in 
1960 in support of a request for a 
tolerance, reports that ovarian and 
testicular changes were noted during 
microscopic examination of the tissues. 
This study is under re-examination. An 
EPA contractor concluded that a study 
with albino rabbits demonstrated that 
diallate was not teratogenic or feto­
toxic in rabbits. 

This Cooperative Impact Assessment 
Report was prepared after contacting 
scientis ts in each State as to diallate 
usage and possible impact of the loss 
of the herbicide. Research data and 
use Surveys were used when available as 
the basis for the impact assessment. 
The consensus of several scientists 
involved in research on wild oats or 
extension activities with growers in 
use areas was used when data were not 
available. 

This report presents information on 
the biological, exposure., and economics 
related to the uses of diallate gathered 
by the U. S. Department of Agriculture, 
the State Agricultural Experiment 
Stations, and the Cooperative Extension 
Service. 

IN WILD OATS CONTROL 

treatment costs were reported to occur 
on 14.6 million acres. 

Wild oats cost $318.8 million 
annually in direct yield losses and pro­
duction expenses as shown in Table 1. 
This value represents an average annual 
loss occurring between the late 1960's 
and 1973. Approximately one-half of 
this loss ($150,000,000) was reported 
by North Dakota. 

The direc t crop yield losses from 

wild oats. are high, as indicated 

by competition experiments conducted in 
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Table 1.--Extent of wild oats infestations and the associated estimated yield losses 
and production expenses (28). 

Acres 

Major 
 Economic Estimated 
States Infested infestation~/ loss 

infested X 1,000 X 1,000 X $1,000 

Minnesota bl 1,000 400 35,000
North Dakota- 15,000 7,500 150,000
South Dakota 5,000 3,000 50,000
Montana 3,000 1,000 20,000
Wyoming 10 7 125
Colorado 250 100 1,000
Idaho 3,000 1,000 34,000Washingto~1 750 750 13,000
Oregon :l. 100 60 500
California..!,) 900 750 15,200
Total 29,010 14,567 318,825 

al Ten or more wild plants per square yard. 
bl Values for North Dakota are 3/4 those obtained from a survey when wild oats 

infestations were heavier than average (20). 
cl Economic infestation was not given on survey. Acres infested were used. 
dl Data from weed control specialists in California. 

North Dakota (28). Wheat yields were 
reduced an average of 30% with an 
infestation of 100 wild oat plants per 
square yard. This level of infestation 
would normally be considered a moderate 
infestation. Barley is more competitive 
than wheat and yield losses from a given 
infestation of wild oats are less in 
barley than in wheat. Nevertheless, 
wild o~ts is still an important 
competitor with barley and caused a 20% 
yield loss with infestations of 100 
plants per square yard. 

Wild oats, even at low infesta­
tions, caused severe yield losses in 
flax. An infestation of only 10 plants 
per square yard caused a 20% yield loss 
and 80 plants per square yard caused a 
65% yield loss (28). 

Wild oats is considered to be 
equally as competitive in other areas, 
and some data indi.cated that yield 
losses may be even greater in the 

Northwestern U.S. and in irrigated crops 
than in North Dakota (~/). 

Wild oats is assumed to be competi ­
tive in all crops, although precise 
competition data are not always avail ­
able. In addition to the crops 
mentioned, wild oats is a major weed 
problem in ~garbeets and is considered 
of economic importance in oats, soy­
beans, peas, dry beans) flax, lentils, 
corn, sunflower, and grass seed. 

In addition to the direct crop 
yield losses, expenses involving 
transportation, storage, cleaning, 
harvesting, and cultural and chemical 
control are also incurred from wild oats 
infestations. 

al Lee, G. A. Personal communica­
tion, Univ. of Idaho, Hoscow, Idaho, 
1977 • 
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Crop yields are reduced by delayed 
seeding for wild oats control, economic 
return from competitive crops sown for 
wild oats control is lower and extra 
tillage is required for wild oats 
control. In addition, some acres are 
replanted to the same or less profitable 
crops, other acres are cut for hay to 

prevent wild oats seed maturation, and 
some acres are abandoned. These 
indirect losses from wild oats plus the 
direct yield losses and production 
expenses were estimated by weed control 
specialists to exceed $1 billion 
annually in the wild oats infested area 
of the United States (28). 

DIALLATE TECHNICAL DATA 


A. Nomenclature 
1. Common name: diallate 
2. 	 Chemical name: S-(2,3-dichlo= 

roallyl) diisopropylthiocar= 
bamate 

3. Trade name: Avadex® 
4. Other names: CP-15336, DATC 

B. Chemistry and physical properties 
Diallate is a brown, oily liquid, 

soluble or miscible in most organic sol­
vents, is slightly soluble in water (22 
ppm at 24°C), and has a vapor pressure 
of 2.12 X 10-3 mm Hg at 25°C. Diallate 
consis ts of the cis and trans isomers 
Cal). 

C. Herbicidal Uses 
Diallate is primarily used as a 

preplant soil-incorporated herbicide for 
the control of wild oats in sugarbeets, 
flax, barley, lentils, peas, potatoes, 
corn, and soybeans. Diallate is labeled 
at 1.5 to 3.5 lb a.i./acre applied in 5 
to 40 gallons of water or in a 10% 
granular formulation. 

Diallate is an effective herbicide 
for wild oats control. Research results 
indicated that wild oats control in 
sugarbeets was 5 to 15% higher with 
diallate than with EPTC or barban. The 
primary usage of diallate is on 
sugarbeets (5,6). 

a/ Personal communication--Monsanto 
Agricultural Products Co., St. Louis, 
Missouri, 1977. 

D. Formulations 
1. 	 Emulsifiable concentrate 

4 lb ac tive ingredient per 
gallon. 

2. 	 Granular - clay granule, 10% 
active ingredient. 

3. 	 Mixture of one part diallate 
and two parts pebulate - a 
6 lb per gallon emulsifi ­
able concentration or 10% 
granules. 

4. 	 Mixture of one part diallate 
and three parts cycloate - a 
6 lb per gallon emulsi­
fiable concentration or 10% 
granules. 

E. Toxicological properties (12) 
1. 	 Acute oral LD50 (rats), 

395 mg/kg. 
2. 	 Acute oral LDSO (dogs), 

510 mg/kg. 
3. 	 Sub-acute (rats), greater than 

125 mg/day. 
4. 	 Sub-acute (dogs), greater than 

600 mg/day. 
5. 	 Chronic toxicity (rats), 400 

ppm in diet for 90 days 
resulted in weight loss. 

6. 	 Chronic toxicity (beagle 
dogs), no effect at rates up 
to 125 ppm in diet for 90 
days. At 600 ppm, food 
intake was erratic, weight 
gain decreased, and ovaries 
and testes were affected. 

F. Uptake and translocation in plants 
(12) 

1. 	 Absorption characteristics: 
In wild oats, primary 
absorption is through the 
emerging coleoptile. 
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2. 	 Translocation characteristics: 
Extremely minor at early 
stages of seedling develop­
ment. 

G. Principal manufacturer 
Monsanto Agricultural Products Co., 

800 North Lindbergh Blvd., St. Louis, 
110 63116. 

H. Residue levels in crop samples 
Residue determination on 49 samples 

of 13 crops (an average of 4 samples/ 
crop) indicated less than 0.1 ppm dial­
late (17). Residues were not found at 

FATE IN THE 

Water 

Information is currently not 
available on the fate of diallate in 
water;' however, diallate use directions 
recommend incorporation into the upper 2 
inches of soil as soon as possible after 
application to prevent loss due to 
photodecomposition and vaporization. 
Incorporation also places the herbicide 
in contact with emerging wild oat 
coleoptiles. Diallate adsorption to the 
soil would prevent runoff and leaching 
(11). Thus, diallate would not contam­
inate water unless transported by soil 
particles. Soil erosion from areas 
where diallate is used would not be 
sufficient to cause harmful contamina­
tion of water by diallate. 

Air 

Information is not available on the 
presence of diallate in the air. Dial­
late is not currently included in the 
EPA National Air Monitoring Program for 
Pesticides. The presence of diallate jn 

the air would be minimal, because 
immediate soil incorporation is recom­
mended 	and b~cause the vapor pressure is 
2.12 X 10- IDID. Hg at 25°C, 12,000 
times less volatile than water (12). 

Soil 

Rapid desorption of diallate from 
soil has been reported (2, 3, 9, 14, 15, 

6 

method sensitivity of 0.02 ppm when 17 
samples of 5 crops were analyzed (18). 

I. 	 Residue levels in raw agricultural 
products 

The Food and Drug Administration 
total diet program (Market Basket 
Survey) and the U.S. Department of 
Agriculture meat and poultry inspection 
program have never analyzed for diallate 
residues. Joint meetings of the World 
Health Organization and the Food and 
Agriculture Organization on pesticide 
residues have never reviewed residue 
data on diallate. 

ENVIRONMENT 

16, 23, 24). Diallate disappears most 
rapidly from soils containing living 
microbial populations (2). In experi­
ments with radio-labeled diallate, 50% 
of the diallate applied initially (2.5 
ppm) disappec:..::ed after 1.5-4 weeks in 
non-sterile soils. Diallate dis­
appearance was a result of degradation 
by soil microflora rather than by 
volatilization, adsorption, or retention 
by soil microflora. Other research 
results indicated degradation of dial ­
late by soil fungi (14). All soils 
contain an abundance of soil microflora, 
and therefore diallate degradation would 
be rapid under use conditions. Analysis 
for diallate residues is not currently 
included in the EPA National Soils 
Monitoring Program. 

Plants 

Plant metabolism research with 
radio-labeled diallate on seedlings of 
barley, flax, and sugarbeets was 
submitted by 110nsanto as part of the 
registration requirements. These exper­
iments indicated that diallate was 
rapidly metabolized by the plants. The 
slowest degradation rate was in barley, 
where 74% of the radioactivity was 
released .as labeled CO2 within 11 
days. The fastest degradation was in 
sugarbeets , where 87% of the radio­
activity was released as CO2 within 6 

. days. 



HUMAN EXPOS URE 


Exposure of applicators to diallate 
is low because of time (season) and 
method of application. Diallate appli ­
cations for wild oats control are in the 
fall (October to freeze-up) or early 
spring (April-May) when temperatures are 
normally low. Diallate is less volatile 
a t lower temperatures, and thus dermal 
and inhalation exposure to the applica­
tor would be low. Diallate is applied 
to the soil surface and immediately 
incorporated, which limits the period of 
possible exposure. In addition, appli ­
cator exposure to diallate drift and 
vapors is minimized by the use of 
tractors with enclosed cabs. Available 
data indicate that 85% of the tractors 
sold in the United States have enclosed 
cabs (a/). Tractors used for diallate 
application in the Northern United 
States where wild oats is a problem 
commonly have had enclosed cabs for 
several years. Tractors with enclosed 
cabs are common in this region because 
temperatures are low when tillage opera­
tions are done, and because a cab is a 
small additional expense on large 
t.ractors. These large tractors are 
necessary for general farming operations 
and for applying and incorporating 
herbicides such as diallate in a single 
operation. 

The average sugarbeet grower in 
North Dakota and t1innesota, treating his 
sugarbeet acreage, would have an 
exposure to spray vapors or drift of 
approximately 6 hours/year, assuming 20 
acres treated/hour and an average of 115 

acres/yea.r. The 115 acreB is based on 
167) 300 acres treated by 1450 growers 
(5). Sugarbeet grower exposure to 
diallate in irrigated regions would be 
less than in the non-irrigated regions 
because the average sugarbeet acreage 
per far'm is less under :Lrrigation than 
without irrigation. In the irrigated 
areas only 48) 400 acres of sugarbeets 
were treated with diallate. The 
percentage of total sugarbeet acreage 
diallate-treated varied from a high of 
62% in Montana to a range of 1-9% in the 
other States (Table 2). Sixty-five 
percent of the diallate U£'age on other 
crops (flax, dry peas, lentils, 
potatoes, barley, corn, soybeans, and 
forage legumes) is by farmers who do not 
grow sugarbeets. For sugarbeet growers 
who use diallate on other crops, how­
ever, the total exposure would probably 
not exceed an additional 6 hours over 
that for the sugarbeet opera.tion. Also, 
in the non-irrigated areas, preliminary 
data from a survey (b/) indicated that 
20% of the diallate is custom-applied. 
Thus, individual farmer exposure would 
be even less than indicated above. 

Diallate residues have not been 
detected in raw agricultural commodities 
based on currently available levels of 
measurement. Method sensitivity in 
various crops is from .02-.05 ppm. 
Diallate has been registered as a 
selective herbicide for wild oats since 
1960. No adverse health or environment 
effects have been reported over the 
years of diallate usage. 

IMPACT OF DIALLA1~ NON-AVAILABILITY FOR CROPS 

The economic impact of the non­
availability of diallate as discussed 
in this report includes added costs of 
alternate herbicide purchase, applica­
tion costs, and yield losses from less 
effective wild oats control from herbi­
cides used as alternatives to diallate. 

a/ Personal communication, National 
Implement Dealers Association, 1977. 

Also included are losses from shifts to 
less profitable crops, yield losses due 
to delayed seeding, and costs of addi­
tional tillage, cultivation, and hand 
labor to control wild oats culturally. 
Diallate usage in this report was based 
on farmer surveys and on estimates by 

'E../ Johnson, R. G., 1977. Unpub­
lished survey data, North Dakota State 
University, Fargo, North Dakota. 
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Table 2.--Diallate usage on sugarbeets in wild oats-infested States, 1976. 

Planted acres 	 Average
Infested 	 Treated Percentin the / 	 yieldb/States 	 wild oats area~ acres- treated tons/acre 

Non-Irrigated 
North Dakota-Minnesota 411,000 167,300 41 12.8 
Irrigate~ 
Montana 46,500 28,900 62 ,2.l 0 0 
Idaho 145,600 10,000 7 20.3 
Wyoming 57,000 5,000 9 20.7 
California 318,000 2,000 1 28.5 
Utah 18,400 1,500 8 17.4 
Oregon 14,600 1,000 7 25.1 
Total 1,011,100 215,700 2T 19~5 

a/ (27). 

b/ Based Oll farmer surveys and estimates by weed control specialists in each State. 


Table 3.--Costs and method of application of diallate and alternative wild oats 
control in sugarbeets. 

Control Rate Cost a/ 	 Time and 
method lb a.1. /acre $/acre- method of application 

Non-Irrigated 
A. 	 Herbicides 

Diallate 1.2iE.! 5.30 Preplant incorporated, ground 
EPTC-Fall 4.25 12.90 Praplant incorporated, ground 
EPTC-Spring 2.50 7.60 Preplant incorporated, ground 
Barban 0.75 12.20 Postemergence (l/2 air, 1/2 ground) 
Dalapon 3.75 8.50 Postemergence (1/2 air, 1/2 ground) 

B. 	 Cultural 
Hand weeding 24.00-35.00 
Cultivation 2.00 

Irrigated 
A. 	 Herbicides 

Diallate 1.25 5.30 Preplant incorporated, ground 
Cycloate 4.00 23.50 Preplaat incorporated, ground 
Barban 0.75 12.20 Poste-mergence (l/2 air, 1/2 ground) 
Paraquat 1.00 20.00 Poroe to weeds, Pre to crop 
Dalapon 3.00 6.80 l>ostemergence (l!2 air, 1/2 ground) 
Propham 6.00 13.00 Preemergence, ground 

B. 	 Cultural 
Hand weeding 24.00-65.00 
Cul.tivation 2.00 

a/ Based upon 1976 list prices, application cost not included. Costs for hand 
weeding and cultivation estimated by Assessment Team. 

b/ Labeled rate is 1.5 to 2 lb/acre; however, 1.25 .lb/acre represents an average 
use rate because approximately 5% is band-applied to one-third of the ,;otal area and 
diallate applied in combinations is often used at 1 lb/acre. 
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weed control specialists. Production 
losses from the unavailability of dial­
late were valued at 1975-76 average 
market prices. 

Sugarbeets 

Diallate was used on 215,700 acres 
of sugarbeets in 1976, which was 21.3% 
of the sugarbeet acreage in States that 
have a wild oats problem (Table 2). 
Farm.ers in the Red River Valley of North 
Dakota and Minnesota used more diallate 
o.n sugarbeets than did farmers in any 
other region - 167,300 treated acres or 
41% of the planted acres. 

Costs of diallate and alternatives 
for wild oats control are given in 
Table 3. EPTC, cycloate, and propham 
are preplanL-incorporated herbicides 
that give fair to good wild oats 
control. EPTC gives the Jest wild oats 
control of these alternatives, but is 
used only in the Red River Valley 
because of injury to sugarbeets in other 
areas. EPTC was only 85-95% as effec­
tive as diallate (5). 

Barban and dalapon are post­
emergence herbicides that control wild 
oats. Barban gives 70-90% control of 
wild oats in the 2-leaf-stage, but 
larger wild oats are not effectively 
controlled and wild oats emerging after 
application are not controlled. There­
fore, a single application of barban is 
not so effective as diallate for 
season-long wild oats control. Multiple 
application of barban is not registered; 
therefore, application to later emerged 
wild oats is not permitted. Barban is 
more effective than dalapon on 2-leaf­
stage wild oats; however, dalapon will 
give fair control of larger wild oats 
(50-70%) (7). Dalapon causes sugarbeet 
injury under certain environmental 
conditions, but diallate has a good 
record of non-injury to plants. 

An additional problem with the use 
of barban and dalapon is that they kill 
wild oat plants very slowly. Young 
sugarbeet plants must be thinne4 to 
prevent yield losses from competition 
among sugarbeet plants. Thinning is 

accomplished mechanically by using elec­
tronic sensors which do not distinguish 
between wild oats and sugarbeet plants. 
Therefore, if barban or dalapon is 
used, the thinning operation cannot be 
performed in a timely manner and yield 
losses will be incurred. On the other 
hand, diallate controls wild oat seed­
lings prio;: to emergence, so they do not 
interfere with the thinning operation. 

Paraquat is a non-selective contact 
herbicide and must be applied after wild 
oats emergence but before sugarbeets 
emerge. Paraquat application reduces 
the wild oats population, but in many 
years most wild oats emerge after or 
along with the sugarbeets. Thus, para­
quat is often not an effective herbicide 
for wild oats control. Hand labor for 
weeding and thinning still is commonly 
used in sugarbeets, but hand labor for 
wild oats control is expensive compared 
with diallate. Hand laborers generally 
charge by the acre rather than by the 
hour and charge mon, for weedy fields. 
The cost of hand hoe labor can exceed 
$100/acre in a field severely infested 
with wild oats or other weeds. Most 
farmers agree that sugarbeet profit 
margins do not justify this level of 
expense for hand labor. Even with the 
use of diallate, farmers typically spend 
$24-35/acre in the non-irrigated areas 
and $24-65/acre in the irrigated areas 
for hand labor (Table 3). If alterna­
tive herbicides were used in place of 
diallate, wild oats control would be 
less and additional hand labor would be 
needed. The hand labor costs are higher 
in the irrigated than in the non­
irrigated region because irrigation 
promotes more late season emergence of 
wild oats. The use of hand hoe labor in 
a thick population of wild oats will 
often remove excessive numbers of sugar­
beets along with the weeds, causing poor 
sugarbeet stands and yield losses. 
Sugarbeets are normally cultivated two 
to four times per year at a cost of 
$2.00/acre per cultivation. The absence 
of diallate would necessitate extra cul­
tivations. Cultivation causes a direct 
cost for fuel and wear on machinery, but 
cultivation also can cause soil com­
paction and may damage sugarbeet roots. 
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Diallate was applied alone or in 
combination with other herbicides to 
167,300 sugarbeet acres in the non­
irriga.ted and 48,400 acres in the 
irrigated region (Table 4). Without 
diallate, multiple weed control prac­
tices on the same acreage would be used; 
therefore, the increase in acres treated 
wi.th alternatives is greater than the 
diallate-treate-i acreage (Table 4). The 
increase in acres treated with diallate 
alternatives totaled 255,600 in the non­
irrigated and 62,150 in the irrigated 
region. 

The total increased production 
costs a~ loss ')f sugarbeet production 
due to t~e unavailability of diallate is 
estimated at $7.2 million with $3.5 
million in the non-irrigated area and 
$3.7 million in the irrigated areas 
(Table 4). This amounts to $20.75/acre 
in the non-irrigated area and $76.13/ 
acre in the irrigated areas for the 
acreage previously treated with dial­
late. With diallate available, the 
returns to land, labor, and management 
were estimated at $71.45/acre in the 
non-irrigated area and $241. 76 in the 
irrigated areas (13, 22). With diallate 
unavailable, the per-acre returns to 
land, labor, and management would be 
$50.70 lower in the non-irrigated area 
and $165.63 lower in the irrigated 
areas, a reduction of about 30%. 

Production losses from the unavail­
ability of diallate were valued at 
1975-76 average market prices. Under 
irrigation, several flushes of wi],d oats 
germinate in a year. Hand l<.\bor or 
postemergence herbicides are needed for 
each new flush of wild oats, but often 
adequate control by these methods is not 
possible. Diallate has usually given 
season-long wild oats cont.rol with one 
pre.plant application, thus controlling 
early as well as late germinating rdld 
oats. In non-irrigated production, usu­
ally only one or two flushes of wild 
oats germinate, and good to excellent 
control is possible with hand labor and 
postemergence herbicides. Much of the 
added costs for hand labor and post­
emergence herbicides can be eliminated 
thr:ough the use of diallate. The 

average sugarbeet yield is higher from 
irrigated than from non-irrigated land 
(Table 2), and yield losses from wild 
oats competition under irrigation are 
also greater than with non-irrigated 
production. 

In the non-irrigated region (Red 
River Valley of North Dakota and 
Minnesota) EPTC and diallate are common­
ly used in combination and barban or 
dalapon are commonly applied post­
emergence after preplant-incorporated 
EPTC or diallate to maximize wild oa ts 
control. Hand labor is used in addition 
to herbicides for weed control on most 
of the acreage in the Red River Valley. 
Without an effective and consistent 
preplant-incorporated herbicide, the use 
of postemergence herbicides and hand 
labor will increase. 

The assumption in Table 4 for the 
non-irrigated area of the Red River 
Valley was that, in the absence of 
diallate, extra inputs of herbicides, 
cultivation, and hand labor would be 
made so that increased losses due to 
wild oats competition would be 
negligible. Of the 167,300 acres 
treated with diallate in the 
non-irrigated area in 1976, 42,000 acres 
were treated with diallate alone and 
125,300 acres with a combination of 
diallate and EPTC. EPTC gives the best 
wild oats control of the alternatives 
and would be used on all acres treated 
with diallate alone. The loss of 
diallate in combination with EPTC would 
necessitate an increased use of the 
postemergence herbicides, barban and 
dalapon. 

Because barban gives better wild 
oats control than dalapon and was used 
only on 6% of the acreage in 1976, 
barban would have the largest increase 
in usage, a projected increase of 94,000 
acres. Much of the barban would be 
applied on acreage already treated with 
EPTC. Total wild oa.ts control would be 
less in the absence of diallate; thus 
the average cost per acre for hand 
weeding would increase, additional 
cultivation would be needed, and very 
weedy fields would be summer-fallowed to 
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Table 4.--Increased cests te sugarbeet grewers due te unavailability .of diallate. 

Cests Yield less Tetal value 
Centrel Affectec:. Herbi- App~i-b/ .of cests and 
methed acres-a/ cide catJ.en- Other Tens Value~j: yield less 

NON-IRRIGATED ------------------------------1,000------------------------------
Witheut diallate 
EPTC-Fall 21,000 $ 270.9 $ 73.5 ~/ $ 344.4 
EPTC-Spring 21,000 159.6 73.5 . r}/ 233.1

eft/Dalapen 24,000 204.0 34.8 238.8
eft/Barban 94,000 1,146.8 13603 1,283.1 

Hand weeding 2,000 $1, 721. Of}/ rtl 1,721.0 
Additienal 

cultivatien 80,000 160.0 09:./ 160.0 
Additienal f/ 

summer fallew- 12,000 840.0 09:./ 840.0 
Additienal 

replanting 1,600 48.0 3.2 $ 75.7 123.7 
Tetal 255,600 $1,781. 3 $ 318.1 $2,769.0 3.2 $ 75.7 $4,944.1 

With diallate 167,300 886.7 585.6 1,472.3 
Net change 894.6 (267.5) 2,769.0 3.2 75.7 3,471.8 

IRRIGATED 
Witheut diallate 
Cycleate 11,100 260.8 38.8 9.6 227.0 526.6 
Prepham 400 5.2 1.4 2.4 56.8 63.4 
Dalapen 2,500 17.0 3.6 2.5 59.1 79.7 
Barban 2,500 30.5 3.6 7.2 170.3 204.4 
Paraquat 2,500 50.0 3.6 7.8 184.5 238.1 
Untreated 7,600 38.1 901.1 901.1 
Hand weeding 11,100 410. -pi 19.8 468.3 879.0 
Additienal 

cultivatien 14,500 29.0 7.4 175.0 204.0 
Delayed seeding 1,250 2.5 59.1 59.1 
Shift te 

ether creps-h/ 8,700 42.oY 22. r;Y 890 • .>i/ 955.4 
Tetal 62, 150 $ 405.5 $ 73.9 $1,330.2 97.3 $2,301. 2 $4,110.8 

With dialla-:e 48,400 256.6 Ib9.4 425.9 
Net change 148.9 (95.5) 1,330.2 97.3 2,301. 2 3,684.8 

Tetal net change 
Nen-irrigated 

and irrigated $1,043.5 $(363.0) $4,099.2 100.5 $2,376.9 $7,156.6 

a/ Weed centrel practices may be .used in cembinatien .or in sequence as well as alene, thus 
acres-treated with alternatives exceed acres treated with diallate in 1976. 

b/ Using applicatien cests .of $0.90/acre fer greund spraying, $2.00/acre fer aerial, and 
$2.60!acre fer herbicide incerperatien, applicatien cests include .only direct cests assuming 
the life .of the equipment weuld net be significantly affected. 

c/ Price .of sugarbeets was assumed te be $23.65/ten (1975-76 average price). 

d/ Assuming increased inputs sufficient te give n.o yield less frem cempetitien. 

e/ Includes an increal:...d hand hee laber cest .of $10/acre en the 165,300 acres previeusly 


treated with diallate and an additional $34/acre en 2,000 acres that did net require hand 
heeing when treated with diallate. 

f/ Additienal acreage .of sugarbeets -preduced en land summer fallewed the previeus year. A 
charge .of $70/acrewas made fer land rental and tillage eperatiens fer sull\iller fallew. 

g/ An es timated 11,100 acres weuld require additienal hand laber at an average cest .of 
$37/acre.

E/ If diallate was net available, 8,700 acres .of sugarbeets in Hentana weuld be shifted te 
ether crops. The acreages .of these creps are shewn in Table 5. 

i/ Wheat and barley acres weuld be treated with triallate at lIb/acre and cern silage 
with atrazine at 2 lij/acre.

i/ Less .of inceme in shift .of sugarbeet acreage te .other creps (see Table 5). 
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reduce the wild oats problem sufficient­ increase. The extra hand labor needed 
ly to allow sugarbeet production. in sugarbeets due to the absence of 

diallate would require approximately 
In the irrigated areas (Table 4) 1000 extra migrant laborers. Sugarbeet 

the main substitute herbicide for dial­ growers using migrant labor are required 
late would be cycloate. Most of the to supply housing. An extra 1000 
acreage treated with diallate in 1976 migrant workers would require additional 
was also treated with cycloate; the construction of housing or expensive 
projected increase in cycloate usage was motel or hotel rental. The extra cost 
11,100 acres. Barban, dalapon, and for migrant housing is not included in 
paraquat often would be used in addition the total additional cost figure; 
to cycloate in the absence of diallate. however, the extra cost of housing 
The use of hand labor would increase and 1000 migrant workers is estimated at 
the acres not treated with a substitute $250,000 annually (13). Further, 
for diallate would increase. migrant labor is heavily subsidized by 

government programs for day care 
No shift to other crops would be centers, health services, legal aid, and 

expec ted in the non-irrigated Red River food stamps. No extra cost for these 
Valley; however, 18% of the acreage programs is included in the total 
treated with diallate under irrigation additional cost figure. Migrant labor 
would be shi fted to other crops in the availability may be limited in the 
absence of dial late. Because the most future because of socia-economic 
logiral alternative crops are not as fac to r s. Diallate will be needed 
profitable as sugarbeets, considerable for sugarbeets in the future even 
lost income would result (Table 5). more than now if migrant labor becomes 

less available. Triallate could 
In addition to the added direct substitute for diallate in sugarbeets 

costs as a result of diallate unavail­ with no loss of production or increase 
ability listed in Table 4, other losses in cost. Triallate, however, is not 
should be considered. Because total labeled for use on sugarbeets in the 
wild oats control will be reduced in the Uni ted Sta tes and is currently lis ted 
absence of diallate, more wild oats seed as an RPAR candidate, which raises 
will be produced and the wild oats prob­ concern for the future availability of 
lem in other crops in the rotation will triallate. 

Table 5.--Inc::ome lost in the shift from sugarbeets to other crops. 

Variable Return over 
Total Value of product~~n variable 
d . a/ d . b/Crop Acres pro uc t1.on- pro uct1.on- cost- cost 

Sugar beets 8,700 174,000 T. $4,115.1 $2,657.9 $1,457.2 
Alternative Crops 

Wheat 1,400 70,000 bu 211.5 156.6 56.9 
Barley 4,400 264,000 bu 549.1 389.8 159.3 
Corn Silage 2,900 58,000 T. 864.2 513.7 350.5 
Sub-Total 8,700 1,626.8 1,060.1 566.7 

Net Loss 2,488.3 1,597.8 890.5 

a/ The yields used in calculating total production are as follows: 
Sugarbeets 20 tons, wheat 50 bu, barley 60 bu, and corn silage 20 tons/acre. 

b/ The 1975-76 average prices for Montana used were sugarbeets $23.65/ton, 
wheat-$3.05/bu, barley $2.08/bu, and corn silage $14.90/ton. 

c/ Average produc tion costs taken from (22). Herbicide costs for wild oats have 
been excluded because they have been included under herbicide costs in Table 4. 
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Flax 

Diallate is applied to 28,900 acres 
of flax in Minnesota, North Dakota, and 
South Dakota, or to only about 3% of the 
flax acreage in the wild oats infested 
area (Table 6). 

Barban, EPTC, and delayed seeding 
are the main al ternatives to diallate 
for wild oats control in flax (Table 7). 
Barban is appliedpostemergence when the 
wild oats are in the 2-leaf stage. The 
limited time for the application is a 
deterrent to barban usage because 
adverse weather conditions during this 
2-4 day period may prevent application. 
Further, barban has not given as effec­
tive wild oats control as diallate. 
Barban is often applied by air, which 

Table 6.--Current use of diallate on flax, 

Plante~/ 
State acres-

North Dakota 486,000 
South Dakota 270,000 
Minnesota 205,000 
Total 961,000 

increases the cost of application com­
pared with ground application. The cost 
values in this report for herbicide 
application and tillages performed by 
the farmer included only direct costs, 
assuming the life of the equipment would 
not be significantly affected (21). 

EPTC was listed as a viable al ter­
nate only in North Dakota, where usage 
is presently in practice. The primary 
disadvantage of EPTC is marginal flax 
tolerance. Extreme preclsl0n in use 
rate relative to soil conditions is 
needed to give good weed control 
and acceptable crop injury; however, 
yields have been high with EPTC 
because of reduced competition from 
other annual weeds in addition to wild 
oats. 

1976. 

Treated / P·~rcent Average 

acres .!: treated bu/acre!::/ 


14,600 3.0 8.3 

8,100 3.0 7.2 

6,200 3.0 11.0 


28,900 3.0 ---u 


a/ (27). 

b/ Estimated by weed control specialists.

c/ 1974-76 average yield per harvested acre. 


Table 7.--Costs of diallate and alternative wild oats control in flax. 

Control Rate Cost Time of Yield d/ 
method Ib a. i. /acre $/acre application bu/acre-

Herbicide 
Barba~ 0.375 6.10 POST£/ 11. 3 
EPTC - 3.0 b/ 9.12 PPI 16.0 
Diallate 1.2S-:: 5.30 PPI 14.4 

Cultural 
Delayed seeding 2.25 8.3 

(extra tillage) 


a/ Not recommended in Minnesota and South Dakota because of possible flax injury. 
b/ Labeled rate is 1.5 lb/acre; however, flax growers often use only lIb/acre.
c/ POST = Postemergence; PPI = Preplant-incorporated. 
d/ Estiwated by weed control specialists. 
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Table 9.--Income lost in the shift from flax to other crops. 

Variable Return over 

Crop Acres 
Total 

productio~/ 
Value of 
production~/ 

production 
cos t !::.I 

variable 
cost 

Flax 3,850 55,440 bu $373,666 $ 97 , 983 $275,683 
Alternative crops 

Wheat 1,530 36,567 bu 125,425 57,436 67,989 
Barley 570 18,468 bu 44,877 19,471 25,406 
Oats 570 23,655 bu 34,063 12,893 21,170 
Sunflowers 1,180 11,800 cwt 129,800 40,769 89,031 

Sub-Total 
Net Loss 

3,850 334,165 
39,501 

130,569 
(32,.586) 

203,596 d / 
72,087­

a/ The yields used in calculating total production are as follows: flax 14.4 bu, 
oats 41.)5 bu, barley 32.4 bu, and sunflowers 1,000 lb/acre. 

b/ The 1975-76 average prices for the three States of Minnesota, North Dakota, and 
South Dakota were used to calculate the value of production. The prices used are as 
follows: oats $i.44, wheat $3.43, barley $2.43, flax $6.74/bu, and sunflowers 
$11. 00/cwt. 

c/ Average production costs for 1975-76 were taken from: (25). Sunflower costs 
were unpublished costs of the Department of Agricultural Economics, North Dakota 
State University for 1975 and 1976. Herbicide costs for wild oats control have been 
excluded because they have been included under herbicide costs in Table 8. 

d/ Flax returns compared with alternative crops. 

occurs because barban application costs With diallate available the farmer's 
are estimated at $1.45/acre compared return to land, labor, and management is 
with $3.50/acre for diallate. The flax estimated at $54.42/acre (a/); the loss 
acres that would be shifted to other of diallate would reduce "these returns 
crops would be treated with triallate or to $37.32/acre, or 31%. 
EPTC for wild oats control, except those 
shifted to common oats. The increased Flax straw is used in the manufac­
wild oats infestations in the subsequent ture of quality paper. If weeds are 
years following the untreated common present or flax growth poor, however, 
oats could be significant and add to straw cannot be used for paper, which 
control costs in subsequent years. resul ts in an economic loss. Flax straw 

decays slowly. Flax straw not used for 
The flaxseed production would be paper is often burned or, if not burned, 

reduced 60,706 bushels from reduced wild causes delays in tillage. Diallate un­
oats control, which at $6.74/bu equals a availability would reduce the amount of 
$409,159 loss. In addition to the yield straw acceptable for paper; however, 
loss, the harvested seed would contain this was no t considered in the economic 
more dockage, increasing cleaning costs analysis. A yield of flax straw of 750 
$.15/bu or $36,752. Alternate crop sub­ Ib/acre at $12/ton has a value of $4.50/ 
stitutions for diallate-treated flax acre (1), and an estimated 25,000 acres 
would have a lower profit, causing a (all diallate-treated minus EPTC alter­
loss of $72,087 (Table 9). Although the nate) would be lost for this use. 
cost of herbicides including application 
cost is sightly lower, the net loss from a/ Schaffner, L. \~. 1977 • Unpub­
diallate unavailability equals $494,337 lished data. North Dakota State 
or $17.10 loss/diallate-treated acre. University, Fargo, North Dakota. 
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Table 10.--Acreage planted, average yields, and diallate-treated acres seeded to 
lentils, 1976. 

Diallate- Percent Average 
Acres a/ treated/ acres yield 

State plantecF acres..!: treated lb/acre2-/ 

Idaho 25,000 16,000 64 1,200 
Washington 85,000 25,500 30 1,250 
Total 110,000 41,500 38 1,239 

a/ Personal communication - Howard Blain, Executive Secretary, Washington-Idaho 
Pea and Lentil Commission, 1977. 

b/ Estimates by weed control specialists. 

Table 11.--Costs (per acre) of diallate and three alternative herbicides for control 
of wild oats in lentils. 

Rate Herbicide cost Time of 
Herbicide lb a. i. / acre $/acre application 

Diallate 1.0~/ 4.25 PPI~/ 
Triallate 1. rfl:-/ 4.25 PPI 
Propham 4.0 8.75 PPI 
Barban 0.33 5.20 POST 

a/ Farmers generally use less than the labeled rate of 1.5 lb/acre. 
b/ PPI = Preplant-incorporated; POST = Postemergence. 

Table 12.--Estimated weed control costs and yield losses in lentil production, with 
the use of alternative herbicides to diallate in Idaho and Washington. 

:Total value 
Control Affected Costs Yield loss :of costs and 
method acres :Herbici4e Application: Cwt Valu~/ : yield loss 

Without diallate 
Triallate 38,440 $163,370 $134,540 (10,725) $(144,787) $153,123 
Propham 2,660 23,275 9,310 426 5,751 38,336 
Barban 400 2,080 360 520 7,020 9,460 

Total 41,500 $188,725 $144,210 (9,779) $(132,016) $200,919 

With diallate 41,500 176,375 145,250 321,625 
Net increase $ 12,350 $ (1,040) (9,779) $(132,016) $(120,706) 

~/ Yield losses valued at $13.50/cwt. Data from Idaho indicated slightly higher 
yields with triallate compared with diallate. 
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Diallate used on flax could easily 
be replaced with triallate at no extra 
cost or loss in wild oats control, but 
triallate is not labeled for use on 
flax. 

Asulam, a postemergence herbicide, 
has shown promise for wild oats control 
in flax, and 1£ labeled would help to 
reduce losses. Wild oats is susceptible 
to asulam at the 3- to 4-leaf stage, 
thus increasing the period for wild oats 
control beyond that of barban. Asulam 
is not as effective for wild oats CO£!­

trol as diallate, however, and increased 
yield losses would occur due to wild 
oats competition. 

Lentils 

Wild oats infestations are common 
throughout the lentil-growing area of 
Washington and Idaho. During 1976, 
110,000 acres of lentils were planted in 
the two States (Table 10). Washington 
accounted for 77% of the total acres and 
Idaho growers planted the remaining 23%. 
Approximately 41,500 acres, or 38%, of 
land seeded to lentils were treated with 
diallate for the control of wild oats 
infestations. 

There are presently three alterna­
tive herbicides available for wild oats 
control in both States (Table 11). 
Research indicated that diallate was 
slightly more. effective for wild oats 
control than was triallate on an equal 
active ingredient basis. Recent re­
search data from Idaho, however, 
indicated slightly higher lentil yields 
with triallate compared with diallate. 
This was apparently due to lentils being 
more tolerant to triallate than to dial­
late. Triallate could be an effective 
alternative if its future availability 
were assured. 

Growers use tridllate on approxi­
mately 30% of the lentil acreage. 
Propham applied preplant-incorporated at 
4.0 lb/acre is used on only 1% of lentil 
acreage because of rapid propham degra­
dation by soil microorganisms. Propham 
cannot be applied to a field more than 
once in 4 years because specific soil 

microorganisms mUltiply to populations 
that degrade propham too rapidly for 
wild oats control. Barban at 0.33 lb/ 
acre is the only postemergence herbicide 
available for wild oats control in len­
tils. Barban is used primarily to 
control wild oats that occur in sprayer 
skips in fields previously treated with 
diallate or triallate. Applications of 
barban mus t be very timely to be effec­
tive. Wild oats often emerge over a 
long period of time, which results in 
only partial control with barban. 

In Washington and Idaho, 70% of the 
total lentil acreage receives diallate , 
triallate, or barban for the control of 
wild oats. Diallate is applied to 
41,500 acres. Should dia] late become 
unavailable, the shift in herbicide 
usage would be 93% to triallate, 6% to 
propham, and 1% to barban. 

Herbicide cost to growers is esti­
mated at $176,375 annually with diallate 
available (Table 12). With dial late un­
available, the total cost of herbicides 
for wild oats control would be $188,725, 
or an increase of $12,350 annually. 

The lentil production areas in 
Washington and Idaho are contiguous, 
and production practices, climatic con­
ditions, and weed problems are similar. 
Although no yield comparison data are 
available from Washington, the results 
from recent research conducted in 
Idaho have been used in the economic 
analysis. 

Dry Peas 

Wild oats is a major \veed problem 
in the dry pea production areas of 
Washington and Idaho. These two States 
produce a majority of the dry peas for 
the United States. In 1976, 130,000 
acres of dry peas were planted and an 
average of 1,542 lb/acre of crop was 
harvested (Table 13). Approximately 
13,700 acres or 10% of the area seeded 
to peas were treated with diallate. 

Three alternative herbicides are 
commonly used for wild oats control 
in dry peas (Table 14). Triallate at 
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Table 13.--Acreage planted, average yields, and diallate-treated acres seeded to dry 
peas, 1976. 

Diallate- Percent Average 
Acres treated/ acres yield 

State plante~/ acresE: treated lb/acreE:./ 

Idaho 50,000 5,500 11.0 1,515 
Washington 80,000 8,200 10.2 1,560 
Total 130,000 13,700 10.5 1,542 

a/ (26). 

b/ Estimates by weed coot7ol specialists.

c/ (27). 


Table 14.--Costs (per acre) of diallate and three alternative herbicides for control 
of wild oats in dry peas. 

Rate Herbicide Time of 
Herbicide lb a. i. /acre cost $/acre application 

Diallate 1.25 5.30 PPI~/ 
Triallate 1.25 5.30 PPI 
Propham 4.00 8.75 PPI 
Barban 0.375 5.90 POST 

a/ PPI Preplant-incorporated; POST Postemergence. 

1.25 lb/acre is a preplant soil ­ Barban at 0.375 lb/acre is the only 
incorporated treatment applied to 40-45% postemergence herbicide commonly used 
of the dry peas grown in Idaho and 30% for wild oats control in dry peas. 
of the dry peas grown in Washington. Barban must be applied at the two-leaf 
Ninety-two percent of the acres now stage of wild oats. Irregular emergence 
treated with diallate for wild oats of wild oats and adverse climatic condi­
control will be shifted to triallate if tions often contribute to poor control 
diallate becomes unavailable. Idaho with barban. The primary use of barban 
data indicate that diallate gives has been to control wild oats that 
slightly better control of wild oats escaped preplant treatment. Approxi­
than does triallate. mately 6% of the areas treated with 

diallate will be treated with barban if 
Propham at 4 lb/acre as a preplant diallate becomes unavailable. Barban is 

soil-incorporated treatment is utilized not as effective as diallate for wild 
on approximately 2% of the total dry pea oats control, and therefore yields will 
acreage. If diallate is unavailable, be reduced about 35%. 
approximately 2% of the diallate-treated 
acres would be treated with propham. Diallate is applied to 13,700 acres 
Propham cannot be applied to a field of dry peas in Washington and Idaho at 
more than once in 4 years, because a cost of $120,560 $72,610 for 
specific soil microorganisms multiply to herbicides and $47,950 for application 
levels that degrade propham too rapidly (Table 15). The greates t impac t will be 
to permit wild oats control. on the yield reduction of dry peas, 
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Table 15.--Estimated weed control costs and yield losses in dry peas production with 
th<:: use of al ternative herbicides to diallate in Idaho and Washington. 

:Total value 
Costs Yield loss

Control Affected :of costs and 
method acres :Herbicide Application: Cwt Value~/ : yield loss 

Without diallate 
Triallate 12,605 $ 66,806 $ 44,117 5,798 $ 52,762 $ 163" 685 
Propham 247 2,161 864 761 6,925 9,950 
Barban 848 5,003 763 3,926 35,727 41,493 

Total 13,700 $ 73.970 $ 45,744 10,485 $ 95,414 $ 215,128 

With dial late 13,700 72,610 47,950 120,560 
Net increase $ 1,360 $ (2,206) 10,485 $ 95,414 $ 94,568 

a/ Yield losses valued at $9.10/cwt (1975-76 average price). 

resulting from increased competitive 
influence of wild oats. The total yield 
loss from the alternate herbicides will 
be 10,485 hundredweight~ with a value of 
$95,414 (Table 15). The value of the 
yield loss minus the Imoler herbicide 
costs equals a net loss of $94,568 from 
the unavailability of diallate for dry 
peas. 

Diallate is the most effective 
herbicide available for wild oats con­
trol in dry peas based on Idaho data. 
The substitution of an alternative 
herbicide, including triallate, will 
result in reduced wild oats control and 
subsequent yield reductions. The total 
impact of allowing more wild oats plants 
to produce seed and thus more heavily 
infest the soil cannot be predicted; 
hO;l1ever, intensified wild oats infesta­
t ions will increase wild oats problems 
in other crops in the rotation. 

Crops with Minor Diallate Usage 

Soybeans: Diallate is applied to 
approximately 8,000 acres of soybeans in 
the United States, which is a small per­
centage of the total acreage (Table 16). 
The usage is restricted to North Dakota 
and Minnesota, States with wild oats in 
soybeans. Usage in these States is also 
small because only part of Minnesota has 
wild oats, the late planting for soy­

beans reduces wild oats problems, and 
other herbicides give partial control. 

Data are not available on yield 
losses from wild oats or the yield 
increases from wild oats control in 
soybeans in the United States; however, 
the estimated yield loss from wild oats 
if not controlled would equal 20-50% 
based on data from Canada (4). 

Sixty percent of the diallate­
treated soybean acres would be treated 
wi th barban for wild oats control; 30% 
converted to wheat, barley, or flax; and 
10% would be left untreated if diallate 
were not available. 

The estimated yield loss per acre 
with barban treatments compared with 
diallate would be 5-15%, assuming normal 
cultivation practices for weed control. 
Diallate is usually used in combination 
with other soil-applied herbicides for 
more complete weed control. The partial 
wild oats control obtained from these 
herbicides used without diallate would 
limit yield losses to 10-20%. The long­
term effect, however, would be an 
increase in the wild oats seed supply, 
which would increase the future wild 
oats infestation. One approach to 
integrated wild oats control is complete 
control for several years to reduce the 
need for intensive herbicide usage in 
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Table 16.--Crops with mi.nor diallate usage. 

Crop 

U. S. planted 
acres 

(1,000) 

Diallate­
treated/ 
acre~ 

States 
using 

diallate 

Potatoes 

Barley 

Soybeans 

Corn 

Alfalfa 

1,400 

9,296 

50,327 

84,121 

26,556 

6,500 

10,500 

8,000 

8,000 

Negligible 

ND, 

ND, 

ND, 

ND, 

UN, 

MN, 

MN 

HN 

HT 

MT, ID 

a/ Estimated by weed control specialists. 

subsequent years. The loss of diallate 
in soybeans would not allow the desired 
excellent control needed to reduce wild 
oats seed produc tion and indirectly to 
reduce the soil seed reserve. 

Corn: The majority of corn grown 
in the United States is n.ot in areas 
having wild oats infestations. Diallate 
is used only on about 8,000 acres, 
mainly in Minnesota and North Dakota. 

Data on yield losses from wild oats 
in corn or the increased yields from the 
use of diallate are limited; however, 
estimates are that yield losses of 
30-60% would be likely with no wild oats 
control (19). Atrazine, cyanazine, 
butylate, and EPTC also give control of 
wild oats as well as many other weeds in 
corn, which probably accounts for the 
low diallate usage. Atrazine, however, 
often leaves a soil residue that will 
damage most other crops in a rotation. 
Cyanazine has limited corn safety in 
certain situations, and butylate and 
EPTC do not consistently give complete 
wild oats control and require deep 
incorporation immediately after applica­
tion. Thus, diallate is needed as an 
option to farmers with heavy wild oats 
infestations who wish to maximize wild 
oats control in corn. 

Barley: Only a small percentage of 
the barley acreage is treated with dial­
late, because triallate is registered 

for use in barley. Barley has more tol­
erance to triallate than to diallate, 
with equal wild oats control. Diallate 
is used in barley because of certa.in in­
dividual preferences or because farmers 
using diallate in other crops may wish 
to use only one herbicide. The use of 
only one product has many advantages, 
e.g., less storage of partially used 
containers, reduction ·of possible mis­
applications, reduction of herbicide 
inventory, and less sprayer cleaning. 

Potatoes: Diallate is registered 
Ior use in potatoes only in North 
Dakota, Minnesota, and Montana. In 
1976, 6,500 acres of the 203,600 acres 
of potatoes in these three States were 
treated with diallate. 

Diallate usage in potatoes was 
limited, as tillage and other herbicides 
are used for wild oats contro!' EPTC 
gives good wild oa\:s control in 
potatoes, which can be treated with 
rates up to 6 lb/acre. EPTC at 
6 lb/acre is costly and must be 
incorporated more deeply than diallate. 
Hetribuzin, linuron, and paraquat also 
are used for wild oats control in 
potatoes, but give less wild oats 
control than diallate or EPTC. 

Alfalfa: Information on diallate 
usage in alfalfa is not available, but 
the assumption was that very few acres 
of alfalfa are treated with diallate. 
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ECONOMIC U1PACT AND DISCUSSION 


Dillate is used principally for 
wild oats control in sugarbeets; it has 
limited usage in flax, lentils, peas, 
barley, soybeans, corn, potatoes, and 
alfalfa. Diallate is applied annually 
to 215,700 acres of sugarbeets and to 
117,100 acres of the other crops com­
bined (Table 17). 

Diallate unavailability would have 
a small effect' on the overall United 
States crop production (Table 18). The 
loss of income, however, due to the 
unavailability of diallate would be 
substantial to individual farmers and 
localized areas. 

The total annual direct economic 
impact of diallate unavailability on 
sugarbeets, flax, lentils, and peas was 
estimated at $7,624,900 (Table 17). 
This estimate of economic impact does 
not include any losses that occur in 
potatoes, barley, soybeans, corn, and 
alfalfa because of the limited diallate 
usage in these crops. Further, the 
economic impact estimate does not 
include any possible effects on long­
term market prices or indirect losses. 

The major economic impact of 
diallate unavailability would be to 
producers of sugarbeets both in the 
non-irrigated areas of North Dakota and 
Minnesota and the irrigated areas in the 
Western United States, mainly Montana, 
Idaho, and Wyoming. 

The major losses from diallate un­
availability are from additional costs 
for wild oats control (mainly hand hoe 
labor) in the non-irrigated area and 
from a loss of sugarbeet yield from 
reduced wild oats control with alterna­
tives to diallate in the irrigated area. 
The total annual economic loss from the 
unavailability of diallate for wild oats 
control in sugarbeets was estimated at 
$7,156,600 (Table 17). 

The economic losses from diallate 
unavailability are a small percentage 
of the total United States sugarbeet 
production; however, individual farmers 
and local farming areas in the wild 
oats-infested areas would be affected 
significantly. Sugarbeet production 
is concentrated near processing facili ­
ties. Therefore, the impac t would be 

Table 17.--Summary of annual economic impact of unavailability of diallate, 

Acres Percent 
Crop treated of total 

Sugarbeets 215,700 14.1 
Flax 28,900 2.8 
Dry peas 13,700 10.5 
Lentils 41,500 37.7 
Potatoes 6,500 0.5 
Soybeans 8,000 bl 
Barley 10,500 0.1 
Corn 8,000 bl 
Forage legumes bl 

Total 332,800 

U.S. totals • 


. Losses if diallate not available. 


Value of yield loss Other~/ ; Total 
(gain) (gain) : (gain) 

---------------------1,000------------------- ­
$ 2,376.9 $ 4,779.7 $ 7,156.6 

409.2 85.2 494.4 
95.4 (0.8) 94.6 

(132.0) 11.3 (120.7) 

(Economic losses would 
be small and were not 
calculated.) 

$ 2,749.5 $ 4,875.4 $ 7,624.9 

al Includes added costs of alternative control methods and losses due to shift 
to other crops. 

~I Less than one-tenth of one percent. 

21 



Table 18.--Effect of diallate unavailability on total crop production. 

Wild oat-infested areas For the u.s. 
Production Total Total 

Crop Unit los~/ production~/ % production~/ % 

Flax Eu 116,146 6,796,000 -1.7 7,356,000 -1.6 

Sugarbeets Tons 274,500 19,677,000 -1.4 29,427,000 -0.9 

Dry peas Cwt 13,011 2,150,000 -0.6 2,150,000 -0.6 

Lentils Cwt +9,779 1,362,900 +0.7 1,362,900 +0.7 

a/ Based on previous tables. 
Yl../ (27) except lentils which was a personal communication from Howard Blain, 

Executive Secretary, Washington-Idaho Pea and Lentil Commission, 1977. 

concentrated in a few sugarbe.,·;,; pro­
ducing counties having wild oats 
infestations. Sugarbeet production is a 
major enterprise for nearly all the pro­
ducers. Thus, the unavailability of 
diallate will have a severe impact upon 
individual farmers. The per-acre re­
turns to land, labor, and management 
would decline approximately 30% on the 
diallate-treated acres should diallate 
be unavailable. A shift of sugarbeet 
acreage to other crops could result in 
poor utilization of refining facilities 
and place them at a competitive disad­
vantage in the sugar market. Sugarbeets 
are considered a minor crop by most 
herbicide manufacturers. Thus, the 
chance of developing and registering a 
new substitute for diallate in sugar­
beets is remote. 

The second most important economic 
impact from diallate unavailability is 
in flax, with a loss of $494,400 in 
North Dakota, Minnesota, and South 
Dakota (Table 17). The loss of flax 
production if diallate were unavailable 
would be 1.7% of the total flax produc­
tion in North Dakota, Minnesota, and 
South Dakota (Table 18). Flax is a 
major crop for individual farmers who 
would be severely affected by diallate 
unavailability. The per-acre returns to 
land, labor, and management from flax 
would decline 31% on the diallate­
treated acres should diallate be 
unavailable. 

The impact of diallate unavailabil­
ity for potatoes, soybeans, barley~ 

corn, and legumes was not determined as 
usage was small; however, diallate in 
these crops is important to the indivi­
dual using diallate as part of an 
integrated wild oats control program 
across all crops in a rotation. 

Triallate is an alternative on dry 
peas, but is slightly less effective 
than diallate. A loss of $94,568 was 
estimated for dry peas due primarily to 
yield losses. 

For lentils, recent Idaho research 
indicates slightly less wild oat control 
with triallate compared with diallate, 
but yields were slightly higher, appar­
ently because of more lentil injury from 
diallate. These higher yields translate 
into a gain of $120,706 if triallate is 
used to replace diallate. 

Diallate cancellation could have 
many indirect economic influences which 
are not evaluated easily. Wild oats not 
controlled produce seed which falls to 
the soil to infest subsequent crops in 
the rotation. Wild oats seed is dormant 
upon maturity and will continue to 
emerge for up to 7 years, depending upon 
environmental conditions. 

The cancellation of diallate would 
require the availability of 1, 000 more 
migrant laborers with an estimated 
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$250,000 annual housing cost and social 
benefit expenses, whic~ are not included 
in the .per-acre cost of hoein.g. Wild 
oats causes flax straw of poor quality, 
which is not acceptable fo!" paper 
production. Flax straw not used for 
paper is often burned, causing pollu­
tion, or if not burned it causes delays 
in tillage. Flax straw decays slowly 
and causes clogging of tillage equip­
ment. 

Diallate is an effective pre­
emergence-incorporated herbicide for 
wild oats control and available alter­
natives usually do not give equal 
control. Barban, which is the main 
postemergence alternate herbicide, has 
restrictions as to time of application, 
which makes application difficult. 
Further, barban is applied early post­
emergence and has no residual wild 
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OEPARTMENT OF AGRICULTURE 
on'lcc Of" THe seCRETARY 

WASHINGTON. D. C.20250 

September 12, 1977 


Federal Register Section 

Technical Services Division (WH-569)

U.S. Environmental Protection Agency 
401 MStreet, S.W. Rm. 401 E. Tower 
~Iashington, D. C. 20460 

Gentlemen: 

Reference: 00P-30000/l5 

Attached are three (3) copies of a report containing information 
accumulated by the diallate USDA/State Impact Assessme~t Team 
and USDA staff. This respon~e to the RPAR announcement is being 
forwarded within the 105-day period provided for risk rebuctal. 

This is an injtial draft report containing most of the current 
information that was availabl~ to the team. However, with distr-i­
bution of this draft to contributors, tither interested parties, 
and to EPA, no doubt additions and changes will be made before 
the final report is approved. 

Sincerely, 

Quality Activities 

Enclosures: 3 copies of 
IIAssessment of the Need for Diallate 
in Agriculture" 

* U.S.G.P.D. 62~-134/1302-1594 
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