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HERBICIDE EVALUATION PROGRAM

INTRODUCTION

Management of aquatic plants
is accomplished primarily through
the application of herbicides. How-
ever, the number of herbicides
available for aquatic use' has
steadily declined over the past
decade primarily as a result of the
stringent requirements of the
Federal Insecticide, Fungicide,
and Rodenticide Act of 1972 and
the Toxic Substances Control Act
of 1976. Moreover, the limited
economic market and rapidly in-
creasing costs of developing, eval-
uating, and marketing new chem-
icals have also contributed to the
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reduction of registered aquatic
herbicides.

All herbicides submitted for
reqistratlon are reviewed by the
U.S. Environmental Protection
Agency (EPA). Before a Federal
label for aquatic use of a herbi-
cide can be obtained by the
manufacturer or distributor, in-
formation must be submitted to
EPA to establish safe tolerances
in water, fish, and selected com-
modity crops and livestock and
for human exposure and con-
sumption. Even though a herbi-
cide has been registered pre-
viously for agricultural purposes,
additional research is necessary
prior to registration for use in the
aquatic environment.

Ideal herbicides for use in
aquatic environments have a low
toxicity to animals; those with
high selectivity for certain aquatic

plant species should provide less
impact on natural biota and irri-
gated agricultural crops. The state-
of-knowledge necessary for de-
veloping chemicals with high
specificity is rapidly advancing.
However, developing, evaluating,
and marketing new chemicals
solely for aquatic use has lagged
because the costs presently ex-
ceed the market demands.

COOPERATIVE RESEARCH
PROGRAM

The U.S. Department of Agri-
culture (USDA) has been actively
involved for several years in
evaluating chemicals that are im-
portant in improving agricultural
production. The policy and ra-
tionale for this activity is set forth
in the USDA Science and Educa-
tion Administration, Agricultural



• Available data on the toxicityResearch (SEA, AR) Administra- of the chemical and byproducts to
tive Memorandum AM 120.4 dated evaluation research program and man, animals, and plants.
1 August 1975. The primary effort recommend safe and effective her- Proprietary formulations may
has been in the evaluation of bicideformulationsforaquatic use. be submitted for evaluation using
herbicides for commodity crop New or improved products are gen- confidential code names. Com-
applications; oonsequently, eva~- erally given top priority in the eval- pounds of unknown biological
uation of herbicides for their uation program. However, research activity that are of interest because
potential as aquatic plant control on herbicides developed for agricul- of their chemical structure or other
agents has been given lower tural weed control is encouraged properties will be accepted for
priority. . to determine their effectiveness in evaluation; chemicals submitted

The U.S. Army Corps of Enql- aquatic weed control. Herbicide without compositional information
neers, through the Aquatic Plant formulations are screened in the- may also be evaluated. However,
Control ResearchProgram (APCRP), order of their anticipated efficacy, the level o.f evaluation for a sub-
has increased the emphasis on selectivity, and safety. mitted herbicide depends on the
herbicide evaluation for aquatic APML Research Facilities nature and completeness of the
use by providing funding to sup- The APML evaluation research available information.
port the aquatic herbicide evalua- program is conducted by a highly The supplier also submits a
tion program atthe USDA Aquatic qualified multidisciplinary team of confidentiality statement concern-
Plant Management Laboratory scientists with many years expe- ing the chemical identity, proper-
(APML) in Fort lauderdale, Florida. rience in various phases of aquatic ties, and evaluation data o~ a
The evaluation of herbicides is plant research, including labora- submitted formulation. The penod
conducted in both controlled- tory and field experimentation. The of confidence will be determined
environment laboratory aquaria analytical laboratory and controlled- at the time of acceptance. If there
and outdoor aquaria containing environment space approximates is a need for an extension 01. the
various growth stages of sub- 200 sq m. Laboratory test equip- period of confidence, an A.RS
mergent, emergent, or floating ment includes radiochemical de- Form 410, Request for ExtenSion
nuisance aquatic plants. tectors, visible and ultraviolet of Period of Confidence, can be

In keeping with USDA policy spectrophotometers, pH and mill~i-~J==~s~u~b~miti:!te~d~'~~~~~~~f)f";
1,==~lca~n~d~w~it~h~A~P~C~R~p~c~o~n~c~u~r~reFrnffc=te~,=1~'fJItTr-te~lt+parameterwate Wtien a tierblclele is accepted

the APMl evaluation program is quality analyzers, 9as-liquid and for evaluation, the supplier is
available at no cost to private high-pressure liquid chromate- required to state in writing whether
industry, government agencies, graphs, and an atomic absorption steps for patent applications have
small producers, and individual spectrophotometer, and provides been taken or are contemplated;
researchers involved in developing rapid monitoring of herbicides information on such herbicides
new or improved herbicide form.u- and environmental parameters. will remain confidential. No Pr0-
lations. The chemicals submitted Furfhermore, the semi-tropical duct will be submitted to other
to the APML may be experimental environment of Fort Lauderdale agencies outside the APML and
formulations, proprietary com- allows year-round research and WES without the written perm is-
pounds, or commercial products, monitoring of phytotoxicity in the sion of the supplier. The afore-
The research results are made 250 outside aquaria. mentioned USDA forms can be
available to the submitting party Chemical Submission obtained from the USDA-APML,
immediately following completion Herbicide formulations can be 3205 Southwest 70th Avenue, Fort
oftheefficacy evaluation. Also, the submitted directly to the APML. Lauderdale, Florida 33314.
results of the evaluation program These chemicals will be evaluated Chemical Evaluation
are published in an annual report only upon receipt of a completed Herbicides accepted for evalua-
by the Waterways Experiment Form SEA 409, Cooperative Re- tlon are subjected sequentially to
Station (WES); confidential infor- search Evaluation of Chemicals, a series of efficacy evaluations
mation will not be disclosed if which include the following: (Figure 1). Initial evaluations con-
prior agreement has been arranged. • Information to show that sist of bench-top laboratory re-
Patent protection by the producer search. Promising chemicals are
is deemed necessary for market- evaluation is warranted. d f tl'1 in large

• Name and structural formula tol'lUet·ndOeOVraalqUUaaterl'aaUnrdeevrenltl"al'IYlning; thus, every effort is made to u

protect products and unpatented of the chemical, if known. small field plots.

confidential information. Laboratory evaluation is con
A major function of the APCRP ducted in a temperature- and

is to consider the results of the
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Figure 1. Herbicide evaluation program procedure

light-controlled environment. Tar-
get plants or propagules are
acclimated in aquaria under opti-
mal growth conditions for one
week prior to evaluation. Each
replicated treatment is compared
with untreated controls.

The procedure for submersed
aquatic plants (e.g., hydrilla, water-
miltoil, pondweed, cabomba, and
coontall) entails the planting of
apical cuttings or vegetative pro-
pagwles in a soil mix in small
plastic cups, which are submersed
in 3.8- or 19-eglass jars (Figure 2).
Static water conditions are main-
tal ned for eval uating most conven-
tional herbicides (Figure 3).
Controlled-release (CR) or se-

cted conventional herbicide
)rmulations are evaluated in

---'"aquaria equipped for continuous-

flow conditions at precisely con-
trolled rates using metering pumps
(Figures 2 ana 4).

Floating and emergent aquatic
plants (e.g., waterhyacinth, water
lettuce, alligatorweed, and tor-
pedograss) are grown in 12-e
plastic containers (Figure 5) to
which various herbicide doses are
uniformly applied to the foliage.

Several concentrations of a
specific chemical are evaluated at
treatment rates suggested by the
supplier or determined by the
APML staff. If deemed necessary,
suppliers are permitted to assist
the APML staff in the evaluation
research to ensure confidentiality
or when product safety is uncer-

tain. Occastonally. special investi-
gations are made to determine
the absorption and translocation
of a given herbicide for specific
aquatic plants. Herbicide combi-
nations or herbicide-adjuvant
mixtures are also evaluated for
suspected synergistic responses.

Observations relative 'te plant
growth and phytotoxicity are re-
corded at intervals of 0,7, 14,28,
and 42 days posttreatment, with
additional monftorinq being con-
ducted as required for the par-
ticularformulation. Phytotoxic re-
sponse is qualltatively determined
as percent injury, with reference
to untreated controls. The qualita-
tive factors noted in the evaluatory
testing are given below:
Meavy Algal Cover
beaves HeaVily Calcified
Roots Evident
No Meristems on Main Stems

No Meristems on Branches
Leaves Turning Red on Main Stems
Leaves Turning Red on Branches
Stems Brittle

Plants Flaccid

Partial Leaf Loss
Total Leaf Loss on Brancti
Internodes Decomposing

Nodes Decomposing

Branch Decomposing Near Tip
Main Stem Decomposing Near Tip
Branch Decomposing Throughout
Plants Decomposing (General

Decomposition)
Only Root Material Left
Normal Growth
Very Slight Deterioration of

Leaves or Stems
Advanced Decomposition (Only Few

Stems Remain Intact)
General Regrowth In Evidence
Evidence of Solarizing
Complete Disintegration of Plant

Material

Also, quantitative measurements
of stem lengths, numberof branches
and nodes, wet- and/or dry-weight
yield may be determined.

Herbieide formulations that offer
the most potential for aquatic
plant control are evaluated in
1000- to ~lOoo-e outside aquaria
(Fiqure 6). The objectives are to
evaluate efficacy and to determine
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~----=--~_Apical Cuttings
(15-cm length)

Figure 2. Schematic of continuous-flow jar setup for laboratory evaluation. When a
controlled-release herbicide is being evaluated (as shown in the figure), the water flow rate

coincides with the herbicide release rate

Figure 3. Static evaluation of submersed plants with conventional herbicides
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realistic field application rates.
These outside aquaria more
closely approximate field condi-
tions of plant density, light, temp-
erature, and water circulation
patterns than do the laboratory
evaluations. They can be operated
as static or continuous-flow
systems. Chemicals that continue
to show promise for commercial
development are considered for
fate-and-effects and toxicology
studies performed under WES
contracts and also for small-scale
field evaluation. The WES and
APML personnel will notify the
supplier to recommend appropri-

Figure 4. Continuous-flow setup to evaluate controlled-release herbicide
effects on submersed plants

'" ,-
f

Figure 5. laboratory setup to evaluate herbicide effects on floating and emergent aquatic
plants

ate field evaluations ana to assist
in site selection. Suppliers of such
herbicide formulations are encour-
aged to obtain an Experimental
Use Permit.
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APCRP PUBLICATIONS
Barko, John W., et al. 1980. "Growth and Metabolism
of Three Introduced Submersed Plant Species in
Relation to the Influences of Temperature and
light," WES Technical ReportA-80-1, Environmental
Laboratory. .

Saer, R. G., and Quimby, P. C., Jr. 1980. "Field
Studies and laboratory Rearing of Arzama densa
Wlk., a Biological Control Agent Against Water-
hyacinth," WES Miscellaneous Paper A-80-6,
prepared by the U. S. Department of Agriculture,
Southern Weed Science Laboratory, forthe Environ-
mental Laboratory.

NOTE: Cepies of the above reports will be furnished to individual
requestors as long as supplies last. Since it is only feasible to
print a limited number ef copies. requests for single rather than
multiple copies by a single office will be appreciated. Please
address all requests to the Waterways Experiment Station,
ATTN: Ms. D. P. Booth. When supplies are exhausted, copies will
be obtainable from the National Technical Information Service,
5285 Port Royal Road, Springfield, VA 22151.

SSV,:;' .lS~ 1=1

"u~-aoa
.AWl:IV3Hl. .:10.lN3W.Ll:IVif3a

alVei 633.:1GNY 3D¥.LSOd

This bulletin is published in accordanse with Army RegtJla-
tion 310-2. It has been prepared and distributed as one of the
information disseminatian functions of the Environmental
Laboratory of the Waterways Experiment Statien. It is prin-
cipally intended te be a forum whereby information pertaining
to and reswlting from the Corps of Engineers' nationwide
Aquatic Plant Control Research Program (APCRP) can be
rapidly and widely disseminatee to Corps District and Division
offices as well as other Federal agencies, State agencies,
universities, research institutes, corporations, and individuals.
Contributions are solicited and will be considered for publica-
tion so long as they are relevant to the management of aquatic
plants as set forth in the objectives of the APCRP, whiGh are,
in general, to provide tools and techniques fe:>rthe control of
problem aquatic plant infestations in the Nation's waterways.
These maAagement methods must be effective, economical,
and environmentally companble. This buUetin will be issued on
an irregular basis as dictated by the quantity and importance of
information to be disseminated. Communications are wel-
comed and should be adClressed to tlie Environmental
Laboratory, ATTN: J. L. Decell, U. S. Army Engineer Water-
ways Experiment Station, P. O. Box 631, Vicksburg,
Miss. 39180, or call 601-634-3494.

FRED R. BROWN
Engineer
Acting Director
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