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Conducting Terrestrial Plant Toxicity Tests
This standard is issued under the fixed designation E 1963; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.
1. Scope several endpoints related to survival, growth, and development;

1.1 This guide covers practices for conducting plant toxicityand (3) life-cycle toxicity tests that emphasize reproductive

tests using terrestrial plant species to determine effects of teSHCCESS.

substances on plant growth and development. Specific test 1.5 This guide is arranged by sections as follows:

procedures are presented in accompanying annexes. Section

1.2 Terrestrial plants are vital components of ecologicag
landscapes. The populations and communities of plants influs
ence the distribution and abundance of wildlife. Obviously,4
plants are the central focus of agriculture, forestry, and rangeg—
lands. Toxicity tests conducted under the guidelines and
annexes presented herein can provide critical informatiof
regarding the effects of chemicals on the establishment anﬁ)
maintenance of terrestrial plant communities. 11

1.3 Toxic substances that prevent or reduce seed germin&
tion can have immediate and large impacts to crops. In naturéﬁ
systems, many desired species may be sensitive, while other
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species are tolerant. Such selective pressure can result Precision and Bias

changes in species diversity, population dynamics, and com- 1.6 This standard does not purport to address all of the
munity structure that may be considered undesirable. Similarlysafety concerns, if any, associated with its use. It is the
toxic substances may impair the growth and development ofesponsibility of the user of this standard to establish appro-
seedlings resulting in decreased plant populations, decreaspglate safety and health practices and determine the applica-
competitive abilities, reduced reproductive capacity, and lowxility of regulatory limitations prior to useSpecific precau-
ered crop yield. For the purposes of this guide, test substanc@®nary statements are given in Section 8.
include pesticides, industrial chemicals, sludges, metals or
metalloids, and hazardous wastes that could be added to soil.4t Referenced Documents
also includes environmental samples that may have had any of2,1 ASTM Standards:
these test substances incorporated into soil. D 1193 Specification for Reagent Water

1.4 Terrestrial plants range from annuals, capable of com- D 4547 Practice for Sampling Waste and Soils for Volatile
pleting a life-cycle in as little as a few weeks, to long-lived Organic$
perennials that grow and reproduce for several hundreds of D 5633 Practice for Sampling with a Sccop
years. Procedures to evaluate chemical effects on plants rangeg 1598 Practice for Conducting Early Seedling Growth
from short-term measures of physiological responses (for Testé
example, chlorophyll fluorescence) to field studies of trees over E 1733 Guide for Use of Lighting in Laboratory Testing
several years. Research and development of standardized planR.2 Code of Federal Regulations Standard:
tests have emphasized three categories of tegtshprt-term, CFR 495
physiological endpoints (that is, biomarkers®) Ghort-term
tests conducted during the early stages of plant growth with

2 Annual Book of ASTM Standardgol 11.01.
* This guide is under the jurisdiction of ASTM Committee E47 on Biological 3 Annual Book of ASTM Standardéol 11.04.
Effects and Environmental Fate and is the direct responsibility of Subcommittee * Annual Book of ASTM Standardéol 11.05.
E47.02 on Terrestrial Assessment and Toxicology. ° Available from Standardization Documents Order Desk, Bldg. 4, Section D,
Current edition approved Dec. 10, 2002. Published April 2003. Originally 700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
published 1998. Last previous edition published 1998, as E 1963-98.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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2.3 Other useful references have described phytotoxicity 3.3.2 coleoptile n—the protective tissues surrounding the
test procedureél-11) .° growing shoot in a monocotyledonous plant.
3.3.3 cotyledon n—a primary leaf of the embryo in seeds,
. only one in the monocotyledons, two in dicotyledons. In many
3. Terminology of the latter, such as the bean, they emerge above ground and
3.1 General TerminologyThe words “must,” “should,” appear as the first leaves.
“may,”™ can,” and “might” have very specific meanings in this  3.3.4 cutting n—a vegetative segment of a plant, usually a
guide. “Must” is used to express an absolute requirement, thattem that contains several nodes and associated buds, that can
is, to state that the test ought to be designed to satisfy thiee used to regenerate an entire plant.
specified condition, unless the purpose of the test requires a3.3.5 dead test plantsn—those individuals that expired
different design. “Must” is only used in connection with factors during the test observation period as indicated by severe
that directly relate to the acceptability of the test (see Sectiodesiccation, withering, chlorosis, necrosis, or other symptoms
14). “Should” is used to state that the specified condition ighat indicate non-viability.
recommended and ought to be met if possible. Although 3.3.6 desiccatedadi—the plant, or portion of the plant, that
violation of one “should” is rarely a serious matter, violation of js dried in comparison to the control plant.
several will often render the results questionable. Terms such 3.3.7 deve|0pmemtn_the series of Steps inv0|ving cell

as “is desirable,” “is often desirable,” and “might be desirable” djvision and cell differentiation into various tissues and organs.
are used in connection with less important factors. “May” is 33.g dicotyledon n—in the classification of plants, those
used to mean “is (are) allowed to,” “can” is used to mean "ishaving two seed leaves.
(are) able to,” and “might” is used to mean “could possibly." 3 3 9 dormancy n—a special condition of arrested growth
Thus the classic distinction between “may” and “can” iSiy which buds, embryos, or entire plants survive at lowered
preserved, and “might” is never used as a synonym for eithefetanolic activity levels. Special environmental cues such as
may" or can. particular temperature regimes or photoperiods are required to
3.2 Definitions: , » activate metabolic processes and resume growth. Seeds that
3.2.1 control, n—the treatment group in a toxicity test require additional treatment besides adequate moisture and
consisting of reference soil or artificial soil that duplicates all\,gqerate temperature to germinate are said to be dormant. (See
the conditions of the exposure treatments, but contains no te hiescence
substance. The control is used to determine if there are any 3 5 1o emergencen—following germination of a plant, the

statistical differences in endpoints related to the test substancga”y growth of a seedling that pushes the epicotyl through the
3.2.2 eluate n—solution obtained from washing a solid ;| ’syrface.

with a solvent to remove adsorbed material. 3.3.11 enhanced growth and yield—when a treated plant

d ?%3 hazarf(rimis tsublstatnpe!l —a tr)naterlal that IcanAcr?use xhibits shoot growth, root elongation, lateral root growth, or
eleterious effects to plants, microbes, or animals. ( azar§ield significantly greater than the control values, the plant is

ous substance does not, in itself, present a risk unless Rnhanced” or “stimulated.”

exposure potential exists.) 3.3.12 epi . _
S - .3.12 epicoty| n—that portion of an embryo or seedling
3.2.4 inhibition, n—a statistically lower value of any end- containing the shoot. It is delineated anatomically by the

point compared to_the control_ val_ues that is related to environs - cition zone which separates the epicotyl from the hypo-
mental concentration or application rate.

cotyl.
3.2.5 leachate n—water plus solutes that has percolated : N .
through a column of soil or waste. 3.3.13 fruits, n—the reproductive tissues derived from the

3.2.6 test material n—any formulation, dilution, etc. of a ovary in thg case of epigenous flqwers or the ovary and
test substance. accessory tissues in the case of hypigenous flowers.

3.2.7 test substancen—a chemical, formulation, eluate, 3.3.14 germination n—the physiological events associated

sludge, or other agent or substance that is the target of th\gith re-initiation of embryo growth and mobilization of reserve
investiéation in a toxicity test nutrients in seeds. The emergence of the seedling radicle from

3.2.8 toxicant n—an agent or material capable of producing the seed coat defines the end of germination and the beginning

an adverse response (effect) in a biological system, adverse early seedling growth. o
P ( ) g Y R;3.3.15 growth, n—a change in size or mass measured by

impacting structure or function or producing death. .

3.2.9 toxicity endpointsn—measurements of organism re- |€N9th, height, volume, or mass. ,
sponse such as death, growth, developmental, or physiological 3-3-16 hypocoty] n—that portion of an embryo or seedling
parameters resulting from exposure to toxic substances. containing _the root or ra_d|cle. It is delineated a_natomlcally by

3.3 Definitions of Terms Specific to This Standard: the transition zone which separates the epicotyl from the

3.3.1 chlorotic, adj—the discoloration of shoots that occurs NYPOcOWyl. .
as chlorophyll is degraded as a result of disease, toxic 3-3-17inhibited plant growth and yieldn— plant growth,

when their measurements are significantly less than the control
values.
® The boldface numbers in parentheses refer to the list of references at the end of 3.3.18 lateral roots n—roots growing off the primary roots,
this guide. also referred to as secondary roots.
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3.3.19 monocotyledonn— in the classification of planfs two weeks, nutrient additives may be warranted, depending on
those having a single seed leaf. the test objectives, in order to maximize the potential for plant

3.3.20 mottled adi—marked with lesions, spots or streaks growth and development. At intermediate times, and at the
of different colors. This includes the discoloration of leaf conclusion of the exposure period, tallies of survival and

margins. measures of shoot growth and development are made.
3.3.21 phytotoxicity n—a lethal or sub-lethal response of 4.3 For phytotoxicity tests, 100 to 200 pmol TA s of
plants to a toxicant. visible light (or photosynthetically active radiation, 400 to 700

3.3.22 quiescence n—a condition in buds, embryos, or mm) has been found to be a broadly applicable fluence rate. In
entire plants characterized by lowered metabolic rates ansome cases, different light levels or spectral ranges (for
limited or no growth. Seeds that germinate when supplied witlexample, solar ultraviolet) may be required. Guide E 1733.
adequate moisture and moderate temperature are said to bet.4 Measured endpoints and other observational data are

quiescient. (Seedormancy) used to calculate response levels in terms of ECxx or ICxx
3.3.23 radicle, n—the emerging root of an embryo during (where xx refers to a specified percentage response), or
germination. categorical descriptions of phytotoxic effects (for example,

3.3.24 seed n—the propagule of a plant derived from an proportion of plants exhibiting abnormal development or other
ovule. It consists of an embryo, a protective covering (seedymptomatic indices that might be scored in qualitative terms)
coat), and may have storage tissue (endosperm). relative to controls. These are interpreted to characterize

3.3.25 shoot n—the above-ground portion of a plant con- phytotoxic effects attributed to test substances.
sisting of stems, leaves, as well as any reproductive parts that

may be attached. 5. Significance and Use
3.3.26 surviving plants n—test plants that are alive at the 5.1 Terrestrial phytotoxicity tests are useful in assessing the
time observations are recorded. effects of environmental samples or specific chemicals as a part

3.3.27 viable adj—plants capable of resuming metabolic of an ecological risk assessme@t6, 12, 13)
functions and growth are considered “viable.” Buds, embryos, 5.2 Though inferences regarding higher-order ecological
or entire plants may be dormant or quiescient and thereforeffects (population, community, or landscape) may be made
exhibit no growth during the period of observation. Distin- from the results, these tests evaluate responses of individuals of
guishing dead plants from viable plants with certainty isone or more plant species to the test substance.
difficult without special training and sophisticated measures of 5.3 This guide is applicable for:&) establishing phytotox-

metabolic function. icity of organic and inorganic substancel) @etermining the
3.3.28 withering v—becoming limp or desiccated, deprived phytotoxicity of environmental samplesg)(determining the
of moisture; often the result of root damage. phytotoxicity of sludges and hazardous waste,assessing

- the impact of discharge of toxicants to land, asfigssessing

4. Summary of Phytotoxicity Tests the effectiveness of remediation efforts.

4.1 The terrestrial phytotoxicity tests covered under this
guide apply to a range of test conditions and test species th& Apparatus
can be adapted to meet project-specific objectives. Test organ-6.1 Facilities—The preparation of the test, test soil medium,
isms are maintained either as seeds or as cuttings until storage of soil and seeds, and all stages of a test procedure must
particular test is to be conducted. A prescribed number ofake place in an atmosphere free from toxic contamination and
individual plants are introduced into test treatments thawvapors. The facility, whether a glasshouse or a growth cham-
include a negative control, a series of positive controls, and onbker, should have reasonable temperature control and monitor-
or more test-substance treatment concentrations. The treatmeng, as well as supplemental lighting. In general, the facility
concentrations may be known or unknown; nominal or meashould be capable of maintaining uniform temperatures in the
sured, depending on the nature of the investigation. In the casz to 30°C range. Lighting should provide at least 100 pmol
where the test substance is evaluated as an additive to soil,na s Photosynthetically Active Radiation (PAR) controlled on
range of concentrations is recommended. In tests of envirora clock timer to maintain a specified diurnal cycle. See
mental samples that already contain a putative phytotoxi@ppropriate annex for any specific requirements of a given test.
substance, the tests may be conducted with either the test soil6.2 Equipment and Supplies
as collected from the field, or as diluted with a suitable 6.2.1 Plant Pots—Containers should be chosen to be inert
reference soil. Another variant of the tests allows for amendto test and control substances. The test or control substances
ments, or spikes, of selected toxic substances to be added sbould not adhere to or react in any way with the container.
environmental samples. Finally, in the case of the root elongaGlass, stainless steel, or paper containers with drainage holes
tion assay, eluates, effluents, or other agqueous derivatives ofaan be used as plant pots. Paper or other natural fiber materials
soil sample are tested. may absorb test substances. If pots with drainage holes are

4.2 Plants are exposed to the test substances in the forosed, then a secondary container or shallow dish should be
described in the specific variations of the tests for a discreteised to prevent cross-contamination among test units. Polyeth-
period of time that ranges from 96 h to several months. Foylene pots or other containers may be used, provided they are
short tests, no nutrient additions or amendments are needed foee of toxic materials. The volume of the pot container should
recommended as the amendments may interact with the toxbe large enough so as not to restrict seedling growth for the
cant and alter the toxicity response. For tests lasting more thasturation of the test. It is suggested that the selection of growth
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containers not be arbitrary, and that the appropriate size, shapseglow a specific concentration, only one concentration and the
color, and composition of the container be considered for eacbontrols need to be tested.

plant species and toxicity test undertaken. 7.1.3 Stock Solutior- For compounds with low water
6.2.2 Balance—Sensitivity to 0.001 g. solubility, a solvent can be used to make a stock solution. If a
6.2.3 pH Meter—Sensitivity to 0.1 units. stock solution is used, the concentration and stability of the test

6.2.4 Photometer (RadiometeryCapable of measuring the substance in the stock should be determined before the
photosynthetically active range. Fluence rate of incident |Ighbeg|nn|ng of the test. If the test substance is subject to
should be expressed as umot’s™ ™. photolysis or other photo-reactive processes, the stock solution

6.2.5 Thermometer-A continuous recording thermometer should be shielded from light. If a solvent is necessary, its
or a maximum-minimum thermometer that is checked daily.concentration in test solutions should be kept to a minimum
Many continuous recording units also record humidity. (not greater than 1 % [volume to volume or weight to vol-

6.2.6 Industrial Mixer or Cement MixerA revolving or  ume]), and should be low enough that it does not affect either
rotating mixer is recommended for combining test substancesurvival or growth of the test organisms. (These limitations do
or test soils with large volumes of control or reference soilnot apply to any ingredients of a mixture, formulation, or
medium. commercial product unless an extra amount of solvent is used

6.2.7 Reagent Water-Unless otherwise indicated, refer- in the preparation of the stock solution.) If the concentration of
ences to water shall be understood to mean reagent watgblvent is not the same in all test solutions that contain test
conforming to Specification D 1193, Type Ill. Type Ill water substance, eitheral a solvent test must be conducted to
may be prepared by distillation, ion exchange, reverse osmosigetermine whether either survival, or growth of the test species
or a combination of methods. is related to the concentration of solvent over the range used in

6.2.8 Equipment Care-Clean the test equipment after each the phytotoxicity test or () such a solvent test must have
use. Wash all new containers with a detergent and rinsgiready been conducted using the same dilution water and test
thoroughly with water, pesticide-free acetone, dilute acid (suckpecies. If either survival or growth is found to be related to the
as 5 % hydrochloric acid), and at least twice with tap or clearconcentration of solvent, a test would be unacceptable if any
water. Final rinses with Specification D 1193 Type Il water or treatment contained a concentration of solvent in the response
equivalent is recommended. Clean equipment, such as thange. If neither survival, or growth is found to be related to the
mixer and mixer blades by a procedure known to removesoncentration of solvent, a toxicity test with that same species
constituents of the test substance. Paper and plastic plant pg¢Sthe same water may contain solvent concentrations within

should be disposed after one use. the tested range, but the solvent control must contain the
7. Test Material highest concentration of solvent present in any of the other
treatments.

7.1 Chemical Substance . : : : :
7.1.4 Soil Medium— Natural soil (free of chemical contami-
or7b.e1t.tlerG Sglzrss a-l;zgttoer?tasflcj)tr)ritsgii%r? h(?:rlr?n?eerc:iea?gFrjcr)]gl?é?doﬁraﬂon)’ commercial potting soil, synthetic soil mixes, or
S r lalp ' ‘Washed quartz sand may be used as the “soil medium.” Each
technical-grade or use-grade substance is specifically neede

Before a test is initiated, the following information should be.C oice has substantive limitations for various phytotoxicity

. o . .investigations. Natural soils are not easily demonstrated to be
obtained about the test substance: identities and concentratl?I%e of toxic substances. Some commercial potting soils may

ﬁ{i;aé%;';%ﬁﬂenntqsofgfhgqnafgc;:lpf E}t'i?’Sfl?l;;;ﬁ?eplgé;lrjnbﬁ)llijt'adversely affect growth and survival of some plants. Synthetic
g . ' Ymixes may not be representative of real world conditions.

and stability in dilution water; an estimate of toxicity to the test uartz sand or glass beads offer only a physical matrix: and
Species (a rangejﬂndmg study may be required); Precision ange efore do not provide a realistic soil condition with regard to
bias of the analytical method at.the planned.cpncentratmn(s) inding and exchange sites. It may be especially important to
the test substance; and an estimate of toxicity to humans and - cider soil texture pH, organic matter or other physical-

Oﬂ;e{ Fz)oigila&ﬁéﬁﬁf&%ﬁiﬂiﬁi’ém concentrations. in chemical properties before embarking on a test. Preliminary
T trials are often valuable to ascertain the suitability of a

soils are expressed as dry weight to dry weight. It is preferabl

to add the test substance directly to the test medium, howev%?/rg;lij;rtsg" medium for the test species and conditions to be

a stock solution may be prepared and aliquots added to each i

test solution or test chamber. Special considerations regarding /-2 Environmental Sampie

chemical degradation, complexing, and volatilization and other 7.2.1 Liquid, Sludge, or Slurr+-These environmental
factors that might influence bioavailability should be evaluatedsamples may be handled as chemical additives described
to determine the appropriate mixing, handling, and storag@bove. As complex mixtures, however, the test concentrations
procedures to be used. The number of selected test concentill most likely be handled as percentage dilutions of the
tions should be based on the goal of the study. Multiplel00 % sample concentration. In some cases, selected chemical
concentrations can be used to calculate ICxx values, wherea@)alyses may be warranted as a means of expressing concen-
testing at a Sing|e concentration can be used to obtain rapi@:ations of selected constituents in ppm or molar values. All of
simple answers. When the interest & (n the effect of a the provisions described for single chemicals apply.

specific concentration of test substance on the growth of the 7.2.2 Soil—Site soils may be collected as cores or as bulk
test species orbj whether or not the ICxx value is above or samples from specified soil depths (for example, 0 to 15 cm
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depth). Sampling and handling procedures may be found imaterials (23, 24) and with test materials that are, or are

Practices D 4547 and D 5633. The soil samples may be testesispected of being, carcinogerfs).

directly (that is, 100 % site soil) or diluted with an appropriate 8.2 Although disposal of stock solutions, test solutions, test

reference soil or a synthetic soil mixture to achieve specifiecgoil, and test organisms pose no special problems in most

relative concentrations. In some cases, selected chemicaases, health and safety precautions and applicable regulations

analyses may be warranted as a means of expressing concaiftould be considered before beginning a test. Removal or

trations of selected constituents in ppm (dry weight basis) odegradation of the test substance in the test medium might be

molar values. desirable before disposal of stock and test solutions. Hazardous
7.2.3 Eluates—Aqueous extracts of soils are sometimesmaterials must be disposed of in accordance with local, state,

desired to evaluate the phytotoxicity of water-soluble soiland federal regulations.

constituents. The eluates are used in the same manner as liquidB.3 Because water is a good conductor of electricity, use of

environmental samples described above. ground fault systems and leak detectors should be considered

to help avoid electrical shocks.
8. Hazards

8.1 Many materials can adversely affect humans if safety: Test Organisms
precautions are inadequate. Therefore, skin contact with all test 9.1 Test Species- The majority of species routinely used in
materials and solutions of them should be minimized by suclphytotoxicity tests has been limited to agronomic plants. Under
means as wearing appropriate protective gloves (especiallylFRA guidelineg4, 5), ten species belonging to eight families
when washing equipment, putting hands in test solutions oare listed for toxicity testing (see Table 1). The United States
treated soil, or handling treated plant material), laboratoryrood and Drug Administratioffl1l, 26) has relied on plant
coats, aprons, and glasses. Special precautions, such as vetgsts similar to those for FIFRA (see Table 1). International
lating the area surrounding the flats should be taken wheguidance (10) uses agronomic species, but has a broader
conducting tests on volatile materials or dust containingselection of plants compared to United States guidance. CER-
hazardous substances. Respirators may be warranted. Inforn@LA offers limited guidance with respect to plant testing.
tion on toxicity to humang14-18) recommended handling General methods recommended for the Remedial Investigation
procedureq19-22) and chemical and physical properties of Baseline Risk Assessment portion of work listed by name only
the test material should be studied before a test is beguthe seed germination and root elongation asgdy$). Only
Special procedures might be necessary with radio-labeled telttuce (actuca sativais listed as the standard species of the

TABLE 1 List of Plant Species Identified in Regulatory Documents and in Standard Test Procedures

APHA ASTM

Family Species Common Name FIFRA TSCA FDA OECD AWWA ESG
Chenopodiaceae Atriplex patula Seaside Greens vV
Compositae Lactuca sativa Lettuce vV v V4 A4 v
Cruciferae Brassica alba Mustard AV4 vV
Cruciferae Brassica campestris var. chinensis Chinese Cabbage vV vV
Cruciferae Brassica hapus Rape \V \
Cruciferae Brassica oleracea Cabbage \ vV \ V4
Cruciferae Brassica rapa Turnip vV v
Cruciferae Lepidium sativum Cress V4 v
Cruciferae Raphanus sativus Radish AV4 V4
Cruciferae Rorippa nasturtium-aquaticum Watercress vV
Cucurbitaceae Cucumis sativus Cucumber v v vV V4
Leguminosae Glycine max Soybean v v v v
Leguminosae Phaseolus aureus Mungbean vV \
Leguminosae Phaseolus vulgaris Bean \V4 \V4
Leguminosae Trifolium ornithopodioides Fenugreek \V vV
Leguminosae Trifolium pratense Red Clover Vv vV
Leguminosae Vicia sativa Vetch V4 v
Liliaceae Allium cepa Onion v vV \
Nymphaeceae Nelumbo lutea American Lotus Vv
Poaceae Avena sativa Oat \V4 \V4 v \V \V4
Poaceae Echinochloa cursgalli Japanese Millet \V
Poaceae Leersia oryzoides Rice Cutgrass \V
Poaceae Lolium perenne Perennial Ryegrass vV V4 vV A4 v
Poaceae Oryza sativa Rice AV4 AV4 V4
Poaceae Sorghum bicolor Sorghum Vv vV
Poaceae Spartina alterniflora Smooth Cordgrass \V
Poaceae Triticum aestivum Wheat vV AV4 \
Poaceae Zea mays Corn \ \ \ \
Poaceae Zizania aquatica Wild Rice V4
Solonaceae Lycopersicon esculentum Tomato \ v \ \
Umbelliferae Daucus carota Carrot \ \ \ \

A FIFRA = Federal Insecticide, Fungicide, and Rodenticide Act (4) (5); TSCA = Toxic Substance Control Act (2); FDA = Federal Drug Administration (11) (26); OECD =
Organization for Economic Cooperation and Development (10); APHA = American Public Health Association; AWWA = American Water Works Association (1); and ASTM
= American Society for Testing and Materials (Practice E 1598).
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test, although “other (taxa) can be used.” The Department of 9.4.2 Native Species- If this test uses native plant seeds
Interior in developing rules for Natural Resource Damagerather than commercially selected plants, considerable care
Assessmeni(27) referred to “economically important plant should be taken in sizing and sorting seeds collected. Numer-
species.” Thirty-one plant taxa are explicitly identified in ous studies have shown that the variability in seed germination
federal and international test guidelines and standard test not entirely random within a population of a particular
procedures (see Table 1). Many additional plant taxa includingpecies. The point during the growing season at which a lot of
aquatic taxa were reported in phytotoxicity literature (see Tablseeds are produced and collected will affect germination in
2). Nearly a hundred plant taxa (see Table 2) have been usedany species. Also, the location within a particular inflores-
routinely to study phytotoxicity. In an early version of PHY- cence (for example, with composites) will also affect germi-
TOTOX (28), 1569 plant species from 682 genera in 147nation. There can also be considerable intra-species variation
families were reported in the records. However, 42 % of thebetween remote populations. The test design becomes consid-
records referred to only 20 species. erably more complicated to account for these and other

9.2 Purchase-Seeds of the most commonly used taxaPotential sources of variation.
identified in FIFRA guidelines may be purchased from com- 9.5 Seed Storage and MaintenareS&eeds should be stored
mercial seed companies. Many of the less common taxa aiia a desiccator and refrigerated until needed (preferably-at 4
available from specialty seed companies, especially those thafC). It is recommended no disinfecting agent such as hy-
service landscaping and restoration activities. When purchagochlorite be used. Exceptions may be warranted for some
ing seeds, it is best to talk to technical staff of the supplier tanvestigations if gnotobiotic conditions are desired, however,
gather important information regarding the seed lot, collectionsuch special cases must be described fully as exceptions to the
handling and storage practices of the seed company, germinguide described here. Examples of exceptions would include,
tion percentage expected, and any special conditions affectintgut not be limited to, amendments with microbial inocula such
germination. Generally it is preferable to use untreated seedss rhizobia for legumes, actinomycetes for actinorhizal species,
(that is, not treated with fungicide, repellents, or other chemicabr mycorrhizal fungi.
agents) in phytotoxicity tests, however, specific test objectives 9.6 Seedlings or cuttings may be collected from the field,
may permit use of treated seeds. The principal investigatopropagated by the investigator, or purchased from nurseries,
should detail the rationale for using treated seeds. Seeds ShOlHdrticunure Supp|y houses, or research laboratories. As with
be acquired at least annually. At a minimum, a sufficientseeds, it is important to document as much information as
quantity of seeds should be acquired to allow tests of alleasonable for each batch of cuttings obtained. Care should be
treatments (including controls) to be conducted with seedgaken to limit the range of stem size, age, and developmental
from the same batch. stage of the plant.

9.3 Collection—If seeds are collected from the field, care
must be taken to ensure that seeds from only a single species TABLE 2 Partial Listing of Plant Taxa studied for Toxicity
are obtained. The following minimum set of information Effects

should be recorded for each batch of seeds collected: the

. . . . . Species Common Name Ref.
location of the collection site as precisely as practicable (fof .
example, section, township and range, county, state); thg7°s ig’a gﬁfg&ss ggg
persons collecting the seeds; date of collection; description Ofpocynum sp. milkweed (30)
noteworthy circumstances such as drought, flood, condition ofrabidopsis thaliana mouse-ear-cress (30)
surrounding landscape, and any indication of pesticide use iff2c"® "vpogaea peanut gg; 30, G1)
the vicinity; and quantity of seeds collected. Beta vulgaris beets (29), (30). (31)

9.4 Grading and Sizing Seeds Beta vulgaris chard (29)

9.4.1 Domestic Species Seeds of a given species vary in ggzs\/{g;g?g;pestris Egﬁearbeet 53331 83
size, shape, and in some cases, color. These differences ffgssica nigra mustard (29). (30), (31)
external features of the seed are often associated with differeffac. oo broceol o)
rates of germination or even different germination require-srassica rapa turnip (29)
ments. To minimize the variance in test results the investigatofroms smooth bromegrass (29)
should determine whether such variants in seed size, shape, @l e boe promearass (33
color are critical to the investigation. (For example, alfalfa chrysanthemum sp. chrysanthemum (31)
seeds often come as a mixture of light-colored and dark-ggfc‘fm Sl’s”izgjf orange gég )
colorgd §eeds. The dark—colorgd seeds have low percentaggerus escuientus yellow nutsedge 32)
germination 10 %), while the light-colored seeds have high Dactylis glomerata orchardgrass (29)
percentage germination~@0 %).) Separation of broken or g?/ﬁ?c I[;/ig)tcarusga//i EZ:LOytar d grass gg; @1
damaged seeds from the batch is important. Various sieves @fygea densa clodea (30)
screens may be useful in separating the seeds. Lettuce f6ragrostis curvula weeping lovegrass (29)
example can be separated mechanically using wire me ;glﬁff,’j ’C‘fa’;’g:gl’;a”a \',-Vz'l‘lnf‘lzcvg"egrass gi’;
screensys X ¥2sin.; ¥ X ¥soin.; ¥ X ¥a2in.; ¥6 X ¥aain. Red  ragopyrum esculentum buckwheat (31)
clover may be sized using perforated metal sheets with rounékstuca arundinacea tall fescue (29), (30)

Festuca pratensis meadow fescue (31)

holes of the following diameter$4sin., ¥1sin., ¥17in., Yisin.
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Species Common Name Ref.
Feasted rubber red fescue (29)
Forgery sp. strawberry (31)
Gladiolus sp. gladioli (31)
Glycine max soybean (29), (30)
Gossypium cotton (31)
Helianthus annuus sunflower (31)
Hordeum vulgare barley (30), (31)
Lactuca sativa lettuce (29), (30), (31)
Lemna gibba duckweed (30)
Lemna minor duckweed (30)
Lespedeza sp. lespedeza (29)
Lolium perenne perennial rye (29), (30)
Lotus corniculatus birdsfoot trefoil (29)
Ludwigia natans floating loosestrife (30)
Lupinus sp. lupine (29)
Lycopersicon esculentum tomato (29), (31)
Medicago sativa alfalfa (29), (30), (31)
Melilotus albal white sweet clover (29), (30)
Melilotus officinale yellow sweet clover (29)
Musa paradislaca banana (31)
Nicotiana tabaccum tobacco (31)
Oryza sativa rice 31)
Panicum miliaceum millet (30)
Panicum virgatum switchgrass (29)
Phaseolus sp. beans (30), (31)
Phaseolus vulgaris pinto beans (30)
Phleum pratense Timothy grass (29), (31)
Pinus talda loblolly pine (30)
Pistia statiotes water lettuce (30)
Pisum sativum pea (31)

Poa pratense Kentucky bluegrass (29)
Raphanus sativus radish (29), (30)
Rubus sp. raspberry (31)
Setaria italica foxtail millet (30)
Solanum tuberosum potato (30), (31)
Sorghum bicolor sundangrass; sorghum (29), (30), (31)
Spartina alterniflora cordgrass (33)
Spinacia oleracea spinach (29), (31)
Spirea alba meadowsweet (31)
Spirea alba meadow sweet 31)
Tagetes sp. marigold (29)
Thalassia testidinum seagrass (30)
Tradescantia paludosa spiderwort (30)
Trifolium pratense clover (30)
Triticum aestivum wheat (30), (31)
Vicia faba broad bean (30)
Vicia sp. vetch (29)

Zea mays corn (30), (31)

10. Sample Handling and Storage

10.1 The proper collection, packaging, and shipping ofplant species, and disposal restrictions.
waste site samples is critical. Proper sampling and shipping 12.4 Seed Planting- A template made of stainless steel or
ensures sample integrity, handling safety, and an adequate dat@od may be used to make holes approximately 2.5 to 4.0 cm
base for sample processing and future sampling requirementseep in the soil for large seeds, (for example, corn and beans),
Local, state, and federal shipping regulations should be corand 1.0 to 1.5 cm deep for smaller seeds. Templates only help
sulted regarding size and quantity restrictions, labeling, andtandardize planting in large scale testing; for most purposes
documentation requirements. Sample packaging depends uparanual planting will suffice. Seeds should be planted at a soil
the type of sample. Double bagging is recommended. Soils ardepth 1.5 to 2 times the seed diameter. It is suggested that a
sediments may be stored in a plastic bag which is in turn placedhinimum of 25 seeds be planted per concentration (for
in a second protective plastic bag before placing in a pail. Thexample, five replicates of five or more seeds each). Increasing
plastic bags as well as the pail should be sealed with tape. the number of seeds or plants per treatment improves the

10.2 Proper labeling should be placed inside and outside adbility to distinguish treatment effects. There may be instances
all containers during the packaging process. All containers wilthat a single seed would be placed in a test container. After the
be identified in accordance with specific requirements andeeds have been placed in the holes in the solil, tap the pots
sampling and shipping information recorded on a sample datlightly to cover the seeds. Additional soil may be required to
sheet. The U.S. Department of Transportation regulationll the pots once they have settled. The plant pots that contain
provide information governing shipping. Labeling must com-the test substance mixed throughout the soil medium should be
ply with Department of Transportation (DOT) CFR-49 speci-watered to bring them to field moisture capacity. Sub-irrigation

fications. These specifications are found in Section 172 of the
DOT Hazardous Materials Shipping and Handling Regula-
tions. These regulations can be found at the office of any carrier
authorized to haul hazardous materials. If soils contain poten-
tial biohazards, special permits may be required to cross state
lines or to be imported.

11. Calibration and Standardization

11.1 Calibration and standardization of routine laboratory
equipment and growth chambers used in this toxicity test will
follow manufacturers’ recommended practices. In addition,
any relevant ASTM methods to a particular procedure will also
be followed.

12. Test Conditions

12.1 The annex for each specific test method should be
consulted for detailed procedures. The investigator is urged to
develop optimal test treatments to satisfy statistical demands of
each study. In some cases it may be advisable to adjust the
number of treatments and the number of replicates in order to
increase the power of the test. (Refer to Section 15 for
additional discussion of statistical issues related to test design.)

12.2 Negative Contrel- The negative control should con-
sist of the identical solution (water, organic solvent, or nutrient
solution) used to introduce the test substance into the soil
medium.

12.3 Positive Control— Boron as boric acid may be used as
the positive contro(34, 35, 36) A watering solution of boric
acid at the desired concentrations is added to the test soil. A 0.5
dilution series (that is, 10, 20, 40, 80, 160, 320, and 640 mg
kg_1 soil dry weight) brackets sensitivity of most plant species
tested to date. Once the range of sensitivity is established for a
species, fewer test concentrations are needed. However, differ-
ent soils alter the bioavailable fraction and therefore, prelimi-
nary tests are recommended for each new soil medium tested.
Alternative positive controls may be selected to meet the
objectives of a specific investigation. In selecting alternative
substances for use as positive controls, the investigator should
consider potential health effects to workers, interference of test
substance with soil constituents, known mode of action of the
substance and therefore appropriateness for use with different
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is preferred, as this minimizes disturbance to the planted seeds3. Interference and Limitations

Those pots that. will be exposed via sub-irrigation can b? 13.1 Toxic substances can be introduced as contaminants in
hydrated at this time. Exces.:siwater should be a.IIowed to _dra'BiIution water, glassware, sample hardware, and testing equip-
from the pots that are sub-irrigated before placing them in ament. In addition, high concentrations of suspended dissolved
environmental chamber or greenhouse. solids, or both, can mask the presence of toxic substances.
12.5 Soil Water Holding Capacity-In some testing situa- Improper hazardous waste sampling and eluate preparation
tions, it is desirable to know the quantity of water that can bealso can affect test results adversely. Pathogenic or herbivorous
stored in a soil. For some species, germination is improved ibrganisms, or both, in the dilution water and test samples can
the soil is maintained at approximately 85 % water holdingaffect test organism survival, thereby confounding test results.
capacity. Whether test soils are saturated or maintained at less13.2 Several potential matrix interference problems can
than saturation (for example, 85 %), all treatments and replikimit bioavailability of toxic substances. This includes, but is
cates should be handled similarly. Water holding capacity ig10t limited to: differential solubility across a range of pH
expressed as a percentage of soil dry weight. To determine th@lues; precipitation as sulfides or oxides with several cations;
water holding capacity of a soil, saturate a volume of soil withand covalent bonding of organic substances with humic acid.
water and allow to drain for one hour. After the excess wateMatrix attributes such as soil texture, soil structure, aeration,
has drained from the soil, measure the weight of the saturated!d soil-borne pathogens can limit seedling emergence. Cau-
soil. The soil is then dried in an oven (105°C) until constanttion must be used in all interpretations of causality to ensure

weight is achieved. The water held by the soil is determined alfat the measured differences in endpoint response are attrib-
the difference in saturated weight and the dry weight utable to toxic materials and not merely matrix interference

12.6 Test Condition Monitori problems.
-0 Test Londition Monitoring 13.3 \olatile substances are readily lost from the soil

12.6.1 The light irradiance level (fluence rate) should beynegium resulting in a rapidly changing exposure concentra-
determined at the start and conclusion of a test with thejgn.

radiometer or quantum sensor that detects PAR. Light mea- 13 4 Environmental samples may contain a few to many

surements should be repeated anytime during the test if evenipje seeds. During the test, the seedlings emerging from this
that potentially affect the light sources occur (for exampleseed bank must not be misinterpreted as emergence of test
light bulb replacement). Adjustments to supplement lightingspecies seedlings.
may be necessary. In some cases full spectrum (PAR plus 13 5 |nterpretation of phytotoxicity from tests with seeds
Ultraviolet) light may be required (see Practice E1733).  myst pe tempered to reflect ecological aspects regarding
12.6.2 Air temperature should be monitored at least daily. lecophysiology of seeds. First, the seed has evolved to protect
is recommended that the air temperature and relative humiditthe embryo of adverse environmental conditions. Physical,
be monitored continuously and recorded with the use of a&hemical, and physiological barriers characteristic of many
seven-day recorder. A thermal probe can be used to measuspecies, especially seeds of nondomesticated species, limit
soil temperature of representative plant pots. exposure of the embryo to environmental conditions, including
12.6.3 The relative humidity may be monitored continu-{0Xic_chemicals. Second, except for annual species, many

ously and recorded using a seven-day recorder or an instrumepReCies effectively reproduce vegetatively. For those species,

equipped with an electronic datalogger. Relative humidit))mpa'red germination may not pose a substantive ecological

generally should be maintained above 30 % (recommende%mblem'
approximately 50 %). It may be necessary to increase th . .
relative humidity in the growth chamber or the greenhouse i 4. Quality Assurance and Quality Control

the soil dries rapidly. 14.1 Quality assurance (QA) practices include all aspects of
12.6.4 Soil pH (or pH in water) should be checked the da}}he test that affect the accuracy and precision of the data, such
the test soil medium is prepared, and again at the end of th@S: Sampling and handling, source and condition of the test
study. The soil pH is determined by placing 100 g of soil in aorganisms, condition of equipment, test conditions, instrument
250-mL flask containing 100 mL of distilled water. The calibration, use of reference toxicants, and record keeping.
resulting slurry is mixed for 30 s to 1 min, left to stand for 1 h, 142 The test may be conditionally acceptable if tempera-

then measured with the appropriate pH electrodes and metiiyre and other specified conditions fall outside specifications,
(37). The pH of a soil may require adjusting if outside the depending on the degree of the departure and the objectives of

optimum growing range from 6.0 to 7.5. The pH of an acid soiIthe test. Th? acceptability of th_e test depe_nds on the best
can be raised by the addition of calcium carbonate. By addin rofessional judgment and experience of the investigator. Any
an acid, such as sulfuric acid, gypsum, or ammoniu;”n Sulfate t eviation from test specifications is noted when reporting data

a soil, the pH can be lowered (see Note 1). The addition Ofroln‘]l ;h?l_teSt' t t b intained within the limit
calcium carbonate, gypsum, ammonium sulfate, sulfuric acid o temperature must be maintaned within the imits

I . ecified for the test. Soil pH will be checked using a standard
or other add!t|ves to ch_ange soil pH should be selected so th%rfethod(S?) at the beginning of the test and, if necessary, at the
they do not interfere with the test/control substances.

end of the test period.
Note 1—Caution: Caution should be used when working with an acid. ~ 14.4 Test Acceptability
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14.4.1 Test results are considered acceptable for the indconsidered biologically relevant even if statistical significance
vidual plant species if the following are fulfilled: the mean is demonstrated. Additional statistical analysis that may be
control seedling growth does not exhibit phytotoxicity or appropriate for the data include: linear regression, multiple
developmental effects, and survival through the duration of theange test, Dunnett's, Scheffe’'s Test; one-way ANOVA; Lev-
exposure period meets minimum standards for that speciesne’s Test for Equal Variances; and Power Calculations for the
The USDA established the following percentage germinatiorANOVA.
standards: field corn (85 %), popcorn (75%) sweet corn 154 Linear or non-linear regression analysis can be used to
(75 %), carrot (55 %), onion (70 %), tomato (75 %), field- obtain point estimates of concentrations which cause specified
garden bean (70 %), pea (80 %), pepper (55 %), beet (65 %ijoxicity effects (that is, EC50). Several methods of regression
buckwheat (60 %), cabbage (75 %), lettuce (55 %), mustarénalysis for quantal data (for example, percentage of seeds
(75 %), soybean (75 %), sugarbeet (55 %), wheat (80 %), oai§erminated) are commonly used, including logit, probit, mov-
(80 %), barley (80 %), rice (80 %), ryegrass (75 %), vetching average, trimmed Spearman-Karber, and Litchfield-
(75 %), alfalfa (70 %), clover (70 %), and rape (75 %pB).  Wilcoxin. For continuously distributed endpoints (for example,
Alternatively, the criterion for acceptance of control seedlingheight, length, mass) regression of raw data or of transformed
emergence may be established statistically as wittinS. D.  data may be performed if the statistical assumptions are met.
of mean for the species. The test should be repeated for thoggease note that the power of the regression analysis may be
plant species for which the criterion is not met. Seeds that faienhanced substantially by increasing the number of treatments
to germinate at the stated response shall be discarded and ngwd the number of replicates per treatment. This may be
seeds purchased. particularly useful in characterizing hormesis responses at low

14.4.2 Contamination of the test substance, or soil mediungoncentrations.
or oth_er laboratory ac_cidents, have not occurred such that the 15 5 prior to regression analysis, scatter plots of the percent
integrity of the test might have been affected. effect (y-axis) should be plotted against site sample concentra-

14.4.3 The results of the reference toxicant tests are unagpn (x-axis). The coverage of the regression model should be
ceptable if mean control survival is less than 80 %. The resultgestricted to an appropriate region of values of the independent
of the definitive toxicity tests are also unacceptable if controlariaple (percent site sample concentration.) An outlier may be
survival is less than 80 %, unless a lower criterion value Wasgjiscarded *. . only if there is direct evidence that it represents

established for the species. an error in recording, a miscalculation, a malfunctioning of
_ ) equipment, or a similar type of circumstancé39). It is
15. Calculations and Interpretation of Results recommended that a statistician be consulted if it is desired to

15.1 Test data are presented in tabular form. Data arepply statistical tests to aid in evaluating outliers. Asymptotic
presented for each species tested. Where suitable, approprigiertions of the plot may need to be discarded since they can
statistical analysis is carried out. At a minimum, the meanssignificantly pull the line away from its correct position.
with 95 % confidence limits, and standard deviations for each 15.6 Plant tests often exhibit hormesis effects (apparent
of the quantitative sets of data are presented. Summary dagimulation) near to “no effect” level concentrations. There is
may also be reported as EC50 values, (for example, concemtisagreement in the technical community as to whether stimu-
trations which inhibit emergence, root elongation, or othenatory responses should be considered adverse or deleterious.
suitable endpoint by 50 % relative to the negative control data)Graphical representation of the response versus concentration
Analysis of variance (ANOVA) can be computed using eachmay be helpful. Methods for calculating regressions may
set of data collected on the last day of the test. All data is usegkquire selection of linear portions of the response range. When
in these calculations, unless justification can be given fodata are used in the linear regression which do not fall along
excluding outliers. Ease of data management, calculatiorthe linear portion of the line, the quality of the goodness of fit
charting, and reporting may be aided through the use oénd confidence levels suffer. Three data points are the absolute
spreadsheets such as Excel, Lotus, or equivalent softwarginimum that can be used to perform a linear regression of the
systems. Data analysis may be performed with suitable sofdata. (Depending on method used: Spearman-Karber, Probit,
ware programs to calculate descriptive statistics and mediagtc. Some require partial effects or two concentrations with no
effect values. Please note that in some instances data may nsftects.)
be distributed normally, may have unequal variances, and 157 As seeds may fail to emerge because of a lack of
transformations may not correct the situation. In such casegermination, death, or slowed growth rate, it may be necessary
non-parametric tests are warranted. ~_ to uncover planted seeds, seedlings, or remains carefully in

15.2 The mean and standard deviation of the biologicabrder to determine or explain apparently anomalous results. If

effects (for example, number emerged) are calculated for eacdy, |aporatory worker safety procedures need to be adhered to
replicate test concentration. The percent effect is then calciyye to the nature of the test samples being studied.

lated using the following formula: 15.8 At the beginning of each project, the principal inves-
percent effect= tigator should determine how data will be collected and
(control endpoint mean — treatment endpoint vaiu&00 (1) handled for plants that die during the test period. An opera-
control endpoint mean tional definition of what constitutes “death” should be stated.
15.3 Percentage difference between treatment seedlings abecision rules regarding proper analysis of the data should
the control seedlings that are less than 10 % typically are natonsider the assumptions and limitations of the statistical
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models to be used. For example, analysis of variance tecliical distributions of values. Variance, standard deviation,
nigues are normally used in order to estimate a NOEC ostandard error terms, or a combination of these, are reported in
LOEC. If one or more of the treatment groups at the highestlefining precision.

concentrations have many dead plants, either treating the dead16.2 Bias is defined as the bias in a measurement system
plants as missing data or as zero can have a negative effect and is the difference between the value of the measured data
the statistical analysis. Very unequals may result from and the true value. Determining the bias of the toxicity tests for
omitting the plants entirely and unequal within-treatmentenvironmental samples is not possible since the true values
variances may result from substituting zeros (or other lowcannot be known; no methods directly measure the accuracy of
values). Therefore, a survival analysis is recommended as ttibe toxicity tests. Therefore, bias is estimated indirectly by
first step. If a treatment group is identified as an effect levetesting the sensitivity of organisms used in the toxicity tests
from the survival analysis, it may be appropriate to omit thosewith reference toxicants and by use of toxicity test control
data from the analysis of variance on the growth parameters dganks.

the omitted groups have already been identified as effect levels. 16.3 Documentation/Data Management

No further statistical testing of them would be required. 16.3.1 The final submittal contains: the name and address of
Moreover, including these data may distort the observedhe testing facility; dates of the study; names of the persons
significance levelsK values) for the other groups. If there are conducting the test; detailed information about the test species,
only a few dead plants in the other treatment groups, they maincluding the scientific name, the source, germination rate if

be treated as missing data for the analysis of variance. applicable, and lot number; protocol used; number of test
o ) species used per concentration or material, a description of
16. Precision and Bias detrimental effects determined during the course of the study

16.1 Precision describes the degree to which data generatadd at study termination; number and percentage of control
from replicate measures differ. It is the quantitative measure obrganisms that exhibit abnormal growth.
the variability of a group of measurements compared to their 16.3.2 Photographs may be taken of various stages during
average value. The precision of toxicity tests is determined byhe study, or to document abnormal growth, where appropriate.
replicating the treatments. Comparable procedures for fieldny amendments or deviations from the method described
measurements provide precision estimates derived from statikerein, and any other relevant information, are included.

ANNEXES
(Mandatory Information)

Al. SEEDLING EMERGENCE

Al.1 Scope and Application as boric acid), and a negative control (deionized water and
Al1.1.1 This test evaluates the inhibitory potential of toxic Feference or formulated soil) should be included in the test. The

materials regarding germination of terrestrial plant seeds undd@st duration should be approximately twice the time required

laboratory conditions. This guide is applicable fca) estab- for normal germination of the test species. Thg duration of the

lishing phytotoxicity of herbicides and other pesticidelsy ( Study may be increased to enable evaluation of seedling

determining the phytotoxicity of sludges, arg) ssessing the 9rowth. The number of emerged seedlings out of total plantings

impact of discharge of toxicants or other amendments to land$ scoreq at the termination of the test. Additional metrics and

This test is most useful as a screening tool to examine thabservations regarding shoot and root growth and development

likelihood of adverse effects of soil contaminants or soil@r€ encouraged.

amendments on potential establishment of vegetation via

germination. Phytotoxic effects that occur as a consequence 6.3 Safety

impairment of photosynthetic systems, flower development, or A1.3.1 See Section 8.

even early growth of shoots or roots might be underestimated

by this test method. Al.4 Apparatus and Equipment
Al.4.1 The preparation of the test soil medium, the test
Al.2 Method Summary substance, the storage of soil and seeds, and all stages of the

Al.2.1 Seeds are germinated in a test matrix which may béest procedure must take place in an atmosphere free from
a natural soil (free of chemical contamination), commercialcontamination. The growth area should have reasonable tem-
potting soil, synthetic soil mixes, or washed quartz sg40, perature control and adequate lighting, with a photoperiod of
41, 42)and Practice E 1598). Chemical additives or amend416 h on, 8 h off. Equipment includes:
ments may be added to formulated or reference soil media at A1.4.1.1 Disposable, sterilized, petri plates or plastic pots
various concentrations. Contaminated soils may be tested éor example, 4X 4 in. though other sizes may be used).
full-strength (that is, 100 %) or diluted with a suitable refer- A1.4.1.2 Balance—sensitivity to 0.001 g.
ence or formulated soil. A positive control (for example, boron A1.4.1.3 pH meter—sensitivity to 0.1 units.

10
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Al.4.1.4 Photometer (RadiometerjCapable of measuring  A1.5.2.1.4 Test substances with low aqueous solubility
the photosynthetically active range. Fluence rate of incideniight require being dissolved in an organic solvent, such as
light should be expressed as pmotas . acetone. The solvent/chemical substance stock solution can be

Al1.4.1.5 A continuous recording thermometer or aadded to quartz sand or glass beads and allowed to dry. The
maximum-minimum thermometer that is checked daily. Manysand or glass beads, or both, can then be mixed with soil for
continuous recording units also record humidity. testing, or seeds can be placed in the sand or glass beads and

A1.4.1.6 Industrial Mixer or Cement Mixer-A revolving  exposed by adding the proper nutrient solution. (As noted in
or rotating mixer is recommended for combining test sub5.2.2, the use of sand or glass beads most likely will not be
stances or test soils with large volumes of control or referenceepresentative of a natural soil.) If an organic solvent is used in
soil medium. this test, solvent controls also should be used.

Al.4.1.7 Routine laboratory glassware and materials A1.5.2.2 For each species tested, the normal time required
funnels, graduated cylinders, beakers, stainless steel spatulgsachieve acceptable percentage germination levels should be
and scoops, filter paper, laboratory sealant film, marking pengjetermined. The test duration should be approximately twice
disposable latex gloves, notebooks, resealable bags, laboratqpky jength of time. It is recommended for improved laboratory
coats, and certified respirators. management, that test duration be adjusted to the nearest whole
week. In other words, if for lettuce, 90 % germination is
Al.5 Procedure attained after four days, the test duration would be seven days;

A1.5.1 Pretest Documentation for a range grass that reaches its normal maximum of 80 %

Al1.5.1.1 Petri plates or pots are labeled with project idengermination after seven or eight days, the test duration would
tification, test sample identification, species, and replicatée two weeks. As the seeds are placed below the soil surface,
number. there is no need to store the containers in the dark as done in

A1.5.2 Test Procedure some tests conducted on filter paper or in quartz sand.

Al1.5.2.1 Approximately 100 to 300 g (nominal dry weight) However, during the pre-germination period, containers should
of test soil medium is placed in each petri plate or pot. Fivebe covered so that evaporation is minimized. Upon emergence,
replicates of each soil sample, additive, or amendment treathe container covers should be removed. Once the covers have
ment, a positive control, and a negative control are tested. Eadfeen removed, a regular watering schedule (at least daily) must
replicate container should be planted with 5 or 20 seedse followed to ensure that adequate moisture is maintained for
depending on the size of the seed and seedling and tegte duration of the test.
requirements. Fewer seeds may be used in specialized cases\1 5 2 3 When watering, care must be taken to minimize

such as large seeds or very rare species, however, use of feWgLy hance of the soil surface. Careless, forceful application of

seeds _reduces the pre(;ision of the test. Seeds Sh‘?“"?‘ be planfoder can uncover some seeds while burying others to unde-
at a soil depth 1.5 to 2 times the seed diameter. Deionized watef e depths. If watering from the surface, slow rates of
should be used to bring the pots to water holding capacity, ’

| . ith ; ies indicat g | application are needed. Sub-irrigation is recommended except
uniess experience with a given species Indicales using egg,q using coarse sands that do not provide adequate capillary
water. Containers should be placed at previously determine

random test areas in the test facility ovement of water to reach the soil surface. In most cases, the
- C . volume of water to be added will vary in accordance with
Al1.5.2.1.1 Range-finding or Screening TesOften it is y

desirable to identifv th mat f (ivaporative conditions of the test area. Water additions to
esiraple to iden ify the approximate response range of €Nty ation or less (for example, 85 % water holding capacity)
points for a test substance. Though statistical analyses a

ossible, these exploratory tests are intended to provide qua %ould be provided at least once each day. The investigator
possibie, > EXp ry . P AU 6uld determine if more frequent watering is needed.
tative information at relatively low cost, with the information - o ) ,
used to design subsequent tests with more statistical power (for A1-5-2-4 Unless specific test objectives impose different
example, Definitive Tests). As a screening test, it is suggestd@auirements, lighting from fluorescent/incandescent lamps
that two or more concentrations at decade levels be tested. Affat provide 16 h of light per day is recommended. For most

1 1 . .
test concentrations are nominal unless specific analysis of stodRSts, 100 to 200 umol m" s™ of visible light (or photosyn-
solutions or treated soil is determined. thetically active radiation, 400 to 7Gfin) has been found to be

A1.5.2.1.2 Limit Test—Use of limit tests for plants gener- & broadly applicable fluence rate. In some cases, Qiﬁerent light
ally is restricted to substances that are suspected to exhiRVelS or spectral ranges (for example, solar ultraviolet) may be
relatively little phytotoxicity (for example, PCBs or iron). A "équired. Guide E 1733 should be consulted.
single high concentration is administered to the test matrix and A1.5.2.5 Air temperature, relative humidity, and barometric
results are compared to those from the negative control. Sugbressure are monitored at least for daily minimum and maxi-
tests are used to establish the safety of a substance at thmum values, but it is preferably to monitor continuously with
highest expected concentrations based on physical propertiasrecording device or an electronic datalogger. Temperature
of the test substance or maximum observed levels. should be maintained between 20°C and 30°C, unless special

A1.5.2.1.3 Maximum Challenge or Maximum Dose Fest requirements exist for a particular test species. Relative humid-
Maximum Challenge tests are similar to Limit Tests. The singlety is generally maintained above 30 % (recommens0 %),
test concentration of the substance (typically a pesticide) ithough it may be advisable to increase the relative humidity in
equal to the maximum label rate for that substance. the growth area if the soil dries rapidly.

11
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Al1.5.3 Termination of the TestThe primary data collected harvested material should be placed in a pre-weighed drying
from this study is the number of seedlings out of total plantedvessel and placed in a drying oven set at 70°C until constant
that emerge above the soil. Abnormal patterns in growth angveight is achieved (recommended time is 24 h). The weights
development, or abnormal plant morphology as compared tehould be measured to the nearest 0.001 g. For small plants it
untreated controls, should be noted and presented in the repaniay be appropriate to combine all plants of a replicate for a
in narrative or tabular form. Optional measures include shoospecies at a given contaminant concentration to determine
and root growth (See Fig. A1.1). Shoot measurements are madggowth.

Phytotoxicity Endpoints
p 25
2%5 &3 i
Shoot Height Dry Shoot Mass
= Dry Total

Mass

Germination
Percentage

Root Length

Dry Root Mass

FIG. Al.1 Array of Measurement Endpoints

from the transition point between the hypocotyl and root to theA1.6 Interference and Limitations

tallest point on the shoot. Root measurements are made froma1 6.1 See Section 13.

the transition point between the hypocotyl and root to the tip of

the root. At the transition point between the hypocotyl and theAl.7 Calculations

primary root, the axis may be slightly swollen, contain a slight A1.7.1 See Section 15.

crook, or change noticeably in size. Measurements should be ) _

taken to the nearest mm. For some species, there may -8 Quality Assurance and Quality Control
sufficient growth to obtain dry weight measurements. The A1.8.1 See Section 14.

A2. ROOT ELONGATION

A2.1 Scope and Application A2.2 Method Summary

A2.1.1 The root elongation assay (modified from Porcella A2.2.1 Root elongation is a key component of the early
(43), Ratsch(44), and Gorsuch et a(45) estimates the acute stages of plant growth and development. It has been used for
toxicity of liquid hazardous wastes and hazardous wastéetermining selective toxicity of herbicidg@5), (46, 47)
eluates in a 120-h static test. Though butter crunch lettucscreening for heavy metal@8, 49) and evaluating toxic
(Lactuca sativd..) is often used in this test, the method may bechemicals(50, 51)and allelopathic substanc€s2, 53)
used with any plant species that germinates uniformly and A2.2.2 Several species have been used for root elongation
quickly and produces a linear root during the first several daysests including cucumber, wheat, alfalfa, radish, red clover, rye,
of growth. The measured response integrates synergisticape seed, and lettuce. Cucumber and wheat seeds generally
antagonistic, and additive effects of all the chemical, physicalgrow longer roots in the five day incubation period, offering
and biological components of the test conditions that adverselgreater length differentials to interpret response to test sub-
affect plant root growth. Detection limits of the toxicity of a stances. Generally, wheat and cucumber varieties are less
hazardous waste solution or pure substance are organisrsensitive. Butter crunch lettuce is a commonly used test species
dependent. This method should be performed by, or under tHer the root elongation bioassay as it is easily handled in the
supervision of, professionals experienced in environmentdhboratory, root growth is sufficient to give good measurement
toxicity testing. precision within the 120-h incubation period, and lettuce is
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among the most sensitive of species. Investigators are, howA2.5 Procedure

ever, encourgged to expanq the range of test species. In using,, & ¢ Preparation

non-conventional taxa, the investigator should document and _

establish control charting of typical elongation growth rates A2-5.1.1Test Solutions

under control conditions. A2.5.1.1.1 The dilution series to be used is generally a 0.5
A2.2.3 A dilution series of test product or eluate and fivelevel dilution (for example: 3.125 %, 6.25 %, 12.5 %, 25 %,

replicates per treatment are recommended. Deionized water $ %, and 100 %). Deionized water is used as the diluent.

used as a negative control. If a solvent or some other solution A2.5.1.1.2 Boron as boric acid solutions for 40 ppm, 80

is used to introduce a test substance, an additional contrgipm, 160 ppm, 320 ppm, and 640 ppm are used for the positive

having all the ingredients but the test substance should beontrol.

added to the testing scheme. If eluates of site soils are tested,pn2 51.1.3 The volume of test solution should be deter-

then an eluate of a reference soil should be tested. Boron &sined for each type container. The volume of test solution

boric acid is used as a positive control. should be sufficient to saturate the paper.
A2.2.4 Seeds are incubated in either growth pouches, or A2 5.1.2 Seeds

petri dishes with filter paper, or seed tr{!) saturated with ) . )
the appropriate treatment, for 120 h. Root lengths are measuredA2-5-1.2.1  Seeds may be size-graded using four nested wire

and compared among treatments and controls. mesh screens or otherwise sorted to improve uniformity in
germination and root growth rates.
A2.3 Safety A2.5.1.2.2 The seeds are stored in resealable bags; labeled
A2.3.1 See Section 8. with seed type, date screened, and fraction size; in a 4°C
refrigerator until used for testing.
A2.4 Apparatus A2.5.1.3 Pretest DocumentatierGrowth pouches, petri

dishes, or seed trays are labeled with test concentrations,
s&ecies, and replicate number. Pre-test checklists may be
elpful to verify all scheduling and material needs.

A2.4.1 Facilities—The preparation of the test, test sub-
stance, storage of soil and seeds, and all stages of the t
procedure must take place in an atmosphere free from toxi
contamination and vapors. The area should also be protectedA2-5.2 Test Procedure

from rodents, insects, and other vermin. A2.5.2.1 The root elongation bioassay is comprised of five
A2.4.2 Equipment and Supplies replicates at each test concentration, a negative control using
A2.4.2.1 Screen sized and separated seeds; deionized water, and a positive control using boron as boric
A2.4.2.2 Calibrated pH meter; acid. Other controls may be added as appropriate (for example,
A2.4.2.3 Filter paper; eluate of reference soil; solvents). Each test container receives

A2.4.2.4 Growth pouches or disposable, sterilized, polysty10 seeds equally spaced in the test container. A total of 50 seeds
rene petri dishes, 100 mii 15 mm (glass petri dishes should is used per concentration and 50 seeds used for each of the
be used if suspected or known chemical constituents that wouldegative and positive control.

react with the plastic exist in the toxicant sample); A2.5.2.2 The pH of the test solution is taken and recorded
A2.4.2.5 33 gallon black plastic garbage-bag to line theprior to making dilutions.

cardboard box; pipettes; metric ruler; A2.5.2.3 Dilutions may be made in the same 25 mL
A2.4.2.6 25 mL volumetric flask; volumetric flask, beginning with the lowest concentration first.

A2.4.2.7 Forceps (for seed handling and placement); glass
plate (for measuring root length);

A2.4.2.8 Sample containers (for shipment and storage);

A2.4.2.9 Controlled test area capable of maintaining
uniform temperature of 24 2°C;

A2.4.2.10 Water purification system;

A2.4.2.11 Top loading balance capable of weighing soil
samples to 0.1g;

A2.4.2.12 Reference weights (for checking performance o

A2.5.2.4 Each test concentration is prepared using deion-
ized water (or a suitable solvent amendment as required) to
dilute the test substance to the appropriate test concentrations.
3rhe quantity of treatment as determined in 6.1.1.3 should be
administered to each replicate.

A2.5.2.5 The negative controls are prepared by dispensing
deionized water to each of the replicate test apparatus. The
positive controls are prepared by dispensing the appropriate
balance): quantity of boric acid solution to each of the replicate test

A2.4.2.13 Electronic thermometer (for continuous monitor-CONtaINErs. _ _
ing of temperature); A2.5.2.6 The growth pouches are either placed in racks or

A2.4.2.14 National Bureau of Standards certified thermomstacked in a dark growth chamber, with damp laboratory towels
eter; placed in the bottom, for 120 h at 24 2°C. For the petri dish
A2.4.2.15 Routine laboratory glassware and materials: funmethods (either filter paper or germination trays), damp towels
nels, graduated cylinders, beakers, stainless steel spatulas @ placed between layers of petri dishes to maintain the filter
scoops, filter paper, laboratory sealant, marking pens, dispofaper moisture throughout the incubation period. (Darkness is
able latex gloves, notebooks, re-sealable bags, lab coats; arftpt @ requirement for this test, however, in some cases algal
A2.4.2.16 Certified respirators are required to conduct thigontaminant growth may interfere with test results.)
test. A2.5.3 Termination of the Test
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A2.5.3.1 Root lengths are measured (after 120 h of darklosely simulates environmental conditions. Non-water soluble
incubation) on a glass plate or other firm flat surface. Measureconstituents bound or tightly adhered to soil particles will not
ments are made from the transition point between the hypdse contained in an eluate, whereas unbound water soluble
cotyl and root to the end of the root tip (see Fig. A2.1). Forconstituents would. If the principal question relates to surface
plants with a fibrous root mass, the investigator should specifyater or groundwater runoff into streams, lakes, or wetlands; or
whether the longest root or the primary root was measured. roundwater flow off site (for example, off site well water
minimum of 80 % of the negative control seeds must havecontamination), it may be most appropriate to test derivatives
germinated for the test to be valid. Alternatively, the criterionof soils. In addition, the test assumes the primary influence on
for acceptance of control seed germination may be establishgiant root elongation is the contaminant of interest. Other
statistically through control charting as withih 2 S. D. of  potential toxicants (metals, other pesticides, and naturally
mean for the species. The seeds are removed from the filt@ccurring growth regulators) can alter and/or counteract this
paper and placed on the glass work surface. The distance froassumption.
the transition point between the hypocotyl and root to the tip of A2.6.2 The choice of test apparatus can alter the measured
the root is measured. At the transition point between theesponse. Filter paper or toweling in growth pouches may bind
hypocotyl and the primary root, the axis may be slightly certain test substances, especially metal cations, and render
swollen, contain a slight crook, or change noticeably in sizethem unavailablg€54).

All roots are measured to the nearest millimeter and recorded A2.6.3 Toxic substances can be introduced by contaminants
on a data sheet. in water, glassware, sample hardware, artificial soil, and testing

A2.5.3.2 As an optional or additional endpoint, roots mayequipment.
be harvested, placed in preweighed drying pans, and dried to A2.6.4 Improper hazardous waste sampling and handling
constant weight (recommend using 70°C for 24 h). The overtan adversely affect test results. The test is not generally suited
dry weight of all roots from a treatment-replicate is thento evaluate phytotoxicity of volatile substances.
measured to the nearest 0.001 g. A2.6.5 Pathogenic organisms in test materials can affect test

A2.5.3.3 Final pH readings are obtained after the test i®rganism survival, and also confound test results.
completed. Taking final pH readings when using the petri dish A2.6.6 See Section 13 for additional details.
technique may be very difficult since the vast majority of liquid )
is retained in the filter paper. A2.7 Calculations

o A2.7.1 See Section 15.
A2.6 Interference and Limitations

A2.6.1 In many instances, direct tests are preferred ovef2-8 Quality Assurance and Quality Control

indirect tests because the exposure to the test organism moreA2.8.1 See Section 14.

A3. BRASSICA LIFE CYCLE

A3.1 Scope and Application icity of sludges, and assessing the impact of discharge of
A3.1.1 This test evaluates the inhibitory effects of testtoxicants or other amendments to land. Addition of contami-
materials regarding germination, growth of shoots or rootshants at varying temporal intervals can be used to simulate
photosynthetic systems, flower development, and reproductiv@pplication of contaminants to existing site vegetation at
capabilities ofBrassica rapaplants under laboratory condi- different points of the growth cycle. The primary use of this test
tions. This practice is applicable for establishing phytotoxicityis to assess full life cycle effects of toxicants. It can also be
of herbicides and other pesticides, determining the phytotoxused as a screening tool to examine adverse effects of soil

Root Length

FIG. A2.1 lllustration of Root Length Measurement
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contaminants or soil amendments on germination and shoot A3.4.1.10 Routine laboratory glassware and materials in-
and root development. If alternative species are to be used, tloduding: funnels, graduated cylinders, beakers, magnetic stir
test procedures must be modified to conform with growthplate, stainless steel spatulas and scoops, filter paper, tissue
requirements phenology of the particular species. This test mgyaper; laboratory sealant film, marking pens, disposable latex
be combined with other tests such as the seed germination tegibves, notebooks, re-sealable bags, lab coats, and certified
to extend the suite of endpoints to include germination andespirators.

early growth of seeds produced by the test plants.

y9 P y P A3.5 Procedure

A3.2 Method Summary A3.5.1 Preparation

A3.2.1 Seeds are germinated in a test medium which may be A.3'5‘_1'1 L_e}bell Petri plates anq pots or containers .With
a formulated soil, a reference soil, or a contaminated SoiprOJebct identification, test sample identification, and replicate
(55-57) Replicate seedlings are allowed to develop fuIIynum er. . . . . .
through maturation of silique¢58). Chemical additives or A3.5.1.2 If the investigator has decided to utilize a soil

amendments may be added to formulated or reference SOqllilution series or artificial soil for this procedure, complete all

media either pre-emergence or post-emergence, and at varioﬁ%“ assembly or ”T”Xing prior to tesF initi_atipn.. e
P 9 b 9 A3.5.1.3 Test aliquots of each sail, soil dilution, or artificial

temporal spacings or concentrations. Contaminated soils may . o
be tested at full-strength (that is, 100 %) or diluted with a oil to be utilized for pH.

suitable reference or formulated soil. A positive control (for A3.5.2 Test Procedune_ L .
example, boron as boric acid), and a negative control (deion- A3'5'.2'1 Plac_e test soll med|u_m .m each pot or container so
ized water or specified nutrient solution added to reference s to bring matrix to 1 ¢m from rim; amount needed will vary
formulated soil) should be included in the test. The testVith type of container and soils used. Test at least five
duration should be 36 to 42 days, the approximate tiI,ne(ephcates oflgach soil sample, addmvga, or amendment treat-
required for life cycle completion oBrassica rapaunder ment, a positive control, and a negative control. Plan_t each
normal and test condition€8). Numerous quantitative data rephcat_e container with 1 or Brass_lca_l rapa see_dsi_ependlng
points may be obtained throughout the testing period, wittPn the investigators need for statistical germination data. For

additional information being obtained through generationaf’ery sandy refergnce or art|f|C|aI.SO|Is, it may be ad_wsable o
tests on seeds produced. place each seed in a folded 1 Epiece of laboratory tissue to

avoid dislodging the seed during watering. Plant seeds at a

A33 S depth of 1 cm. Use deionized water or treatment solution to
.3 Safety i : . X

) bring the pots to water holding capacity. Place clear plastic

A3.3.1 See Section 8. petri dishes on top of each replicate container to minimize
) evaporation during germination. Place containers at previously
A3.4 Equipment and Apparatus determined random test positions in the test facility.

A3.4.1 The preparation of the test, the test soil medium, the A3.5.2.2 Brassica rapahas been shown to complete a life
test substance, the storage of soil, and all stages of the tesgcle in as little as 36 days under ideal laboratory conditions;
procedure should take place in a setting free from contaminastudies have shown that cycle times may increase to 42 days
tion. The growth area should have reasonable temperaturghen testing toxicantg58). The test duration should be
control, relative humidity control, and adequate lighting. Theapproximately that length of time. It is recommended for
recommended photoperiod is 16 h,d® h off. Equipment scheduling management that test duration be adjusted to the
includes: nearest whole week. Upon seedling emergence, remove con-

A3.4.1.1 Disposable, sterilized, plastic pots or containergainer covers. Once the covers have been removed, a regular
(for example, 7.5< 15 cm, although other sizes may be used).watering schedule (at least daily) must be followed to ensure

A3.4.1.2 Disposable plastic petri dishes for use as pot othat adequate moisture is maintained for the duration of the

container covers. test. When watering, care must be taken to minimize distur-
A3.4.1.3 Stainless steel rods, bamboo skewers or equivalebance of the soil surface. Careless, forceful application of

inert support; approximately 30 cm in length. water or treatment solution can uncover some seeds while
A3.4.1.4 Balance—sensitivity to 0.01 g. burying others to undesirable depths. If watering from the
A3.4.1.5 pH meter—sensitivity to 0.1 units. surface, slow rates of application are needed. In most cases, the

A3.4.1.6 Photometer (RadiometesCapable of measuring volume of water to be added will vary according to evaporative
the photosynthetically active range. Fluence rate of incidentonditions of the test area. Provide water or treatment solution
light should be expressed as umof%sT™. additions to saturation or less (for example, 85 % water holding

A3.4.1.7 A continuous recording thermometer or acapacity) at least once each day. The investigator should
maximum-minimum thermometer that is checked daily. Manydetermine if more frequent watering is needed.
continuous recording units also record humidity. A3.5.2.3 Unless specific test objectives impose different

A3.4.1.8 Industrial Mixer or Cement Mixer-A revolving  requirements, lighting from fluorescent/incandescent lamps
or rotating mixer is recommended for combining test sub-that provide 16 h of light per day is recommended. For most
stances or test soils with large volumes of control or referenceests, 100 to 200 pmol Tfs™ of visible light (or Photosyn-
soil medium. thetically Active Radiation, 400 to 70§m) has been found to

A3.4.1.9 Drying oven capable of maintaining 85° C. be a broadly applicable fluence rate. In some cases, different
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light levels or spectral ranges (for example, solar ultravioleticoncentration of toxicants in the matrix are to be determined,
may be required. Guide E 1733 should be consulted. take aliquots of the matrix before washing the roots. Place the
A3.5.2.4 Air temperature, relative humidity, and barometricroots and adhering matrix in a tub of deionized water and
pressure are monitored at least for daily minimum and maxigently wash to remove the matrix from the roots. The plants
mum values, but it is preferable to monitor continuously withshould be washed individually, although it may be acceptable
a recording device or an electronic datalogger. Maintairto wash all replicates of a given treatment at once. If replicates
temperature between 20 and 30° C. Relative humidity isare washed as a batch, broken roots cannot be assigned to
generally maintained above 30 % (recommerd 50 %), individual plants and therefore constrains statistical descrip-
though it may be advisable to increase the relative humidity irtions of treatment variability. Once washed, separate shoots
the growth area if the soil dries rapidly. from the roots by cutting with a razor blade at the cotyledons.
A3.5.2.5 After cover removal, seedlings are allowed toTake takedown measurements at this time. These include, but
emerge until development of the first true leaves occursare not limited to, the following: wet and dry foliar and root
usually four to eight days. At this point, insert an inert supportweights, maximum foliar height, stem diameter, number and
rod into the soil medium. Measurements of morphologicallength of axillary stems, number of siliques, and number and
phenological, and other endpoints are taken periodicallysize of seeds. Place the harvested foliar and root material in
throughout the experiment. These include, but are not limiteghre-weighed and labeled drying vessels and place in a drying
to the following: germination, emergence, foliar height, stemoven set at 85° C until constant weight is achieved (recom-
diameter, internode length, leaf length and width, branchingnended time is 24 h). Measure the wet and dry weights to the
morphology, bolt timing, initial flowering date, silique devel- nearest 0.01 g.
opment, chlorosis, stunting, and survival. Foliar height may be
measured daily or weekly by gently straightening the foliageA3.6 Interference and Limitations
and meas_uring betwgen the cptyledons and the uppermost PoiNtaA3 6.1 See Section 13.
of the foliage. Special care is needed to avoid injuring the
plants during measurement. Replicates are allowed to continugz 7 4jculation
development until seed is set or the life cycle is complete, or ,
both. A3.7.1 See Section 15.
A3.5.3 Termination of the Test ) )
A3.5.3.1 At takedown, invert the pots or containers and*3-8 Quality Assurance and Quality Control
gently tap to remove the plants and matrix together. If post-test A3.8.1 See Section 14.

A4. WOODY PLANT SPECIES GROWTH & DEVELOPMENT

A4.1 Scope and Application reference or formulated soil. A positive control (e.g., boron as
A4.1.1 This test evaluates the inhibitory effects of testPoric acid), and a negative control (deionized water or speci-
materials on growth and development of woody plant speciefied nutrient solution added to reference or formulated soil)
under laboratory conditions. This practice is applicable forshould be included in the test. The test duration should be
establishing phytotoxicity of herbicides and pesticides, deter@PProximately twice the time required for significant shoot and
mining the phytotoxicity of soils, sediments, and sludges, and00t development of the test species. The duration of the study
assessing the impact of discharge of toxicants or other amenf2y be increased to enable evaluation of plant growth under
ments to land on species that occur naturally or are bein{Phder exposure conditions. The wet and dry shoot mass,

considered as cover for contaminated and remediated aredd/mber of new shoots or leaves, and total plant weight changes
This test is most useful as a screening tool to examine tha'e scored at the termination of the test. Additional metrics and

likelihood of adverse effects of soil contaminants or soilobservations regarding shoot and root growth and development
amendments on potential regeneration of plant communities id'® encouraged.

areas of past disturbance or contamination. The test may also

be used to conduct definitive tests that estimate concentratigh-3 Safety

related effects levels (for example, ECxx). Phytotoxic effects A4.3.1 See Section 8.

that occur as a consequence of impairment of photosynthetic

systems, shoot growth, or root development can be assessed4.4 Facilities and Equipment

A4.4.1 Facilities—The preparation of the test, test soil

A4.2 Method Summary medium, test substance, storage of soil, pretest plant care, and

A4.2.1 Woody plants are grown in a test medium whichall stages of the test procedure must take place in an atmo-
may be silica sand, a formulated soil, a reference soil, or @phere free from contamination. The growth area should have
contaminated soil56, 57) Chemical additives or amendments reasonable temperature control, and adequate lighting. The
may be added to silica sand, formulated, or reference soilecommended photoperiod is 16 h,@&h off, unless a given
media at various concentrations. Contaminated soils may biest species requires special photoperiod conditions for the
tested at full-strength (i.e., 100 %) or diluted with a suitableobjectives of the test.
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A4.4.2 Equipment and Supplies woody plants, the test begins with a substantial amount of
A4.4.2.1 Disposable, sterilized, plastic pots or containershoot and root material. Therefore, it is important to quantify
(for example, 7.5 by 20 cm, though other sizes may be usedjhe starting point in order to interpret the effects of the test
A4.4.2.2 Metal or plastic plant identification labeling tags; substance. Two methods may be used:
A4.4.2.3 Balance—sensitivity to 0.01 g; A4.5.1.4 Average Starting Conditions Using Test Plant
A4.4.2.4 pH Meter—sensitivity to 0.1 units; Population Mean
A4.4.2.5 Photometer (Radiometer)Capable of measuring  A4.5.1.5 Randomly assign pre-sorted plant specimens into
the photosynthetically active range. Fluence rate of incidenfreatment groups. The groups should include all treatments and
light should be expressed as pmots™ controls as well as a group designated as the starting condition
A4.4.2.6 A continuous recording thermometer or a max.group.
min. thermometer that is checked daily. Many continuous A4.5.1.6 The starting condition group is measured for all
recording units also record humidity; endpoints described for the test, (that is, shoot height, root
A4.4.2.7 Industrial Mixer or Cement Mixer-A revolving length, shoot mass, root mass, etc.).
or rotating mixer is recommended for combining test sub- aA4.51.7 The statistical description (mean, standard devia-
stances or test soils with large volumes of control or referencgon, UCL, etc.) of data for measured endpoints of each

soil medium; o parameter of this starting condition group becomes the baseline
A4.4.2.8 Dry|ng oven Capable Of ma'nta'n'ng 85°C, and for Compansons among treatments.

A4.4.2.9 Routine laboratory glassware and materials includ- a4 5 1 8 |ndividual Starting Conditions

ing_: funnels, graduated cylinders, beaker_s, magnetic stir plate, o4 5 1.9 Each pre-sorted specimen is given a unique, water-
stainless steel spatulas and scoops, filter paper, laboratogy, ¢ identification label.

sealant film, marking pens, disposable latex gloves, notebook 'A4.5.1.10 Each labeled specimen is measured for each

re-sealable bags, lab coats, and certified respirators. non-destructive quantitative (total plant weight, shoot number,
A4.5 Procedure etc.) and qualitative (shoot description, root description, etc.)

A4.5.1 Pretest Plant Preparation parameter. : .

A4.5.1.1 Obtain more plant material than will be needed to A%4-5-1.11 The labeled specimens are assigned randomly to
conduct the test (including all test treatments and controls). [f€atment groups. _ _
the plants have been grown in a soil medium, wash the roots A4-5:1.12 At the conclusion of the test, specimens are
gently by dipping the root mass into deionized water. Thismeasured for each parameter. The dlfference between post-test
allows the soil particles to settle from the roots. While plants2nd pre-test non-destructive endpoint measurements is the
are being handled, it is very important to maintain moistmagnitude of growth achieved during the_test. Measures_ of
conditions for the roots. Wet paper or cloth toweling may peShoot or root dry-weight mass can only be interpreted relative

used. Alternatively, the roots may be placed in trays with© values for negative controls. _ _
sufficient deionized water depth to submerge all roots. A4.5.1.13 There are substantive trade-off considerations

A4.5.1.2 Pre-sort the plants according to size and stage dfistinguishing these two methods. In using the average method,
development. The intent here is to get relatively uniform sized@®n€ must have a sufficiently large number of plants to harvest
plants in similar stages of root and shoot growth. Cull spindlyfor the mma} conditions. Also, thej magnitude of variation
and extremely robust plants, relative to the average plant in th@Mong specimens should be relatively small so that random
lot. Plants should be small enough to permit substantial growt§@mpling differences among treatment groups are inconsequen-
(both root and shoot) in the container and head space availabi@ compared to expected treatment effects. Specific data
for the test. Species that readily form lateral sprouts may b&uality objectives could be developed to anticipate the magni-
pruned to achieve uniform size. Root mass may also béide of permlssmle.var.latlon, but in general_ th_ls method is
trimmed, particularly if the plants were grown in tubes andprot.)allaly a poor g:h0|ce if the coefficient of variation (standard
have become root bound. If the root mass has become boun@viation/mean) is greater than 20 %. The major disadvantages
considerable damage to the roots may occur that will likelyWith the individual starting conditions are the labeling require-
influence the test results. Small, sharp scissors, pruning sheaf@ents and the inability to obtain starting values for dry weight
scalpels, or razor blades may be used to trim the shoots arff other destructive measurement parameters.
roots. An acclimation period following re-potting may be A4.5.1.14 As part of the test procedure, the investigator
warranted. Advice on pruning shoots and reducing root mas%hOU'd Stipulate which method was chosen and the rationale for
may be obtained from horticulturist or nursery staff. Theselecting the method. Also, as this method describes only
investigator should become familiar with the characteristics ogeneral steps, the test documentation should provide additional
the species used before conducting a test. pertinent detail to describe what was done and as appropriate

A4.5.1.3 Several endpoints are measured in the conduct d¢fidicate why certain steps were performed as they were.
the test. Potential quantitative endpoints could include shoot A4.5.1.15 Pots or containers are labeled with project iden-
height, root length, number of shoots, number of leavestification, test sample identification, test species, and replicate
number of root initiation points, and measures of masshumber.

Potential qualitative endpoints could include observations on A4.5.2 Test Procedure
general plant condition, leaf malformations or death, new root A4.5.2.1 Place at least 5 cm of test medium in the bottom of
growth, and general treatment cohort condition. With thethe labeled pot or container. These should be of sufficient
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dimension to contain test medium to a depth of approximately A4.5.3.1 The primary data collected from this study include
two times the root length of the test plants to allow unrestrictedjuantitative changes (total plant weight, number of shoots or
root growth during the test. Medium quantities will vary leaves, etc.) in the test replicates as compared to the controls
dependent on test species and medium type. Each replicaéad will vary dependent upon initial data collected prior to test
container should be planted with one test replicate. Fivenitiation. Abnormal patterns in growth and development, or
replicates of each soil sample, sample dilution, additive, ombnormal plant morphology as compared to untreated controls,
amendment treatment, a positive control, and a negativehould be noted and presented in the report in narrative or
control are tested. Each plant should be placed in the pot daebular form. Optional endpoint measures include qualitative
container with the roots just touching the medium in theobservational data endpoints (scored values for shoot condi-
container. Additional medium should be added gently to covetion, root condition, etc.) outlined prior to test initiation. At
the roots completely and to bring the medium level within 1 totakedown, the pots or containers should be inverted and gently
2 cm of the top of the pot or container. The stem of the replicatéapped to remove the replicate and medium together. If
should be covered to a depth sufficient to support the replicatpost-test determination of toxicants in the medium are to be
during the testing period. Medium may be gently packed bydetermined, aliquots of the medium should be taken before
hand to assist with this, but care must be taken (especially wittvashing the roots. The roots and adhering medium should be
clay soils) to not compact so as to restrict root development oplaced in a tub of deionized water and gently washed to remove
moisture transfer. Deionized water should be used to bring ththe medium from the roots. The plants should be washed
pots to water holding capacity. Containers should be placed atdividually, although it may be acceptable to wash all repli-
previously determined random test areas in the test facility. cates of a given treatment at once. If replicates are washed as
A4.5.2.2 Growth rates among species vary widely; actively2 batch, broken roots cannot be assigned to individual plants
growing poplar shoots may produce 5 cm or more growth pegnd therefore constrains statistical descriptions of treatment
week, whereas conifers may have 1 cm growth per week. Theariability. Total replicate weight can then be obtained and
normal time required to achieve amounts of shoot and rocghould be measured to the nearest 0.01 g. Shoots and roots
growth acceptable for statistical characterization of the tesshould be collected by cutting from the main stem as closely as
species should be determined. The test duration should Heossible with a razor blade. The harvested material should be
approximately twice that length of time. It is recommended forplaced in a pre-weighed and labeled drying vessel and placed
improved laboratory management that test duration be adjustdfl @ drying oven set at 85°C until constant weight is achieved
to the nearest whole week. In other words, if for poplar shoofrecommended time is 24 h). The wet and dry weights should
and root development sufficient for quantitative comparisonde measured to the nearest 0.01 g. For small plants it may be

occurs in ten to fourteen days, the test duration would bé@ppropriate to combine all replicates for a species of a given
twenty eight days. treatment to determine growth.

A4.5.2.3 Aregular deionized water or treatment applicationag g |nterference and Limitations
schedule should be followed to ensure that adequate moisture
is maintained for the duration of the test. In most cases, th
volume of deionized water or treatment solution to be adde
will vary according to evaporative conditions of the test are

A4.6.1 Interpretation of phytotoxicity from this test must be
empered to reflect ecological aspects regarding test species
utilized. Determinant growth plants such as conifers have

and plant transpiration rates. Additions to saturation or less (fo mited periods of growth. Indeterminant growth plants such as

example, 85 % water holding capacity) should be provided aprany angiosperm tree species exhibit extended periods of

least once each day. The investigator should determine if mor%rOWth under favorable cpnditions. Desire_:d data applicabi_lity
frequent application.is needed must be addressed early in the test planning stage to eliminate

i L . _ misinterpretation of data that is determined by species charac-
A4.5.2.4 Unless specific test objectives impose differentgigiics rather than phytotoxic effects. If determinant growth

requirements, lighting from fluorescent/incandescent lampgpecies are to be used the plants should be near the beginning
that provide 16 h of light per day is recommended. FOr mosjy hejr growth cycle. Indeterminant growth species offer

tests, 100 to 200 pmol Ts™* of visible light (or photosyn- greater temporal latitude for conducting the tests.
thetically active radiation, 400 to 7G{m) has beenfoundtobe = A4 52 Tests using woody plants require special steps to
a broadly applicable fluence rate. In some cases, different light\nance the value of the data. Woody plants may come in one
Ievel§ orspe_ctral ranges (for example, solar ultraviolet) may bg¢ nree forms: seedlings (that is, young plants grown from
required. Guide E 1733 should be consulted. seeds), older rooted plants having a substantial stem and root
A4.5.2.5 Air temperature, relative humidity, and barometricmass (the plant may have been started from seed or from stem
pressure are monitored at least for daily minimum and maxicuttings), or bare stem cuttings that can be nurtured to
mum values, but it is preferable to monitor continuously withregenerate roots and shoots. Each form of plant requires
a recording device or an electronic datalogger. Temperaturgomewhat different steps to prepare the plants for testing. Care
should be maintained between 20 and 30° C, unless specidust be taken to minimize root and shoot damage during
requirements exist for a particular test species. Relative humithandling, extraction, root cleaning, and replanting prior to test
ity is generally maintained above 30 % (recommend0 %),  setup in order to preclude phytotoxic effects being masked by
though it may be advisable to increase the relative humidity irphysical damage. If the investigator has limited knowledge of
the growth area if the soil dries rapidly. a species, experiments to characterize effects of handling the
A4.5.3 Termination of the Test plants should be conducted as a companion set of tests.
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A4.6.3 Phytotoxic effects will often be expressed differentlyized starting data endpoints while exhibiting earlier life cycle
at differing stages of plant growth. For this reason, carefubhysiological characteristics. The study design must reflect
consideration should be given the decision to utilize seedlings;onsideration of these differing developmental characteristics
rooted plants, or cuttings of a potential test species. Seedlinds selecting the plants to use for phytotoxicity testing.
are normally at an early stage in the life cycle and may exhibit A4.6.4 See Section 13.
differing chemical uptake and phytotoxic effects compared to a )
mature specimen. Rooted plants often vary widely in beginning\4-7 Calculation
endpoint characteristics such as total plant weight, number of A4.7.1 See Section 15.
shoots, number and size of leaves, and root development while . )
offering mature plant physiological processes for testingA4.8 Quality Assurance and Quality Control
Sprouted cuttings can be processed to give the most standard-A4.8.1 See Section 14.
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