Hortus USA Corp.

245 WEST 24™ STREET

NEW YORK NY 10011 USA

(212) 929-0927

FAX (212) 624-0202

suppori@hortus.com -+ rooting-hormones.com

Primary Suppilier of Plant Rooting Products
August 18, 2008

Program Manager
USDA/AMS/TM/NOP

Room 4008-So, Ag Stop 0268
1400 Independence Ave., SW
Washington DC 20250

Phone 202-720-3252

Fax 202-720-7808

Dear Program Manager

Please find attached our Petition of substance for inclusion on the National List of Substances
Allowed on Organic Production and Handling.

Subject active ingredient substance: Indole-3-butyric acid, CAS number 133-32-4.
Requested as national list substance: As Plant Growth Regulators. Indole-3-butyric acid
(IBA).

If you have any questions please contact me directly.

7

)

Regards-

Joel Kroin
President



Page 1 of 17

TO:
Officer: Program Manager
Agency: USDA/AMS/TM/NOP
Address: Room 4008-So, Ag Stop 0268
1400 Independence Ave., SW
Washington DC 20250
Phone: 202-720-3252
Fax: 202-720-7808
FROM PETITIONER:
Contact person: Joel Kroin
Title: President
Company: Hortus USA Corp.
Address: 245 West 24™ Street
New York NY 10011
Email address: support@hortus.com
Phone: - 212-929-0927
Fax: 212-624-0202
DATE:
Submission: August 19, 2008
PETITION:

Petition of substances fo inclusion on the National List of Substances allowed on Organic
Production and Handling

(7 CFR Part 205, Guidelines on procedures for submitting National List Petitions: AMS-TM-
06-0223; TM-06-12)

SUBJECT ACTIVE INGREDIENT SUBSTANCE:

Indole-3-butyric acid  CAS number 133-32-4
Empirical formula C12 H13 NO2

REQUESTED AS NATIONAL LIST SUBSTANCE:
As plant growth regulators. Indole-3-butyric acid (IBA)



INTRODUCTION

Reference:
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US EPA Indole-3-butyric acid {046701) Fact Sheet issued August 1, 2000 {attached)

From the US EPA IBA Fact sheet:
Description of the Active Ingredient

From the US EPA IBA Fact sheet: Use
Sites, Target Pests, and Application
Methods

Indole-3-butyric acid enhances the growth and
development of food crops and ornamentals
when applied to soil, cuttings, or leaves.
Because it is similar in structure to naturally
occurring substances and is used in tiny
amounts, this plant growth regulator poses no
known risks to humans or the environment.

Indole-3-butyric acid is a substance that is
closely related in structure and function to a
natural growth regulator found in plants.
Indole-3-butyric acid is used on many crops
and ornamentals to promote growth and
development of roots, flowers and fruits, and
to increase crop vields. Growers find it more
effective and efficient than its natural
counterpart because plants cannot break it
down as quickly. No harm to humans or the
environment is expected to result from use of
Indole-3-butyric acid.

Use Sites: Many food and feed crops;
ornamental turf and nursery plants

Uses: Growth enhancer to increase both yield
and quahty.

Application Methods: Applied to soil or plants
as spray. Also used as a dip for cuttings.



From the US EPA IBA Fact sheet:
Assessing Risks to Human Health

From the US EPA IBA Fact sheet:
Assessing Risks to the Environment

Fromn the US EPA IBA Fact sheet:
Reguiatory Information
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With the exception of certain workers, no
harm is expected from use of indole-3-butyric
acid. The active ingredient is not toxic to
humans or other mammals.

Furthermore, indole-3-butyric acid is effective
at very low concentrations--often several
orders of magnitude below 1%.

It is applied at very low rates compared with
most other pesticides. Tn animals,
indole-3-butyric acid is rapidly broken down
to a closely related, harmless chemical that
occurs naturally in living organisms.

Eye irritation to certain workers is EPA' s
only health concern for products containing
indole-3-butyric acid.

For products that may cause eye irritation,
workers (such as mixers and applicators ) are
required to use protective eye wear, such as
goggles, face shield, or safety glasses.

No risks to the environment are expected
from use of this active ingredient because
1) it does not harm animals or plants in the
tiny amounts used,

2) it acts as a plant growth enhancer,

3) it does not persist in the environment,

4) it is closely related to naturally occurring
substances.

Products containing indole-3-butyric acid
were initially registered (licensed for sale and
distribution) in 1960 for use on ormmamental
plant cuttings and transplants.

As part of EPA' s ongoing review to ensure
that pesticide products meet current
standards, the chemical was reviewed and
found eligible for re-registration in 1992.
As of May 2000, there were more than 40
products containing indole-3-butyric acid as
an active ingredient.



From the US EPA IBA Fact sheet:
Registrant Information
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Many companies have registered pesticide
products that contain indole-3-butyric acid.
Indole-3-butyric acid enhances the growth and
development of food crops and ornamentals
when applied to soil, cuttings, or leaves.
Because it is similar in structure to naturally
occurring substances and is used in tiny
amounts, this plant growth regulator poses no
known risks to humans or the environment.

PROPOSED CONCLUSIONS FOR PETTFION REVIEW BY THE NOSB

(1) potential of such substance for
detrimental chemical interactions with
other materials used in organic farming
systems

(2) toxicity and mode of action of the
substance and of its breakdown products
or other contaminants and their
persistence and areas of concentration in
the environment

(3) probability of environmental
contamination during manufacture, use,
misuse or disposal of such substances

(4) effect of the substance on human
health.

(5) effects of the substance on biological
and chemical interactions in the
agroecosystem ...

None,

Low toxicity for both the active ingredient
and possible breakdown products. No concern
for persistence and areas of concentration in
the environment.

None when disposed using approved label
instructions.

None when applied using approved personal
protection equipment (PPE).

None. The US EPA has stipulated: “it does
not persist in the environment”.



(6) alternatives to using the substance in
terms of practices or other materials
available

Other verifications:

Verification of availability of the substance

(A) why the substance should be permitted
in the production or handling of an erganic
product.

(B) The current industry information
regarding availability of and history of an
organic form in the appropriate form,
quality, or quantity of the substance.
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No alternative substances are available as US
EPA registered plant growth regulator
substances. All plant growth regulators are
required to be registered with the US EPA
under the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA).

There are no state of the art procedures using
alternative substances which do not require
US EPA registration.

As of August 16, 2008 US EPA has this
substance registered in various formulations
by at least 24 companies.

The substance has a long history to use useful
by plant growers. The US EPA has stipulated:
“Indole-3-butyric acid is used on many crops
and ornamentals to promote growth and
development of roots, flowers and fruits, and
to increase crop vields. Growers find it more
effective and efficient than its natural
counterpart because plants cannot break it
down as quickly. No harm to humans or the
environment 18 expected to result from use of
Indole-3-butyric acid.”

(1) There are no organic forms of the
substance. the US EPA has ruled that
Indole-3-butyric acid, “IBA has been classified
as a biochemical pesticide because it is similar
in structure and function to the naturally
occurnng plant growth Indole-3-acetic acid”
T1AA.

There are no US EPA registered substances
which contain JAA either as a technical grade
product or an end use product. Due to the
mode of activity of IAA it is unlikely that
manufacturers will register [AA in the future,

(2) The substance is manufactured
internationally; there is no possibility of loss of
availability pf the substance.

There are many manufacturers of the
substance m the US,
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(3) There are always adequate supplies of the
substance in commercial trade channels.

(4) There are no trade related issues involving
availability of the substance.

(5) There 1s a ready supply of the substance
available to growers at competitive prices.



PETITION
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Item A: section the petitioned substance will be included

Synthetic substances allowed for use in organic crop production, 205.601

Item B: information on the substance being petitioned

(1) substance chemical name
substance common name

(2) Manufacturer’s name:
Contact persomn:

Title:

Company:

Address:

Email address:
Phone:
Fax:

(3) Intended use
(4) List of crops

(5) Source of the substance

(6) Previous reviews

(7) US EPA registration pumbers

Indole-3-butyric acid
IBA

Joel Kroin

President

Hortus USA Corp.
245 West 24™ Street
New York NY 10011
support@hortus.com
212-929-0927
212-624-0202

Plant growth regulator

Any plants which are propagated from
cuttings.

Any plants which can benefit from growth
enhancement to increase both yield and
quality.

Many tood and feed crops; ornamental turf
and nursery plants.

Substance is a synthesized bio-simulator.
Technical grade substance is available from
many commercial sources.

End use products are compounded from the
technical grade substance.

None are known.

Rhizopon AA #1,

US EPA reg# 63310-19

Rhizopon AA #2

US EPA reg# 63310-20

Rhizopon AA #3

US EPA reg# 63310-21

Rhizopon AA Water Soluble Tablets
US EPA reg# 63310-8

Hortus IBA Water Soluble Salts

US EPA reg# 63310-22



(8) CAS number
product labels

(9) substances physical properties
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CAS number: 133-32-4

Product labels attached:

US EPA approved stamped product labels for:
Rhizopon AA #1,

US EPA regi 63310-19

Rhizopon AA #2

US EPA reg# 63310-20

Rhizopon AA #3

US EPA reg# 63310-21

Rhizopon AA Water Soluble Tablets
US EPA reg# 63310-8

Hortus IBA Water Soluble Salts

US EPA reg# 63310-22

Rhizopon AA #1, Rhizopon AA #2, Rhizopon
AA #3 and Hortus IBA Water Soluble Salts
are dry powders

Rbizopon AA Water Soluble Tablets is a
compounded tablet

Rhizopon AA #1, Rhizopon AA #2, Rhizopon
AA #3 are insoluble in water

Hortus [BA Water Soluble Salts are Rhizopon
AA Water Soluble Tablets are soluble in
water

MSDS with physical properties are attached:
Rhizopon AA #1,

US EPA reg# 63310-19

Rhizopon AA #2

US EPA reg# 63310-20

Rhizopon AA #3

US EPA reg# 63310-21

Rhizopon AA Water Soluble Tablets
US EPA reg# 63310-8

Hortus IBA Water Solubie Salts

US EPA reg# 63310-22



(a) interactions with other substances used
in organic production
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No interactions.

Rhizopon AA Water Soluble Tablets

US EPA reg# 63310-8 and Hortus IBA Water
Soluble Salts US EPA reg# 63310-22 can be
mixed with aqueous solutions of any other
substances used in organic production.

Rhizopon AA #1, US EPA reg# 63310-19
Rhizopon AA #2, US EPA reg# 63310-20
Rhizopon AA #3, US EPA reg# 63310-21 are
insoluble in water and will not mix with other
substances used in organic production.



(b) toxicity
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Toxicity is listed on the US EPARE.D. for
IBA (attached).

Toxicity

All generic toxicology data requirements have
been waived for IBA. The registered uses
result in very low exposure to workers and
negligible residues on crops. Products are
formulated with very low percentages of IBA
(0.0004 to 4.5%) and are applied at ultra-low
rates (7 mg IBA/acre). Formulated products
generally are of low toxicity. Additionally,
TBA is metabolized to 3-indole acetic acid
which is a common metabolite in tryptophan
(an amino acid) metabolism in humans.

Occupational Expostire

People may be exposed to IBA during mixing,
loading and application activities. However,
IBA is of low toxicity and is applied at
extremely low rates, so exposure data have
not been required.

EPA has no significant exposure concerns
other than protecting the eyes of mixers,
loaders and applicators. Thus, IBA products
in Toxicity Category II for primary eye
irritation must bear appropriate label
precautions, including a requirement that
applicators wear protective eyewear (goggles,
face shield, or safety glasses).

Human Risk Assessment

The Agency believes the potential risks to
humans from occupational and dietary
exposure to IBA are negligible.
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(¢) environmental impact Environmental impact is listed on the US EPA
R E.D. for IBA (attached)

“F.cological Effects and Environmental
Fate

Due to IBA's ulira-low application rates, 1ts
behavior as a plant growth hormone, and its
similarity in structure and function to other
naturally occurring chemicals, EPA believes
that IBA poses a negligible risk to the
environment.”

“Environmental Risk Assessment

EPA concludes for the reasons stated above
that the current uses of IBA pose a negligible
risk to the environment,”



(d) effects on human health
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Effects on human health is listed on the US
EPA R E.D. for IBA (attached)

Toxicity

All generic toxicology data requirements have
been waived for IBA. The registered uses
result in very low exposure to workers and
negligible residues on crops. Products are
formulated with very low percentages of IBA
(0.0004 to 4.5%) and are applied at ultra-low
rates (7 mg IBA/acre). Formulated products
generally are of low toxicity. Additionally,
IBA is metabolized to 3-indole acetic actd
which is a common metabolite in tryptophan
(an amino acid) metabolism in humans. -

Occupational Exposure

People may be exposed to IBA during mixing,
loading and application activities. However,
IBA is of low toxicity and is applied at
extremely low rates, so exposure data have
not been required.

EPA has no significant exposure concerns
other than protecting the eyes of mixers,
loaders and applicators. Thus, IBA products
in Toxicity Category 1I for primary eye
irritation must bear appropriate label
precautions, including a requirement that
applicators wear protective eye wear
(goggles, face shield, or safety glasses).

Human Risk Assessment

The Agency believes the potential risks to
humans from occupational and dietary
exposure to IBA are negligible.



(e) effects on soil organisms, crops or
livestock
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Effects on plants is listed on the US EPA
RED. for IBA (attached)

Use profile:

IBA is a plant growth regulator, used to
promote and accelerate root formation of
plant clippings and to reduce transplant shock
of non-food ornamental nursery stock. IBA is
also used on fruit and vegetable crops, field
crops and ornamental turf to promote growth
development of flowers and fruit and to
increase crop yields. IBA has been classified
as a biochemical pesticide because it is similar
in structure and function to the naturally-
occurring plant growth hormone indole-3-
acetic acid.
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(10} Safety information (1) MSDS with physical properties and safety
information are attached:
Rhizopon AA #1,
US EPA reg# 63310-19
Rhizopon AA #2
US EPA reg# 63310-20
Rhizopon AA #3
US EPA reg# 63310-21
Rhizopon AA Water Soluble Tablets
US EPA reg# 63310-8
Hortus IBA Water Soluble Salts
US EPA reg# 63310-22

(2) Copies of the US EPA stamped labels for
US EPA Registered products are attached.
Rhizopon AA #1,

US EPA reg# 63310-19

Rhizopon AA #2

US EPA regi 63310-20

Rhizopon AA #3

US EPA reg# 63310-21

Rhizopon AA Water Soluble Tablets

US EPA reg# 63310-8

Hortus TBA Water Soluble Salts

US EPA regi 63310-22

These labels were written for safety
information by the US EPA in compliance
with the US Department of L.abor Worker
Protection Safety Act. WPS

(3) Search of the the National Toxicology
Program web site

http://ntp-apps.niehs. nih.gov/
ntp _tox/index.cfim for the CAS 133-32-4:

“Search found

Found 0 Search Result for Search Term
'133-32-4'

No chemical(s) were found based on this
search term.”



{11) Research information

(12) Petition justification statement

(a) why the synthetic substance is
necessary for the production or handling of
an organic product.
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Attached are selected chapters from:

Peter J. Dawvies, editor, Plant Hormones,
Biosynthesis, Signal Translocation, Action!
Kiuwer Academic Publishers, Dordrecht, the
Netherlands. 2004

(1) The plant hormones: their nature,
occurrence and function. Peter J. Davies

(2) Auxin biosynthesis and metabolism. J.
Normaly, J. Slovin, J. Cohen

Tim D. Davis, Bruce E. Haisig and Narendra
Sankhla. editors. Adventitious root formation
in cuttings. Advances in Plant Sciences
Series. Volume 2, Dioscorides Press. Portland
OR. 1988

(1) Chapter 9. Auxin metabolism during
adventitious rooting. Thomas Gaspar and
Michel Hofinger

(2) Chapter 10. Chemicals and formulations
used to promote adventitious rooting. Frank
A. Blazich

Plants can be reproduced in various ways
including from seed, from grafts, and from
cuttings. Seeds often do not reproduce the
next generation as the parent plant. In order to
maintain genetic integrity clonal propagation
produces new plants that are identical to the
parent plant. Plant propagation from cuttings
assures that the new generation of plants is
identical to the parent plant. While plants
generate natural root producing substances,
auxins, these substances are not adeguate for
consistent rooting. Also, many plant varieties
are not possible to reproduce from cuttings
unless root inducing substances are applied.
Indole-3-butyric acid is the most useful
rooting inducing substance.

Indole-3-butyric acid is also useful to enhance
the root formation in plants that are starting to
root but need additional applied root inducing
substances to form uniform root systems.



(b) substances on the National List or other
cultural methods that could be used in
place of the petitioned synthetic substance.

(c) beneficial effects to the environment,
human health , or farm ecosystem from use
of the synthetic substance that support its
use instead of the use of a non-synthetic
substance or alternative cultural method.
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No other substances on the National List are
suitable as root inducing substances.

Historically, plant growers for centuries had
tried to find root inducing substances that are
useful when propagating new plants and to
improve plant growth. In the 1930's the
natural root inducing substance, IAA was
discovered. When the chemical composition
of TAA was identified then other root inducing
substances were developed based upon the
structure of IAA. Indole-3-butyric acid has
been the most successful substance used as a
root inducing substance since it is very stable
and it is controlled and regulated by the plant.
Tt is useful for root inducing on most plant
varieties which can be propagated from
cuttings,

(1) Indole-3-butyric acid has been found to
have no hazardous effects to the environment.

The US EPA R.E.D. for IBA (attached).
The US EPA states:

“Bcological Effects and Environmental Fate
Due to IBA's ultra-low application rates, its
behavior as a plant growth hormone, and its
similarity in structure and function to other
naturally occurring chemicals, EPA believes
that IBA poses a negligible risk to the
environment.”

(2) Indole-3-butyric acid has been shown to
be non-hazardous to humans when used in
accordance to standard personal protection
procedures.

The US EPA R.E.D. for IBA (attached).
The US EPA states:

“Human Risk Assessment.

The Agency believes the potential risks to
humans from occupational and dietary
exposure to IBA are negligible.”

(3) There are no other non-synthetic
substances or alternative cultural methods
available.



Page 17 of 17

ATTACHMENTS

Peter §. Davies, editor. Plant Hormones, Biosynthesis, Signal Translocation, Action!
Kluwer Academic Publishers, Dordrecht, the Netherlands. 2004

(1) The plant hormones: their nature, occurrence and function. Peter J. Davies

(2) Auxin biosynthesis and metabolism. J. Normaly, I. Slovin, J. Cohen

Tim D. Davis, Bruce E. Haisig and Narendra Sankhla. editors.

Adventitious root formation in cuttings.

Advances in Plant Sciences Series. Volume 2. Dioscorides Press. Portland OR. 1988

(1) Chapter 9. Auxin metabolism during adventitious rooting. Thomas Gaspar and Michel
Hofinger

(2) Chapter 10. Chemicals and formulations used to promote adventitious rooting. Frank A.
Blazich :

MSDS with physical properties and safety:

. Rhizopon AA #1, US EPA reg# 63310-19

. Rhizopon AA #2, US EPA reg# 63310-20

. Rhizopon AA #3, US EPA reg# 63310-21

. Rhizopon AA Water Soluble Tablets, US EPA reg# 63310-8
. Hortus IBA Water Soluble Salts, US EPA reg# 63310-22

US EPA stamped approval labels:

. Rhizopon AA #1, US EPA reg# 63310-19

. Rhizopon AA #2, US EPA reg# 63310-20

. Rhizopon AA #3, US EPA reg# 63310-21

e Rhizopon AA Water Soluble Tablets, US EPA regff 63310-8
. Hortus IBA Water Soluble Salts, US EPA reg# 63310-22

. US EPA R.E.D Facts: Indole-3-butyric acid. Angust 1992

. US EPA R E.D Eligibility Requirements: Indole-3-butyric acid. August 1992

. US EPA FIFRA: definitions and registration requirements
. US EPA registered IBA containing products by product name: 2008
. US EPA registrants of IBA containing products: 2008

. US EPA registered active ingredients, alphabetical list 2008
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RHIZOPON®
AA #2 o5

GREEM POWDER COLUR COLED
FOR EASY IDENTIFICATION
Plant Growth Regulator-

Dry Powder Roating Hormone

USE TO PROMOTE ROOTING
GF PLANT CUTTINGS
For Rooting Herbaceous, Greenwoad,
Softwood and Hardwood Cuttings

Use in Greenhouses and Nurseries Only

[hgredents:

Active ingredients
Indole-3-butyric acid 2.2%
Other ingredients 99.7%
Total 100.0%

Exclusive USA lmporter: Hortus USA Gorp., NY NY 10011
Mads in Holland, EPA Reg No, 63310-20, EPA Est No, 63310-WL-001
Master USA Distrikutor: PHYTOTRONICS, 394-770-0717

Net Wt: 1 Ib.
Keep Out Of Reach Of Children

CAUTION

See additienal precautionary Statemants on back panels

Use Rhizopon AA to propagate new piants from cultings. The
new plants will have the same characteristics as the parent
piant. Rhizopon AA treated cuttings will expect to produce
uniform rocts all around the basal end of the cuttings; the
results are beautiful symmetric plants.

Rhizopon AA #2 Is used on herbaceous, greenwood, softwood
and hardwood cuttings. ‘

Typical plants propagated using Rhizopon #2 (0.3):

apple {malus sp.), arborvitae, ardisia, azalea var., beech,
blueberry, broom, chokeberry, cinquefoil, ciematis, crabapple,
dahlia, daphne, euonymus, elder, false arborvitae, firethorne,
franklinia, fringe tree, gardenia, germander, ginkgo, golden
chain, hazelnut, hemlock var., hibiscus, holly Jap.,
honeysuckle, hydrangea, juniper var., laburnocytisus, lavender,
leucothoe, lily scales, magnolia, oleander, osmanthus,
pachysandra, periwinkle, petunia, pine var., sequoia, silverbell,
springscent, spruce var., wintergreen, wisteria, witch hazel,
yeliow wood, zelkova.
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MATERIAL SAFETY DATA SHEET

SECTION 1 Date Prepared: August 15, 2008

Manufacturer: i -
Rhizopon bv, Rijndik 263A, Hazerswoude, the Netherlands ’dentlty (P!"Oduct NamE)-
;!1-71-!341-5146 RHIZOPON AA #1

mporter:

Hortus USA Carp., PO Box 1956 Old Chelsea Sta,, New York NY 10113
Master Distributor;
Phytotronics Inc., 13688 Rider Tr N, Earth City Mo 630645, 313-776-0717

Section I

IDENTITY INFORMATION

COMPONENT: CAS: PERCENT:
Indole-3-butyric acid {IBA) (Formula: C12 H13 N02) 133-32-4 00.1%
inert Ingredients _(proprietary) 99.9%
Total 100%
Section {I:

‘PHYSICAL/CHEMICAL CHARACTERISTICS
‘Appearance: Pink odorless powder

Boiling point: N/A Specific gravity: N/A
Vapor pressure: N/A Melting point: N/A
Solubility in water: 0% Evaporation rate: N/A
Section {V:

FIRE AND EXPLOSION HAZARD DATA

Flash point: N/A. '

Extinguishing media: water, multi purpose dry chemical. Special fire Tighting procedures: wear pull protective clothing,
positive pressure self contained breathing apparatus. Thoroughly wash all equipment after use.

Unusual fire and explosion hazards: none known

Section V:

REACTIVITY DATA

Stability: stable.

Incom patibility: strong oxidizers.

Hazardous decompasition products: combuslion may produce carbon dioxide, pitrogen oxide, and carbon monoxide.
Hazardous polymerization: will not occur.

Section VE
HEALTH HAZARD BDATA
CAUTION: KEEP OUT OF REACH OF CHILDREN.

FERST AID
Classification of Pesticide: Plant Growth Regulator

If in eyes > Hold eyes open and rinse slowly with water for 15-20 minutes
> Remove contact lenses, if present after the Tirst 5 mirutes then continue rinsing eye
> Call a polson center or a doclor for further lreatment or advise

If on skin or > Take off contaminated clothing
ciothing > Rinse skin immediately with plenty of water for 15-20 minutes
= Call @ poiscn center or a doctor for further trealment or advise

il swallowed > Call a poison eenter or a doclor for further treatment or advise

> Have person sip water if able lo swallow

> Do not induce vomiting unless toid Lo do sa by Lhe poison control center ar doctor.
= Do not give anything by mouth to an uncenscious person.

tf inhaled > Move person to frash aiv

> if person is not breathing ¢all 911 or an ambulance,

then give artificial respiration, preferably by moulh to mauth, if possible
> Gall a peison center or a doctor far further treatment or advise

NOTE TO PHYSICIAN: May cause minor eye irritation which will last a short time. This product does NOT contain
any petroleum, caustics or active solvent products




Section VIi:

PRECAUTIONS FOR SAFE HANDLING AND USE

Storage and disposal: Store in a cool dry place. Keep in original container. For disposal securely wrap closed container in
several layers of newspaper and discard in trash. Do not reuse container.

Environmental hazards: Do not contaminate water when disposing of equipment wash waters. Do not apply directly to
water, to areas where surface water is present or intertidal areas below mean high water mark.

CAUTION

Causes moderate eye injury. Harmful if inhaled or absorbed through the skin. Avoid contact with eyes, skin, ingestion or
inhalation. Avoid breathing dust {vapor or spray mist). Wash thoroughly with scap and water after handling. Remove
contaminated clothing and wash before reuse.

PERSONAL PROTECTIVE EQUIPMENT

Applicators and other handlers must wear: long sleeve shirt, long pants, shoes, socks and waterproof gloves, and for
exposure in enclosed areas or outdoors, dust/mist filtering respirator. (MSHA/NIOSH approval number prefix TC-21C) or
a NIOSH-approved respirator with any R, P or HE filter.

USER SAFETY RECOMMENDATIONS

Users should: Wash hands before eating, drinking, chewing gum, using tobacco or using the toilet. Remove clothing/PPE
immediately if pesticide gets inside. Then wash thoroughly and put on clean clothing.

Remove PPE immedialely after handling this product. Wash the outside of gloves before removing. As soon as possible,
wash thoroughly and change into clean clothing.

Section VIi:

ADDITIONAL INFORMATION

The information contained herein is furnished without warranty of any kind. Users should consider these data only as
supplement to other information gathered by them and must make independent determinations of the suitability and
completeness of information from all sources to assure proper use and disposal of these materials and the safety and
health of employees and customers.



MATERIAL SAFETY DATA SHEET

SECTION 1 Date Prepared: August 15, 2008

Manufactiurer: I :
Rhizopon bv, Rijndik 263A, Hazerswoude, the Neilherlands Identlty (PrOdUCt Name).
?1-71-:341-5146 RHIZOPON AA #2

mporter:

Hortus USA Corp., PO Box 1856 Old Chelsea Sta., New York NY 18113
M aster Distributor:
Phytotronics inc,, 13688 Rider Tr N, Earth City Mo 63045, 313-770-0717

Section Il:

IDENTITY INFORMATION

COMPONENT: CAS: PERCENT:
Indoie-3-butyric acid {IBA) {Formuta: C12 H13 NO2Z) 133-32-4 00.3%
Inert Ingredients (proprietary) 99.7%
Total 100%
Section lil:

PHYSICAL/CHEMICAL CHARACTERISTICS
Appearance: green odorfess powder

Boiling point: N/A Specific gravity: N/A
Vapor pressure: N/A Melting point: N/A
Solubility in water: 0% Evaporation rate: N/A
Section 1V:

FIRE AND EXPLOSION HAZARD DATA

Flash point: N/A.

Extinguishing media: water, mulli purpose dry chemical. Special fire fighting procedures: wear pull protective clothing,
positive pressure self contained breathing apparatus. Thoroughly wash all equipment after use.

Unusual fire and explosion hazards: none known

Section V:

REACTIVITY DATA

Stability: stable.

Incom patibility: strong oxidizers.

Hazardous decomposition products: combustion may produce carbon dioxide, nitrogen oxide, and carbon monexide,
Hazardous polymerization: wiil not occur.

Section VI:
HEALTH HAZARD DATA
CAUTION: KEEP OUT OF REACH OF CHILDREN.

FIRST AfD
Classification of Pesticide: Plant Growth Regulator

If in eyes > Hold eyes open and rinse slowly with waler for £5-20 minutes
> Ramove contact lenses, il present after the first § minutes then continue rinsing eye
> Call a poison center or & doctor for further trealment or advise

IT on skin or > Take off contaminated clothing
clothing > Rinse skin immediately wilh planty of water fos 18-20 minutes
> Gall a poison center or a doctor for further treatmenl or advise

If swaliowed > Gall a poison center or a doctor for further treatment or advise

> Have parson sig water il able to swallow

> Do not induce vomiling unless told to do so by the poisan control center or doctor.
> Do not give anylhing by mouth to an uncenscious person.

i inhaled > Move person lo fresh air

> If person is nol breathing call 911 or an ambulance,

then give artilicial respiration, preferably by mouth to mouth, if possible
> Cali a poison cenler or a doctor for further treatment or advise

NOTE TO PHYSICIAN: May cause minor eye irritation which will last a short time. This product does NOT contain
any petroleum, causlics or aclive solvent products




Section VII:

PRECAUTIONS FOR SAFE HANDLING AND USE

Storage and disposal: Store in a cool dry place. Keep in original container. For disposal securely wrap closed container in
several layers of newspaper and discard in trash. Do not reuse container.

Environmental hazards: Do not contaminate water when disposing of equipment wash waters. Do not apply directly to
water, to areas where surface water is present or inlertidal areas below mean high water mark.

CAUTION

Causes moderate eye injury. Harmful if inhaled or absorbed through the skin. Avoid contact with eyes, skin, ingestion or
inhalation. Avoid breathing dust {vapor or spray mist). Wash thoroughly with soap and water after handling. Remove
contaminated clothing and wash before reuse.

PERSONAL PROTECTIVE EQUIPMENT

Applicators and other handlers must wear: long sleeve shirt, iong pants, shoes, socks and waterproof gloves, and for
exposure in enclosed areas or outdoors, dust/mist filtering respirator. (MSHA/NIOSH approval number prefix TC-21C) or
a NIQSH-approved respirator with any R, P or HE filter,

USER SAFETY RECOMMENDATIONS

Users should: Wash hands before eating, drinking, chewing gum, using tobacco or using the toilet. Remove clothing/PPE
immediately if pesticide gets inside. Then wash thoroughly and put on clean claothing.

Remove PPE immedialely after handling this product. Wash the outside of gloves before removing. As soon as possible,
wash thoroughly and change into clean clothing.

Section VIII:

ADDITIONAL INFORMATION

The information contained herein is furnished without warranty of any kind, Users should consider these data only as
supplement to other information gathered by them and must make independent determinations of the suitability and
completeness of information from all sources to assure proper use and disposal of these materiais and the safety and
health of employees and customers.




MATERIAL SAFETY DATA SHEET

SECTION 1 Date Prepared: August 15, 2008

Manufacturer: H -
O indik 2634, Hazerswoude, the Netherlands identity (Product Name):_
f1-71-t341-5us RHIZOPON AA #3

mporter:

Hortus USA Corp., PO Box 1956 Old Chelsea Sta,, New York NY 10113
M aster Distributor:
Phytotronies lnc., 13688 Rider Tr M, Earth City Mo 63045, 313-770-0717

Section

IDENTITY INFORMATION

COMPONENT: CAS: PERCENT:
Indole-3-butyric acid (IBA) (Formula: C12 H13 N02) 133-32-4 00.8%
Inert ingredients (proprietary)} 99.2%
Total 100%
Section lI:

PHYSICAL/CHEMICAL CHARACTERISTICS
Appearance: white-gray odoriess powder

Boiling point: N/A Specific gravity: N/A
Vapor pressure: N/A Melting point: NfA
Solubility in water: 0% Evaporation rate: N/A
Section IV:

FIRE AND EXPLOSION HAZARD DATA

Flash point; N/A.

Extinguishing media: water, multi purpose dry chemical. Special fire fighting procedures: wear pull protective clothing,
positive pressure self contained breathing apparatus. Thoroughly wash all equipment after use.

Unusual fire and explosion hazards: none known

Section V:

REACTIVITY DATA

Stability: stable.

Incom patibility: strong oxidizers.

Hazardous decom position producks: combustion may produce carbon dioxide, nitfrogen oxide, and carbon monoxide.
Hazardous polymerization: will not occur.

Section VI
HEALTH HAZARD DATA
CAUTION: KEEP OUT OF REACH OF CHILDREN.

FIRST AID
Classification of Pesticide: Plant Growth Regulator

If in eyes > Held eyes open and rinse slowly with water for 15-20 minutes
> Remove contact lensas, if present after the firsl 5 minutes then continue rinsing eye
> Call a paisen genter or a doctor for further treatment of advise

£ on skin or > T ake olf contaminated clothing
clothing » Rinse skin immediately wilh plenty of water for 5-20 minutes
> Call a poisor center ar a docter for further treatment or advise

If swallowed > Call a poison center or a doctor for further treatment or advise

> Have person sip water il able to swaliow

> Do not induce vomiting unless told to do so by the poison control center or doctor.
> Do not give anylhing by mouth to an unconscious person.

¥ inhaled > Move person lo fresh air

> If persaon is not breathing call 911 or an ambulance,

then give artificial respiration, preferably by mouth to mouth, if possible
> Call a poison center or a doctor for further treatment or advise

NOTE TO PHYSICIAN: May cause minor eye imitation which will last a short time. This product does NOT confain
any petroleum, caustics or active solvent products




Section Vil:

PRECAUTIONS FOR SAFE HANDLING AND USE

Storage and disposal: Store in a cool dry place. Keep in original container. For disposal securely wrap closed container in
several layers of newspaper and discard in trash. Do not reuse container.

Environmental hazards: Do not contaminate water when disposing of equipment wash waters. Do not apply directly to
water, to areas where surface water is present or intertidal areas below mean high water mark.

CAUTION

Causes moderate eye injury. Harmful if inhaled or absorbed through the skin. Avoid contact with eyes, skin, ingestion or
inhalation. Avoid breathing dust (vapor or spray mist). Wash thoroughly with soap and water after handling. Remove
contaminated clothing and wash before reuse.

PERSONAL PROTECTIVE EQUIPMENT

Applicators and other handlers must wear: long sieeve shirt, long pants, shoes, socks and waterproof gloves, and for
exposure in enclosed areas or outdoors, dust/mist filiering respirator. (MSHA/NIOSH approval number prefix TC-21C) or
a NIOSH-approved respirator with any R, P or HE filter. .

USER SAFETY RECOMMENDATIONS

Users should: Wash hands before eating, drinking, chewing gum, using tobacco or using the toilet. Remove clothing/PPE
immediately i pesticide gets inside. Then wash thoroughly and put on clean clothing.

Remove PPE immediately after handiing this product. Wash the ouiside of gloves before removing. As soon as possible,
wash thoroughly and change into clean clothing.

Section VIiL:

ADDITIONAL INFORMATION

The information contained herein is furnished without warranty of any kind. Users should consider these data only as
supplement to other information gathered by them and must make independent determinations of the suitability and
compieteness of information from all sources to assure proper use and disposal of these materials and the safety and
health of employees and customers.




MATERIAL SAFETY DATA SHEET

SECTION 1 Date Prepared: August 15, 2008

Manufacturer: H -

Rhizepon by, Rijndik 263A, Hazerswoude, the Netherlands Identﬂy (PrOGUCt Nam e)'

:31-71-;'!41-5146 1 RHIZOPON AA WATER SOLUBLE
mporter:

Hortus USA Gorp., PO Box 1956 Old Chelsea Sia., New York NY 10113 TABLETS

M aster Distributor:
Phytotronics inc., 13688 Rider Tr N, Earth City Mo 63045, 31 3-770-0717

Section I

IDENTITY INFORMATION

COMPONENT: CAS: PERCENT: MG PER TABLET
Indofe-3-butyric acid {{BA) (Formuta: C12 H13 N02) 133-32-4 20% 50 mg

Inert ingredienis (proprietary) B0% 200 mg

Total per tablet 100% 250 mg

Section 1il:

PHYSICAL/CHEMICAL CHARACTERISTICS
Appearance: white odorless tablet

Bailing point: N/A Specific gravity: N/A
Vapor pressure: N/A Melting point: N/A
Solubility in water: 100% Evaporation rate: N/A
Section |V:

FIRE AND EXPLOSION HAZARD DATA

Flash point: N/A.

Extinguishing media: water, multi purpose dry chemical. Special fire Tighting procedures: wear pull protective clothing,
positive pressure self confained breathing apparatus. Thoroughly wash all equipment after use.

Unusual fire and explosion hazards: none known

Section V:

REACTIVITY DATA

Stability: stable.

Incompatibility: strong oxidizers.

Hazardous decom position products: combustion may produce carbon dioxide, nitrogen oxide, and carbon monoxide.
Hazardous polymerization: will not occur.

Section VI:

HEALTH HAZARD DATA

CAUTION: KEEP OUT OF REACH OF CHILDREN.

FIRST AID
Classification of Pesticide: Plant Growth Reguiator

ifin eyes > Hold eyes open and rinse slowly with waler for 15-20 minutes
> Remove contact lenses, if present after Lhe first 5§ minutes then conlinue rinsing eye
> Call a poisar center or a docler for further treatment or advise

If on skin or > Take off contaminated ¢lothing
clothing > Rinse skin immedialely with plerty of water for 15-20 minutes
> Call a poison center or a docter for further freatment or advise

If swallowed > Call a poison center or a doctor for further trealment or advise

> Have person sip water il able to swallow

> De not induce vemiting uniess told to do so by the poison control center or docior.
> Do nat glve anything by mouth to an unconscious person.

I inhaled > Move parsen to fresh air

> if person is not breathing cail 941 or an ambulance,

then give artificial respiration, preferably by mouth to mouth, if possible
> Call a poison center of a doctor for furiher treatment or advise

NOTE TO PHYSICIAN: May cause minor eye irritation which will last a short time. This product does NOT contain
any petroleum, caustics or active solvent products




Section VI

PRECAUTIONS FOR SAFE HANDLING AND USE

Storage and disposal: Store in a cool dry place. Keep in original container. For disposal securely wrap closed container in
several layers of newspaper and discard in trash. Do not reuse container.

Environmental hazards: Do not contaminate water when disposing of equipment wash waters. Do not apply directly to
water, to areas where stiface water is present or intertidal areas below mean high water mark.

CAUTION

Causes moderate aye injury. Harmful if inhaled or absorbed through the skin. Avoid contact with eyes, skin, ingestion or
inhalation. Avoid breathing dust (vapor or spray mist). Wash thoroughly with soap and water after handling. Remove
contaminated clothing and wash before reuse.

PERSONAL PROTECTIVE EQUIPMENT

Applicators and other handlers must wear: long sieeve shirt, long pants, shoes, socks and waterproof gloves, and for
exposure in enclosed areas or outdoors, dust/mist filtering respirator. (MSHA/NIOSH approval number prefix TC-21C}) or
a NIOSH-approved respirator with any R, P or HE filter.

USER SAFETY RECOMMENDATIONS

Users should: Wash hands before eating, drinking, chewing gum, using tobacco or using the toilet. Remove clothing/PPE
immediately if pesticide gets inside. Then wash thoroughly and put on dlean clothing.

Remove PPE immediately after handling this product. W ash the outside of gloves before removing. As soon as possible,
wash thoroughly and change inlo clean clothing.

Section Vil

ADDITIONAL INFORMATIORN

The information confained herein is furnished without warranty of any kind. Users should consider these data only as
supplement to other information gathered by them and must make independent determinations of the suitability and
completeness of information from all sources to assure proper use and disposal of these materials and the safety and
health of employees and customers.




MATERIAL SAFETY DATA SHEET

SECTION 1 Date Prepared: August 15, 2008

Manufacturer: H -

Rhizopen by, Rijndik 263A, Hazerswoude, the Netherlands Identlty (PrOdUCt Name)'
;"1'““3"“'5145 HORTUS IBA WATER SOLUBLE
mporter:

Hortus USA Carp., PO Box 1856 Oid Chelsea Sta,, New York NY 10113 SALTS

M aster Distributor:
Phytotronics Inc,, 13688 Rider Tr N, Earth GCity Mo 63045, 313.779-0717

Section Ik

IDENTITY INFORMATION

COMPONENT: CAS: PERCENT:
indole-3-butyric acid {IBA) (Formula: C12 H13 N02) 133-32-4 20%

inert ingredients {proprietary) 80%

Total 100%
Section {il:

PHYSICAL/CHEMICAL CHARACTERISTICS
Appearance: white odorless tablet

Boiting point: N/A Specific gravity: N/A
Vapor pressure: N/A Melting point: N/A
Solubiiity in water: 100% Evaporation rate: N/A
Section 1V:

FIRE AND EXPLOSION HAZARD DATA

Flash point: N/A.

Extinguishing media: water, multi purpose dry chemical. Special fire fighting procedures: wear pull protective clothing,
positive pressure self contained breathing apparatus. Thoroughly wash all equipment after use.

Unusual fire and explosion hazards: none known

Section V:

REACTIVITY DATA

Stability: stable.

Incom patibility: strong oxidizers.

Hazardous decomposition products: combustion may produce carbon dioxide, nitrogen oxide, and carbon monoxide.
Hazardous polymerization: will not occur.

Section VI:
HEALTH HAZARD DATA
CAUTION: KEEP OUT OF REACH OF CHILDREN.

FIRST AID
Classification of Pesticide: Plant Growth Regulator

If in eyes > Hold eyes apen and rinse slowly with water for 15-20 minutes
> Remove contact lenses, if present afler the first 5 minutes then continue rinsing eye
> Call a poison center or a doctor for further treatment or advise

If on skin or > Take off contaminated clolhing
clothing > Rinse skin immedialely with plenty of waler for 18-20 minutes
> Gali a poison center or a doclor for further ireatment or advise

i swallowed > Gall a poison cenrter or a dactor for further ireatment or advise

> Have person sip waler if ahle lo swallow

> Do not induce vemiiing unless lold to do so by the poison contral cenler or declor.
> Do nol give anything by mouth lo an uncenscious person.

H inhaled > Move person to fresh air

> If persen is not breathing call 911 or an ambulance,

then give artificial respiration, preferably by mouth to mauth, if possibie
> Cali a poisen center or a docter for further trealmeat or advise

NOTE TO PHYSICIAN: May cause minor eye irritation which will last a short time. This product does NOT contain
any petroleum, caustics or active solvent products




Section VI

PRECAUTIONS FOR SAFE HANDLING AND USE

Storage and disposal: Store in a cool dry place. Keep in original container. For disposal securely wrap closed container in
several layers of newspaper and discard in trash. Do not reuse container.

Environmental hazards: Do not contaminate water when disposing of equipment wash waters. Do not apply directly to
water, to areas where surface water is present or intertidal areas below mean high water mark.

CAUTION

Causes moderate aye injury. Harmful if inhaled or absorbed through the skin. Avoid contact with eyes, skin, ingestion or
inhalation. Avoid breathing dust {vapor or spray mist}. Wash thoroughly with soap and water after handling. Remove
contaminated clothing and wash before reuse.

PERSONAL PROTECTIVE EQUIPMENT

Applicators and other handlers must wear: long sleave shirt, long pants, shoes, socks and waterproof gloves, and for
exposure in enclosed areas or outdoors, dust/mist flitering respirator. (MSHA/NIOSH approval number prefix TC-21C) or
a NIOSH-approved respirator with any R, P or HE filter.

USER SAFETY RECOMMENDATIONS

Users should: Wash hands before eating, drinking, chewing gum, using tobacco or using the toilet. Remove clothing/PPE
immediately if pesticide gets inside. Then wash thoroughly and put on clean clothing.

Remove PPE immediately after handling this product. Wash the outside of gloves before removing. As soon as possible,
wash thoroughly and change into clean clothing.

Section VI

ADDITIONAL INFORMATION

The information contained herein is furnished without warranty of any kind. Users should consider these data only as
supplement to other information gathered by them and must make independent determinations of the suitability and
completeness of information from all sources to assure proper use and disposal of these materials and the safety and
health of employees and customers.
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CHAPTER 9
Auxin Metabolism During Adventitious Rooting
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INTRODUCTION

The relatively specific root promoting properties of applied nateral and synthetic auxins lead us
o beligve that these snbstances play some crucial rules in the processes of rooting by cultings, A ligh
evel of endogenous auxin has been causally related to the initiation of adventitious root primordia.
{owaver, none of the recent baok chapters dealing with auxin metabolism in relation 1o mofing
Gurumurt! et al, 1984, Haissig 1986, Tarvis 1986, Gaspar und Coumansg 1987) have considered auxin
& the sole determinant. As will be seen from the literature below, thers are few available dala relat-
ng changes in endogenous auxin level to a cutting's ability to initiate roots, For example, no data
wave indicated an immediate increase in the level of endogenous natural avxin after an application of
.root induging naiural or synthetic auxin, Nor is there direct evidence that a synthetic auxin might
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substitute {or o natural one in cells. The physiology of rooting thus must be disembodied from
prefudgemeants; the role of auxin should he reconsidered in view of actually demonstrated develop-
mental physinlagy and hormonology.

First, in certain species of cuttings, rooting has been described to ocour in at least six successive
interdependent phases: induction (the period preceding cell division); transverse first division of
pericyele cell(s); longituding] Ffirst divisions of daughter cells: continued cell divisions without an
increase in gross volume of the meristematic clustex(s); volume increase of cell cluster(s) by eell
expansion; and root pretrusion [Mitsuhashi-Kato et al. 1978ab, Gaspar 1981). Each of these
anatomical phases probably has a specilic associated physiology. The need for auxin in each phase is
not known but may he different because at least two diflerent phases of sensitivity to LA A are known
(Imaseki 1985). Second, it is now becoming clear [Trewavas and Cleland 1883) that sensitivity to
growth substances, ot concentrations of growth substances, may he the Hmiting factor in develop-
mept. If we are to understand the relations between plant hormones and the control of plant develop:
tent, we must he willing to consider all options, whether they be changes in hormone conceniration,
changes in sensitivity to hormones, or a combinatien of these, Third, characterization of the phases of
rooting has mosl often come from unalyees of the whole cutting including the leaves, Such analyses
produced some types of valid information. For example, aspects of the physiclogical state charac-
terizing induced or non-induced plants can be simultanecusly obtained in all plant paris {Thorpe ot al.
1978 as a result of rapid inter-organ communication {Gaspar et al. 1885, Penel et al. 1985). 1t must be
kept in mind, hiowever, that further refinement of technigues is still 1o be desired for measurements of
binchemical changes in the precise tissues and cells that form roots.

The present chapter reviews the lilerature concerning variation of the levels of endogenous
auxins and auxin conjugates in the course of adventitious rovting, including background information
relative to anabalism, catabolism, and conjugation of auxins.

NATURAL AUXINS AND THEIR NATURAL CONJUGATES

Biosynthesis of Auxins
The following naturally occurring auxing are known in higher plants: IAA, 4-CFIAA, and
IAcrA. Their biosynthetic pathways ate briefly as follows.

Indolyl-3-acetio acid

[AA is generally regarded as the major auxin, perhaps universally found in higher planls, Other
indolic compounds originating from metabolism of IAA have been identified in some plants,
Numerous publications about the biosynthesis of IAA indicated that Try is the universal primary
precursor of JAA {Sembner et al. 1980). Three main biosynthetic pathways lead from Try to JAA Bs
shown from many biosynthetic studies in varions taxa of higher plants {Fig. 1).

Fathway 1. In the IPyA biosynthetic pathway for IAA, Try is first (ransaminated to IFyA bya
Try aminotransferase (EC 2.6.1.27, Forest and Wightman 1972), which is widely distributed in higher
plants [Truelsen 1973). IPyA is a labile compound susceptible to oxidation and acids; therefore, it
presence as a native compound in plants is difficult to establish. In the secand step, IPyA is decar
boxylated to IAc {Moore and Shaner 1968, Rajagopal 1968, Gibzon et al, 1072, Purves angd Brown
1978}). The oxidation of IAc to 1AA can be catalyzed by two different enzymes, depending on the
species: 1) an NAD-dependent indolylacetaldehyde dehydrogenase in mung bean {Vigna radiata (L.
R. Wilczek] seedlings [Wightman and Cohen 1968); or 2) an NAD-indepandent {using O, as accepton)
[Ac oxidase (EC 1.2.3.7} In Avena coleoptile, Pisum spp., and Nicotiana spp. (Wightman and Cohen
1868, Rajagopal 1871, Liu et al. 1978, Miyats st al. 1981).

Pathway 2. A Try decarboxylase (EC 4.1.1.28) first decarboxylates Try to TN 1, (Sherwin 1970,
Gibson et al. 1972a} that an amine oxidase (EC 1.4.3,) then converts to JAc {Lantican and Muir 1967,
Muir and Lantican 1968, Sherwin and Purves 1969). TNH, is apparenily present in many families of
plants (Schoeider et al. 1972, Smith 1977). In some plants, e.g. mung bean, IAc can be raversibly
reduced to Tol by an NAD-dependent alcohol dehydrogenase (EC 1.1.1.1, Wightman and Cohen
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Figure 1. 5chamatic pathways for binsynthesis of indole auxins. The routes a-b-c-d, a-e-c-
d, a-f-c-d, and a-f-g-d Iead to indolyl-3-acetic acid in most higher plants. The route a-f-h-1-
g-d is typical of the Brassicaceae family, The pathway a-j-k bas been extablished foz Vieia
Jens {Lens gulinaris}. The pathway a-l-m is restricted to seeds of the Viclae tribe.

1968). An alcohal oxidase (EC 1.1.3.13), which catalyses the irreversible oxidation of Tol 1o 1Ac and
11,0,, was demonstrated in cucumber (Cucumis sativus L.) shoots (Vickery and Purves 1972), Tol is
1ssumed to be an important storage product involved in the regulation of 1AA biosynthesis equally in
plants using pathways 1 or 2 (Percival et al. 1973].

Pathway 3. In this pathway, lAox is formed from Try. Two possihle sub-pathways lead from
[Anx: 1) hydrolysis of [Aox may lead to 1Ac (Rajapopal and Larsen 1872) which is then oxidized to
[AA or reduced to Tol; or 2} 1Apx may be converted by an inddoleacetsldoxime dehydralase (EC
4.2.1.29) to IAN, which a pitrilase {EG 3.5.5.1] hydrolyzes to IAA. This second subpathway seems
more general (Libbert et al. 1970, Schneider and Wightman 1074). Nitrilase sgems to be limited to
plent families such as Brassicaceas, Poaceas, and Musaceae {[Mahadevan and Thimann 1964,
Thimann and Mahadevan 1964). In Brassicaceae an ancillary pathway may convert {Aox to the
glucorinolates desthioglucobrassicin and slucobrassicin, the latter of which is converted to IAN by
myrosinase (EC 3.2.3.1). The physiological significance of this pathway is uncertain (Schraudoit and
Weber 1964

4-Chloroindolyl-3-acetic acld

iLC)-1AA was identifiad in immahue seeds of some Fabaceae {Marumo et al. 1968, Hofinger
and Bottger 1979, Engvild et al. 1981). This compound exhibits strong auxin activity (Marumo et al.
1874), but its physiological significance remains unclear. 4-CHIAA is probably specific to the Viciae
tribe, aithough its distribution has not been systematically investigated. It could be Involved in seed
physiology. 4-CIIAA and its methyl astar [Hofinger and Boitger 1979, Engvild et al. 1981), and D-4-
ehlorotryptophan detivatives (Marnmo and Hattori 1970] were izolated from immatuere seeds of soma
Fabaceae of the Viciae tribe. 4-C1-IAA may be formed from D-4-chlorotryptophan but no biosynthetic
regearch has heen published.
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Indalyl-3-acrylic acid
TAerA was found in lentil (Lens culinaris Med,) seedlings and shown to exhibit auxin activity
{ITofinger 1668, Darimont et al. 1971) but its distrbution in the plants was not examined nor is its
physiological role established. TAcrA was shown to be formed in vitro and in vive from Try through
hypaphorin {N-trimethy! L-tryptophan (Kutacek et al. 1971, Hofinger et al. 1975)), Hypaphorin occurs
naturally in some plants of the Fabaceae family (ref, in Hofinger et al. 1975).

Conjugation of Auxins

Auxins are often covalenily bonded {i.e. conjugated) through their carboxyl group to low
molecular waight eompounds. The resulting conjugates are divided into two categories, depending
uvpon whether they are formed through an amide link with an amine acid {e.g. indolyl-3-
acetylaspartate] or an ester link with a sugar or inositol [e.g. indolyl-3-acetylglucose).

Amide conjugates

Indolyl-3-acetylaspartate was thae first describied major conjugate of IAA {Andreae and Good
1855). Its enzymatic formation can be induced by auxin treatment in all plants studied (Mollan et al.
1972, Epstein and Laves 1977}, It is also widely distributed as a natural compound in untreated plants
(Klimbt 1060, Row et al. 1961). The formation of indolyl-3-acetylaspartate needs a lag period during
which the synthesis of the responsible enzyme must ba induced, This induction may only be realized
by auxin freatment (Venis 1972). Light stimulates formation of this conjugate {Muir 1972). From a
physiological standpoint, indolyl-3-acetylaspartate is regarded as a detoxification product of
exogenous auxing (Zenk 1964, Andreae 1987). It might also be involved in the regulation of the level
of the native auxina, because of a reversible conjugation {Feung at al. 1877).

4-Chloroindolyl-3-acetylaspartate methyl ester has been isolated from immature seeds of Pisum
spp. [Hattorl and Marumo 1972), Other amino acid (glycine, alanine, valine, and glutamic acid)
conjugates of IAA were found after IAA treatmenl of Parthenocissus spp. callus (Feung ef al,
1978).

IA A can also be linked by an amide bond to higher molecular weight compeounds, &g, proteins
(Schneider and Wightman 1974, Percival and Bandurski 1978).

Ester conjugates

Ester conjugates of [AA with various sugars [arabinose in maize (Zea mays L.} [Steward and
Shantz 1959)] and rhamnose in Peltophorivm spp. (Ganguly et al. 1974]] have been isolated, but
glucose is the most common sugar conjugated to JAA (Klimbt 1961, Zenk 1861, 1964, Keglevic and
Pokorny 1868, Davies 1972}, The formation of IAA-glucose does niot need a lag phase and is thus con-
sidered to be a rapid detoxification mechanism [Zenk 1864},

Maize kewnels are particularly rich in ester conjugates of IAA. Three isomeric glucosy] esters (2,
4', and 8" isomers] have been isolated (Ehmann 18974). In this maierial a special group of JAA
conjugates was isolated which contained the polyol inositol. One inositol molecule may bind one,
two, or three IAA molecules (Ekmann and Bandurski 1974). An additional sugar [arabinose, galac-
tose} can be bound by the inositol moiety of LA A-inositol (Ueda and Bandurski 1974). Physiologically,
the inositol devivatives of TAA might be storage forms of 1AA in desiccated kemnels {Ueda and
Bandurski 1974] and a transport form of TAA (its transpord rate is 1000 fold that of TAA). They could
dlso be involved in the light contral of native 1AA levels by conjugating or releasing TAA [Bandurski
et al. 1877).

Gatabolism of Auxins

[AA I5 a labile compound that may be degraded sither chemically by factors such as acidic pH,
heat, light, oxidants, peroxides, or heavy metals; or enzymatically by certain metalloproteins. The an-
called 1A A-oxidase system, functioning with or without H,Q,, manganese, and/or monophenols as
cofactors, is now helieved to consist of one or a group of isoperoxidases (EC 1.11.1.7}. Any type of
peroxidase is able to destroy LA A in vitro but in vivo only basic isoperoxidases (high isoelactric point,
migrating lo a cathode} are thought to be 1A A-oxidases {Gaspar et al. 1982},
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Figure 2. Schematic pathways for [perjoxidalive degradation of indolyl-3-acetic acid
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tuated with heavy lines. Substances within hrackets have not heen directly Identified.
[Adapted from Grambow and Langenbeck-Schwich {1883)]

Depending upon physical and hinchemical conditions, IAA can be degraded by peroxidase
through different pathways leading to 3-methyleneoxindolz or indoly}-3-aldehyde as the main finsl
oxidation products [BeMiller and Colilla 1982, Grambow and Langenbeck-Schwich 1983). Oxindole-
3-zcetic acld was also identified as a catabolic product of IAA. A methyleneindolenine intermediate
probably is the common precursor for the formation of indolyl-3-methancl or 3-hydroxymethyl-
nxindole (Fig. 2). H, 0, is produced during [AA decarbox ylation as a result of oxidase action, Indolyl-
J-methanacl is virtually the only product of IAA metabolism if H,0, is consumed by peroxidase action
in the prasence of phenolic compounds. Indolyi-3-methanol can be reversibly oxidized to indolyl-3-
aldehyde, a natural compound in some plants, which iisell can be irreversibly oxidized to indolyl-3-
carboxylic acid. At a low concentration of phenols, however, excess H,0, is consumed by reaciion
with the methyleneindolenine iniermediate, leading to 3-hydroxymsthyloxindole and 3-methylenc-
oxindale, which can be reduced tp 3-methyloxindole by a 3-methyleneoxindole reduciase, In
biclogical systems this reaction may function ta remove “excess” H,(3,, thus giving detoxifying
properties to the LAA-phenolic co-oxidizing system, As a tesult, endoganous and exogenous phenolic
compounds might indirectly inflnence rooting through auxin metabolism, For further discussion of
auxin metabolizing enzymes, see Chapler 7 by Bhattacharya.

The guestion of whether auxins are active by themselves or become active only through their
metabolism remains vnanswered, In particular, methylensoxindole has been found to exhibit a strong
auxinic activity {up ta 10-fold compared to IAA {Tuli and Moyed 1869, Hofinger st al. 1880,
Bhattacharya et 1. 1986] but the reason for this extra activity Is unciear {(Evans and Ray 1972,
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Marumo et al. 1974). IAA contamination could not explain an activity 10-fold higher thun IAA; con-
trafiwise, any absence of activily might be due to enzymatic destruction of 3-methyleneoxindale, In
refation to the foregoing, we have found methyleneoxindole in the S-inhibitor fraction of lentil roois,
Physical or chemical treatment which enhanced auxin destruction in site caused root growth inhibi-
tion that comesponded with increasing activity of this f-inhibitor Fraction (Gaspar 1973).

ENDOGENOUS AUXIN LEVELS AND ROOTING

Changes In Free IAA-Like Substances

Pioneering research has suggested that the number of roots initiated per cutting may be a func-
tion of the amount of auxin-like substances in lhe regeneration zone [Hemberg 1054, Rastin 1 966). In
& number of rases, endogenous auxin content has been reported to increase in the base of cuttings
during ihe root inducing period (Blahova 1989, Michniewicz and Kriesel 1970). A relation has besn
shawn between the endogannus acidic anxins and the rooting response to added root promoting sub-
stances (Odom and Carpenter 1965), which suggested that opfitum levels of auxin were required, A
reduced level of auxin hasheen implicated in the failure of rooting in 2 number of species of plant cut-
tings (Cooper 1935, Smith and Wareing 197 2ub). However, in ather cases auxin levels did not appear
to be limiting [Biran and Halevy 1973, Greenwood et al, 1876). For example, Stoltz (1968} found that
in Chrysanthemum spp. endogennus auxin concentration did not positively comrelate with rooting. In
contrast, the number of lateral primordia arlsing from roots of Pisum sativam increased significantly
after decapitation; however, a change in the level of IAA was not detected {Béttger 1578}, Further
complexities were introduced by the observaiion that, in some easy-to-root cultings, the endogenous
levels ol auxin decreased appreciably over the course of rooting {Bose et al. 1973). In another test,
auxins in extract fractions that co-chromatographed with IAA were guantified by bioassays at 24 h
Intervals after pruning Quergus rubrm seedlings (Carlson and Larsen 1977}, Auxin activity sharply
increased in the first 24 h and then decreased ta prepruning levels. New laterals appeared 4-5 d after
pruning.

Despite the development of refined technigques for the identification and estimation of auxins,
relatively little progress beyond the foreguing observations has been made. By means of gas
chromatography, Brunner (1978) identified IBA and IAA in hypocotyl euttings of Phasecius vulgaris
L. In the control cuttings and ali the auxin treated cutltings, a distinct increase in the contents of IAA
and IBA became evident in the region of rool regeneration in the first 24 h, With progressing regenera-
tion, levels of the auxins decreased in 4}l cases. Nakano et al, (1980) also showed that auxin activity at
the base of the cuttings diminished during propagation and was lower in well-rooted than in unrooted
cuttings, They assumed that the auxin may have been metabolized before root differentiation,

Seasonal changes in hormone levels have heen determined in stem cuttings of the easy-tp-root
Rhadoedendron ponticum L. and the difficolt-ta-root Rhododandron 'Britannia’, The amount of IAA
(and cytokinin} in the stem tissue of hoth groups was similar, with little seasonal variation in eithar
{Wu and Barnes 1881),

Tréfois and Brunner {1982) found a good positive correlation between endogenous auxin-like
activity in Prunus spp. cuttings and percent of rooting of cuttings oaly in fnstances whete quxin lavel
was initially high at {he time of auxin treatment, There was no effect of endogenows auxin trealment
on rooting when the endogenous auxin level was low at the time cuttings were prepared.

Dunberg et al. (1981) found that [AA content at the hases of IBA treated cultings of Pinus
sylvestris L. was three times higher than in untreated cuttings. They did not find differences in IAA
mefabolism or trausport between the lreated and untreated cutlings, and concluded that applied [BA
was converted to IAA by the cuttings. The foregoing resuits were confirmed by Epstein and Lavee
(1984) in olive (lea europaer L.} and grape {Vitis vinifera L.} cuttings through the use of radipactive
IBA. Using a solid phase enzyme Immunoassay, Weigel et al. (1984) have found a large increase of
auxin in the apical parts of Chrysanthemum spp. shools afler removing them as terminal stem cul-
tings from stock plants. Acxin level remained high until about when roots were formed, Synthesis of
auxin probably occurred because the total amounl imereased, not only free auxin derfved from bound




9. AUXIN METABOLISM 123

forms. However, basipelal transport of IAA would have been arrested at the cut end of the culting,
which may have lead to an endogenous, basal sccumulation. In this syatem, prolonged high
iwradiance of stock plants (40 W-m™ delaved an IAA increase in the cuttings and cuncomitantly
decreased the number of ronts per culting compared to controls (4.5 W+ m~2), However, root growth
as determined by measuring root length or fresh weight were not alfected In the latter test, A distinct
relation was found between TAA content of stock plants at the lime when cuttings were taken and the
number of toots formed by the cuttings 20 d later.

Similarly, rocting percentage correlated positively with IAA concentrations in Gotintus coggy-
gria Scop. cuttings (Blakesley et al. 1985a): IAA concentration in siem tissue of spring cuttings (which
rooted well) was approximately 10 times the concentration in autumn cutlings (which rooted poorly}.
The concentration of IAA fell markedly after excision and before root appearance (Blakesley et al.
1p858). A transient increase in the concentration of TAA was also discovered in Phaseolus aursus
hypocotyl cuttings, where ool initiation ocours during tha first 15 h {Blakesley et gl, 1985b).

Changes in Auxin Conjugates

Good raoting of cutlings has sometimes been related to the endogenous level of auxin
conjugates. For example, the conuentration of 1AA estars in poor-rooting astumn Cotinus spp. cut-
tings was 10-20 times higher than that of good-rooting spring cuttings (Blakesley et al. 1984c). Thus,
Lthe ratio of free to total JAA was much higher in spring than in autumn cuttings.

In stem cuttings of the easy-to-root Rhododendron ponticum and the difficult-to-root Rhodo-
dendron ‘Britannia’, Wu and Barnes (1981) measured the highest levels of free and conjugated IAA In
summer. However, the content of conjugated IAA decreased between summer and autumn much
more in R. ‘Britannia’ than in R. pontivum; free IAA on the contrary decreased much more in R
porticum. In another study, terminal stem cuttings of Chrysanthemum morifolium Ramat. accumu-
lated hoth IAA and ester [AA immediately after their removal, compared to levels in stock plants,
with s subsequent decline, The maximum total IAA level was reached when the first roots were seen
(Weigel et al. 1884). Collet and Le {1987) recently showed that best rooting (rate of Tooling, numbey of
roots, absence of callus} of microcuttings of Rosa spp. and Malus spp, shoots that were praduced in
vitro was achieved by a brief pretreatment of the cat ends with a high concentration of IAA. In fhe
foregoing study, prior to rooting, there was first an accumulation of LAA in the rooting zone, followed
by the rapid disappearance of IAA and the appearance of IAA conjugates (IAA-glucesyl, proved by
hydrolysis by p-glucosidase). This kind of physiological metabolism-mohilization of “active’’ com-
pounds was compared by Collet and Le (1987) with the previously demeanstrated transformation of
radipactively labeled IBA inio [AA in the cuitings of Vitis spp. and Oler spp. [Epsiein and Lavee
14864].

In swmmary, literature dealing with the variation of free and bound auxins in relation to adventi-
tious moting is very confusing, This confusion has resulted because it has proven difficult to identify
the cells which ultimately generate primoxdia in cuttings and tissue cultures. Fraquently, anatomical
ahservations have not been reported in support of experimental resulfs and, understandably so,
henause primordium initiation Is often asynchronous. Another reason is that the physiclogical state of
the donor plants from which cuttings originated has not often been congidered. Several strong
themes, however, can he gleaned from the lilerature: 1} there is a good positive correlation hetween
the endogenous free auxin content and the percent of rooting when wuxin level is high at the time cut-
tings are made; 2} free auxin increases in the rooting zone prior tu rooting; and 3] the rapid decrease in
free TAA level immediately preceding root initiation coincides with the formation of [AA conjugates.

ENZYMIC TAA OXIDATION AND ROOTING

i
i
?L In this section we have excluded papers dealing with changes in IAA-oxidase activity in rela-
Eticm to rooting because this subject is reviewed alsewhere in ihe present book (see Chapter 7 by

Bhattacharya), This section considers only changes that we have chserved in peroxidases themselves
in the course of rcoling.

= Trav—
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Physicochemical studies of peroxidases, and our own physiclogical investigations relating types
and activities of percxidases to growth and mormphogenetic processes, have implicated the basic
[valionic) iseperoxidases in i vivo auxin catabolism {Gaspar &f &l. 1982} and regulation of endogencus
auxin level. Therefore, we have investigated changes in total peroxidase activity and in the
isoperoxidase spectrum during the course of rooting {und flowering) by different plants and explants
cultured in vitro [Quoirin et al. 1974, Gaspar and Van Hoof 1976, Van Hoof and Gaspar 1976, Gaspar
et al. 1977h, Thorpe et al. 1978, Druart et 2l. 1852, Moncousin and Gaspar 1983}

In suramary, our observations indicated that total peroxidase activity during rooting and
flowering undergo inverse variations [Fig. 3B and Dj: reoting occurs after the cutting has reached and
passed a peak of maxinum peroxidase activity, whereas flowering begins afier the plant has passed a
point of minimum peroxidase actvity (Gaspar 1981). The activity or number of acidic isoperoxidases,
or both, increases continuously during the course of hoth processes, indicating that the total
peroxidase activity varations are due solely fo the basic isoenzymes, The data are characteristic of
cuttings from all species analyzed and also correspond relatively well to results from similar
investigations on rooting and flowering by others, even though some discrepancies might appear on
first examination of the data (Gaspar 19681), Only a few authors (Haigsig 1971, Gaspar et al. 1977,
Mitsuhashi-Keto et al. 1978ab) have distinguished an inductive or preparatory phase (no discernahle
morphological nor histological changes) from an initiative phase (first cell divisions vrganizing the
root primordia), i.e. before phases of root elongation and growth. The physiological necessity of an
inductive phase Tor flowering is, however, generally recognized. In addition, explants {cuttings) may
have undergone their inductive phase of rooting or flowering, which quantitatively and qualitatively
modified peroxidases, while still attached to the donor plants. In these instances {Fig. 3A and ),
peroxidase changes characterizing the initiative phase may take place directly after placing the
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explants in favorable conditions. With regard 1o endogenous auxin lavels, inverse variations in hasic
isoperoxidases during the inductive and initiative phases of rooting and flawering would also result in
inverse vanrations of auxin content {Fig. 3). Evidence for this hypothesis in {lowering has been dis-
cussed elsewhere (Gaspar 1981, Gaspar et al, 1985) and seems to apply equally torooting as described
ahove.

The apparent antagonlsm that we have described between rooting and flowering have becn
demanstrated in other {ests. For example, antagonistic effects of rooting on the ability of plants to
flower were convincingly demonstrated in several species (Miginiac 1971, Soifa and Miginiac 1975,
Bismuth et al. 1878), which may explain the promotive effect of root removal on flowering (Krelule
and Seidlova 1873) and the reverse {Deletang 1673}, The existence of such correlations together with
our ohservations that the biochemical events associated with rooling and flowering characterize the
whole plant, culling, or explant, suggest pronounced hormonal control of these physiological
DPTOCESEES.

CONCLUSION

‘Ouwr analysis of the literature has identified new opportunities and approaches for future
research. Past rooting research has somewhat superficially or simplistically studied influences of
auxin ansholism and catsbelism, in the absence of s needed anatomical or doevelopmental focus.
However, it now seems that there are no simple relations between auxin levels in cutlings and
rooting. Thus, future research should wherever possible stress auxin anabolism and catsholism in
those tissues and cells that initiate root primordia. In addition, daix should be interprsted in the con-
text of differential cellular sensitivity to auxin, about which much must be learned.

In terms of the whole culting, a brief period of metabolic flux precedes rooting. During this
period cuttings have a high level of activity of basic [i.e. 1A A-oxidase) peroxidases and a low lavel of
auxin, compared o the period of primordium initiation (Gaspar 1981, 1988). However, much addi-
tional research is needed in order o determine whether these peroxidase and auxin relations apply
equally to preprimordial {target) cells and, if so, whether they directly relate ta primordium initiation.
There are also other needs for cellular level research concerned with auxin-rooting relations. For
example, recent studies indicate that the target ceils can be identified in some orgauns {Chrigui 1985).
Exogenouns IAA induces rooting from such target cells, starting with {nitiation of DN A synthesis in G,
cells. Simultaneously, the G, cells enter mitosis. However, the exact relations between endogenous
auxin and nucleic acid metabalism in the target cells is poorly understood. In cemparison, more is
known about teratological growth resulting from treatment with high dosages of 2,4-I) and NAA
Nougaréde ef al. 1985).

teudies of auxin ansbolism and catabolism will be the most meaningful if the degree of cellular
sensitivity to auxin is alse known. Studies of membrane-based auxin binding protein may help to
unravel the cause of differential cellular sensitivity to auxin. For example, a recent study indicated
that auxin and cytokinin controlled the presence or absence of auxin binding protein, which was posi-
tively correlated with rooting ability (Maan et al. 1985).

Genetic transformation is a sophisticated cellular approach (o studying auxin-rooting relations.
Auxin biosynthesizing genes from the T-IINA of the bacterium Agrobacterium {Liu and Kado 1973)
can be inserted into the genome of higher plant cells (Chilton et al. 188Z], which then becote
awonomous for auxin {Black et al. 1886). Such transformation of higher plant tissues by Agraehac-
teriwm rhizogenes may result in proliferation of adventitious roots ("hairy root” diseass, see Chapter
20 by Strobel and Nachmias). One study has shown that the “hairy root” characteristic was stable
during plantiet regeneration and associated with significant modifications of isoperoxidases
{Benvenuto et al. 1983), Further studies that use Agrobacterium transformation may help reveal how
variations In peroxidases and auxin metabolism modify cellular differentiation and result in rooting.

R
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Addltional key words: euxin{s), propagatinn. cuttings, chemical rooting formulations.
Abbreviations and chemies] names used: CO, carbon monoxide: GyH,. acetylene; C:H,,
ethylene; G,H,, propylene: 2,4-13, 2,4-tchloraphenoxyacstic acid; DMF, dimethyl formamide:
ethazol, 5-athuxy-3-firichloromethyl}-1.2 4-thiadiazole; 1A A, indole-3-acetic acid; 1BA, indole-
S-butyric acid; IPrA, indole-3-propionic acid; K-salt, potassium salt;y NAA, a-
naphthalaneacetic agid; f-NAA, B-naphthalencacetic acid; NAM, a-naphthalensacetamide;
NaD#, sodium hydroxide; NaOCl, sodium hypochlorite; NP-1BA, N-phenyl indolyl-3-
butyramide; P-IBA, phenyl indele-3-butyrate; P-1TB, pheny! indole-3-thiolobutyrate: thiram,
tetramethyl thivramdisulfide; 2.4.5-T, 2,4,5-trichlorophenoxyacetic acid.

INTRODUCTION

Treatment of cuttings with various substances to promote adventitious rooting is an old concept,
undeubtedly dating to the earliest attempts to vegetatively propagate plants. Although early successes
were often reported, repeatability was usually impossible and positive results were limited to easy-to-
raot species, but even then only when praper environmental conditions were used. Luck was also an

important factor in successful propagation.
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In early attampls to promoie rooting, some unusual practices were used, such as embedding
grain seeds in the split ends of cuttings. This unusual technigue used by early European and Middie
Eastern propagators was later found to have a sound scientific basis because germinating grain seeds
produce IAA (Hartmann and Kesler 1983) (Fig. 1}. Such techniques were sometimes eifective but
often they were unreliable and generally m ade rooting of cuttings more art than science. However,
the unpredictable nature of rooting was remaved ar at least reduced in 193435 as a resull of the
chemical identification and elucidation of IAA as a rooting promoter [Thimann and Want 1934,
Thimann and Koepfli 1935). These landmark papers in the history of plant propagation led to auxin!
treatment of cuttings to promote rooting, and made il possible to consistently root large quantities
of cuttings from plants that previously had been very difficult if not impossible to propagate
vegeialively.

This review is a discussion of chemical compounds used to promote rooting, primarily auxins.
Various topics related to auxin treatment of cuttings to stimulate rooting are congidered from both
practical and theorelical standpoints Lo encourage research divected towards improved rooting of cut-

tings.

Figure 1. Examples of common auxins.

<)\_/IJ CHp COOH m CHaCHa COOH
N N
H H
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CHaCH2CH,COOH

I8A
CHLCOOH
' CHCOOH
a-NAA B-Naa
OCH,COOH OCHCOOH
cl ¢l
Cl
cl o
2,4-D 2,4,5°T

*The tertn auxin{s) as used in this discussion is defined as “organic substances which at low concenira-
tions [<0.001 mol-1Y) promote growth icell enlargement) along the longitudinal axts, when applied to
ghoots of plants freed as far as practical from their own tnherent growth promoting substance and inhihit
the elongation of roots” (Thimann 1968}, Pespite being involved in many physiologival processes which
the definition does not address, that role of auxin of greatest interest here 1s the inftation of adventitious
rools.
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GCHEMICALS USED TO PROMOTE RQOTING

Following the discovery that IAA promoted adventitious rooting, the search began for other
natorally accurring auxins. Also, compounds with structures similar and dissimilar to LAA were
examined for root promoting properties. Searches for naturally gconrring quying were unsyccessfnl,
Currenily, it is generally agreed that IAA is the major {Moare 1970} if not the only {Thimann 1968)
naturally eccurring auxin found in plants, existing in both free and bound {eonjugated] forms (Cohen
and Bandurski 1982). Tests of IAA analogues, however, were more successfu! and in 1935 the first
report appeared which indicated that the synthetic auxing IBA and NAA had strong root promoting
properties (Zimmerman and Wilcoxon 1835) [Fig. 1}. Reports of additional synthetic compounds algo
classified as auxins and having root promoting activity appeared in 1942 (Hitchcock and Zimmerman
1842, Zimmerman and Hitcheaek 1842, These substances included the phenoxy compounds(e.g, 2,4-
D; Fig. 1) which in later years wouid be extensively utilized as herbicides.

Since 1942, additional naturally occurring and synthetic, suxin and nonauxin compounds have
been reparted to stimulate raoting in cuttings (Hartmann and Kegler 1983}. Commercial use, how-
ever, has been limited principally to IBA and NAA, and less to IAA and phenoxy compounds such ag
2,4-1) and 2,4,5-T (Fig. 1], Preference for IBA and NAA is illusirated by the large number of commer-
cial rooting formulations containing one or both of them (Table 1],

An interesting sidelight to discovery of prometion of rooting by auxins occurred in 1932, when
research demonstrated that certain gaser such as G, H,, CO, C.H,, and G H,, promoted rooting in cut-
tings of various species (Zimmearman et al. 1933, Zimmerman and Hitchcock 1833} In herbaceous
cuttinge, the promation of moting by these gases was through greater root initlation and/or oot
development; for woody cuttings, only development of existing root primordia was greater {Zimmer-
man et al. 1833). Little of this knowledge has ever been used comtnercially. The wle of C,H, in
adventitious rooting has continued to receive alentinn since an early study suggested that auxin
induced production of C,H, may account for the capacity of auxin to stimulale root initiation
[Zimmermar and Wilcoxon 1935). However, attempts to correlate adventitions rooting with auxin
mediafed C,H, production have heen ingonclusive {Mudge and Swunson 1878, Geneve and Heuser
1582). Variable results have also been reporied as to the effects of applied C;H,-generating com-
pounds on rooting (Krishnamoorthy 1970, Samananda et al. 1972, Mudge and Swanson 1978, Geneve
and Heuser 1983, Robbins ef ai. 1983), Relations between auxin, GH,, and adventitious raoling are
cumplex and poorly understood [see Chapier 11 by Mudge],

Although IBA and NAA have remained for many years the principal auxins for moting cut
lings, the seurch continues for other compounds, In 1879, uryl esters of JAA and IBA were reparted to
be superior to the free scids of these spme compounds in promoting root infliation [Haissig 1874}
Subseguent research in 1983 demonsiraied that two arvl esters (P-IBA and P-1TB, Fig. za} and an aryl
amide {NP-IBA, Fig. 2a) were niore efficient in inducing rooting of cuitings of bean {Phasecius
vulgaris L. cv. Top Crop] and fack pine {Pinus banksiana Lamb. ) than IBA {Haissig 1983). Studies with
other plant specles have confimmed previous findings that the aryl esters of IBA may have merit in
tooting cuttings (Dirr 1986, Struve and Arnald 1988). The principal benefit, however, may pot be
grealer effectiveness than IBA but reduced toxivity (Haissig 1983, Dirr 1885). Overall, more research
is needed 10 iest the efficacy of these newly developed aryl esters and amides of indole auxins and o
seek even more potent compounds.

RELATIVE EFFICACY OF AUXINS

As reports appeared indicating that freatment of suttings with various compounds, particularly
auxing, promoted rooting so did information regarding the relative efficacy of these compounds. IPrA
wasg reported to he less effective than IAA, a-NAA more effective 1han B-NAA, and [BA and o-NAA
more etfective than 1AA [Zimmerman and Wilcoxon 1936) {Fig. 1}. Differences between TBA and
NAA were established by rooting studies on a wide range of plant apecies of varying rooting ghility.
Although IBA and NAA had been judged to be superior to IAA, 1BA was found to be more effective
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CHaCHCHa COO O O —

P-TBA P-I7B

‘CHp CHpCH,p COS

CH,CH5CH, COO K™Y
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Figure 2, Aryl esters{P-IBA and P-ITB) and an aryl amide (NP-IBA]) of IBA (a} and K-salts
af IAA, IBA and NAA (h).

than NAA for most species {Hitchcock and Zimmerman 1839). The same report alsu showed that the
K-galts of IAA, IBA, and NAA were consistently more effective then the corresponding acids (Fig.
7bj. This knowledge has been ignored and through the years the acids have been used much mere
than their salfs.

Although IBA was found to be more effective than NAA [Hitchcock and Zimmerrnan 1939),
comparison of the two auxins is not simple because many factors infiuence auxin cfficacy. For
example, other factors being equal, that aspect of formulation consisting of the actual preparation in
which the auxin resides (e.g. auxin-talcum powder mixture vs. an auxin solution} can influence
efficany (Hitcheoek and Zimmerman 1936, 1939, Heung and McGuire 1973, Bonaminie and Blazich
1903}, This aspect of formulation is not to be confused with another dealing with the chemlcal form of
the auxin, for example, acid vs. salt. Also, a particular epecies may react differantly when treated
with equivalent concentrations (mel- I of different auxing (Proebsting 1984).

Dug to the considerable variation in relative auxin efficacy, shudies have been conducted to
determine the physiological bases far these differences. These data plus problems associated with
ustog particular auxins explain why some auxing are used with greater frequency than others. For
example, reduced rool promoting activity of applied IAA, compared to IBA and NAA, has been
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atiributed to the facl that plant Hssues possess several metabolic mechanisms that remove IAA from
the growth regulating system (Leopold and Kriedemann 1875, see Chapter 8 by Guspar and Hofinger).
In simple terms, planis possess mechanisms which operate to reduce and/or nullify the effectiveness
of LAA by canjugating it with other compounds or destroying it. Also, nonsterilized 1A A solutions are
rapidly desttoyed by microorganisms (Hartmann and Kester 1983) and strong sunlight (Moore 1979,
Hartmann and Kester 1983).

Phenoxy rompounds, such as 2,4-D, promote rooting in cuttings of many species when used at
very low concentrations. Howevet, phenoxy compounds have nof been extensively used for rocting
cuttings even though they are relatively lighi-stable and are more resistant to microbial decomposi-
tion, ‘There are several reasons for this, one being that following rooting these materials inhibit shoot
formation, possibly because they are translocated to buds {Anon. 1983). Also, applied phenoxy com-
pounds often stimulate callus growth on the bases of cuttings. This growth is usuaily associated with
numercus short roots that are bent, thickened, and stubby. Masses of these shert roots often appear fo
be fused. This aberrant form of root system markedly contrasts with the strong fibrous root systems
produced after IBA treatment of enttings. Roots produced after treatment with phenexy compounds
often develop slowly. Slow root systern development reduces the overall growth rate of cuttings.

In addition, the concentration of a phenoxy compound that promotes rooting often results in
necrosis of the basal portion of the cutting. If the concentration used is somewhat greater than the
optinium rooting concentralion, severe injury or death of the cuttings may result, which iltustrates the
nartow, effeclive range of concentrations for these compounds. The foregoing ohservations and
experiences confirm an early report about use of phenoxy compounds to promote moting of cultings
{Hitchcock and Zimmerman 1942).

Despite problems with using phenoxy compounds, they may he effective in combination with
ong or more nan-phenoxy auxins, Studies have shown that f a phenoxy compound is used in com-
bination with an auxin such as IBA, NAA, or both IBA and NAA, the rooting response is enhanced
in comparison o use of a phenoxy compound alone [Hitchcock and Zimmerman 19472, Ellyard 1981).
A similar improvement was obtained by using mixtues of IBA and NAA [Hitchcock and Zimmerman
1940},

The exeellent root promoting properties of 1BA and NAA, which were established soon after
they wers found to promote rooting, continue to be borne out by their widespread use for rooting cut-
tings, Another reason for their extensive use is that they are not easily degruded during storage.
W hether initially purchased as reagent grade chemical from which particular rovting formulations are
prepared, or purchased in the form of commenrcial rooting formulations, IBA and NAA are presently
the two most widely used auxins (Table 11

TREATING CUTTINGS WITH ROOT PROMOTING COMPOUNDS

Benefits of Treatment

Countless references can be found on the stimulatory influence of auxin treatment in rooting
cuttings of difficult-te-root species. Although many such species positively respond to auxin treat-
ment, some do nat, illustrating that positive physiclogical response to auxin {reatment is not univer
sal. However, the benefit of auxin treatment is obvious in those sprcies where rooting would not
otherwise occur. In addition, four specific advanteges associated with auxin trestment have long
been racognized: 1] increasing the percentage of cuttings that form roots; 2 hastening root initiation;
3) incraasing the number and quality of roots produced per culting; and 4) increasing the undformity of
rooting (Hitcheock and Zimmerman 1936). The first, second, and fourth advantages need no explana-
tion. However, the third regarding the number and guality of roots per cutting is intriguing becauss
countless studies have noted it as a benefit of auxin treatment, yet published reports on the influence
of root numbers on subsequent cutting growth are lacking.
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Treatment Techniques

Based on reports in the 19305 that cuttings could be trealed with auxins ti promots rooting,
various methods were tried for treatment. From this early research the main technigues for treating
cuttings with root promoting compounds were developed: 1) application of anxin-talcum powder
mixtares; 2) dilute-salution soaking: and 3) concentrated-solution dip [Hitchcock and Zimmearman
1939, Harimann amd Kester 1583],

Auxin-taleum powier mixtures
This method consists of dipping the basal portion (e.g. 1-2 cmy) of a culting into an auxin-talcum
poawder mixture, With this type of Farmulation, the active ingredient(s) are ¢arried in the inert taleum
powder. Auxin-talcum powder mixtures can be purchased commercially, or prepared by the user if
reagent grade auxin is available. When preparing suxin-talcumn powder mixtures, thorough blending
of the auxin(s} and taloum powder is very important (Stoutemyer 1938, see Table 2 for procedures].
Auxin-talcum: powder mixtures often contain more than one auxin and may also contain a fungicide
(Fable 1}, Treaiment of cullings with a fungicide, whether incorporated into the auzin-talcum powder
. mixture ar used in other ways has been shown to protect newly formed roots from fungal atiack,
. increase survival, and increase overall quality of the rooted cuttings (Doran 1962, Wells 1963, Hansen
and Hartmann 1868, Fiorno et al. 1969}, In addition to fungicides, other subslances such as suctose
have also been added to these preparations (Hare 1977).
For the most effective application of auxin-taloum powder preparations, it is desirable ta have
some moisture at the base of the cutting so the powder will adheres (Hiichcock and Zimmerman 1938).
Alter treatment, the cutting is lightly tapped to remove any excess powder and immediately inserted
into the rooting mediwm, Before ingertion, a trowel or similar device should be used to make a trench
in the rooting medium into which the bases of the cuttings are placed, The trench should be suffi-
ciently wide 50 that the powder is not rubbed off when cuftings are inserted {Stouternyer 1938), After
insertion, the raoting medium should be gently firmed around each cutting. A dibble (e.g. & wooden
plant label} to make holes can also be used when inserting cutiings inte the rooting mediom:.
When (reating cultings, it is advisable to remove a small quantity ol stock material containing
the auxin(s) and place it in another container that will be nsed for treatment, Any excess [eft after
treatment should be discarded. Cuttings should never be dipped into the entire stock of powder
because this may result in microblal contamination of the stock and deterioration of the auxinis}).
The major advantages of using this procedure include: 1} ready availability of eommercial
formulations: and 2) simplicity and ease of application. (n the other hand, disadvantages are: 1) diffi-
“culty of obtaining uniform results due to potentially varying amounts of powder applied to individual
enttings; and 2) high cost of commercial powder preparations when treating extremely large quanti-
ties of cuttings. The {irst disadvantage also deters treating more than one culling at a time. Thus, it is
best to treat single cuitings when using auxin-talcum powder mixtures.

Dilute-solution soaking

This technique involves spaking the basal portion (e.g. 1-3 ¢m) of stem cuttings in a dilute solu-
tion (e.g. 20-50D mg- 1"} of one or more guxins for varying lengths of time {c.z. 2-3 up to 22 h].
Following soaking, the cultings are inserted into the rooting medium [see Table 3 for preparation of
solutions].

The dilute-solution soaking method i{s not popular because it only has disadvantages: 1) it is
slow; 2] special equipment is nesdad for soaking the cuttings; and 3) resulis can be variable because
the amount of solution gbeorbed depends upon surmounding environmental conditions during reat-
ment, In order to minimize (3], cuttings should be consistently tpeated at about 20 °C under ipdirect
llomination (Hartmann and Kester 1983).

Goncenirated-solution dip
This popular procedure is often referred to as the concenirated-dip or, simply, quick-dip. It con-
~ sists of briefly (e.g. 1-5 s} dipping the basal portion (e.g. 0.5-2 em) of a stem cutting into a concen-
. trated fe.g. 500-30,0900 mg- {7] solutfon of one or more auxins, followed by insertion of the cutting
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into the rooting medium. Solutions can be purchased commercially or prepared (see procedures in
Table 4).

Advantages associated with this technique include: 1) greater scopomy if reagent grade auxin is
purchased and used to prepare solutions, compared to purchaging the same amount of a commercial
rooting formulation: 2} speed and ease of use; 3) uniform treatment of bundled cuttings; and 4]
generally uniform results. Disadvantages are: 1) difficulty in solutian preparation, particularly if non-
waler soluble auxin is used [i.e. acid Form); 2) requires practical experience; and 3) lack of commer-
cial preparations, compared io auxin-talcum powder formulations.

The first disadvantage concerning solution preparation warrants further explanation. The rea-
gent grade of most auxins is synthesized as an acid. In this form, the chemical is generally insoluble in
walar and must be dissolved in an prganic solvent such as algohaol or a strong base, e.g. agueous
NaDH. Strong bases have the disudvantage of greatly raising the pH of the solutlon, unless it is
butfered. High pH might injure cuttings, hut preparation of buffers may be inconvenient and costly.
Thus, use of bafferad puxin solutions has enly been used in research [Haissig 1979). Ethyl, methyl,
and isopropy! alcohol are all satisfactory solvents and are commanly used. It is bast to aveid using full
or nearly full strengih (85-100%) alcohol because it may dehydrate and injure basal stem tissue, If pos-
gible. alcohol should be diluted by 50% with distilled or deienized water. Howaver, 50% alcohol may
not dissolve the very large amounts of auxin required to produce concentrated stock or treatment
solutions. Also, it is often necessary to use a mechanical stirring device to completely dissolve auxins,
which are only stowly soluble in alcohel. Salts of some awxins, particularly K-aalis, are available
commaercially and should be dissolved in distilled or deivnized water as apposed to tap water, Sults
are usually much more expensive than acids.

Lack of practical experience with this technique can result in killing or severely injuring cuot-
tings during treatment. Solution concentrations must be carefully adjusted to the species and degree
of lignification of the cullings; duralion of freatment must slso not be too long.

When using the concentrated-solution dip some precautions should be taken. For example,
evaporation of alcohol can markedly elevate the concentration of auxin in solution. Excessive
concentration can cause injury or death of cuftings. Dilution causing a reduction in effectiveness can
also ocour if the cuttings have external moisture (Blazich 19768), Concentraied [95—100%) alcohol solu-
tions may also absorb water from humid air, resulting in dilution. To avoid changes in concentration,
it Iz advisable to dip cuttings in only a suitably small poriion of the stock solution. Any solution
remaining after use should be discarded, not returned lo the stock. On a large production scale, the
best way to aveid an increase or decresse in concentration is Lo periodically use a fresh gnantity of
golution. Stock solttions should be kept in tightly capped botiles and stored in the dark under
refrigeration.

Other methods

Although cuttings are generally treated with auxin applied either a8 an auxin-tulcum powder
mixture, or as a dilute or concentrated solution, there ara other treatment methods which may have
merit—e. g, methods that have been vsed for inducing rooting of seedlings of difficuli-to-transplant
species, One method has consisted of inserting toothpicks impregnated with suxin into the severed
tep waat and main lateral roots of recently dug plants. The toothpicks were impregnated with auxin by
soaking in an auxin solution for 24 h. This procedure has proven successful in stimulating root initia-
tion in pecan [Carya illinoensis Koch [Romberg and Smith 18938)}, pear [Pyrus communis L. cw.
Bartlett {Looney and McIntosh 1968)], and scardet vak [Quercus coccinea Muenchh, (Struve and
Maoser 1984]]. Reasons for ihe promotive influence of this treatment may be; 1) the auxin is placed in
close proximity to those cells invelved in adventitious rooting: 2] a slow release effect of the auxin
gver Hime; and 3} the combination of {1} and {2] (Struve and Maoser 1984},

Buecess with the toothpick method with seedlings suggests that it may have potential in rooting
cuttings, particularly for difficult-ic-root specles. Unfortunately, except for one report utilizing cut-
tings of eastern white pine [Pinus strobus L. {Struve and Blazich 1862)], this technique has not been
investigated. The eastern white pite study involved a comparison of application of auxin applied as a
taloum powder formulation, a concentrated sohation, or impregnated in toothpicks. The toothpick .
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method increased percent rooting and induced more roots aver a longer time period than basal treat-
ment with JRA in talc or as 4 concentrated solution. Inducement by the toothpick method of mure
adventitious roots over a longer period of time suggested that application of auxin in a slow release
form may have merit in promoting adventitious rooting. Thus, gradual release of auxin to cuttings
warrants Durther investigation.

For example, instead of using toothpicks, it may be possible to apply auxin mixed with a starch-
polyacrylate gel [Starbuck and Preczewski 1986). Mixing auxin with a viscous material followed by
application to cuttings is not a new concept; in one of the first techniques used, an auxin-lanolin mix-
ture was applied to cuttings which promoted rooting (Zimmerman and Wilcoxen 1935). However, &
later study utilizing cuttings of various woody species found auxin golutions to be more effective
{Hitchcock and Zimmerman 1936}

Another approach for auxin application might involve use of vacuum treatment. This could
possibly have merit for species and types of cuftings In which uptake of auxin solution is nnt easily
aecomplished. This was attempted but results were variable (Butterfield and McClintnck 1939),

FACTORS INFLUENCING RESPONSE TO APPLIED AUXIN

‘ " Given the stimulatory responge achieved by treating cuttings of various species with auxins, it is
surprising how few studies have been conducted to identify factors influencing the response of cut-
tings to auxin application. When such investigations have been undertaken, they have been designerd
primarily to define how an aspect of a purticular lreatment technique (e.g. duration or depth of treat-
ment associated with the coneentrated-solution dip) influenced rooting response. For the purposes of
this discussion, such investigations wili be termed “direct studies.” That term will also be used for
experiments designed o examine factors also related to treatment of cuttings such as auxin efficacy
and formulation. On the other hand, examinalion of data from other rooting experiments allows
tdentification of additional factors influencing auxin response and these will be termed “indirect
gtudies.”

Diract Studies

One of the first factors to be studied was efficecy. As mentioned previously, an early report
showed thai treatments with IBA or NAA were more effsctive than TAA (Zimmerman and Wilcoxon
1935); IBA treatment was later found to be mare effective than NAA for most species {Hitchcock and
Zimmerman 1938).

Although efficacy is unguestionahly importent, formulation can also have a prounounced
influence on Tooting. There are, however, two ways to view formulation. One involves the actual
chemical form of the auxin, for example, acid vs. K-salt. The second is the preparation in which the
auxin resides that will be used to treat cuttings, e.g. auxin-alcum powder compared to concentrated
solulion,

1t is difficult to discuss formulation only from a chemical standpoint. If one: were comparing the
acid form of IDA to the K-salt, both prepared as solutions, comparison would be confounded because
the acid form is generally only soluble in an organic solvent whereas the K-ealt is water soluble, Even
if siriking treatment differences were noted one could argue that such differences were due to the
earrier, and not the chemical farmulation. In any event, an early study reported that the K-salts of
IAA, IBA, and NAA were more effective than the acids (Hitchcoek and Zimmeérman 1938).

A test o eliminate such confusion would compare the acid form of the auxin applied as an
auxin-taicum powder mixture and as a concenirated solution in an orgenic solvent auch as alcohol.
Resulis of this type of test have generally demonstrated the superiority of the concentrated solutions
over tale formulations (Heung and McGuire 1973, Bonaminio 1983, Bonaminio and Hlazich 1983}, A
commaon finding of these studies has been that mtch less auxin is needed to chtain good rooling when
concentrated solutions ate used, compared to tale. Greater effectiveness of concentrated solutions has
besn ettributed to increased uptake (Heung and McGuire 1973). Another factor which may have a
bearing on the rooting vesponse, particularly when the camier i3 ap organic sclvent, is that solvents
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such as ethanol, methanol, and acetone can stimulate rooting {Bhattacharya et al. 1985); high concen-
tralions, however, may inhibit rooting {Middieton et al. 1978, Bhattacharya et al. 1986). SBuch find-
ings also show the importance of proper solvent control treatments when conducting rooting experi-
ments (Middleton et al. 1978).

Un the other hand, tale preparations may have mexit for species where slow auxin uptake at low
concentrations may be benaficial (Shibaoka 1971, Heung and McGuire 1973). More experiments are
needed, however, to compare effects of talcum powder and alcohol formulations on rooting.

Other experiments have defined how various agpects of the preparation and utilization of auxin
formulations influence auxin response. For example, when preparing talc formulations, the manner
of mixing auxin with talcum powder influences efficacy. Tele formulations of auxin prepared by
initially dissclving the auxin in alcohol are superior in promating rooting, compared to formulations
prepared by initially grinding IAA crystals with fale (Heung and McGuire 1973). Other factors that
influence etficacy of auxin-tale formulations include the amount of maisture at the base of a cutting,
which influences adherence of the powder [Hitcheock and Zimmerman 1839}; loss of powder when
inserting cultings into the rooting medium (Stoutemyer 1038); and length of the basal stem that is
treated (Stoutemyer 1938).

Studies have also examined factors influencing the response of cuttings to auxin applied in
dilnte or conecenirated solution, e.g. concentration (Nahlawi 1870); duration of treatment [Nahlawi
1970, Howard 1874); time slapsed betwsen cniting collection and treatment (Howard 1974); length of
basa! stem that is treated (Nahlawi 1970, Howard 1974, Blazich 1979); position of auxin applied to the
basal stern {Nahlawi 1970); wounding (Nahlawi 1970); external moisture on cuttings prior to treat-
ment (Blazich 1978); treatment with the surface sterilant NaOCI prior to auxin treatment {Blazich
1978J; and drying of solution applied to the basal stem prior to insertion of caitings into rooting
medium (Blazich 1878).

Indirect Studies

Of numerous factors influencing rooting, wounding and bottom heat have consistently been
ghown to modify auxin induced rooting in cuitings of many species. Wounding cuttings of particular
species is known to stimulate rooting hut with the exception of one previcusly mentioned study
{Nahlawi 19870}, which viewed wounding as a factor influencing auxin response, most investigators
have failed to recognize wounding as a factor enhancing auxin treatment. This may have resulted
hecause: 1} most species do not require any deliberate wounding for satisfactory rooting; or 2} stimula-
tion by a vomhination of wounding plus auxin treatment for those species where wounding is not
required is only slightly better than snxin treatment alone (Blazich and Bonaminio 1883). Examina-
tion of data from various rooting studies concerning the influence of wounding shows that the
greatest response from wounding was generally achieved when wounding was fellowed by auxin
treatment (Hinesley and Blazich 1981). The interaction of wounding and auxin in prometing reoting
may be due to increased exposure of those cells or tissues that initiate roots as a result of auxin
stimudation.

Bottom heat has aiso been overlooked as a factor which influences auxin response. Bottom heat
involves maintaining the roating medium at 18-24 °C, Bottom hent i3 generally acknowledged to
stimulate rooting of cuttings, but available evidence suggests that combined bottom heat and auxin
treatment better promote roting than either treatment alone (Hinesley and Blazich 1981). Elevated
temperatuyre at the base of the cutting may enhance the rate of metabolic processes associated with
rooting that are triggered by auxin, For more information on basal heating, see Chapter 18 by Loach,

STOCK PLANT TREATMENTS TO ENHANCE RESPONSE TG AUXIN

Use of particular stock plant treatments to enhance the rooting response of cuitings to appled
auxin may have significance but s mostly unstudied. However, data have shown that such treat-
ments may have an effect. For example, severe stock plant pruning may enbance auxin response
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(Howard and Harrison-Murray 1885). Two other teatments that produce a positive response are
girdling, and etivlation and/or blanching,

Girdling a stem results in destruction of the phloem at the point of girdling, which Blocks the
basipetal translocation of carbohydrates, plant hormones [e.g. auxin), and other substances thal may
be critical for rooting [e.g. rooting cofaciors). Thus, these subsiances may accumnlate in the stem just
above the girdle and promote rooting. Cirdling has promoted rooting in many species but the bases for
the response are unknown. Girdling is & standard treatment when propagating various species by sir
layering (Hartmann and Kester 1983). Auxin trealment further improves rooting of girdled stems
Gparks and Chapman 1970), which suggests that the accumulation of root inducing factors at the
polnt of girdiing interacts additively or synergistically with auxin fo promote rooting. Evidence for
aceumulation of root promoting substances was demonstraled in another investigation which
reported that the level of a rooting vofactor increased substantially above the girdle in an easy-te-root
clone of hibiscus [Hibiscus rosa-sinensis L. {Stoliz and Hess 1866]].

Etiolation, the total development of stock plants or their parts in the absence of light {partial
development is termed blanching) has long been known to stirmulate rooting {see Chapter 2 by
Maynard and Bassuk). Although enhancement of rooting by thase treatments is without guestion,
factors. responsible for the promotive influence are uncerlain, One of the first sindies aimed at
clucidating the underlying physiclogical basis for this phanemenon concluded that increased ruoting
was due to a complex of interacting factors (Herman and Hess 1863). These factors included
increased levels ol endogenous auxin and rooting cofactors, and various anatomical changes
conducive to rooting. A subsequent investigation also reported anatomical changes induced by etiola-
tion, corresponding to increased rooting (Doud and Carlson 1077). However, another siudy noted that
etiolation did not significantly change the auxin concentration and results suggested that etiolation
stimutated rooting by increasing the sensitivity of the tissue to auxin (Kawase and Maisui 1880, It is
apparent from the few studiss reported that promeolion of rooting by etiplation and blanching are
poorly wnderstood and need further investigation,

CONCLUSION

Auxins were discovered years ago and are still the only applied compounds that congsistently
enhanee adventitious rooting in cuttings that have at least some naiiral capacity to root. In the
interjm there has been little Improvement in the efficacy of auxins beyond that achieved with IBA,
NAA, and the phenoxy compounds such as 2,4-D, which alse were first tested yoars ago, Why, then,
have new: more effective auxins not been discovered? Possibly, the apogee of auxin prometed rooting
has been attained with the existing compounds, but that seems unlikaly (cf. Haissig 1970, 1983). It is
more likaly that lack of development of root promoting auxins has resulted from gencral disinierest in
the study of adventitious rooting, fack of a clear understanding of ite economic imporiance, and diffi-
culties and high cost of synthetic auxin research and development. Such research and development
requires the combined skills of horticulturists, foresters. plant physiologists, organic chemists, and
numerous cooperators who will conduct broad scale, practical tests and freely share thelr results.
Based on past evidence such an approach may take years with only a small probakilily of success,
Howaver, the economic importance of adventitious rooting in horticulture and farestry worldwide is
gufficient justification for undertaking such rasearch, which hopefully wiil be done.

Adiditianal rescarch is also needed to determine whether there are “rooting cofaciors” {auxin
synergists) that, when applied alone or with anxins, markedly stimulate rooting. Evidence collected
aver 30 yr suggests that such compounds exist, but they have remained elusive, In part, ihe research
cited has nut been stractured and implemented precisely enough to provide unequivocal evidence
and, most importanily, pure, chemically characterized compounds for practical testing, Thus, future
research should stress this critical area of fundamental and practical importance.

Until sither more cffective auxins are discovered, or the rooting cofactors are chemically
characterized for practical testing, the principal improvement in efficient use ol ruxins will result
from improvements in proprietary rooting formulations. Here tog, research is needed 1o facilitate
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auxin uptake, minimize auxin destruction, and generally encourage the health and vigar of cuttings
during the critical period that precedes rooting. In such research many previously studied influences
on rooiing will need to be retested under modern conditions of propagation, such as fog tunnels,
heated benches, media, ete. Fhysiological condition of atock plants must alsg be considered in rating
proprictery rooting ireatments. How stock plants are srawn before cuttings are taken and how the
cuttings are subsequently treated and maintuined profoundly influence auxin mediated rooting

Tesponses.
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Table 2. Procedures for preparing auxin-talcum powder mixtures: amounts of auxin and
tale needed to prepare a rooting puwder of a particular iotal amount, conlaining a spacific
concentration of auxin. See instructions at end of table.

Total Weighit [mg) of Auxin + Tals

{andn, )
{Bpm)? 1000 2nDg o4 4008 5004 [711135] 70006 BOOD aesG 10,800
mg auxin
130G 1 2 3 | 3 6 7 2] g 10
1500 15 ] 4.5 & 7.0 a 10.5 1z 13.5 15
2000 2 4 1] B 10 1z 14 16 15 20
2500 2.5 5 7.5 10 12,5 15 17.3 20 22.5 25
3000 3 3 9 12 15 18 21 24 27 30
500 3.5 7 10.5 14 17.5 21 24.5 28 31.5 3b
4000 B iz 16 20 24 28 32 36 40
4500 4.5 G 13.5 iB 22.5 27 31.5 368 40.5 45
5000 5 14a i5 2Q 25 30 a5 4G 45 58
5h00 5.5 11 18.5 22 27.5 33 38.5 44 49.5 55
6000 & 12 18 24 30 an 42 18 54 60
G500 B.5 13 19.5 26 32.6 39 45.5 52 8.5 341
7000 7 14 2 28 35 42 49 56 63 70
7500 7.5 18 22.5 an ar.o 45 52.5 G0 87.0 73
200y 8 . 16 24 32 41 a8 G 64 72 ag
B50G0 8.0 i7 25.5 34 42.5 51 9.5 68 78.5 a5
200qQ 8 18 27 368 45 54 63 72 81 a0
9500 8.6 19 28.5 38 47.5 57 a6.5 78 85.5 05
10000 10 20 30 40 50 80 70 8} 90 ine
12500 12.5 25 37.5 b0 62.5 75 87.5 100 112.5 125
15000 16 30 45 BO 75 B 105 120 135 150
17500 17.5 a6 52.b 70 B87.5 105 122.5 140 157.5 175
20800 20 40 60 80 100 120 140 180 180 2040

Instructions for using Tahle 2.

1. Select from the left column the concentration (ppm} of auxin needed.

2. Select fram the top of the table the total weight (mg) of the rooting preparation needed.

n. The value given where the concentration and iotal welght intersect is the quantity of
auxin {In mg) needed.

4. The indicatad guantity of auxin is adjusted to the selected lotal weight with falcum

powder {Total weight in mg — mg suxin = mg taleum powder needed).

Tharough blending of the auxin and talcum powder is necessary to aveid inconsistent

resylts and potential toxicity, The most efficient way of doing this is to dissolve the

particular weight of suxin in 8 small quantity of 95% ethanol and then pour the solution

over the prescribed weight of talcum powder. After mixing to a slurry, the mixtore is

driet. An excellent way to dry the mixture is use of a foreed air oven al 25 °C. When

preparing auxin-talenm powder mixtures use the acid formulation of the suxin.

o
h

*To comvert parts per million [ppm} to percent, divide by 10,000,
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Table 3. Procedurss for preparing dilute auxin solutions: amounts of suxin and solvent
needed to prepare a solution of 3 pariicular total amount, containing a specific congentra-
tien of auxin. See instructions at end of table.

Total Volume [m])

Conen.
{ppm)? 10 200 300 400 s0G B00 700 aen 208 1000
Mg auxin
29 2 4 8 B 10 13 14 16 18 20
40 4 a 12 18 20 24 28 3z 36 40
60 ;] 12 14 24 ki 36 42 48 84 60
80 i 16 24 32 a0 48 56 64 72 a0
16D 10 20 30 40 50 BO 78 80 o0 100
120 12 24 36 18 G 72 84 a6 108 120
140 i4 28 42 itd) 70 B4 a8 113 126 140
160 16 32 48 G4 80 o6 112 128 144 160
184 18 36 54 72 0] 108 126 144 162 180
200 243 44 B0 a0 100 120 144 160 186 200
228 az - 44 86 48 114 132 154 176 1848 220
240 24 48 72 2 13} 120 144 i6eé 162 218 240
260 26 52 78 104 130 i56 iB2 208 234 260
280 28 56 &4 112 140 168 108 224 252 280
aao 30 a0 aa 120 150 180 210 240 270 300
320 32 64 a8 128 1640 14892 224 256 288 320
340 14 473 102 136 1740 204 238 273 3ae 340
a606 a5 72 108 144 180 216 2b2 288 324 360
380 38 76 1i4 152 150 228 266 304 342 380
400 41 1] 120 160 200 240 280 320 I6H 400
420 42 84 126 168 210 2532 284 336 378 420
440 44 as 132 176 220 264 308 asz 396 440
46{) 46 52 138 184 230 278 322 a6e 414 480
480 45 95 144 192 240 288 334 384 432 480
500 50 100 150 200 250 300 350 400 450 500

Instructions for using Table 3.

1. Select fram the left column the concentration {ppm) of auxin needed.

Z. Belect from tha top of the table the volume [ml) of auxin salution needed.

. Thevalue given where the concentration and volume intersect is the quantity of auxin{in
mg) needad.

4. Theindicated quantity of auxin is dissolved in approximately 10ml of solvent falcohol or
distilled water) and adjusted to the necessary volume with distilled water.

5. Keep solutions in a tightly capped bottle, stored in the dark, under refrigeration.

T convert perts per million (ppm] lo percent, divide by 10,000. Also, mg/l = ppnL.
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Table 4. Procedures for preparing concentrated auxin soluHons: amounts of auxin and
solvent needed to prepare a solution of a particular total amount, contalning a specific
concentration of auxin. See instructions at end of table.

Total Volume (ml}

Loncn.
opm)t 108 200 30¢ 400 500 600 700 aop 9ge 1000
mg auxin
500 50 100 180 200 2508 300 350 400 450 800G
1000 100 200 a0a 404 500 600 700 800 900 1000
1500 150 KLH 450 111} 750 q00 10560 1200 1350 1500
2000 200 400 600 800 1000 1200 1400 1600 1800 2000
2500 250 500 750 1000 1258 1500 1750 2000 2250 2500
3000 300 500 S00 12G0 1500 1840 2100 2400 27040 3060
asa0 a5¢ 700  1DBO 1400 1760 2100 2460 2800 3150 3500
4000 400 apo 12410 1600 2000 2400 2800 3200 3600 48400
4500 460 900 1350 1800 2280 2700 3150 3600 4060 4500
5000 500 1600 1500 2000 2500 apon a500 40400 4500 3000
6500 550 1100 1650 2200 2780 4300 3850 4400 4950 5500
BOGO 600 1200 180D 2400 3000 3600 4200 4800 5400 6000
6500 G50 1300 19540 2600 3250 36500 455 5200 5850 6300
7000 7o0 1400 2100 2800 3500 42006 4900 5600 6300 7000
7500 750 1500 2250 3000 3750 4500 5250 6000 6Y50 7500
B8OCD 00 1600 2400 3200 4000 4800 5600 8400 7200 BOOQ
5500 g30 17080 £5580 34060 425D 5100 5950 6AOD 7650 500
90006 GG0 18410 2700 3800 4500 pdid 6300 7200 gi00 9000
4500 a50 1800 2050 3800 4750 5700 660 7800 8550 9500
10000 1008 2000 3000 40600 5000 4000 7004 8004 - 9000 10000
12500 1250 2600 3750 5000 6250 7500 8750 10000 11250 12800
15000 1500 3000 4500 8000 7506 annn 105040 12000 13500 15000
17600 1750 an00 5250 7000 a7s50 10500 12250 14000 16750 17500
20000 2000 4000 6000 8000 10000 12000 14000 18000 18000 20000
22500 2250 4500 B750 goDo 11250 13500 15750 18000 20250 22500
25000 7500 5000 7500 10000 12500 15000 17500 20000 22500 25000
27500 2750 5500 8250 11000 13750 168500 10250 22000 24750 27500
30600 3000 Goun qoOp  120D¢ 15000 18000 21000 24000 27000 30000

Instructions for using Table 4.

1. Select from the left column the concentration (pprm) of auxin needed.

2. Select from the top of tha tahle the volume {ml} of solution needed.

3. Thevalue given where Lhe concentration and volume intersect isthe quantily of auxin{in
mg] neaded.

4. Theindicated guaniity of auxinis dissolved in & small guantity of solvent and adjusted to
the necessary volume with additional soivent.

5. Keep solutions in a lightly capped bottle, stored in the dark, under refrigeration.

ITn convart parts per million (ppm) to percent, divide by 10,000, Alzo, mg/l = ppm.
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A. INTRODUCTION

Al. The Plant Hormones: Their Natare,
Occurrence, and Fupctions

Peter J. Davies
Depariment of Plant Biotogy, Comell University. Ithaca, New York 14853,
{SA. E-mail. pfd2Ggcomeil.edu

INTRODUCTION

The Meaning of 2 Plant Hormaone

Plant horimones are a growp of naturally vecurring, organic substances which
influence physiological processes at low concentrations. The processes
influenced consist mainly of growth, differentiation and development, though
other processes, such as stornatal movement, may also be affected.  Plant
hormones' have alsa been referred to as *phytohormoues’ though this term s
mfrequently used.

In their book Phvtohormones Went and Thimann (10) in 1937 define a
hormone as a substance which is transferted from one part of an organism to
another.  Its original use in plant physiology was derived from the
mammalian concept of 2 hosmone. This involves a localized site of synthesis,
tznsport In the bloudstream to a larget tissue, and the control of a
physiclogical response in the rarget tissue via the concenmation of the
hormone. Auxin, the first-identificd plant hormone, produces a growth
response at a distance from its site of synthesis, and thus fits the debfnition of
a transported chemical messenger, However this was before the fyil range of
what we now consider plant hormones was known, 1t is now clear that plant
hormones do not Tulfill the requirements of a hormone in the mammalian
sense. The synthesis of plant hormones may be localized (as occurs for
amimal hormones), but it may also cceur in a wide range of tissues, or cells
within lissues. While they may be lransported and have their action af a
distance this is not always the case. At one extreme we find the transport of

! The following abhtevistions are used tironglow this beok wilh no further definition: ABA,
abscistc acid; B, brassinosteroid; CK, cytolaning QA gibberelling [AA, indole-3-acetic acid
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cytokinins [rom roots to leaves where they prevent senescence and maintain
metabolic activity, while at the other exlreme the production of the gas
cthylene may bring about changes within the same tissue, or within the same
cell, wherc it is synthesized. Thus, transport 15 not an assential propeitly of a
plﬂni hormone.

The term “hormone’ was [irst used in medicine about 100 years ago for a
stimulatory factor, tjlough it has come to mean a iransported chemical
message. The word in fact comes from the Greek, where its meaning is ‘to
stimulate” or ‘to set in motion’. Thus the origin of ward itse!f does not
require the notion of fransport per se, and the above definition of a plant
hormone is much closer to the meaning of the Greek origin of the word than
is the current meamng of hormone used in the context of animal physiology.

Plant hormones” are a umigue set of compounds, with unigue metabolism
and propertics, (hat form the subject of this baok. Their only universal
characteristics are that they are patural compounds in plants with an ability to
affecr physiological processes at concentrations far below those where cither
nutrients or vitanung would affect these processes,

THE DISCOVERY, IDENTIFICATION AND QUANTITATION OF
PLANT HORMONES,

The Development of the Plant Hormone Concept and Early Work.

The plant hormone ceoncept probably derives from  observalions of
morphogenic and developmental correlations by Sachs between {880 and
1893, He suggested that "Morphological differences between plant organs
arc duc to differences in their material composition” and postulated the
existence of root-forming, Nower forming and other substances that move in
differcnt directions through the plant (10).

At about the same time Darwin (3} was making his original observaiions
on the phototropism of grass coleoptiles that led him to postulate the
existence of a signal that was transported from the tip of the epleoptile o the
bending rtogions lower down. After further characierizations by several
workers of the way in which the signal was moved, Went in the Netherlands
was finally able to isolate the chermeal by dilfusion from coleoptile tips into
agar blocks, which, when replaced on the tips of decapilated coleoptiles,
resuled in the stimulation of the growih of the decapitated coleoptiles, and
their bending when placed asymmetrically on these tips.  This thus
demonstrated the exisience of a growth promoting chemical that was

* The ferm "plant growth substance” is also used for plant hormones but this s a rather vague
wernt and does not describe fully what theze natoral regu]amrf. do - growth is only one at the
many processes influenced. The international society for the study of plam hormones is
named the “Intemational Plant Growth Substance Association” (IPGSA).  While the term
plant growth regulator is a [ttle more precize this term haz been mainly used by the
apricketmical lndustry to denote syntheric plant growth segulators as distinct from endogenous
growth regulators,
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synihesized in the colcoptile tips, moved basipetally, and when distributed
asymmetrically resulted in a bending of the coleoptile away {rom the side
with the higher concentration. This substance was originally natned
Wuchsstoff by Went, and later this was changed to cuxin. Alter some talse
identifications the material was finally identificd as the simple compound
indoleacetic acid, universally known as TAA (11).

Discovery of Other Hormones

Other lines of investigation led to the discovery of the other hormoencs:
research in plant pathopenesis led to gibberellins (GA); eftorls to culture
tissues led to cytokinins (CK); the control of abscission and dormancy led to
abscisic acid (ABA); and the cffects of illunmnating gas and smoke led Lo
ethylene. These accounts arc lold in virtually every elementary plant
physiology textbook, and further efzborated in either persanal aceounts (9,
11) or advanced treatises devoled to individual hormanes (scc hook list at the
end of the chapter) so thal they need not be repeated here. More recently
other compounds, namely brassinosteroids (Chapters B7 and D7), jasmonalies
{Chapter F1) (including tuberonic acid, Chapter ES), salicylic acid (Chapter
F2), and the peptides (Chapter F3) have been added to the fist of plant
hormones, and thcse are fully covered in this book for the first time.
Polyamines, which are essential compounds for all life forms and important
in DNA structure, have also been categorized as plant hormones as they can
modulate growth and development, though typically their levels are higher
than the other plant hormones. However, as litlle further understanding of
their exact function in plants at the cellular and molecular levels has been
added in the last few years, no individual chapter has been devoted to
polyamines in this edition (a chapter on polyamines can be found in the
previous edition (4): 2E Chapter C1}.

It is interesting to note that, of all the original established group of plant
bormones, only the chemical identification of abscisic acid was made (rom
higher plani tissye. The original idenlification of the others came from
extracts that produced hormone-like effects in plants: auxin from urine and
the fungal cultures of Rhizopus, gibberelling from culture filtrates of the
fungus Gibberella, cytokinins from autoclaved herring sperin DNA, and
efbylene from iuminating gas. Today we have at our disposal mathods of
putification (such as high performance liquid chromatography: HPLC,
following solid phasce exiraction: SPE cartridges) and characierization {gas
chromatography-mass speetrometry: GC-MS, and high performance liquid
chromatography-mass spectrometry: HPLC-MS) that can operate at levels
undreamed of by early investigators (Chapter G1). Thus while early
purifications from plant material utilized tens or cven hundreds of kiloprams
of tissues, modern analyses can be performed on a few milligrams of tissue,
making (he characterization of hormone levels in individual leaves, buds, or
even from tissues within the orpans much more feasible. Thus it is not
surprising 1o sec the more-recently discovered hormones being originatly
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identified within plant tissucs. Nometheless anly brassinosteroids were
identified following investigations of plant growth ¢ffects, with the discovery
of jasmonates, salicylic acid and peptide hormones deriving from work on
insect and disease resistance,

Imimuncassay (see 2™ edition, Chapter F2) is also used for hormone
quantitation, though is considered much less precise becausc of interfering
effects of other compounds and cross reactivity. Immunoassay columns can,
however, permit the very precise isofation of plant hormones prior © morg
tigorous physico-chemical characterization. While the exact level and
iocation of the hormones within the individual tissues and cells is still largely
clusive (Chapter G1), huge strides have been made in analyzing and
localizing the expression of genes for hormone biosynthesis using sensitive
techniques such as PCR. (polymerase chain reaction), or the expression, in
transgenic plants, of marker genes driven by promoters of one or more steps
in the biosynthetic process. The location of hormone action i tissues and
cells has also been investigated by examining the location of marker gene
expression driven by promolers of gencs known to be induced by the
presence of hormone (e.g. Chapter A2).

THE NATURE, QCCURRENCE, AND EFFECTS OF THE PLANT
HORMONES

Before we become involved in the various subsequent chapters covering
aspects of hormone biochemistry and action it is necessary to review what
hormones do. In subsequent chapters some or most of these effecis will be
described in more detail, whereas others will not be referred to again. 1i is
impossible to give detailed coverage of every hormonal cffect, and the reader
is relerred to the book list at the end of this chapter. The choice of opics for
subsequent chapters has been determined largely by whether there is active
research in progress in that area. Ower the tast few years there has been
active progress in elucidating the biosynthesis, signal transduction and action
of almost every hormone. Thus whereas previously the progress in
understanding the action of one hormone was much better than that of
another we now find increased understanding of hormone action across the
board. A good case in point is cytokinin, where we now know much more
about perception, signal transduction (Chapter D3) and action (Chapter C3)
than just a fow years ago. In fact progress on understanding one hormone as
opposed to another has been leapfrogging: whereas the action of auxin at the
physiological level was one of the [irst to be understoad (Chapter C1) we still
do not understand the connection hetween auxin signal tranzduction (Chapter
D1) and its final action in inducing cell clongation, and while the
identification of the auxin receplor was previpusly regarded as esiablished,
this is now regarded as far less certajin. By contrast, after two dccades of
relutively little advance in the understanding of brassinosteroids, or even
much interesl in these compounds, following their discovery by extraction
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from Brassica pollen and the demonstration of growth activity in a bean
petiole bicassay, the entire biosynthetic pathway has been elucidated
{Chapter B6), receptors identificd (Chapter 1)7), mutants characterized and
crosstalk with other hormones investigated (Chapter B7).

The effects produced by each hormone were initially elucidated largely
from exogenous applications. However in more and more cases we have
evidence that the endogenous hormotie also fulfills the originally designated
toles, and new functions are being discovered. Such more recent evidence
derives from correlations between hormone levels and growth of defined
genotypes o mulanis, particularly of the model plant Aratwdopsis, or from
transgenic plants. In other cases it has not yet been conclusively proved that
the endogenous hormone functions in the same manner.

The nature, occurence, transport and effccts of each hormone (or
hormone group) are given helow. (Where there is no specific chapter on the
topic in Lhis edition but a reference in the second edition of this book (4) this
is indicated with the notation *2E’.) It should, however, be emphasized that
homones do ot act alone but in conjunction, of in opposition, to each other
such that the final condition of growth or development represeints the net
effect of a hormonal balance (Chapter A2) (5).

Auxin

Nature
Indole-3-acetic acid {IAA) is the main auxin in most plants.

K'I—TCHQ— COOH
SN
H

INDGLEAGETIC ACID

Compounds which serve as IAA precursors may also have auxin activity
(e.., Indoleacetaldehyde). Some plants contain other compounds that
display weak auxin activity (e, phenylacetic acid). IAA may also be
preseni as vatious conjugates such as indoleacetyl aspartate (Chapter Bi).
4-chloro-IAA has also been reported in several species though it is not clear
to what extent the endogenous auxin activity in plants can be accounted for
by 4-CIHIAA. Several synthetic auxins are also used in commercial
applications (2E: G13).
L

|

Sités of hiosynthesis

1AA is synthesized from tryptophan or indole {Chapter B1) primarily in leaf
primordia and young leaves, and in developing seeds.
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Transport

IAA transport is cell to cell {Chapters E1 and E2), mainly in the vascular
cambitun and the procambial strands, but probably also in epidermal cells
{Chapter E2). Transport to the root probably also involves the phloem.

Effeces
® Cell enlargement - auxin stimulates ceil enlargement and stem growth
{Chapter D1),

€  Cell division - auxin stimulates cel} division in the cambium and, in
combination with cytokinin, in tissue culture (Chapter E2 and 2E: G14).

®  Vascular tissue differentiation - auxin stimulates differentiation of
phloem and xylem (Chapter E2),

@  Root initiation - auxin stimulates root initiation on stem cuttings, and
also the development of branch roots and the differentiation of rocts in
tissue culture (2E: G14).

®  Tropistic responses - auxin mediates the tropistic (bending) responsc of
shoots and roofs to gravity and light (2E: G5 and G3).

®  Apical dominance - the auxin supply from the apical bud represses the
growth of lateral buds {ZE: G6).

®  Leal senescence - auxin delays leat senescence.,

& Leaf and fruit abscission - auxin may inhibit or promote (via ethylene)
leaf and fruil abseission depending on the fiming and position of the
source {2H: G2, G6 and (G13).

¢ Fruif setting and growth - auxin induces (hese processes in some fruit
(2E: GI3)
Assimilate partitioning - assimilate movement is enhanced towards an
auxin source possibly by an effect on phloem transport (2E: G9).
Fruit ripening - auxin delays ripening (2E: G2 & 2E:G12).
Flowering - auxin promotes llowering in Bromeliads {2E: GB),
Growth of flower parts - stimulated by auxin (2E: GG2).
Promotes femaleness in dioecious flowers (via ethylene) (2E: (2 &
2E:GR).
In several systems {(e.g., root growth) auxin, particularly at high
concentrations, is inhibitory. Almost invariably this has been shown to be
mediated by auxin-produced ethylene (2, 7) (2E: G2), 1f the ethylene
synthesis is prevented by various ethylene synthesis inhibitors, the ethylene
removed by hypobaric conditions, or the action of ethylenc epposed by silver
salts (Agt), then auxin is no longer inhibitory,

L BB 2K NN ]

Gibberellins {(GAs)

Nerture

The gibberellins (GAs) are a family of compounds based on the ent-
gibberellanc structure; over 125 members exist and their siructures can be
found on the web (Chapter B2). While the most widely available compound
is GA; or gibberellic acid, which is a fungal product, the most important GA
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in plants is GA,, which is the GA primarily responsible for stem clongation
{Chaptcrs A2, B2, and B7). Many of the other GAs arc precursors of the
growth-active GA,.

CH,

OH

GIBEERELLIN A: or GA,
Sites of biosynthesis.
GAs are synthesized from glyceraldehyde-3-phosphate, via isopentenyl
diphosphate, in young (issues of the shoot and developing seed. Their
biosynthesis starts in the chloroplast and subsequently invelves membrane
arud cytoplasmic steps (Chapter B2),

Transport
Some GAs are probably (runsporied in the phloem and xylem, However the
transport of the main bivcactive polar GA, seems restricted (Chapters A2 and

E5). .
Effects
& Stem growth -~ GA, causcs hyperelongation of stems by stimulating both

cell division and cell elongation (Chapters A2, B7 and D2} This
preduces tall, as opposed to dwarf, plants.

¢ Boliing in long day plants - GAs cause stem clongation in response to
long days {Chapter B2, 2E; G8).

¢ Induction of seed germination - GAs can cause seed germination in
some seeds that normally require cold (stratification) or light to induce
germination {Chapier B2).

@ Enzyme production during germination - (GA stimulates the production
of numerous enzymes, nolably n-amylase, in germinating cercal prains
{Chapter C3).

@ Fruit selting and growth - This can be induced by exogenous
applications in some fruit (c.g., grapes) (2B: G13). The endogenous role
is uncertain.

¢ Induction of malenecss in dicectous flowers (2E: (GB),

Cytokinins (CKs)

Nature
CKs are adenine dcrivatives characterized by an ability to induce cell
division in tissue culture {in the presence of auxin), The most common
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cytokinin base in planls is zeatin. Cytokinins also occur as ribusides and

riho

tides (Chapter B3).
.~ CH,OH
/CH=C
NH~—CH, TNGH3
= -N
Y
\N -~
ZEATIN

Sires af biosyathesis

CK

biosynthesis is through the biochemical madification of adenine (Chapter

B3). It occurs in root tips and developing seeds.

Transport

CK transport is via the xylem from roots 1o shoots.

Effects

®  Cell division ~ exegenous applications of CKs induce cell division in

tissuc cullure in the presence of auxin (Chapter C3; 2E: G14). This also
occurs endogenously i crown pall tumors on plants (2E: E1). The
presence of CKs in tissues with actively dividing cells (c.g., froits, shoot
tips) indicatos that CKs may naturally perform this finction in the plant.
Morphogenesis - in tissue culture (2E: G14) and crown gall (2E: Ei)
CKs promote shoot initiation. In moss, CKs induce bud formation {(2E:
G1 & GO),

Growth of lateral buds - CK applications, or the increase in CK levels in
fransgenic plants with genes for enhanced CK synthesis, can cause the
release of lateral buds from apical dominance (2E: E2 & G6).

Leal expansion (6), resulting solely from cell cnlarpement. This is
probably the mechanism by which the total leaf area is adjusted to
compensite for the extent of root growth, as the amount of CKs reaching
the shoot will reflect the extent of the root system. However this has not
been observed in transgenic plants with genes for increased CK
biosynthesis, possibly because of a commuon the lack of contrel in these
systems,

CUKs delay leaf senescence (Chapler E6).

CKs may enhance stomatal opening in some species (Chapter E3).
Chioroplast development - the application of CK leads 1w an
accumnulation of chlorophyil and promotes the conversion of etioplasts
into chloroplasts {R).
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Ethylenc

Nature

The gas ethylene (CyH,) is synthesized from methionine (Chapter B4) in
many fissues in response to stress, and is the fruit ripening hormone. It does
not seem to be cssential for normal mature vegetative growth, as ethylene-
deficicnt fransgenic plants grow normally.  llowever they cannot, as
seedlings, penetrate the soil because they lack the stem thickening and apical
hook responscs to ethylene, and they are susceptible to diseases because they
lack the cthylene-induced disease resistance respomses. It is the only
hydrocarbon with a pronounced effect on plants.

Sites of synthesis

Ethylene is synthesized by most tissues in response to stress. In particular, it
is synthesized in tissues undergoing sencscence or ripening (Chaplers B4 and
ES5).

Transport

Being a gas, ethylene moves by diffusion from its site of synthesis. A erucial
intermediale in its production, 1-aminocyclopropane-1-carboxylic acid
{(ACC) can, however, be transported and may account for ethylene effccts at
a distance from the causal stimulus (2E: G2).

Effects

The effeets of ethylene are fully described in 2E: (G2. They include:

@ The 50 called triple response, when, prior to soi] emergence, dark grown
seedlings display a decrease in tem elongation, a thickening of the stem
and 2 transition lo lateral growth as might occur during the encounter of
a stone in the soil.

Maintenance of the apical hook in seedlings.

Stimulation of numerous defense respotises in response to njury or
discase.

Release from dormancy.

Shoot and root gtowth and differentiation.

Adventitious root furmation,

Leaf and fruit abscission.

Flower induction in some plants (2E- GR),

Induction of fermaleness in dicecious flowers (2E: 8)

Flower opening.

Flower and leaf senescence.

Truit ripening (Chapters B4 and ES).

@ 8
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Abseisic arid (ABA)

Neture
Abscisic acid is a single compound with the following formula:
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H CHy
CHy CH5 [ |

O O
“OH l |
=F o

ABSCISIC ACID

Its name is rather unfortunate. The first name given was "abscisin "
because it was thought to control the abscission of cotton bolls. AL almast
the same time another group named it "dormin” for a putported role in bud
dormancy., By a compromise the name abscisic acid was coined (1). 1t now
appears to have little role in cither abscission (which is regulated by
ethylene; 2E: G2) or bud dotiancy, but we are stuck with this name. As a
result of the original association with abscission and dormancy, ABA has
become thought of as an inhibitor. While exogenous applications can inhibit
growth in the plant, ABA appears 1o act as much as a promoter, such as in
the promotion of storage protein synthesis in seeds (Chapter E4), as an
inhibitor, and a more open altitude towards its overall role in plant
development is warranted. One of the main functions is the regulation of
stomatal closure (Chapters D6 and E3)

Sites of synthesis

ABA is synthesized from glyceraldehyde-3-phosphate via isopentenyl
diphosphate and carotenoids (Chapter BS) in roots and mature leaves,
particularly in response to water stress (Chapters BS and E3). Sceds are also
rich in ABA which may be imported from the leaves or synthesized in situ
(Chapter E4).

Transport

ABA is exported from roots in the xylem and from leaves in the phlocm.
There is some evidence that ABA may circulate to the roots in the phloem
and then return to the shoots in the xylem (Chapters A2 and E4).

Effects

® Siomaltal closure - waler shorlage brings about an increases in ABA
which leads 1o stomatal closure (Chapters D6 and E3),

@ ABA inhibits shaot growth (but has less effect on, or may promote, root
growth). This may represent a response to water stress (Chapter E3; 2E:
2).

@  ABA induces storage protein synthesis in seeds (Chapler E4).

®  ABA counteracts the effect of gibberellin on a-amylase synthesis in
germinating cercal grains (Chapter C2),

& ABA affects the induction and maintenance of some aspects of
dormancy in seeds (Chapters BS and E4). It does not, however, appear

10
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to be the controlling factor in ‘truc dormancy’ or ‘rest,’ which is
dormancy that necds to be broken by low temperature or light.

® Increase in ABA in response to wounding induces gene transcription,
notably for proieinase inhibitors, so it may be invoelved in defense
against insect attack (ZE: E5).

Polyamines
HyN-—{(CHz);—NH—(CH3},—NH;

SPERMIDINE

Polyamines arc a group of aliphatic amines, The main compounds are
putrescine, spermidine and sperminc.  They are derived (rom the
decarboxylation of the amino acids arginine or ornithing, The conversion of
the diamine puirescine to the triamine spermidine and the guaternaryamine
spermine involves the decarboxyfation of S-adenosylmethionine, which also
is on the pathway for the biosynthesis ol ethyiene. Ay a result therc are some
complex interactions between the levels and effects of ethylenc and the
polyamines.

The classification of polyamines as hormones is justified on the
following grounds:

@ They are widespread in all cells and can exert regulatory control over
growth and development at micromolar concentrations.

¢ In plunts where the content of polyamines is genetically altered,
developtment is affected. (E.g., in tissue cultures of carrot or Figna,
when the polyamine level is low only callus growth occurs; when
polyamines are high, embryoid formation occurs. In tobacco planty that
are overproducers of spermidine, anthers are produced in place of
ovarigs.)

Such developmental conirel is more characteristic of’ hormonal compounds

than nutrients such as amino acids or vitamins,

Polyamines have a wide range of effects on planis and appear to be
essential for plant growth, particularly cell division and normal morphologics.
Al present it is not possible to make an easy, distinct list of their effects as for
the other hormones. Their biosynthesis and a variety of cellular and
organismal effects is discussed in 2E Chapter C1. Tt appears that polyamines
are present in all cells rather than having a specific site of synthesis.

Brassinosteroids

Brassinosteroids (Chapters B6 and D7) are a range of over 60 steroidal
compounds, typified by the compound brassinolide that was first isolated
from Brassica pollen. At first they were regarded as somewhat of an oddity
but they arc probably universal in planis. They produce effects on growth
and development al very low concentrations and play a role in the
endogenous regulation of these processes.
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GH

BRASSINOLIDE

Effects

@ Cell Division, possibly by mereasing transcription of the gene encoding
cyclinld3 which regulates a step in the cell eyele (Chapter D7),

@  Cell clongation, where BRs promote the transcription of genes encoding
xyloglucanases and expansins and promote wall loosening {Chapter D7),
This lcads to stem elongation.

e  Vascular differentiation (Chapter 7).

® BRs are needed for fertility: BR mutants have reduced fertility and
delayed senescence probably as a consequence of the delayed fertility
{Chapter D7).

@ [nhibition of root growth and development

&  Promotion of cthylene biosynthesis and epinasty.

Jasmonates
Jasmonates (Chapter F1) are represented by jasmonic acid (JA) and its

methy! cster.
O
PR NN
Q,CDOH

JASMONIC ACID

They are named afler the jasmine plant in which the methyl ester is an
mmportant scent component. As such they have been known for some time in
the perfume industry. There is also a related hydroxylated compound that
has been named tuberonic acid which, with its methyl ester and glycosides,
induces potato tuberization (Chapter E5). Jasmonic acid is synthesized from
linolenic acid {Chapter F1), while jasmonic acid is most likely the precursor
of luberonic acid,

Effects
@ Jasminates play an important role in plant defense, where they induce
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the synthesis of proteinase inhibitors which deter insect feeding, and, in
this repard, act as intermediates in the response pathway induced by the
peptide systemin.

¢ Jamonates inhibit many planl processes such as growth and seced
germination.

& They promote senescence, abscission, tuber formation, fruit ripening,
pigment formation and tendril coiling.

# A is essential for male reproductive development of Arabidopsis. The
role in other species remains 1o be determined.

Salicylic Acid {(SA)
COOH
OH

SALICYLEIC ACID

Salicylates have heen known for a long time to be present in willow bark, but
have only recenlly been recognized as potential regulatory compounds.
Salicylic acid is biosynthesized from the amino acid phenylalanine.

Effects

® Salicylic acid (Chapter F2) plays a main role in the resistance to
pathogens by inducing the production of *pathogenesis-related proteins’.
H is involved in the systemic acquired resistance response (SAR) in
which a pathogenic atiack on older leaves causes the development of
resistance in younger leaves, though whether SA is the transmitted
signal is debatable.

® SA is the calorigenic substance that causes thermogencsis in Arum
flowers.

@ 1t has also been reported to enhance flower longevity, inhibit cthylene
biosynthesis and seed germination, block the wound response, and
reverse the effects of ABA.

Signal Peptides

The discovery that small peplides could have regulatory propertics in plants
started with the discovery of systemin, an 18 amino acid peptide that travets
in the phloem from lcaves under herbivore insect attack to increase the
content of jasmonic acid and proteinase inhibitors in distant leaves, so
protecting them from attack (Chapters F1 and F3). Since then, over a dozen
peptide harmones thal regulate various processes involved in defense, cell
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division, growth and development and reproduction have been isolated from

plants, or identified by genctic approaches (Chapter F3). Among 1hese

effects caused by specific peptides are:

®  The activation of defensc responses.

®  The promotion of cell proliferation of suspension cultured plant cells.

®  The determination of cell fate during development of the shoot apical
meristem

®  The modulation of root growth and leaf patterning in the presence of
awxin and eytokinin

@  Peptide signals for self-incompatability,

®  Nodule formation in response to bacterial signals involved in nodulation
in legumes.

Are the More-Recently-Discovered Compounds Plant Hormones?

Two decades ago there was a heated discussion as to whether a compound
had to be transported to be a plant hormone, and coutd ethylene therefore bhe
a plant hormone. To this Carl Price responded: “Whether or not we regard
ethylene as a plant hormone is unimportant; bananas do...”*, Hormones arc
a human classification and organisms care naught for human classifications.
Natural chetnical compounds affect growth and development in various ways,
or they do not do so. Clearly brassinosteroids fit the definition of a plant
hormone, and likely polyamines, jasmonates salicylic acid and signal
peptides also can be so classified.  Whether other compounds should be
regarded as plant hormones in the future will depend on whether, in the long
run, these compounds are shown to be endogenous regulators of growth and
development in plants in general.

A Selection of Beoks on Plant Hormones Detailing their Discovery and
Effects

Abeles FB, Morgan PW, Saltveit ME (1992) Ethylene in Plant Biology. Academic Press, San
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Addicott FT (cd) (1983) Abscisic acid, Pracger, Now York

Arteca RN (1995) Plant Growth Subatances, Principfes and Applications. Chapman and Hall,
New York

Audus L1 {1959) Plant Growth Substances (2E) L. 13ill, Londen; Inferscicnce Publishers New
York, (Rditors nate: the 2™ edition of Audus contains a lot of information on auxins thas
was cut out of the later, broader, 3™ edition and il is therefore siill 2 valuable reference.)

Audus LJ {1972} Plant Growth Substances (3E). Barnes & Noble, New vork

Crozier A {ed) (1983) The Biochemistry and Physiolugy of Gibberellins. Pracger, New York

Davies PI (ed} (1995} Plant Ionnones: Physiclogy, Biochemistry and Molecuiar Biology.
Kluwer Academic, Dordrecht, Boston

Liavies W, Jones HG (19913 Abscisic Acld: Physiology and Biochemistry, Bios Seicntific
Publishers, Oxford, UK
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Slocum RI, Fiores HE (eds) (1991 Hiochentistry and Physiology of Polyamines in Plants.
Hocg Raton CRE Press

Thimapn KV (1977) Hommone Action jn the Whole Life of Plants. University of
Massachuselts Press, Amherst
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INTROPUCTIOGN
Auxins function at the intersection between environmental and
devclopmental cues and the response pathways that they trigger (Fig. 1).

P -

Chther metabolie
networks
| B — Homeoutasis (ther sionuling
Environment - netwarks
Develapment — 1AA RSP Chraowth
Blreus N Devolopnent
Kesponse .
Pratein Tucnovey
Gyenc Expression
bbb ALY

L

Fig. 1. Auxin homeoslasis, the maintenance of an 1AA level in the plant cell that is optimal
for growth and devclopment, is dependent on abiotic and biotic sources that impinge on the
system, und resufts in a varicty of often interconnacied regpenses that thomselves impinge on
the system. Some of the intricate regulalory nelworks have evolved with considerabic
redundancy and adaptive plasticity to maintain optimal ouxin fevels in response to changing
environmental and developmental conditions,
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Auxin levels vary dramatically throughout the body and life of the plant,
forming gradients that arc a cenfral component of its action (4, 5, 14, 20, 34).
Accordingly, planis have evolved intricate regulatory networks with
considerable redundancy and wdaptive plasticily to maintain auxin levels in
Tesponse to changing environmental and developmental conditions. We refer
to this phenomenon as auxin homeostasis; specifically the biosynthesis,
inactivation, transport, and inter-conversion pathways that regulate and
maintain auxin levels.

The study of auxin homeostasis is aimed at understanding the
mechanisms by which plants manage to have the hormone available in the
required amount at the ripht time and place, and at determining how the
developmental and environmental signals impact these processes. A
catnbination of moilecular genetic and analytical approaches in the pas( (on
years has resulted in an incrcased understanding of auxin homeostasis;
primarily that it involves a highly interactive network of redundant pathways,
the complexity of which are only beginning (o be discerned, In this chapter,
we will focus our attention on the naturally occurring auxins that have been
described to date: TAA, IBA', PAA and 4-CI-IAA (Fig. 2). We will
summatize the growing body of knowledge concerning the enzymes and the
genes involved in 1AA synthesis and metabolism. Several other reviews
provide a more detailed analysis of particular aspects of auxin synthesis and
metabolism (3, 7, 12, 13, 29, 31, 40, 38).

Chemical Forms of Auxins in Planis

Auxins are defincd as organic substances that promote cell elongation growth
when applied in low concenirations to plant tissue scgments in a bioassay. In
addition to the most oflen studied auxin, IAA, there are several other native
auxins that have been reported to occur in plants. All natural auxins arc
found in plants as the free acid and i conjugated forms (Fig. 2).

The halogenated derivative 4-C1-JAA has been found in peas, several
other members of the Fabaceae and in seeds of pine (2). In many biological
tests, 4-Cl-IAA is more active than IAA; for example, it has approximately
19 times the activity of IAA on oat coleoptile clongation (38). Most of the 4-
CI-TAA occurs as the methyl ester in many of the plants examined, however,
4-Cl-1AAsp and its monomethyl ester have also been described (2). Studies
into the physiological role of 4-CI-IAA have focused on its activily in pea
pod development (44). Normal pod development requires seeds, but in their
absence, 4-ChIAA and GAs act synergistically to promote pea pod
development, specificaily cell elongation and division (44). Expreasion of
PsGA3ox!, the gene encading the oxidase that converts (GAq, to biologically
active GA, is developmentally and spatially regulated during pod

! Abbraviations: Asp, asportate; Gla, glutamine;  Glu, glutamate; Glue, glucose; 1AOx,
indole-3-acetaidoxime; 1BA, indole-3-butyric acid, G, indole methyl plucosinolate; Inos,
inositol; Lys, lysine; OxIAA, 2-oxindole-3-acetic acid; PAA, pheaylacetic acid; Trm,
tryptamine; Tup, tryptophan; Trp- D, teyptophan dependent; Tep-1, trypiophan independend.
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development (44),  Additionally, it is dramatically up-repulated by
exogenous 4-Cl-TAA suggesting that 4-C1-TAA is necessary for GA synthesis
during pea pod development. PsGA3ox1 cxpression is not up-regulated by
IAA and TAA has very little cffect on stimulating GA synthesis or pod
development (36).  However, IAA clearly affcots expression of GA
biosynthesis genes in pea shoots and in tobacco (52), although the primary
turgets of IAA regulation are different in the two species.

IAA and its proposed precursors undergo metabolic conversions to
indole-3-Iactic acid, indole-3-ethanol and IBA (10). 1BA has been used
commercially for plant propagation for decades because of its efficacy in the
stimulation of adventitious roots (2). The observation that IBA is more
efficient than JAA at inducing rooting may be partially explained by the
observation that IBA is more stable than LAA against in vive catabolism and
imaclivation by conjugation (3). IBA was definitively shown to occur
naturally in plants in 1989 (31). Feeding studies and analysis of metabolic
mutanis show that plants are able to convert IBA to IAA by a mechanism
that parallels faity acid B-oxidation (3) and to convert IAA to IBA (31). It is
stll not clear whether TBA s an auxin per se, or a precursor to 1AA,
Arabidopsis mutants that were resistant to the inhibitory effects of exogerous
IBA on root clongation revealed a number of loci that arc involved in B-
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oxidation of fatty acids in the peroxisome, peroxisome protein fmport and
possibly IBA signaling end response (3). The fumctions of these
comresponding genes strongly suggest that IRA metabolism is centered in the
peroxisome (3).

In addition 1o the indolic auxins, varipus phenolic acids in plants (such
as PAA) have low auxin activity. In Tropaeofum majus (nasturtium), PAA (s
present at levels 10- to 100-fold lower than those of both 1AA and IBA and it
appears to be distinctly locatized (32). The low biological activity, the low
levels found in some plants, and its unigue distribution within the plant,
suggest that PAA either does not act i plarte as an auxin or has an as yel
unknown specialized function.

In most tissues, the majority of the auxin is found conjugated to @
variety of sugars, sugar alcohols, amino acids and proteins (Fig. 2) (2, 56}.
Enzyme activities for synthesis and hydrolysis of various conjugated forms
are known to exist, suggesting that these forras function to provide a readily
accessible and easily regulated source of free IAA without de rove synthesis.
One peneral class of conjugated forms consists of those linked through
carbon-oxygen-carbon bridges. These compounds have been reterred w©
generically as “ester-linked", although some 1-0 sugar conjugates such as 1-
G-IAA-Gluc are actually linked by acy! alky! acetal bonds. Typical ester-
linked moieties include 6-AGHE, TAA-Inos, 1AA-glycoproteins, [AA-
glucans and simple methy! and ethy! esters. The other type of conjugates
present in plants are linked threugh carbon-nitrogen~carbon amide bonds
{referred to as “amide-linked"), as in the TAA-amino acid and protein and
peptide conjugates (see Fig. 2). IAA conjugates have heen identified in all
plant species examined for them (56). The conjugate pool in endosperm
tissucs of monocots and dicots i generally comprised of ester-linked
moigties, whereas conjugate mwoicties in most dicot seeds scem to be
predominantly amide-linked. Light grown vegetative tissues of most plants,
both menocots and dicots, appear to conmain primarily amide-linked
conjugates.

Historically, our knowledge of TAA conjugate function comes mainly
from tissue culture and bioassays. Various conjugates of 1AA, both ester-
and amide-linked, act as "slow release" forms of TAA in tivsue cuiture (2) and
when used to stimufate rooting of cuttings. Early studies showed that the
biological effect of the conjugate was related to its ability lo release TAA
when applied to tissuc (2). Differential growth induced by IAA-conjugates
applied to stems of bean (Phaseolus viigaris) was guantitatively corvolated
to the degree of hydrolysis of the conjugate by the tissue (56). Conjugated
suxins are thought to be either storage or Tong distance mobile forms of the

- active hormone, or, in the case of JAA-Asp, to act as an internediate in the
. degradation of IAA. There arc, however, some indications that conjugates
i themselves can have specialized auxin activities (1, 3, 43, 60, 63).
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Structural determinants of [AA function

The search for a simple sttucture-activity correlation model valid for 1AA
and a series of alkylated and halogenated derivaiives has nol defined a simple
or straightforward relationship, although detailed analysis of their structural
parameters and their physico-chemical properties has evolved our concepts
of activity/structural determinants (37). Contrary to expectalions, a simple
relationship based on the relative lipophilicity of the compounds does not
account for diffcrences in biological activity nor docs weak w-complexing
ability or reduced indole ring (NH) acidity. These Ffactors had been
suggested 1o explain the differences in auxin aclivity. The ability of
modified struclures to [unction as aclive auxins may be defined by the
relationship between the acidic side chain and unspecified properties of the
ring system (37).

[AA HOMEOSTASIS PATHWAYS

Biochemical pathways that result in IAA production within a plant tissue are
tlustrated in Fig. 3. They include: (A) de nove synthesis, whether from
tryptophan [referred to as Trp-dependent (Trp-D) [IAA synthesis], or from
mdolic precursors of Trp [referred to as Trp-independent (Trp-I} [AA
synthesis, sinee these pathways bypass Trpl; (B) hydrolysis of both amide-
and ester-linked IAA conjugates; (C) transport from one site in the plant to
another site; and (D) conversion of 1BA 1o IAA. IAA turnover mechanisms
include: (E) oxidative catabolism; (F) conjugale synthesis; ((G) transport
away from a given site; and (H) conversion ol 1AA to IBA. This model for
inputs and outputs to the [AA pool has remained essentially the same for the
past twenty years (11).
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Figure 3. A diagram of our current understanding of metabobic amd signaling inleraclions
shows the major inmleractions discussed. There still remain 2 mumber of gaps it owr
understanding of the complete pathways and broader interactions between anxin regulation
andd olher signaling netwotks, but hypotheses generated from the interactions shown should
serve as a guide to fiure research cfforts.
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Classical genetic approaches, such as screening for auxin-deficient
mutants, have vielded little information about IAA homeostasis. This has
been attributed to the likelihood that auxin anxotrophs would be lethal and
that IAA homeostatic pathways are redundant.  Thus, a mutation m one
pathway would be compensated by another functional pathway. Fortunately,
the manner in which TAA metaboiism is now stindied has yielded many morc
details about the pathways and genes involved, Farly characterization of
IAA synthesis and mectabolism involved the use of radiolabeled precursors
(usually 'Frp) applied to cut surfaces or extracts of plants. Radiolabeled
intermediates were then identificd, TAA and 1AA metabolites quantified, and
the enzymes that catalyze these reactions isolaied and characterized., This
type of approach has been widely useful in delineating many metabolic
pathways, with the caveal that only the capacity of the plant to carry out the
metabolic reaction has been demonstrated, not the physiological relevance ol
the reaction. Reccnt advanees in mass spectrometry have allowed
tesearchers to replace radiolabeled tracer compounds with stable isotope
labeled precursors that are monifored by mass spectrometry.  Thus, the
endogenous, unlabeled compounds of interest could be monitored as well
(39). Most of these experiments are done with infact plants, providing a
belter biological conlext than previous experiments with extracts or cut
sections of plants, Mutants and franspenic plants with aliered IAA
homeostasis have been integral to these studies, as they reveal the
compensatery mechanisms (hat plants utilize 1o achicve [AA homeostasis
(Fig. 4). Several major findings have emerged (29). They are that: 1) plants
utilize mubtiple pathways for the homeostasis of IAA; 2) these pathways are
differentially reguiated; and 3) numerous environmental factors including
light, temperature and bictic or abiolic stress regulate the activity of these
pathways,

e novu synthesis

De novo synthesis refers to the synthesis of the heterocyclic indole ring trom
non-aromatic precursors. The only known source of indole ting compounds
found in nature is the shikimic acid pathway, which is exclusive to bacteria,
fungi and plants (Fig. 5). One of these compounds, the abundant amino acid
Ttp, contains all the carbon end structural features necessary to make [AA.

1A A Synthesis frem Tryptophan

Trp-D-IA4  symthesis  is  induced by wounding, ftemperature  and
developmenial cues
An enormous body of knowledge demonstrates that IAA can be synthesized
from Tip, and & summary of some of the known reactions is presented in Fig.
5. These pathways were largely elucidated by radiotracer labeling studics
and biochemical assays. While they were proposed decades ago, there have
always been some significant aspecis of these pathways to regard with
caution (42). The poof size of Trp is three or more orders of magnitude
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Arabidopsis seedlings grown on TAA-Ala Fig. 4 (Color  plate  page CP2)
i — - Tryptophan or auxin metabolism mutents
have scrved us imporiani tools  for
understanding 1AA metabolism.  This
figure tluslrates some of the mutants that
have cnhanced our knowledge of [AA
conjugate hydrelysis, the redundancy of
TAA biosynthesis, and the complexity of
IAA homeostasis. Shown arc: [Top row|
Arabidopsis mutanis resistant to high
. . . ] levels of TAA-glanine were selected by
Wild type  iarl iar3 itrl failure of the conjugaie fo suppress root
gtowih, These mutants identified penes

Lemna plants mvolved w1 JAA comjugate hydrolysiy
o ; (3). [Middle row, left] Kernels of maize
arange pericarp (orp) segrepgate 15:1 as
expected for & recessive trait encoded ihe
two genes for tryptophan synthese B in
wmaim. Beedlings from orp (lnoresce
brightly under UV illumination duc 1o
the accumulalion of the plucoside ot
anthranilic acid, while normal seedlings
do not. The erg mutart demonstrated the
oy existence of a Trp-l pathway for 1AA

Normal o N 10uM  SuM Diosynthesis (56). [Middie tow, right}
o Selection of fines of Lemna gibba
Seedlings under UV alpha-MT treated  oone 1o g-methyliryptophan  yiclded
plants that produced clevated evels of
tryplophan due 1o loss of feedback
inhibition  of anthrunilate  synthase.
These lines were used to show that the
rate of IAA production/tumnover could
change without aliering the steady state
levels of LAA (29). [Bottom row] A large
T CoA AR varignt, jsR |, of Lewna gibha was shown
: : to have hiph levels of free IAA, and
Wild type JsR1 provided the first quantitative data
indicating that a Tep-l1 pathway to FAA
was active in plants (56).

Maize orp kernels

w

Lemna gibha G3 mutant

larger than that of IAA, Trp is readily converted to TAA by microorganisms
and even a mimue amount of microbial conversion of Trp would produce the
picomolar amounts of TAA commonly found in plants. Radiolabeled Trp can
be non-enzymatically converted to 1AA, presumably by decomposition
mediated by peroxides and fice radicals that aceumnulate in the radicactive
solution.  In addition, many of the early studics demonstrating Trp-D-TAA
synthesis employed cut sections {39) and we now know that wounding
mduces Tep-13-1AA synthesis (61). Therefore, many of the earlier studies
with tissue sections probably overcstimated the contribution of Trp-D-IAA
synthesis. Stable isotope labeling studies performed with intact plants have
cotfirmed the cxistence and ufilization of Trp-D-IAA synthetic pathways in
a variety of species (29, 56). Trp-D-TAA synthesis is also induced by
environmental factors such as light and temperature (49). While a direct
correfation to Trp-D-TIAA synthesis has yet to be made, there are several
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Fignes 5. Summary of the reactions leading from chorismate (the st commitied step of
indofic metebalizm) io 1AA and teyptophan, T malze, the production of free ndole,
independent of tryptophan synthase B, has been shown 1o by catalyzed by two genes, BYT and
IGL¢17). In addition to YUCCA, the gene FLOOZY from pelunia has been shown to encode
u stmiler flavin mohcoxygenase (12, 64). As noted In 1he text, indolic plucosinoiates are
present onfy 8 2 linited mumber of plant species and thus veactions mvolving these
compounds are likely difforent in other plams. i facl, most of what we know on this scheme
is derived From studics of only a smatl number of plant speeies,

examples of surges in suxin levels that correspond with developmental or
envivonmental stimuli.  Such surges follow zygotic ferfilizetion (51) and
changes in temperature (29). 1AA metabolism is also perturbed by pathogen
infection {40).
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Hdentification of genes involved in Trp-1)-144 synthesis

Most of the Trp-D-1AA synthesis pathways shown in Fig. 5 were postulated
as many as 55 years ago, vet identification of genes that encode enFYNCS
responsible for some of the reactions has only come about within the past
decade. (see Fig, 5). Genes encoding nitrilases that are able to convert IAN to
LAA in vitre were isolated in a screen that was completely unrelated to TAA
biosynthesis, and their identification was based on homology to microbial
nitrilases (3). There are 4 nitrilase genes in Arabidopsis with varying degrecs
of affinity for IAN as a substrate (3, 48). Demenstraling # precise role for
nifrilases in 1AA synthesis is complicated by the redundancy of the genecs.
The nit! mutant of Arabidopsis is resistant to high levels of exogenous IAN,
because the NIT1 protein is not available to convert 1AN to TAA (41),
However, 1AA levels are pormal in this muotani, The challenge in using
genetic approaches to assign function to a member of a gene family is to
discover those conditions under which gene redundancy does nor provide
adequate compensation for a defect in one member of a gene family. For
example, Arabidopsis NIT3 may in fact be specifically involved in 1AA
synthesis in cases of sulfur starvation, as this nitrilase gene is the only one
that is up-regulated under such conditions (27). In another case, nitrilase
activity is up-regulated during pathogen attack, specifically by infection of
Arabidopsis by Plasmodiophora brassicae, the causal agent of clubroot
discase (40, 41). It remains to be seen just how ubiquitous the nitrilase
pathway is, as 1Gs, which are presumed to be the likely precursors to [AN,
are limited in the plant kingdoini to the order Capparales (543, Tobacco and
maize both encode nitrilases, but IAN levels are not believed to he significant
in these species,

Jenes have been identified for steps in the metabolism of Trp to 1AOx
(7), which in Arabidopsis is a branch point compound between [AA and 1G
synthesis pathways (12, 69, see Fig. 5). Several of the genes involved in Trp
metabolism to TAA or 1G encode enzymes that belong to the cylochrome
P450 family of monooxygenases, a large group of heme-containing cnzymes
that primarily catalyze hydroxylation reactions. P450 enzymes are involved
in biosynthesis of a number of plant hormones (26) and secondary
mctabolites such as the glucosinolates, which are a class of amino acid-
derived plant defense compounds with anti-cancer properties (67),

Mutant analysis has revealed cross talk between IAA synthesis and 1G
synthesis. Specifically, altered flux through the IG pathway perturbs TAA
fevels (12), which is not surprising given that the two pathways share a
common intermediate. What is surprising it that the biosynihetic pathways
for glucosinolates derived from amine acids other than Trp can also feed into
IAA homeostasis pathways in a more global regulatory network (8, 12, 21,
50} For example, C'YP79F! is involved in synthesis of short-chain
methionine-derived aliphatic glucosinolates. The bushy phenotype of the
CYP79F! null mulant (husi-If) is indicative of a perturbation in [AA
homeostasis and indeed IAA, TAN and I1G levels are altered in this mutant
(30} Mutations m C'YP33R/{, which directs IAOx toward IG synthesis, resull
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in elevated TAA and 1AN levels {123 as well as increased transcription of Tep
biosynthetic genes and a myb transeription lactor gene, ATR1 (57). The
physiological fole of this transcription factor has yel to be defcrmined;
however the corresponding increase in Trp synthetic genes in CYP33BI
mutants could be explained by up-regulatian of a positive regulatory facior.
Ethylene, jasmonic acid and salicylic acid, elicitors of defense signaling
pathways, stimulate increased CYP79BZ and CYP79B3 cxpression along
with 1G accumulation {6, 31), while non-indele glucosinolates were not
affected. 1AA levels have not been measured under conditions of clicitation,
so the degree 1o which TAOx is directed between IG and 1AA synthesis
pathways in a defense responsg is not yet known.

At least one of the flavin monooxygenase-like YUCCA proteins of
Arabidopsis is able to convert Trm to N-hydroxyl Trm i vitro, and
overexpression of three of the nine related YUCCA genes in Arabidopsis
resalts in over-production of [AA in planta (12, 68). Thus, members of this
gene family are implicated in Trp-D-TAA synthesis, and by a novel pathway
that had not been postulated from earlier biochemical approaches (Fig. 5). In
a screen of activation {agsed Arabidopsis mutants, the YUCCA mutants
stood out as having phenotypes consistent with aliered TAA levels (68).
Knockouts of individual YUCCA genes were not affecied in [AA
homeostasis, which is nol sueprising given the redundancy of this gene
family and of TAA synthesis pathways in general. Conventional loss of
function genetic approaches arc not likely to reveal redundant pathways,
while overexpression approaches apparently do. The FZY gene of petunia
appears to be an ortholog of the YUCCA family, and the fzy mutant exhibits
blockage in the sarly stages of floral organ primordia formation and aberrant
leaf vein patterning (12, 64), While FZY appears to be a single gene in
pemnia, auxin levels are normal in the fzy mutant, indicating that if these
genes normally play a role in 1AA synthesis, therc are alternaic pathways
available.

Ile Novo Synthesis of TAA Not Involving Tryptophan

Trp-I-IA4 synthesis
Since the first studies in the 1940s showing that plants have the capacity to
convert exogenous Trp to TAA, many have equated IAA synthesis from Trp
with de nove biosynthesis. Although doubts about ihis general concept have
been raised since the early 1950s (29), only more recently have the methods
for exacting studies on this question been developed. Two advances have
been eritical to the demonstration that plants have one or more Trp-1-1AA
synthesis routes; the use of stable isotope tracer methods with mass
spectrometric analysis and the availability of Trp auxotrophic mutants of
higher plants (Fig 4). These methods have alse resulted in critival
reevaluations of when in a plant’s life IAA is made de novo, and these siudies
have yielded surprising resuits.

The measurement of de nove synthesis of aromatic ring compounds can
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be followed by allowing plants to grow in the presence of water enriched in
deuterium oxide. Under these conditions, any newly formed aromatic tings
have deuterium locked inte non-exchangeable positions on the ring. Such
labeling techniques provide at least two advantages. First, since the "labeled
precursor” is watet, such an approach does not require exact knowledge of
precursors or pathways in order to asccurately ascertain the extent of de nove
synthesis. Sccond, since all cell compartments are freely permeable to water,
problems of compartmentation and uptake are not an issue. Experiments
trom scveral laboratories in which young plants of Zea mays, Arabidopsis, or
pea, atd cell cullures of carrot were grown on 30% deulerium oxide clearly
showed that JAA is made in such & way that deulerium is incorporated inlo
non-exchangeable positions of the indole ring ol [AA 10 a greater extent than
that found in the indole ring of Trp. These resulls indicated that Trp is not
the emly precursor 1o TAA (2, 42).

A more exacting procedure for {sotopic labeling is possible by using
specific labeling with stable isotopes of carbon or nitrogen. This allows
quantitative evaluations of the rates of metabolismm and precise analysis of
buth the labeled and unlabeled compounds (2, 42). Perhaps the most striking
of these isotopic labeling studies used the orange pericarp (orp) mutant of
maize {2, 42 56, sce Fig. 4). Orp carries a double recessive frait caused by
mutations in the two genes encoding the enzyme for Trp synthase B. Despite
this metabolic bleck in the tenminal step for Trp biosynthesis, mutant
seedlings produced [AA de nove and, in fact, accumulated up to 50 times the
level of 1AA as do non-mutant seedlings. Labeling studies established that
the orp mutants were able to convert [ NJanthranilate to [“N]IAA but did
not convert ["Nlanthranilate to [“N|Trp. Neiiher orp seedlings nor control
seedlings converted {EH;]Trp to PHJIAA in signiticant amounts even when
the orp seedling were fed levels of [*Hs[Tep high enough to reverse the lethal
clfects of the muiation (2, 42, 563, These resulis were the first to clearly
cstablish that Trp-1-IAA biosynthesis does oceur, and they suggested that in
these plants, Trp-1-1AA biosynthesis actually predominates over the Trp-D-
1AA biosynlhesis pailwway.

Dreapite the demonsiration that 1AA biosynthesis can oceur without the
amino acid Trp as a precursor, the exact pathway for Trp-I-IAA biosynthesis
remains elusive. fn vivo labeling techniques using Arabidopsis mutants
confirmed and extended the orp findings, and suggested that the branch point
for 1AA production occurs at indole or its precursor, indole-3-glycerol
phosphate (2, 40, 42). The pathway has also been directly demonstrated in
an in vifro system using enzyme(s) from lighl grown seedlings of tworinal or
orp maize, This system catalyzed the direct conversion of [“Clindole, but
not [C)Trp, to [“C|IAA, and the addition of unlabeled Trp o the reaction
mixture did not alter the rate of conversion of [“Clindole to ["*CJIAA (3, 29,
40).

TAA is not the only compouind made by plants from precursors that can
lead directly to tryptophan. Camalexin, an Arabidopsis defense compound,
appears to be produced from indole directly and not through Trp (70} In
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maize, which does not producc camalexin, a remodeling of indolic
metabolism oceurs as part of defense responses and two genes, bxl and igd,
produce free indole independent of Trp biosyathesis. The first gene yields
the chemical protectant DIMBOA  and the sccond gene vesponds o a
herbivore elicitor (7).

Evidence showing the existence of a Trp-I-IAA biosynthetic pathway
wust be viewed in the contexi of compelling evidence that many plant
species have been shown to convert Trp Lo IAA and in some cases at rates
that make it important for the auxin economy of the plant. With ihis in mind,
some of the strongest evidence supporling the impoitange of Trp-I-IAA
biosynthesis comes from studics where, in the samc plant and/or tissue, a
switch occurs from one biosynthetic pathway (o the other, In embryogenic
carrot suspension cultures, the conversion of Trp to TAA is the primary route
(29). However, following induction of these cells to form somatic embryos,
the Trp-D-1AA pathway was dimimished and the Trp-I-{AA pathway
predominated. Similatly, IAA production in expanding green fruit of tomato
occurred via Tep-D-TAA routes, but continued TAA production in red-ripe
fruit was predommantly by the Trp-I-1AA biosynthesis pathway (16).

The change from one pathway to the other is not only conttolled by
developmenta! programs, but is alse impacted by external signals. To study
these changes, specialized technigues capable of measuring metabolic eveils
over short time periods were required. Larly experiments using stable
isotope labeling over several days following the surgical removal of the
cotyledons showed that in germinating axes of bean seedlings, Trp-D-1AA
biosynthesis accounied for essentially all of the LAA production. When
reexamined In a study using rapid labeling techniques (61) Tip-D-1AA
syathesis was found to be operative only in the fivst hours aficr cotyledon
removal, followed by several days when the Trp-I-1A A biosynthesis pathway
predominated. Clearly then, bean uses both the Trp-I-IAA pathway and the
Ttp-D-IAA routes, and in this case Trp-D-TAA synthesis is activated as a
consequence of the wounding resulling from cotyledon removal.

Growth temperature also impacts regulation of the IAA synthesis
pathways (49) and also changes the amount of 1AA that accumulates in the
plant (29). In Lemna, low temperature growth (£ 15°C) resulted in a
measured Mcorease in {AA levels, greatly reduced the rate of growth, and
initiated the early events leading to the development of resting sfructures
known as furions. Growth at 30°C resulted in normal growth rate and [AA
levels (49). When Lemna gibba was grown at 30°C in the prescnee of
[“Nlanthranilic acid and [*Hs]Trp, the IAA pool became cnriched in [N]
from [*N]anthranilic acid well before conversion of |'Hs]Trp to ["Hs]IAA
could be observed. These data show that during normal growth at 30°C, the
Trp-1-1AA biosynthesis pathway predominates in these plants. Howcever,
when Lemna plants are grown at 15°C, label from exogencus [*H;[Trp labels
the 1AA pool at the same time as, and 1o a greater extent, than label from
[PNJanthranilic acid, indicating that the Trp-1-IAA synthesis pathway is
primarily active. Thus, the utilization of the Trp-I-JAA and Trp-D-[AA
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synthesis pathways differ at the two growth temperatures (49). In general, a
variety of stress situations appear to induce the Trp-D-IAA biosynthesis
system.

CONJUCGATE BIOSYNTHESIS

All the higher plants tested, as well as many lower plants, conjugate
exogenous IAA, primarily to the amino acid aspartate (11, 13). The ability to
make IAA-Asp can be enhanced by pretreatment with IAA, and RNA or
protein synthesis inhibitors abolish this induction (2). The production of
conjugates from applied 1AA proved to be a uscful assay to establish a
relationship between cvolutionary development and the complexity of
hormone metabolism in land plants (13).  These results, together with
measurements of the steady state levels of free TAA and LAA imetabolites in
developmentally staged axenic tissues, revealed thal lower plants use a
strategy for regulating fiee IAA that is dependent on de novo synthesis of
[AA and degradation of existing hormone. As cvolution progressed and
plants develaped more complex vascularization, a strategy for regulating free
LAA levels involving conjugate synthesis and hydrolysis became established
(Fig. 6). Temporal and spatial patterns of hormone conjugation and
hydrolysis, along with differences in conjugate identity and complexity, may
reflect the more precise regulation required for growth and development of
diverse or complex plant forms (13).

High molccular weight conjugates account for the majority of [AA in
many of the tissues examined so far (Fig. 6). A primarily storage role can be
envisioned for the considerable amount of [AA-glucan in maize seeds and
the IAA-protein or peptide conjugaics in bean seeds. Only 2% of the amide
conjugatcs in Arabidopsis seedlings are represented by TAA-Asp and LAA-
Glu, the major low melecular weight conjugates, while the majority of the
amide conjugates are small peptides of as yet unknown function (29, 62).
Antibody to a 3.6 kida [AA-peptide conjugate found in bean sced cross-
reacts with a larger [AA-modified sced protein, 1AP1 (66). Cross-reacting
proteins were also found in seeds of many other plants, and were found in
bean leaf too. The presence ot speeific peptides or proteins to which 1AA is
attachcd may indicate that higher molecular weight conjugates have
significanee beyond their role in the modulation of TAA levels.

Developmental Centrols of IAA Conjupate Synthesis and Hydrolysis

Conjugation of free IAA in maturing seeds serves as a mechanism for storage
of IAA in a form that is readily hydrolyzed to provide hormene to the
growing shoot upon germinatjon. This strategy is present in gymnosperms as
well as monocots and dicots (3), although the particular ester or amide
conjugate moietics that are stored in the seed appear to be division specific.
In maize and pine, formation of conjugates resuines when the seedling runs
out of stored conjugates and the seedling is capable of de novo TAA synthesis
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Figure 6, Metaholic transformations between LAA and conjugate pools are shown. Reactions
shown have mostly boen derived Trom studies of maize, Arahigopsis and bean, altheugh there
is ample avidence for many of these reactions oeeurring in a diverse array of plant materinls
{29, 56). The biosynthetic routes, hydrolysis reactions and knowu IESl-pONYCrSIOnS e
shown. Transacytation from 1AA-Inos back to glucesc to Torm the 4-O or 6-O-lAA-glue are
reversible reactions that can lead to the subsequent hydrolysis of cither fym. The
biosynthesis of [AA-Asp by furmation of the adenyllAA intermediate fuflowing auxin
induction of the process now appears to e cstablished (38): however, It remmins o be
determined If the biosynthesis of other TAA-amine acids and highet molegular weight atnigde
conjugates proceed via u similar reaction scheme,

(2, 56). In bean, conjugated forms decrease dramatically only during the first
few hows following imbibition (56, 66). De nove IAA and TAA-peptide
bicsyniliesis hegins in the growing axes while conjugate hydrolysis is sl
ongoing in the cotyledonary tissue {3, 56, 61, 66). Within a given plant, the
type of conjugate formed may be developmentally specific: in pine, ester
conjugates predominate in the seed while TAA-Asp, an ittermediate in [AA
catabolism, is made in the growing shoot (2, 56).

The besi-studied systems pertaining to developmental regnlation of [AA
gonjugate formation are the germinating maize kemel (Fig. ‘N, the
getminating pine seed, and developing and germinating bean seed (2, 29, 36).
The ester conjugate [AA-Inos is one of the major conjugates in both the
kemel and the shoot of maize (2, 56). ["HJIAA-Tnos applied to the kernel is
transported to the shoot and is, in part, hydrolyzed to yield free [*HJIAA (2,
56). ['HJAA-Inos-["*Clgalactoside applicd to the endosperm is also
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transported to the shoot. In these experiments, the doubie-labeled compound
was used to show that hydrolysis of the galaciose from the conjugate
occurred after the conjugate left the endosperm but before it entered the
shoot, presumably in the scutellum. Swdies with ["HJIAA-Tnos indicated
that between 2 to 6 pmol/hr of JAA (Fig . 7) can be supplicd to a maize shoot
from the kernel and this would be a major source of the esiimated 10 pmol/hr
required by cach shoot (2, 56). As in maize, ester conjugates form the
majority of conjugate in the pine seed, and their hydrolysis results in a
dramatic increase in free JAA within 48h of imbibition (2, 56). 1n bean, [AA
amide conjugates accumulate throughout seed development, with the major
IAA-protein conjugate, TAPI, accumulating late during seed development
atd rapidly disappearing from both axes and cotyledons during the {irst day
of imbibition (29, 66). Carrot cell cultures differentiating into somatic
embryos exhibit a dramatic increase in the rate of conjugate utilization.
Order of magnitude decreases in the amide conjugate pool occur over a
period of enly a few days and this increase in conjugate utilization correlates
with a 3-4 limes increase in the activity of an IAA-amino acid hydrolase (2,
56).

Bigsynthesis of 1AA Ester Conjugates

Early biochemical studies in Zea mays showed that plants make the 1AA-
myo-inositol family of conjugates by first synthesizing {-0-D-IAA-Gluc from
TAA and ULXP Glue, then transferring the IAA to inositol by transacylation
(36). 1AA-Inos may then be glycosylated to form IAA-lnos-galactoside or
[AA-Inps-arabinoside by reaction with the appropriate  uridine
diphosphosugar.  All of the low molecular weight 1AA conjugates of Zea
mays have been shown to be synthesized in vitro using cnzyme extracts at
different levels of purification (56).
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A 50.6 kDa UDP-glucosy! transferase catalyzing the formation of JAA-
Gluc was purified and characterized from maize, and antibodies raised to the
protein were used to select a ¢cDNA clone for the transferase {rom a maize
library (56). Transgenic tomato seedlings expressing the anllsense maize
sequence had, as might be expecled, more roots as well as reduced levels of
IAA-Gluc and esterificd 1AA (22). A 75 kDa tomato protein that cross
teacted with aptiserum to the mmize IAGLU protein was undetectable in
these antisense tomalo scedlings, By contrast, overcxpressing the maize
gene in Arabidopsis resulted in a phenotype (diminished rool growth and
small andfor curly leaves) consistemt with reduced free IAA levels.
Unexpectedly, the measured JAA levels in these plants weye comparable to
wild type even though IAA-Gluc levels were increased (). Ludwig-Muller,
personal communication).  Arabidopsis UDP glucosyl transferase was
identified by an impessive brute force approach combining penomics and
hiochemistry {23). Putative glucosyhransferase genes cncoding  enzymies
capable of forming glucosyl esters were identified in the Arabidopsis
genome.  The clones for these genes wore expressed in F. coli and the
products were assayed for activity with a variety of substrates. One clone,
UGTS4B1, produced the correct products, including the 2-0-, 4-0-, and 6-0-
isomers of 1AA-Gluc, as identified by mass spectrometry.  The expressed
protein could use indole propriouic acid and 1BA as substrates, bul
competition studics showed that IAA was preferred.  Both 1AA and 1BA
glucose conjugates are formed in plaats (62). RT-PCR analyses showed that
UGTB4B1 is primarily expressed in the siliques, bui low expression was
detected in inflorescences and roots.

JAA-Gluc is also the precursor to the high molecular weight ghucans
that form the miajority of JAA esier conjugates in the maize kemol (2, 56). In
addition, TAA-Gluc undergoes bon-¢nzymatic conversion to 4- and 6-f-1AA-
Gluc, and enzymatic conversion (o di-0-{AA-Glue in the kernel 2, 56).

Biosynthesis of TAA Amide Conjugates

Mysteriously, and despite numerous atlempls, an in vifro enzymatic system
for synthesis of TAA amide conjugates has never heen  successfuily
reconstityted from plants, IAA-Gluc was suggested as a precursor {for [AA
amide conjugates in plants (23), however transgenic plants overexpressing
T1AA glucosy! transferase genes either did not accumulate higher levels of
amide conjugates or exhibited reduced levels of 1AA-Asp oF JAA-Glu (32
and I. Ludwig-Muller, personal communicationy. The recent discovery thal
ol least seven members of the JARI family of genes in Arabidopsis wesc
capable of adenylating [AA pointed to a likely pathway for LAA amide
conjugation (58). JAR1 proteins belong to the acy! adenylate-forming firefly
luciferase superfamily and aclivatc substrates for subscguent biochemical
modification by adding AMP to their carboxyl group. Ome of the
Arabidopsis JAR1 Tamily members shows homology to a soybean early
auxin inducible protein, GH3, that had been previously described as being

51



Atxin biosyathesis and metabalism

involved in auxin signal trangduction based on the phenotype of an activation
tagged mutant (35). While it is therefore likely that the mechanism by which
inducible IAA-Asp formalion procceds involves adenylation of TAA by a
JARY family member, we cannot be sure the same mechanism is employed
for lower level, constitutive, amide conjugate formation, The redundancy of
JARI-like genes is a possible reason for failure to associate phenotypes with
defects in IAA amide conjugate synthesis in (he past; however we are now in
a position to test the rale(s) of these penes in IAA conjugation and in auxin
responses.

Hydrolysis of iAA-~Conjugaies

In 1935, Cholodny (11) showed that application of 4 water-moistened piece
of endosperm (o a secdling led (o anm auxin response whereas alcohol
maistened endosperm elicited no response.  Thus, Cholodny was the first
person 1o observe enzyme-catalyzed hydrolysis of the 1AA conjugates stored
in the endosperm. A fow years later, Skoog (11) made the important
observation that a "sced auxin precursor” moved from the seed to the shoot
and that this precursor could be converted by the plant tv an active auxin.
Extraction of corn shoots or roots with ether for 3 hr at 4°C yielded 1AA
whereas an extraction with 80% cthanol yielded no 1AA, Cold ether does
nol, in general, inactivate enzymes whereas 80% ethanol does. From these
results it was concluded that the tissue was autolyzing in the wet ether, with
consequent enzymatic hydrolysis of IAA conjugates to yield free TAA (11).
Subsequent work established that the "bound” 1AA of the seed could also be
released by mild alkaline hydrolysis (11), and that the IAA was not the
product of depradation of Trp or storage proteins.

While conjugate hydrolysis in ether-induced autolyzing tissues occurs
fairly readily, it has been difficult to obtain /n vitre hydrolysis of TAA
conjugates with purificd enzymes. Many commercial proteases and esterases
that might be expected to hydrolyze 1A A-amino acid conjugates fail to do so
(11}, In vitre hydrolysis has been reported (2, 56), but the hydrolytic
cnzymes have proven difficult to extract and purify. 1AA-inositol hydrolase
aclivity, as well as the co-fractionation of TAGlu synthetase and two cnzymes
for IAGilu hydrolysis, a 1-G-IAGluc hydrolase and a 6-O-IAGluc hydrolase,
have been reported from maize (2, 56). TAA-Glue hydrolases have also been
found in other plants, including oat, potato and bean {2, 56).

Recently, o genctic approach was used to identify genes involved in
hydrolyzing 1AA conjugates. The selection based on resistance to the
inhibition of root growth by high levels of the TAA conjugates. Those
candidales that were tesistant to the inhibitory eftects of IAA conjugates, but
still sensitive to the inhibitory cffects of excess TAA were subjected to
positional cloning. In this manner, a gene family encoding amidohydrolases
was identified. Nineteen IAA-L.amino acid conjugates were tested against
the amidohydrolases encoded by this gene family and differing specificities
were identified (3, 28). The existence of amidohydrolases with differing
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specificities gave impetus to determining the identities of all the TAA
conjugates in Arabidopsis (29), and indicates that the less abundant
conjugates may play as yet unknown roles in auxin regulation.

Mot all the Arabidopsis conjugate resistant mutants idennfied 1o date
have corresponded to genes encoding amidohydrolases 3). Therefore, these
mutants could be useful in determining if the activities of conjugates arc
solely due to their hydrolysis with release irec 1AA. Thus, they may
ultimately prove to be pivotal in revealing any conjugate functions that do
not involve hydrolysis.

The role of [AA-Asp as an intermediate in the catabolism of 1AA in
some planis (Fig.8) has led to TAA-Asp formation being referred to as an
“irreversible”™ conversion process. This may indeed be true in some plant
tissues, and under some conditions. However, a subset of the Arabidopsis
amide conjugate hydrolase family has low-level JAA-Asp hydrolase activity
(28). In soybcan, which stores TAA-Asp and TAA-Glu In its seeds, the
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hypocotyls respond to IAA-L-Asp, but nut to [AA-D-Asp, by ccll clongation;
the growth-inducing activity of TAA-Asp is significant, about 70% of that
scen with TAA (2, 56). 1AA-Asp is also hydrolyzed, albeit slowly, by bean
slems (2, 56),

Microbial Pathways for IAA Biosynthesis

IAA production by plant-associated bacteria has been an important aspect of
research on [AA metabolism, 1t is estimated that as much ag R0% of all soil
bacteria have the capacity to make IAA, yet this function is generally not
essential (18). 1AA producing bacteria can be either phylopathogenic or
beneticial to plant growth, so the role of 1AA production by the microbe isn’t
completely clear. Wide diversity exiats in the specific inferaclions between
plants and bacteria, Within a given bacterial species, there are many
variations in metabolic capacity between strains, suggesting a myriad of
reguiatory mechanisms (18),

The 1AA biosynthetic genes encoded by the crown gal! forming bacteria
Agrobacterium rumefaciens have proven very useful in refining hypotheses
about auxin action in plants (25). Agrobacterium fumefaciens transfers
genetic material (a2 fragment, tormed T-DMNA, of the tumor inducing Ti
plasmid) from the infecting bacteria into the host plant. Encoded within the
transferred DNA arc genes for the enzymes Trp monooxygenase and
indolcacetamide hydrolase (18), which carry out the conversion of Trp 1o
indoleacetamide and the hydrolysis of the indoleacetamide to TAA by the
infected plant cell (Fig. 8). Ectopic overexpression of these genes in a plant
independent of ather Ti plasmid genes that induce tumor formation, has been
vseful in characterizing the cffect of increased TAA production in plania. 1n
addilion to confirming many of the obscrvations that were made in classic
hormone application studies (25), stable isotope labeling studies in such lines
have revealed cross talk between TAA and cylokinin homeostasis pathways
(15).

Another gall forming bacterium, Pseudomonas syringae pv. Savastanoi,
uses the identical pathway for IAA production (2); however, in this casc no
genetic material is transferred and the bacteria themselves produce high
levels of [AA. Pathogenic Pseudomonas also have the capacity to form the
novel conjugate of TAA, 1AA-Lys, as well as its u-N-acetyl derivative (2).
Although TAA-Lys formation reduces the pool of free TAA produced by the
bacteria by about 30%, the role of these conjugates in gall formation has not
been established.

Nonpathogenic, plant-associated bacteria that inhabit the rhizeosphere
appear to enhance plant growth by a variety of means, inchiding secretion of
IAA into the rhizosphere, Mulations in the Psendomonas putida geEng
encoding indole pyruvate decarboxylase, ipde (Fig. 8), render the sirain
unable to stimulate root growth compared to wild type strains (46). Soine
strains of Erwinia herbicola cause crown and root galls on Gypsophila
paniculata (2). The strains of Erwinia that are pathopenic and form such
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galls have the capacily to make most of their [IAA by the same
indoleacetamide pathway as Pseudomonas and Agrobacterium T-DINA
transformed plant cells, Mutation analysis indicated that the capacity for gall
formation requires the indoleacetamide pathway (18). Erwimia mulants
defoctive in the indoleacetamide pathway were unable to form galls, but were
still capable of producing 1AA via the indole-3-pyruvic acid pathway, albeit
at lower levels (18). The ipdc promoter in Pseudomonas puiida sirains
appears to be repulated by both Trp and the stationary phase sigma [actor
RpoS (47) while the indoleacctamide pathway appears to be constitutive in
most systems examined (18). Overexpression of rpoS in Enferobacter sitains
results in accumulation of TAA and enhanced rool growth when the strain is
incubated with seedlings (47).

Some soil bacteria have the capacity to hydrolyze IAA conjugates from
plants (%). Indeed, the gene for a specific IAA-Asp hydrolase (9) has
provided a useful tool for studies of the compound’s role in planta (63).
Many of the nonpathogenic strains of IAA-preducing bacteria are
saprophytic epiphytes that arc widespread in nature. Their presence in plants
grown in non-sterile conditions is a potential complication for IAA
biosynthcsis studics because bacterial [AA production by the endophyte
could be considerably greater than plant IAA production rates.

Recently, cyanobacteria, the photosynthetic bacteria that are (he
progenilors of chloroplasts, have been shown to produce JAA by a Trp-D-
1AA synthesis pathway, probably via indole-3-pyruvic acid (Figs. 4 and 8)
(55). In higher plants, Trp biosynthetic enzymes are chloroplast localized, as
are some enzymes n Trp-1y [AA synthesis pathways (e, CYP79B2 and
CYPTIB3Y(12).

TAA CATABOLISM

Oxidative catabolism of IAA is generally considered to be the chemical
modification of the indele nucleus or side chain that results in loss of auxin
activity, As far as we know, il is the only truly irreversible step regulating
IAA levels. Shudics of TAA catabolism predate even the ideatification of
IAA as a ubiquitous auxin in plants, and reports of peroxidase enzymes that
catalyze the oxidative decatboxylation of AA are numerous (2), For many
years this reaction was gencrally assumed to be the physiological route for
oxidative catabolism. Although a copious amount of information is available
on the peroxidation of TAA fn virro, the products formed are not usually
found in plants in significant amounts. Also, the rate of peroxidation of TAA
applied 1o plants, as measured by CO; evolution, is usually only a small
fraction of the measured rate of lAA turnover. These same problems, low
rates of €0y evolution and failure 10 identify the oxidative products fi
normal plant materials, also apply to recent studies of ascorbic acid oxidase
catabolism of IAA in maize roots {24). These considerations, coupled with
studies of plants over and under expressing specific peroxidases (39), suggest
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that this is not likely a major route for IAA catabolism iz vive under most
conditions. More tecently a new pathway of IAA catabolism, non-
decarboxylative oxidation with retention of the carboxyl side chain and
oxidation of the indele nucleus, has been identified (2, 39) and shown to
peour in a number of plant species.

The Oxtidole-3-Acetic Acid/Bioxindole-3-Acetie Acid Pathway

The direct ring oxidation patway for IAA catabolism has been the subject of
detailed study in several plant species including rice, corn, and broad bean
(29). Based on simple colarimetric assays, the first produet inn this pathway
(Fig. 9), OxIAA, also ocours in germinating seeds of Brassica rapa, and
developing seeds of Ribes rubrum (2). Oryza sativa, rice, is interesting
that it is the only plant known to contain both Ox1AA and DIOxIAA (2), and
was also shown to have the 5-hydroxy analogs of OxIAA and THOxIAA.
OxIAA has been shown not to be an intermediate or a substrate for the
peroxidase pathway (2), so the pathways are independent,

The first report of TAA oxidation to oxindole-3-acetic acid (OxlAA)
was in the basidiomycete Hygrophorus conicus (2). OxIAA and DiOxIAA
were later found to be synthesized by Zea mays and Vicia faba. respectively,
following feeding of 1-["*C-IAA (2). Isotope dilution experiments (2)
showed that OxIAA was a naturally occurring compound in Zea mays
endosperm and shoot tissues, occurring in amounts of 357 pmol per
endosperts and 47 pmol por shoot, about the level of free 1AA i these
tissues. In Vicia faba, IROXIAA was estimated by UV measurements to be 1
pM in roots (2).

OxIAA is further metabolized in maize by hydroxylation at the 7
position, and by glucose addition to form 7-OH-OxlAA-glucoside {2).
Isotope dilution assays have shown that the T-OH-OxIAA-glucoside iz a
naturally occurring compound i corn in amounts of 62 pmal per shoot and
4,800 pmol per cndosper. Vieia faba is also reported to form a glucose
derivative of DiOx-IAA-aspartate (2). 7-OH-OxlAA has also been identitied
as a catabolite of [AA in germinating kerncls of Zea muays. 1t was found to
be present at 3,100 pmol in endosperm and has been shown to be an
intermediate in the synthesis of 7-OH-OxlAA-glucoside (2). Since the
glucoside is present in much higher amounis than IAA, OxTAA, and
somewhat higher than 7-OH-OxIAA, it has been speculated that it might be
the form that accumulates in vacuoles (2). The further metabolism of 7-OH-
OxJAA and 7-OH-Ox1AA-glucoside has not been studied excepl that 5-F°H}-
7-0H-Ox1AA loses tritium to water upon further enzymatic oxidation {2).
This implies a second oxidation of the benzenoid ring leading to a highly
unstable diozindole.

Much less is known about the enzymology of the OxIAA and DiOXIAA
pathways than has accumulated about the action of peroxiduse on IAA. This
is due to its more recent discovery, the limited availability of cnzymes and
substrates, and the difficulty of establishing robust in vitro assays. In Zea
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mays, the rate of oxidation of TAA 10 OxIAA has been measured in shoot,
root, scutellar, and endosperm tissues at 1-10 pmol h” mg protein™. The
enzyme that carries out this reaction is soluble, of high molecular wuight and
clearly different from Hpoxysenase or peroxidase {(2). Enzyme activity was
reduced by 90 per cont when assayed under argon, indicating an oxypgen
requirement. Enzymec activity was stimylated up to ten: fold by addition of an
lonic detergent exiract of corn tissue, A heal stable lipophylic component of
these extracts was identified as the factor that increased enzyme activity
when added to buffer extracted enzyme. This heat stable factor could be
replaced by linolenic, lincleic, or arachidonic acid {2), which could be acting
4s co-substrates,

TAA-Asp Oxidatien

A specific route of JAA-conjugate oxidation was demonstrated in work that
showed that in Vicia seedlings, IAA-Asp is oxidized tw di-Ox-1AA-aspartate
without prior hydrolysis to the free acid (2). As with 1AA oxidation, once
IAA-Asp oxidation oceurs, the product is glycosylated to form the 3+(O--
glucosyl} derivative. TAA-Asp could be oxidized by peroxidase, but onl
when peroxide was added to the reaction mixture (2). The product of this
oxidation was 2-OH-Ox-1AAsp, thus, the reaction with peroxidase and Ha(,
yiclds a different product from that isolated from the plant. In Populus,
IAAsp, OX1AAsp and ring hydroxylated products of OxIAAsp are the major
products lormed after feeding with 1AA (2). In Scots pine, IAA is oxidized
to OxIAA as well as conjugaied 10 IAAsp., These compounds arc further
melabolized to glucopyranosyl-1-N-1AAsp and glucosyl-1-N-TAA, Several
other specics have been studied (2, 29) and, in general, twao basic sirategies
appear (o be followed with individual differences dependent an species: [AA
is either oxidized and glycosylated directly, or these processes arc carried out
following conjugation wilh aspartate.

SUMMARY

Through the marriage of molecular genelics to highly sensitive analytical
methods, a wealth of information about IAA homeostasis pathways has
recently heen uncovered. Redundancy and plasticity are becoming the two
overriding themes to the network of pathways that determine how much
Auxin is present in o plant at any given time (12, 40y, There are soll more
players to be identified, from the enzymes that carry out the individual steps
in a pathway to the regulatory components that render these pathways so
responsive. Genome level approaches should yield more new information in
this regard and, activation tagging® is a new method that holds promise for

* Activation tagging refers to transgenic plnts in which a DNA sequence that activates
transetiption of downstresm sequences has been randamly inserted into the penome, thus
tandomly activating nearby genes. Mutam phenotypes tuy resylt from the activation of said
gene und can pravide elues (o the function of [hese oenes,
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identifying genes in families that would be masked in a conventional genetic
sereen, Rapid and ulirasensitive assays for high throughput auxin analyses
are in the pipeline, and should greatly facilitate penetic discoveries.

1t is now well eslablished that a plant’s auxin metabolic response is
intricately ticd to other pathways that respond to a wide variety of signals,
including temperamire, Hght, jasmonic acid, other plant hormones and second
messengers. The molecular intermediaries in these Interactions are just
beginning to be discovered and protein phosphorylation is emerging as 4
central component (59). Genetic approaches and global profiling sirategies
will be particularly usefut in assessing the effect of mutations in one pathway
upon interacting pathways, both during normal plant growth and
development as well as during periods of pathogen infection or abiotic stress.
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§ 136a. Registration of pesticides

How Current s This?

(a) Requirement of registration

Except as provided by this subchapter, no person in any State may distribute or sell to
any person any pesticide that is not registered under this subchapter. To the extent
necessary to prevent unrcasonable adverse effects on the environment, the Administrator
may by regulation limit the distribution, sale, or use in any State of any pesticide that is
not registered under this subchapter and that is not the subject of an experimental use
permit under section 136¢ of this title or an emergency exemption under section 136p of

this title.

(b) Exemptions

A pesticide which is not registered with the Administrator may be transferred if—

(1) the transfer is from one registered establishment to another registercd establishment
operated by the same producer solely for packaging at the second establishment or for
usc as a constituent part of another pesticide produced at the second establishment; or

(2) the transfer is pursuant to and in accordance with the rcqulrements of an
experimental use permit.

(c) Procedure for registration

(1) Statement required

Fach applicant for registration of a pesticide shall file with the Administrator a
statement which includes—

(A) the name and address of the applicant and of any other person whose name
will appear on the labeling;

(B) the name of the pesticide;

(C) a complete copy of the labeling of the pesticide, a statement of all ¢laims to
be made for it, and any directions for its use;

(D) the complete formula of the pesticide;

(E) a request that the pesticide be classified for general use or for restricted use,



or for both; and

(F) except as otherwise provided in paragraph (2)(D), if requested by the
Administrator, a full description of the tests made and the results thereof upon
which the claims are based, or alternatively a citation to data that appear 1n the
public literaturc or that previously had been submitted to the Administrator and
that the Administrator may consider in accordance with the following provisions:

(i) With respect to pesticides containing active ingredients that are initiaily
registered under this subchapter after September 30, 1978, data submitted to
support the application for the original registration of the pesticide, or an
application for an amendment adding any new usc to the registration and
that pertains solely to such new use, shall not, without the written
permission of the original data submitter, be considered by the

- Administrator to support an application by another person during a period
of ten years following the date the Administrator first registers the pesticide,
except that such permission shall not be requircd in the case of defensive
data.

(ii) The period of cxclusive data use provided under clause (i) shall be
extended 1 additional year for cach 3 minor uses registered after August 3,
1996, and within 7 years of the commencement of the exclusive use period,
up to a total of 3 additional years for all minor uses registered by the
Administrator if the Administrator, in consultation with the Secretary of
Agriculture, determines that, based on information provided by an applicant
for registration or a registrant, that—

(1) there are insufficient efficacious alternative registered pesticides
available for the use;

(TD) the alternatives to the minor use pesticide pose greater risks to the
environment or human health;

(1I) the minor use pesticide plays or will play a significant part in
managing pest resistance; or

(LV) the minor use pesticide plays or will play a significant part in an
integrated pest management program.

The registration of a pesticide for a mmor use on a crop grouping
cstablished by the Administrator shall be considered for purposes of this
clause 1 minor use for each representative crop for which data are provided
in the crop grouping. Any additional exclusive use period under this clause
shall be modified as appropriate or terminated if the registrant voluntarily
cancels the product or deletes from the registration the minor uses which
formed the basis for the extension of the additional exclusive use period or



if the Administrator determines that the registrant is not actually marketing
the product for such minor uses.

(iii) Except as otherwise provided in clause (i), with respect to data
submitted after December 31, 1969, by an applicant or registrant to support
an application for registration, experimental use permit, or amendment
adding a new use to an existing registration, to support or maintain in effect
an existing registration, or for reregistration, the Administrator may,
without the permission of the original data submitter, consider any such
item of data in support of an application by any other person (hereinafter in
this subparagraph referred to as the “applicant”) within the fiftecn-year
period following the date the data were originally submitted only if the
applicant has made an offer to compensate the original data submitter and
submitted such offer to the Administrator accompanied by evidence of
delivery to the original data submitter of the offer. The terms and amount of
compensation may be fixed by agreement between the original data
submitter and the applicant, or, failing such agreement, binding arbitration
under this subparagraph. If, at the end of ninety days after the date of
delivery to the original data submitter of the offer to compensate, the
original data submitter and the applicant have neither agreed on the amount
and terms of compensation nor on a procedure for reaching an agreement on
the amount and terms of compensation, either person may initiate binding
arbitration proccedings by requesting the Federal Mediation and
Conciliation Service to appoint an arbitrator from the roster of arbitrators
maintained by such Service. The procedure and rules of the Service shall be
applicable to the selection of such arbitrator and to such arbitration
proccedings, and the findings and determination of the arbitrator shall be
final and conclusive, and no official or court of the United States shall have
power or jurisdiction to review any such findings and detcrmination, cxcept
for fraud, misreprescutation, or other misconduct by one of the parties to the
arbitration or the arbitrator where there is a verified complaint with
supporting affidavits attesting to specific instances of such fraud,
misrepresentation, or other misconduct. The parties to the arbitration shall
share equally in the payment of the fee and expenses of the arbitrator. If the
Administrator determines that an original data submitter has failed to
participate in a procedure for reaching an agreement or in an arbitration
proceeding as required by this subparagraph, or failed to comply with the
terms of an agreement or arbitration decision concerning compensation
under this subparagraph, the original data submitter shall forfeit the right to
compensation for the use of the data in support of the application.
Notwithstanding any other provision of this subchapter, if the Administrator
determines that an applicant has failed to participate in a procedure for
reaching an agreement or in an arbitration proceeding as required by this
subparagraph, or failed to comply with the tcrms of an agreement or



arbitration decision concerning compensation under this subparagraph, the
Administrator shall deny the application or cancel the registration of the
pesticide in support of which the data were used without further hearing.
Before the Administrator takes action under either of the preceding two
sentences, the Administrator shall furnish to the affected person, by
certified mail, notice of intent to take action and allow fifteen days from the
date of delivery of the notice for the affected person to respond. If a
registration is denied or canceled under this subparagraph, the
Administrator may make such order as the Administrator deems appropriate
concerning the continued sale and use of existing stocks of such pesticide.
Registration action by the Administrator shall not be delayed pending the
fixing of compensation.

- (iv) After expiration of any period of exclusive use and any period for

- which compensation is required for the use of an item of data under clauses
(1), (ii), and (ii1), the Administrator may consider such item of data in
support of an application by any other applicant without the permission of
the original data submitter and without an offer having been received to
compensate the original data submitter for the use of such item of data.

(v) The period of exclusive usc provided under clause (ii) shall not take
effect until 1 year after August 3, 1996, except where an applicant or
registrant is applying for the registration of a pesticide containing an active
ingredient not previously registered.

(vi) With respect to data submitted after August 3, 1996, by an applicant or
registrant to support an amendment adding a new usc to an existing
registration that does not retain any period of exclusive use, if such data
relates solely to a minor use of a pesticide, such data shall not, without the
written permission of the original data submitter, be considered by the
Administrator to support an application for a minor use by another person
during the period of 10 years following the date of submission of such data.
The applicant or registrant at the time the new minor use is requested shall
notify the Administrator that to the best of their knowledge the exclusive
use period for the pesticide has expired and that the data pertaining solely to
the minor use of a pesticide is eligible for the provisions of this paragraph.
Tf the minor use registration which is supported by data submitted pursuant
to this subsection is voluntarily canceled or if such data are subsequently
used to support a nonminor use, the data shall no longer be subject to the
exclusive use provisions of this clause but shall instead be considered by the
Administrator in accordance with the provisions of clause (i), as
appropriate.



(G) If the applicant is requesting that the registration or amendment to the
registration of a pesticide be expedited, an explanation of the basis for the Tequest
must be submitted, in accordance with paragraph (10) of this subsection,

(2) Data in support of registration

(A) In general

The Administrator shall publish guidelines specifying the kinds of
information which will be required to support the registration of a pesticide
and shall revise such guidelines from time to time. If thereafter the
Administrator requires any additional kind of information under
subparagraph (B) of this paragraph, the Administrator shall permit sufficient
time for applicants to obtain such additional information. The Administrator,
in establishing standards for data requirements for the registration of
pesticides with respect to minor uses, shall make such standards
commensurate with the anticipated extent of use, pattern of use, the public
health and agricultural necd for such minor use, and the Ievel and degree of
potential beneficial or adverse effects on man and the environment. The
Administrator shall not require a person to submit, in relation to a registration
or reregistration of a pesticide for minor agricultural use under this
subchapter, any field residue data from a geographic area where the pesticide
will not be registered for such use. In the development of these standards, the
Administrator shall consider the economic factors of potential national
volume of use, extent of distribution, and the impact of the cost of meeting
the requirements on the incentives for any potential registrant to undertake
the development of the required data. Except as provided by section 136h of
this title, within 30 days after the Administrator registers a pesticide under
this subchapter the Administrator shall make available to the public the data
called for in the registration statement together with such other scientific
information as the Administrator deems relevant to the Administrator’s
decision,

(B) Additional data

(i) If the Administrator determines that additional data are required to
maintain in effcct an existing registration of a pesticide, the Administrator
shall notify all existing registrants of the pesticide to which the
determination relates and provide a list of such registrants to any interested
person.

(it) Each regisirant of such pesticide shall provide evidence within ninety
days after receipt of notification that it is taking appropriate steps to secure
the additional data that are required. Two or more registrants may agree to
develop jointly, or to share in the cost of developing, such data if they agree



and advise the Administrator of their intent within ninety days after
notification. Any registrant who agrees to share in the cost of producing the
data shall be entitled to examine and rely upon such data in support of
maintenance of such registration. The Administrator shall issue a notice of
intent to suspend the registration of a pesticide in accordance with the
procedures prescribed by clause (iv) if a registrant fails to comply with this
clause.

(iii) If, at the end of sixty days after advising the Administrator of their
agreement to develop jointly, or share in the cost of developing, data, the
registrants have not further agreed on the terms of the data development
arrangement or on a procedure for reaching such agreement, any of such

~ registrants may initiate binding arbitration procecdings by requesting the
Federal Mediation and Conciliation Service to appoint an arbitrator from
the roster of arbitrators maintained by such Service. The procedure and
rules of the Service shall be applicable to the selection of such arbitrator
and to such arbitration proceedings, and the findings and determination of
the arbitrator shall be final and conclusive, and no official or court of the
United States shall have power or jurisdiction to review any such findings
and determination, except for fraud, misrepresentation, or other misconduct
by one of the parties to the arbitration or the arbitrator where there is a
verified complaint with supporting affidavits attesting to specific instances
of such fraud, misrepresentation, or other misconduct. All parties to the
arbitration shall share équally in the payment of the fec and expenses of the
arbitrator. The Administrator shall issue a notice of intent to suspend the
registration of a pesticide in accordance with the procedures prescribed by
clause (iv) if a registrant fails to comply with this clause.

(iv) Notwithstanding any other provision of this subchapter, if the
Administrator determines that a registrant, within the time required by the
Administrator, has failed to take appropriate steps to sccure the data
required under this subparagraph, to participate in a procedure for reaching
agreement concerning a joint data development arrangement under this
subparagraph or in an arbitration proceeding as required by this
subparagraph, or to comply with the terms of an agreement or arbitration
decision concerning a joint data development arrangement under this
subparagraph, the Administrator may issue a notice of intent to suspend
such registrant’s registration of the pesticide for which additional data is
required. The Administrator may include in the notice of intent to suspend
such provisions as the Administrator deems appropriate concerning the
continued sale and usc of existing stocks of such pesticide. Any suspension
proposed under this subparagraph shall become final and effective at the
end of thirty days from receipt by the registrant of the notice of intent to
suspend, unless during that time a request for hearing is made by a person



adversely affected by the notice or the registrant has satisfied the
Administrator that the registrant has complied fully with the requirements
that served as a basis for the notice of intent to suspend. If a hearing is
requested, a hearing shall be conducted under section 1364 (d) of this title.
The only matters for resolution at that hearing shall be whether the
registrant has failed to take the action that served as the basis for the notice
of intent to suspend the registration of the pesticide for which additional
data is required, and whether the Administrator’s determination with respect
to the disposition of existing stocks is consistent with this subchapter. If a
hearing is held, a decision after completion of such hearing shall be final,
Notwithstanding any other provision of this subchapter, a hearing shall be
held and a determination made within scventy-five days after receipt of a
request for such hearing. Any registration suspended under this
subparagraph shall be reinstated by the Administrator if the Administrator
determines that the registrant has complied fully with the requirements that
served as a basis for the suspension of the registration.

(v) Any data submitted under this subparagraph shall be subject to the
provisions of paragraph (1)(D). Whenever such data are submitted jointly
by two or more registrants, an agent shall be agreed on at the time of the
joint submission to handle any subsequent data compensation matters for
the joint submitters of such data.

(vi) Upon the request of a registrant the Administrator shall, in the case of a
minor use, extend the deadline for the production of residue chemistry data
under this subparagraph for data required solely to support that minor use
until the final deadline for submission of data under section 136a~1 of this

title for the other uses of the pesticide established as of August 3, 1996, if—

(1) the data to support other uses of the pesticide on a food are being
provided;

(IT) the registrant, in submitting a request for such an extension,
provides a schedule, including interim dates to measure progress, to
assure that the data production will be completed before the expiration
of the extension period;

(T the Administrator has determined that such extension will not
significantly delay the Administrator’s schedule for ssuing a
reregistration eligibility determination required under section 136a~1 of
thas title; and

(IV) the Administrator has determined that based on existing data, such
cxtension would not significantly increase the risk of any unreasonable
adversc effect on the environment. If the Administrator grants an



extension under this clause, the Administrator shall meonitor the
development of the data and shall ensure that the registrant is meeting
the schedule for the production of the data. If the Administrator
determines that the registrant is not meeting or has not met the schedule
for the production of such data, the Administrator may proceed 1n
accordance with clause (iv) regarding the continued registration of the
affected products with the minor use and shall inform the public of
such action. Notwithstanding the provisions of this clause, the
Administrator may take action to modify or revoke the extension under
this clause if the Administrator determines that the extension for the
minor use may cause an unreasonable adverse effect on the
environment. In such circumstance, the Administrator shall provide, in
writing to the registrant, a notice revoking the extension of time for
submission of data. Such data shall instead be due in accordance with
the date established by the Administrator for the submission of the data.

(vii) If the registrant does not commit to support a specific minor use of the
pesticide, but is supporting and providing data in a timely and adequate
fashion to support uses of the pesticide on a food, or if all uses of the
pesticide are nonfood uses and the registrant does not commit to support a
specific minor use of the pesticide but is supporting and providing dataina
timely and adequate fashion to support other nonfood uses of the pesticide,
the Administrator, at the written request of the registrant, shall not take any
action pursuant to this clause in regard to such unsupported minor use until
the final deadline established as of August 3, 1996, for the submission of
data under section 136a—1 of this title for the supported uses identified
pursuant to this clause unless the Administrator determines that the absence
of the data is significant enough to cause human health or environmental
concerns. On the basis of such determination, the Administrator may refuse
the request for extension by the registrant. Upon receipt of the request from
the registrant, the Administrator shall publish in the Federal Register a
notice of the receipt of the request and the effective date upon which the
uses not being supported will be voluntarily deleted from the registration
pursuant to section 136d (H(1) of this title. If the Administrator grants an
extension under this clause, the Administrator shall monitor the
development of the data for the uses being supported and shall ensure that
the registrant is meeting the schedule for the production of such data. If the
Administrator determines that the registrant is not meeting or has not met
the schedule for the production of such data, the Administrator may proceed
in accordance with clause (iv) of this subparagraph regarding the continued
registration of the affected products with the minor and oiher uses and shall
inform the public of such action in accordance with section 136d (£)(2) of



this title. Notwithstanding the provisions of this clause, the Administrator
may deny, modify, or revoke the temporary extension under this
subparagraph if the Administrator determines that the continuation of the
minor use may cause an unreasonable adverse effect on the environment. In
the event of modification or revocation, the Administrator shall provide, in
writing, to the registrant a notice revoking the temporary extension and
establish a new cffective date by which the minor use shall be deleted from
the registration.

(viii)
(I) If data required to support registration of a pesticide under
subparagraph (A) is requested by a Federal or State regulatory
authority, the Administrator shall, to the extent practicable, coordinate
data requirements, test protocols, timetables, and standards of revicw

and reduce burdens and redundancy caused to the registrant by multiple
requirements on the registrant.

(II) The Administrator may enter into a cooperative agreement with a
State to carry out subclause (I).

(IIT) Not later than 1 year after August 3, 1996, the Administrator shall
develop a process to identify and assist in alleviating future disparities
between Federal and State data requirements.

(C) Simplified procedures

Within nine months after September 30, 1978, the Administrator shall, by
regulation, prescribe simplified procedures for the registration of pesticides,
which shall include the provisions of subparagraph (D) of this paragraph.

(D) Exemption

No applicant for registration of a pesticide who proposes to purchase a
registered pesticide from another producer in order to formulate such
purchased pesticide into the pesticide that is the subject of the application
shall be required to—

(i) submit or cite data pertaining to such purchased product; or

(ii) offer to pay reasonable compensation otherwise required by paragraph
(1)(D) of this subsection for the use of any such data.

(E) Minor use waiver



In handling the registration of a pesticide for a minor use, the Administrator
may waive otherwise applicable data requirements if the Administrator
determines that the absence of such data will not prevent the Administrator
from determining—

(i) the incremental risk presented by the minor use of the pesticide; and

(i) that such risk, if any, would not be an unreasonable adverse effect on
the environment.

(3) Application
(A) In general

The Administrator shall review the data after receipt of the application and
shall, as expeditiously as possible, cither register the pesticide in accordance
with paragraph (5), or notify the applicant of the Administrator’s
determination that it does not comply with the provisions of the subchapter in
accordance with paragraph (6).

(B) Identical or substantially similar

(i) The Administrator shall, as expeditiously as possible, review and act on
any application received by the Administrator that —

() proposes the initial or amended registration of an end-use pesticide
that, if registered as proposed, would be identical or substantially
similar in composition and labeling to a currently-registered pesticide
identified in the application, or that would differ in composition and
labeling from such currently-registercd pesticide only in ways that
would not significantly increase the risk of unreasonable adverse
effects on the environment; or

(L) proposes an amendment to the registration of a registercd pesticide
that does not require scientific review of data.

(ii) In expediting the review of an application for an action described in
clause (i), the Administrator shall—

() within 45 days after receiving the application, notify the registrant
whether or not the application is complete and, if the application is
found to be incomplete, reject the application;

(1Y) within 90 days after receiving a complete application, notify the
registrant if the application has been granted or denied; and



(1) if the application is denied, notify the registrant in writing of the
specific reasons for the denial of the application.

(C) Minor use registration

(i) The Administrator shall, as expeditiously as possible, review and act on
any complete application—

(I) that proposes the initial registration of a new pesticide active
ingredient if the active ingredient is proposed to be registered solely for
minor uses, or proposes a registration amendment solely for minor uses
t0 an existing registration; or

(IT) for a registration or a registration amendment that proposes
significant minor uses.

(i) For the purposes of clause (1)—

(I) the term “as expeditiously as possible” means that the Administrator
shall, to the greatest extent practicable, complete a review and
evaluation of all data, submitted with a complete application, within 12
months after the submission of the complete application, and the failure
of the Administrator to complete such a review and evaluation under
clause (i) shall not be subject to judicial review; and

() the term “significant minor uses” means 3 or more Minor uses
proposed for every nonminor use, a minor use that would, in the
Judgment of the Administrator, serve as a replacement for any use
which has been canceled in the 5 ycars preceding the receipt of the
application, or a minor use that in the opinion of the Administrator
would avoid the reissuance of an emergency exemption under section
136p of this title for that minor use.

(D) Adequate time for submission of minor use data

If a registrant makes a request for a minor use waiver, regarding data required
by the Administrator, pursuant to paragraph (2)(E), and if the Administrator
denies in whole or in part such data waiver request, the registrant shall have a
full-time period for providing such data. For purposes of this subparagraph,
the term “full-time period” means the time period originally established by
the Administrator for submission of such data, beginning with the date of
receipt by the registrant of the Admiuistrator’s notice of denial.

(4) Notice of application



The Administrator shall publish in the Federal Register, promptly after receipt of
the statement and other data required pursuant to paragraphs (1) and (2), a notice of
each application for registration of any pesticide if it contains any new active
ingredient or if it would entail a changed usc pattern. The notice shall provide for a
period of 30 days in which any Federal agency or any other interested person may
commeitt.

(5) Approval of registration

The Administrator shall register a pesticide if the Administrator determines that,
when considered with any restrictions imposed under subsection (d) of this
section—

(A) its composition is such as to warrant the proposed claims for 1t;

(B) its labeling and other material required to be submitted comply with the
requirements of this subchapter;

(C) it will perform its intended function without unreasonable adverse effects on
the environment; and

(D) when used in accordance with widespread and commonly recognized
practice it will not generally cause unreasonable adverse effects on the
envirommnert. '

The Administrator shall not make any lack of essentiality a criterion for denying
registration of any pesticide. Where two pesticides meet the requirements of this
paragraph, one should not be registered in preference to the other. In considering an
application for the registration of'a pesticide, the Administrator may waive data
requirements pertaining to efficacy, in which event the Administrator may register the
pesticide without determining that the pesticide’s composition is such as to warrant
proposed claims of efficacy. If a pesticide is found to be efficacious by any State under
section 136v (c) of this title, a presumption is established that the Administrator shall

waive data requirements pertaining to efficacy for use of the pesticide in such State.

(6) Denial of regisiration

If the Administrator determines that the requirements of paragraph (5) for
registration are not satisficd, the Administrator shall notify the applicant for
registration of the Administrator’s determination and of the Administrator’s
reasons (including the factual basis) therefor, and that, unless the applicant corrects
the conditions and notifies the Administrator thereof during the 30-day period
beginning with the day after the date on which the applicant receives the notice, the
Administrator may refuse to register the pesticide. Whenever the Administrator



refuses to register a pesticide, the Administrator shall notify the applicant of the
Administrator’s decision and of the Administrator’s reasons (including the factual
basis) therefor. The Administrator shall promptly publish in the Federal Register
notice of such denial of registration and the reasons therefor. Upon such
notification, the applicant for registration or other interested person with the
concurrence of the applicant shall have the same remedies as provided for in
section {364 of this title.

(7) Registration under special circumstances

Notwithstanding the provisions of paragraph (5)—

(A) The Administrator may conditionally register or amend the registration of a
pesticide if the Administrator determines that

(i) the pesticide and proposed use are identical or substantially similar to
any currently registered pesticide and use thereof, or differ only in ways
that would not significantly increase the risk of unreasonable adverse
effects on the environment, and

(i) approving the registration or amendment in the manner proposed by the
applicant would not significantly increase the risk of any unreasonable
adverse effect on the environment. An applicant seeking conditional
registration or amended registration under this subparagraph shall submit
such data as would be required to obtain registration of a similar pesticide
under paragraph (5). If the applicant is unable to submit an item of data
because it has not yet been generated, the Administrator may register or
amend the registration of the pesticide under such conditions as will require
the submission of such data not later than the time such data are required to
be submitted with respect to similar pesticides already registered under this
subchapter.

(B) The Administrator may conditionally amend the registration of a pesticide to
permit additional uses of such pesticide notwithstanding that data concerning the
pesticide may be insufficient to support an unconditional amendment, if the
Administrator determines that

(i) the applicant has submitted satisfactory data pertaining to the proposed
additional use, and

(i1) amending the registration in the manner proposed by the applicant
would not significantly increase the risk of any unreasonable adverse effect
on the environment, Notwithstanding the foregoing provisions of this
subparagraph, no registration of a pesticide may be amended to permit an
additional use of such pesticide if the Administrator has issued a notice




stating that such pesticide, or any ingredient thereof, mects or exceeds risk
criteria associated in whole or in part with human dietary exposure
enumerated in regulations issued under this subchapter, and during the
pendency of any risk-benefit evaluation initiated by such notice, if

(I) the additional use of such pesticide involves a major food or feed
crop, or

(1) the additional use of such pesticide involves a minor food or feed
crop and the Administrator determines, with the concurrence of the
Secretary of Agriculture, there is available an cffective alternative
pesticide that does not meet or exceed such risk criteria. An applicant
seeking amended registration under this subparagraph shall submit such
data as would be required to obtain regisiration of a similar pesticide
under paragraph (5). If the applicant is unable to submit an item of data
(other than data pertaining to the proposed additional use) because it
has not yet been generated, the Administrator may amend the
registration under such conditions as will require the submission of
such data not later than the time such data are required to be submitted
with respect to similar pesticides already registered under this
subchapter.

(C) The Administrator may conditionally register a pesticide containing an active
ingredient not contained in any currently registered pesticide for a pertod
reasonably sufficient for the generation and submission of required data (which
arc lacking because a period reasonably sufficient for generation of the data has
not elapsed since the Administrator first imposed the data requirement) on the
condition that by the end of such period the Administrator receives such data and
ihe data do not meet or cxceed risk criteria enumerated in regulations issued
under this subchapter, and on such other conditions as the Administrator may
prescribe. A conditional registration under this subparagraph shall be granted
only if the Administrator determines that use of the pesticide during such period
will not cause any unreasonable adverse effect on the environment, and that use
of the pesticide is in the public mterest.

(8) Interim administrative review

Notwithstanding any other provision of this subchapter, the Administrator may not
initiate a public interim administrative review process to develop a risk-benefit
evaluation of the ingredients of a pesticide or any of its uses prior to initiating a
formal action to cancel, suspend, or deny registration of such pesticide, required
under this subchapter, unless such interim administrative process is based on a
validated test or other significant evidence raising prudent concerns of
unreasonable adverse risk to man or to the environment. Notice of the definition of



the terms “validated test” and “other significant evidence” as used herein shall be
published by the Administrator in the Federal Register.

(9) L.abeling
(A) Additional statements

Subject to subparagraphs (B) and (C), it shall not be a violation of this
subchapter for a registrant to modify the labeling of an antimicrobial
pesticide product to include relevant information on product cfficacy, product
composition, container composition or design, or other characteristics that do
not relate to any pesticidal claim or pesticidal activity.

(B) Requirements

Proposed labeling information under subparagraph (A) shall not be false or
misleading, shall not conflict with or detract from any statement required by
law or the Administrator as a condition of registration, and shall be
substantiated on the request of the Administrator.

(C) Notification and disapproval
(1) Notification A registration may be modificd under subparagraph (A) if—
(I) the registrant notifies the Administrator in writing not later than 60

days prior to distribution or sale of a product bearing the modified
labeling; and

(ID) the Administrator does not disapprove of the modification under
clause (ii).

(ii) Disapproval Not later than 30 days after receipt of a notification under
clause (i), the Administrator may disapprove the modification by sending
the registrant notification in writing stating that the proposed language is
not acceptable and stating the reasons why the Administrator finds the
proposed modification unacceptable.

(iif) Restriction on sale A registrant may not sell or distribute a product
bearing a disapproved modification.

(iv) Objection A registrant may file an objection in writing to a disapproval
under clause (i) not later than 30 days after receipt of notification of the
disapproval.

(v) Final action A decision by the Administrator following receipt and
constderation of an objection filed under clause (iv) shall be considered a



final agency action.

(D) Use dilution

The label or labeling required under this subchapter for an antimicrobial
pesticide that is or may be diluted for use may have a different statement of
caution or protective measures for use of the recommended diluted solution
of the pesticide than for use of a concentrate of the pesticide if the
Administrator determines that——

(i) adequate data have been submitted to support the statement proposed for
the diluted solution uses; and

(i) the label or labeling provides adequate protection for exposure to the
diluted solution of the pesticide.

(10) Expedited registration of pesticides

(A) Not later than 1 year after August 3, 1996, the Administrator shall, utilizing
public comment, develop procedures and guidelines, and expedite the review of
an application for registration of a pesticide or an amendment to a registration
that satisfies such guidelines,

(B) Any application for registration or an amendment, including biological and
conventional pesticides, will be considered for expedited review under this
paragraph. An application for registration or an amendment shall qualify for
expedited review if use of the pesticide proposed by the application may
reasonably be expected to accomplish 1 or more of the following:

(i) Reduce the risks of pesticides to human health.
(ii) Reduce the risks of pesticides to nontarget organisms.

(iii) Reduce the potential for contamination of groundwater, surface water,
or other valued envirommental resources.

(iv) Broaden the adoption of infegrated pest management strategies, or
make such strategies more available or more effective.

(C) The Administrator, not later than 30 days after receipt of an application for
expedited review, shall notify the applicant whether the application is complete.
If it is found to be incomplete, the Administrator may either reject the request for
expedited review or ask the applicant for additional information to satisfy the
guidelines developed under subparagraph (A).



(d) Classification of pesticides
(1) Classification for general use, restricted use, or both

(A) As a part of the registration of a pesticide the Administrator shall classify it
as being for general use or for restricted use. If the Administrator determines that -
some of the uses for which the pesticide is registered should be for general use
and that other uses for which it is registered should be for restricted use, the
Administrator shall classify it for both general use and restricted use. Pesticide
uses may be classified by regulation on the initial classification, and registered
pesticides may be classified prior to reregistration. If some of the uses of the
pesticide are classified for general use, and other uses are classified for restricted
use, the directions relating to its gencral uses shall be clearly separated and
distinguished from those directions relating to its restricted uses. The
Administrator may require that its packaging and labeling for restricted uses shall
be clearly distinguishable from its packaging and labeling for general uses.

(B) If the Administrator determines that the pesticide, when applied in
accordance with its directions for use, warnings and cautions and for the uses for
which it is registered, or for one or more of such uses, or in accordance with a
widespread and commonly recognized practice, will not generally cause
unreasonable adverse effects on the environment, the Administrator will classify
the pesticide, or the particular use or uses of the pesticide to which the
determination applies, for general use.

(C) If the Administrator determines that the pesticide, when applicd in
accordance with its directions for use, warnings and cautions and for the uses for
which it is registered, or for one or more of such uses, or in accordance with a
widespread and commonly recognized practice, may generally cause, without
additional regulatory restrictions, unreasonable adverse effects on the
environment, including injury to the applicator, the Administrator shall classify
the pesticide, or the particular use or uses to which the determination apphies, for
restricted use:

(1) If the Administrator classifies a pesticide, or one or more uses of such
pesticide, for restricted use because of a determination that the acute dermal
or inhalation toxicity of the pesticide presents a hazard to the applicator or
other persons, the pesticide shall be applied for any usc to which the
restricted classification applies only by or under the direct supervision of a
certified applicator.

(ii) If the Administrator classifies a pesticide, or one or more uses of such
pesticide, for restricted use because of a determination that its use without
additional regulatory restriction may causc unreasonable adverse effects on
the environment, the pesticide shall be applied for any use to which the
determination applies only by or under the direct supervision of a certified




applicator, or subject to such other restrictions as the Administrator may
provide by regulation. Any such regulation shall be reviewable in the
appropriate court of appeals upon petition of a person adversely affected
filed within 60 days of the publication of the regulation in final form.

(2) Change in classification

If the Administrator determines that a change 1n the classification of any use of a
pesticide from general use to restricted usc is necessary to prevent unreasonable
adverse effects on the environment, the Administrator shall notify the registrant of
such pesticide of such determination at least forty-five days before making the
change and shall publish the proposed change in the Federal Register. The
registrant, or other mtercsted person with the concurrence of the registrant, may
seek relief from such determination under section 136d (b} of thas title.

(3) Change in classification from restricted use to general use

The registrant of any pesticide with one or more uses classified for restricted use
may petition the Administrator to change any such classification from restricted to
general use. Such petition shall set out the basis for the registrant’s position that
restricted use classification is unnecessary because classification of the pesticide
for general use would not cause unreasonable adverse effects on the environment.
The Administrator, within sixty days after receiving such petition, shall notify the
registrant whether the petition has been granted or denied. Any denial shall contain
an explanation therefor and any such denial shall be subject to judicial review
under section [36n of this title.

{e) Products with same formuiation and claims

Products which have the same formulation, are manufactured by the same person, the
labeling of which contains the same claims, and the labels of which bear a designation
identifying the product as the same pesticide may be registered as a single pesticide; and
additional names and labels shall be added to the registration by supplemental
statements.

(f) Miscellaneous
(1) Effect of change of labeling or formulation
If the labeling or formulation for a pesticide is changed, the registration shall be

amended to reflect such change if the Administrator determines that the change
will not violate any provision of this subchapter.



(2) Registration not a defense

In no event shall registration of an article be construed as a defense for the
commission of any offense under this subchapter. As long as no cancellation
proceedings are in effect registration of a pesticide shall be prima facie evidence
that the pesticide, its labeling and packaging comply with the registration
provisions of the subchapter.

(3) Authority to consult other Federal agencies
In connection with consideration of any registration or application for registration
under this section, the Administrator may consult with any other Federal agency.

(4) Mixtures of nitrogen stabilizers and fertilizer products

Any mixture or other combination of —

(A) 1 or more nitrogen stabilizers registered under this subchapter; and -

(B) 1 or more fertilizer products,

shall not be subject to the provisions of this section or sections 136a—1, 136¢, 136e,

by the labeling required under this subchapter for the nitrogen stabilizer contained in
the mixture or other combination, the mixture or combination is mixed or combined in
accordance with such labeling, and the mixture or combination does not contain any
active ingredient other than the nitrogen stabilizer.

() Registration review
(1) General rule

(A) Periodic review

The registrations of pesticides are to be periodically reviewed. The
Administrator shall by regulation establish a procedure for accomplishing the
periodic revicw of registrations. The goal of these regulations shall be a
review of a pesticide’s registration every 15 years. No registration shall be
canceled as a result of the registration review process unless the
Administrator follows the procedures and substantive requirements of section
136d of this title.

(B) Limitation



Nothing in this subsection shall prohibit the Administrator from undertaking
any other review of a pesticide pursuant to this subchapter.

(2) Data

(A) Submission required

The Administrator shall use the authority in subsection (¢}{2)(B) of this
section to require the submission of data when such data are necessary for a
registration review.

(B) Data submission, compensation, and exemption

For purposes of this subsection, the provisions of subsecctions (c)(1),
(c)(2)(B), and (c)(2){D) of this section shall be utilized for and be applicable
to any data required for registration review.

(h) Registration requirements for antimicrobial pesticides

(1) Evaluation of process

To the maximum extent practicable consistent with the degrees of risk presented by
an antimicrobial pesticide and the type of review appropriate to evaluate the risks,
the Administrator shall identify and evaluate reforms to the antimicrobial
registration process that would reduce review periods existing as of August 3,
1996, for antimicrobial pesticide product registration applications and applications
for amended registration of antimicrobial pesticide products, includmg—

(A) new antimicrobial active ingredients;
(B) new antimicrobial end-use products;
(C) substantially similar or identical antimicrobial pesticides; and

(D) amendments to antimicrobial pesticide registrations.

{2) Review time period reduction goal

Each reform identified under paragraph (1) shall be designed to achieve the goal of
reducing the review period following submission of a complete application,
consistent with the degree of risk, to a period of not more than—

(A) 540 days for a new antimicrobial active ingredient pesticide registration;

(B) 270 days for a new antimicrobial usc of a registered active ingredient;



(C) 120 days for any other new antimicrobial product;
(D) 90 days for a substantially similar or identical antimicrobial product;

(E) 90 days for an amendment to an antimicrobial registration that does not
require scientific review of data; and

(F) 120 days for an amendment to an antimicrobial registration that requires
scientific review of data and that is not otherwise described in this paragraph.

(3) Implementation
(A) Proposed rulemaking

(i) Issuance Not later than 270 days after August 3, 1996, the Administrator
shall publish in the Federal Register proposed regulations to accelerate and
improve the review of antimicrobial pesticide products designed to
implement, to the extent practicable, the goals set forth in paragraph (2).

(ii) Requirements Proposed regulations issued under clause (i) shall—

(I) define the various classes of antimicrobial use patterns, including
household, industrial, and institutional disinfectants and sanitizing
pesticides, preservatives, water treatment, and pulp and paper mill
additives, and other such products intended to disinfect, sanitize,
reduce, or mitigate growth or development of microbiological
organisms, or protect inanimate objects, industrial processes or
systems, surfaces, water, or other chemical substances from
contamination, fouling, or deterioration caused by bacteria, viruses,
fungi, protozoa, algae, or slime;

(I1) differentiate the types of review undertaken for antimicrobial
pesticides;

(ILD) conform the degree and type of review to the risks and benefits
presented by antimicrobial pesticides and the function of review under
this subchapter, considering the use patterns of the product, toxicity,
expected exposure, and product type;

(IV) ensure that the registration process is sufficient to maintain
antimicrobial pesticide efficacy and that antimicrobial pesticide
products continue to meet product performance standards and
effectiveness Icvels for each type of Iabel claim made; and

(V) implement effective and reliable deadlines for process
management.



(iii) Comments In developing the proposed regulations, the Administrator
shall solicit the views from registrants and other affected parties to
maximize the effectiveness of the rule development process.

(B) Final regulations

(i) Issuance The Administrator shall issue final regulations not later than
240 days after the close of the comment period for the proposed regulations.

(ii) Failure to meet goal If a goal described in paragraph (2) is not met by
the final regulations, the Administrator shall identify the goal, explain why
the goal was not attained, describe the element of the regulations included
instead, and identify future steps to attain the goal.

(iii) Requirements In issuing final regulations, the Administrator shall—

(1) consider the establishment of a certification process for regulatory
actions involving risks that can be responsibly managed, conststent
with the degree of risk, in the most cost-efficient manner;

(IT) consider the establishment of a certification process by approved
laboratorics as an adjunct to the review process;

(TIF) use all appropriate and cost-cffective review mechanisms,
including—

(aa) expanded use of notification and non-notification procedures;
(bb) revised procedures for application review; and

(ce) allocation of appropriate resources to ensure streamlined
management of antimicrobial pesticide registrations; and

(LV) clarify criteria for determination of the completeness of an
application.

(C) Expedited review

This subsection does not affect the requirements or extend the deadlines or
review periods contained in subsection (c)(3) of this section.

(D) Alternative review periods

If the final regulations to carry out this paragraph are not effective 630 days
after August 3, 1996, until the final regulations become effective, the review
period, beginning on the date of receipt by the Agency of a complete



application, shall be—

(i) 2 years for a new antimicrobial active ingredient pesticide registration;
(ii) I year for a new antimicrobial use of a registered active ingredient;
(iii) 180 days for any other new antimicrobial product;

(iv) 90 days for a substantially similar or identical antimicrobial product;

(v) 90 days for an amendment to an antimicrobial registration that does not
require scientific review of data; and

(vi) 120 days for an amendment to an antimicrobial registration that
requires scientific review of data and that is not otherwise described in this
subparagraph.

{E) Wood preservatives

An application for the registration, or for an amendment to the registration, of
a wood preservative product for which a claim of pesticidal activity listed in
section 136 (mm) of this title is made (regardless of any other pesticidal
claim that 18 made with respect to the product) shall be reviewed by the
Administrator within the same period as that established under this paragraph
for an antimicrobial pesticide product application, consistent with the degree
of risk posed by the use of the wood preservative product, if the application
requires the applicant to satisfy the same data requirements as are required to
support an application for a wood preservative product that is an
antimicrobial pesticide.

(F) Notification

(i) In general Subject to clause (iii), the Administrator shall notify an
applicant whether an application has been granted or denied not later than
the final day of the appropriate review period under this paragraph, unless
the applicant and the Administrator agree to a later date.

(ii) Final decision If the Administrator fails to notify an applicant within the
period of time required under clause (i), the failure shall be considered an
agency action unlawfully withheld or unreasonably delayed for purposes of
judicial review under chapter 7 of title 5.

(iii) Exemption This subparagraph does not apply to an application for an
antimicrobial pesticide that is filed under subsection (¢)(3)(B) of this
section prior to 90 days after August 3, 1996,



(iv) Limitation Notwithstanding clause (ii), the failure of the Administrator
to notify an applicant for an amendment to a registration for an
antimicrobial pesticide shall not be judicially reviewable m a Federal or
State court if the amendment requires scientific review of data within—

(D) the time period specified in subparagraph (D)(vi), in the absence of
a final regulation under subparagraph (B); or

(1Y) the time period specified in paragraph (2)(F), if adopted in a final
regulation under subparagraph (B).

{(4) Annual report
{A) Submission

Beginning on August 3, 1996, and ending on the date that the goals under
paragraph (2) are achieved, the Administrator shall, not later than March 1 of
each year, prepare and submit an annual report to the Committee on
Agriculture of the Housc of Representatives and the Committee on
Agriculture, Nutrition, and Forestry of the Senate.

(B) Requirements

A report submitted under subparagraph (A) shall include a description of—

(i) measures taken to reduce the backlog of pending registration
applications;

(ii) progress toward achieving reforms under this subsection; and

(iii} recommendations to improve the activities of the Agency pertaining to
antimicrobial registrations.
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§ 136. Definitions

How Current is This?

For purposes of this subchapter—

(a) Active ingredient

The term “active ingredient” means—

(1) in the case of a pesticide other than a plant regulator, defoliant, desiccant, or
nitrogen stabilizer, an ingredient which will prevent, destroy, repel, or mitigate any
pest;

(2) in the case of a plant regulator, an ingredient which, through physiological action,
will accelerate or retard the rate of growth or rate of maturation or otherwise alter the
behavior of ornamental or crop plants or the product thereof;

(3) in the case of a defoliant, an ingredient which will cause the leaves or foliage to
drop from a plant;

{(4) in the case of a desiccant, an ingredient which will artificially accelerate the drying
of plant tissue; and

(5) in the casc of a nitrogen stabilizer, an ingredient which will prevent or hinder the
process of nitrification, denitrification, ammonia volatilization, or urease production
through action affecting soil bacteria.

(b) Administrator

The term “Administrator’” means the Administrator of the Environmental Protection
Agency.

(¢) Adulterated

The term “adulterated” applies to any pesticide if—

(1) its strength or purity falls below the professed standard of quality as expressed on
its labeling under which it is sold;

(2) any substance has been substituted wholly or in part for the pesticide; or



(3) any valuable constituent of the pesticide has been wholly or in part abstracted.

(d) Animal

The term “animal” means all vertebrate and invertebrate species, including but not
limited to man and other mammals, birds, fish, and shellfish.

(e) Certified applicator, etc.
(1) Certified applicator

The term “certified applicator” means any individual who is certified under section
1361 of this title as authorized to use or supervise the use of any pesticide which 1is
classified for restricted use. Any applicator who holds or applies registered
pesticides, or uses dilutions of registered pesticides consistent with subsection (ce)
of this section, only to provide a service of controlling pests without delivering any
unapplied pesticide to any person so served is not deemed to be a seller or
distributor of pesticides under this subchapter.

(2) Private applicator

The term “private applicator” means a certified applicator who uses or supervises
the use of any pesticide which is classified for restricted use for purposes of
producing any agricultural commodity on property owned or rented by the
applicator or the applicator’s employer or (if applied without compensation other
than trading of personal services between producers of agricultural commodities)
on the property of another person.

(3) Commercial applicator

The term “commercial applicator” means an applicator (whether or not the
applicator is a private applicator with respect to some uses) who uses or supervises
the use of any pesticide which is classified for restricted use for any purpose or on
any property other than as provided by paragraph (2).

(4) Under the direct supervision of a certified applicator

Unless otherwise prescribed by its labeling, a pesticide shall be considered to be
applied under the direct supervision of a certified applicator if it is applied by a
competent person acting under the instructions and control of a certified applicator
who is available if and when needed, even though such certified applicator 1s not
physically present at the time and place the pesticide is applied.



() Defoliant

The term “defoliant” means any substance of mixture of substances intended for causing
the leaves or foliage to drop from a plant, with or without causing abscission.

(g) Desiccant

The term “desiccant” means any substance or mixture of substances intended for
artificially accelerating the drying of plant tissue.

(h) Device

The term “device” means any instrument or contrivance (other than a firearm) which is
intended for trapping, destroying, repelling, or mitigating any pest or any other form of
plant or animal life (other than man and other than bacteria, virus, or other
microorganism on or in living man or other living animals); but not including equipment
used for the application of pesticides when sold separately therefrom.

(i) District court

The term “district court” means a United States district court, the District Court of Guam,
the District Court of the Virgin Islands, and the highest court of American Samoa.

(j) Environment

The term “environment” includes water, air, land, and ali plants and man and other
animals living therein, and the interrclationships which exist among these.

(k) Fungus

The term “fungus” means any non-chlorophyll-bearing thallophyte (that is, any non-
chlorophyli-bearing plant of a lower order than mosses and liverworts), as for example,
rust, smut, mildew, mold, yeast, and bacteria, except those on or in living man or other
animals and those on or in processed food, beverages, or pharmaceuticals.

(I) Imminent hazard

The term “imminent hazard” means a situation which exists when the continued use of a
pesticide during the time required for cancellation proceeding would be likely to result in



unreasonable adverse effects on the environment or will involve unreasonable hazard to
the survival of a species declared endangered or threatened by the Secretary pursuant to

the Endangered Species Act of 1973 {16 U.S.C. 1531 et seq.].

(m) Enert ingredient

The term “inert ingredient” means an ingredicnt which is not active.

(n) Ingredient statement

The term “ingredient statement” means a statement which contains—

(1) the name and percentage of each active ingredient, and the total percentage of all
inert ingredients, in the pesticide; and

(2) if the pesticide contains arsenic in any form, a statement of the percentages of total
and water soluble arsenic, calculated as elementary arsenic.

(o) Insect

The term “insect” means any of the numerous small invertebrate animals generally
having the body more or less obviously segmented, for the most part belonging to the
class insecta, comprising six-legged, usually winged forms, as for example, beetles,
bugs, bees, flies, and to other allied classes of anthropods whose members are wingless
and usually have more than six legs, as for example, spiders, mites, ticks, centipedes, and

wood lice.

(p) Label and labeling
(1) Label

The term “label” means the written, printed, or graphic matter on, or attached to,
the pesticide or device or any of its containers or wrappers.

(2) Labeling

The term “labeling” means all labels and all other written, printed, or graphic

matter—
(A) accompanying the pesticide or device at any time; or

(B) to which reference is made on the label or in literature accompanying the



pesticide or device, except to current official publications of the Environmental
Protection Agency, the United States Departments of Agriculture and Interior,
the Department of Health and Human Services, State experiment stations, State
agricultural colleges, and other similar Federal or State institutions or agencies
authorized by law to conduct research in the field of pesticides.

(q) Misbranded
(1) A pesticide is misbranded if—

(A) its labeling bears any statement, design, or graphic representation relative
thereto or to its ingredients which is false or misleading in any particular;

(B) 1t 15 contained in a package or other container or wrapping which does not
conform to the standards established by the Administrator pursuant to section
136w {¢)(3) of this title;

(C) 1t is an imitation of, or is offered for sale under the name of, another
pesticide;

(D) its label does not bear the registration number assigned under section 136¢ of
this title to each establishment in which it was produced;

(E) any word, statement, or other information required by or under authority of
this subchapter to appear on the label or labeling is not prominently placed
thereon with such conspicuousness (as compared with other words, statements,
designs, or graphic matter in the labeling) and in such terms as to render it likely
to be read and understood by the ordinary individual under customary conditions
of purchase and use;

(F) the labeling accompanying it does not contain directions for use which are
necessary for effecting the purpose for which the product is intended and if
complied with, together with any requirements imposed under section 136a (d) of
this title, are adequate to protect health and the environment;

(G) the label does not contain a warning or caution statement which may be
necessary and if complied with, together with any requirements imposed under
section 136a () of this title, is adequate to protect health and the environment; or

(H) in the case of a pesticide not registered in accordance with section 1361 of
this title and intended for export, the label does not contain, in words prominently
placed thereon with such conspicuousness (as compared with other words,
statements, designs, or graphic matter in the labeling) as to render it likely to be
noted by the ordinary individual under customary conditions of purchase and use,
the following: “Not Registered for Use in the United States of America”.



(2) A pesticide is misbranded if—

(A) the labe!l does not bear an ingredient statement on that part of the immediate
container (and on the outside container or wrapper of the retail package, if therc
be one, through which the ingredient statement on the immediate container
cannot be clearly read) which is presented or displayed under customary
conditions or purchase, except that a pesticide is not misbranded under this
subparagraph if—
(i) The size or form of the immediate container, or the outside container or
wrapper of the retail package, makes it impracticable to place the ingredient
statement on the part which is presented or displayed under customary
conditions of purchase; and

(ii) the ingredient statement appears prominently on another part of the
immediate container, or outside container or wrapper, permitted by the
Administrator;

(B) the labeling does not contain a statement of the use classification under
which the product is registered;

(C) there is not affixed to its container, and to the outside container or wrapper of
the retail package, if there be one, through which the required information on the
immediate container cannot be clearly read, a label bearing—

(i) the name and address of the producer, registrant, or person for whom
produced,;

(if) the name, brand, or trademark under which the pesticide is sold;

(iii) the net weight or measure of the content, except that the Administrator
may permit reasonable variations; and

(iv) when required by regulation of the Administrator to effectuate the
purposes of this subchapter, the registration number assigned to the
pesticide under this subchapter, and the use classification; and

(D) the pesticide contains any substance or substances in quantities highly toxic
to man, unless the label shall bear, in addition to any other matter required by this
subchapter—

(i) the skull and crossbones;

(if) the word “poison” prominently in red on a background of distinctly
contrasting color; and



(iii) a statement of a practical treatment (first aid or otherwise) in case of
poisoning by the pesticide.

(r) Nematode

The term “nematode” means invertebrate animals of the phylum nemathelminthes and
class nematoda, that is, unsegmented round worms with elongated, fusiform, or saclike
bodies covered with cuticle, and inhabiting soil, water, plants, or plant parts; may also be
called nemas or eelworms.

(s) Person

The term “person” means any individual, partnership, association, corporation, or any
organized group of persons whether incorporated or not,

(t) Pest

The term “pest” means

(1) any insect, rodent, nematode, fungus, weed, or

(2) any other form of terrestrial or aquatic plant or animal life or virus, bacteria, or
other micro-organism (except viruses, bacteria, or other micro-organisms on or in
living man or other living animals) which the Administrator declares to be a pest under
section 136w (¢){(1) of this title.

(u) Pesticide

The term “pesticide” means

(1) any substance or mixture of substances intended for preventing, destroying,
repelling, or mitigating any pest,

(2) any substance or mixturc of substances intended for usc as a plant regulator,
defoliant, or desiccant, and

(3) any nitrogen stabilizer, except that the term “pesticide” shall not include any article
that is a “new animal drug” within the meaning of section 321 (w) LLl of title 2 1, that
has been determined by the Secretary of Health and Human Services not to be a new
animal drug by a regulation establishing conditions of use for the article, or that is an



new animal drug. The term “pesticide” does not include liquid chemical sterijant
products (including any sterilant or subordinate disinfectant claims on such products)
for use on a critical or semi-critical device, as defined in section 321 of title 21. For
purposes of the preceding sentence, the term “critical device” includes any device
which is introduced directly into the human body, either into or in contact with the
bloodstream or normally sterile areas of the body and the term “semi-critical device™
includes any device which contacts intact mucous membranes but which does not
ordinarily penetrate the blood barrier or otherwise enter normally sterile areas of the
body.

(v) Plant regulator

The term “plant regulator” means any substance or mixture of substances intended,
through physiological action, for accelerating or retarding the rate of growth or rate of
maturation, or for otherwise altering the behavior of plants or the produce thereof, but
shall not include substances to the extent that they are intended as plant nuirients, trace
elements, nutritional chemicals, plant inoculants, and soil amendments. Also, the term
“plant regulator” shall not be required to include any of such of those nutrient mixtures
or soil amendments as are commonly known as vitamin-hormone horticuliural products,
intended for improvement, maintcnance, survival, health, and propagation of plants, and
as are not for pest destruction and are nontoxic, nonpoisonous in the undiluted packaged
concentration.

(w) Producer and produce

The term “producer” means the person who manufactures, prepares, compounds,
propagates, or processes any pesticide or device or active ingredient used in producing a
pesticide. The term “produce” means to manufacture, prepare, compound, propagate, or
process any pesticide or device or active ingredient used in producing a pesticide. The
dilution by individuals of formulated pesticides for their own use and according to the
dircctions on registered labels shall not of itself result in such individuals being included
in the definition of “producer” for the purposes of this subchapter.

(x) Protect health and the environment

The terms “protect health and the environment™ and “protection of health and the
environment” mean protection against any unreasonable adverse effects on the
environment.

(v) Registrant



The term “registrant” means a person who has registered any pesticide pursuant to the
provisions of this subchapter.

{z} Registration

The term “registration” includes reregistration.,

(aa) State

The term “State™ means a State, the District of Columbia, the Commonwealth of
Puerto Rico, the Virgin I[slands, Guam, the Trust Territory of the Pacific Islands,
and American Samoa.

(bb) Unreasonable adverse effects on the environment

The term “unrcasonable adverse effects on the environment” means

(1) any unreasonable risk to man or the environment, taking into account the
economic, social, and environmental costs and benefits of the use of any
pesticide, or

(2) a human dietary risk from residues that result from a use of a pesticide in or
Administrator shall consider the risks and benefits of public health pesticides
separate from the risks and benefits of other pesticides. In weighing any
regulatory action concerning a public health pesticide under this subchapter, the
Administrator shall weigh any risks of the pesticide against the health risks such
as the diseases transmitted by the vector to be controlled by the pesticide.

(cc) Weed

The term “weed” means any plant which grows where not wanted.

(dd) Establishment

The term “establishment” means any place where a pesticide or device or active
mgredient used in producing a pesticide is produced, or held, for distribution or
sale.

(ee) To use any registered pesticide in a manner inconsistent with its iabeling

The term “to use any registered pesticide in a manner inconsistent with its
labeling” means to use any registered pesticide in a manner not permiited by the



labeling, except that the term shall not include

(1) applying a pesticide at any dosage, concentration, or frequency less than that
specificd on the labeling unless the labeling specifically prohibits deviation from
the specified dosage, concentration, or frequency,

(2) applying a pesticide against any target pest not specified on the labeling if the
application is to the crop, animal, or site specified on the labeling, unless the
Administrator has required that the labeling specifically state that the pesticide
may be used only for the pests specified on the labeling after the Administrator
has determined that the use of the pesticide against other pests would causc an
unreasonable adverse effect on the environment,

(3) employing any method of application not prohibited by the labeling unless the
labeling specifically states that the product may be applied only by the methods
specified on the labeling,

(4) mixing a pesticide or pesticides with a fertilizer when such mixture is not
prohibited by the labeling,

(5) any use of a pesticide in conformance with section }36¢, 136p, or 136y of this

title, or

(6) any use of a pesticide in a manner that the Administrator determines to be
consistent with the purposcs of this subchapter. After March 31, 1979, the term
shall not include the use of a pesticide for agricultural or forestry purposes at a
dilution less than label dosage unless beforc or after that date the Administrator
issues a regulation or advisory opinion consistent with the study provided for in
section 27(b) of the Federal Pesticide Act of 1978, which regulation or advisory
opinion specifically requires the use of definite amounts of dilution.

(if) Outstanding data requirement
(1) In general

The term “outstanding data requirement” means a requirement for any study,
information, or data that is necessary to make a determination under section
136a (c)5) of this title and which study, information, or data—

(A) has not been submitted to the Administrator; or

(B) if submitted to the Administrator, the Admmistrator has determined
must be resubmitted because it is not valid, complete, or adequate to make a
determination under section 1362 {¢)(5) of this title and the regulations and

guidelines issued under such section,



(2) Factors

In making a determination under paragraph (1)(B) respecting a study, the
Administrator shall examine, at a minimum, relevant protocols,
documentation of the conduct and analysis of the study, and the results of the
study to determine whether the study and the resulis of the study fulfill the
data requirement for which the study was submitted to the Administrator.

(gg) To distribute or sell

The term “to distribute or sell” means to distribute, sell, offer for sale, hold for
distribution, hold for sale, hold for shipment, ship, deliver for shipment, relcase for
shipment, or receive and (having so received) deliver or offer to deliver. The term
does not include the holding or application of registered pesticides or use dilutions
thereof by any applicator who provides a service of controlling pests without
delivering any unapplied pesticide to any person so served.

(hh) Nitrogen stabilizer

The term “nitrogen stabilizer” means any substance or mixturc of substances
intended for preventing or hindering the process of nitrification, denitrification,
ammonia volatilization, or urease production through action upon soil bacteria.
Such term shall not include—

(1) dicyandiamide;
(2) ammonium thiosulfate; or

(3) anyesubstancesorsmixturecofesubstances.— 2!

(A) that was not registered pursuant to section 1362 of this title prior to
January 1, 1992; and

(B) that was in commercial agronomic use prior to January 1, 1992, with
respect to which after January 1, 1992, the distributor or seller of the
substance or mixture has made no specific claim of prevention or hindering
of' the process of nitrification, denitrification, ammonia volatilization 2]
urease production regardless of the actual use or purpose for, or future use
or purpose for, the substance or mixture.

Statements made in materials required to be submitted to any State legislative or
regulatory authority, or required by such authority to be included in the labeling or
other literature accompanying any such substance or mixture shall not be deemed a
specific claim within the meaning of this subsection.



(ji) =4 Maintenance applicator

The term “maintenance applicator” means any individual who, in the principal
course of such individual’s employment, uses, or superviscs the use of, a pesticide
not classified for restricted use (other than a ready to use consumer products
pesticide); for the purpose of providing structural pest control or lawn pest control
including janitors, general maintenance personnel, sanitation personnel, and
grounds maintenance personnel. The term “maintenance applicator” does not
include private applicators as defined in subsection (e)(2) of this section;
individuals who use antimicrobial pesticides, sanitizers or disinfectants; individuals
employed by Federal, State, and local governments or any political subdivisions
thereof, or individuals who use pesticides not classificd for restricted use in or
around their homes, boats, sod farms, nurseries, greenhouses, or other
noncommercial property.

(kk) Service technician

The term “service technician™ means any individual who uses or supervises the use
of pesticides (other than a ready to use consumer products pesticide) for the
purpose of providing structural pest control or lawn pest control on the property of
another for a fce. The term “service technician” does not inclode individuals who
use antimicrobial pesticides, sanitizers or disinfectants; or who otherwise apply
ready to use consumer products pesticides.

(fI) Minor use

The term “minor use” means the use of a pesticide on an animal, on a commercial
agricultural crop or site, or for the protection of public health where—

(1) the total United States acreage for the crop is less than 300,000 acres, as
determined by the Secretary of Agriculture; or

(2) the Administrator, in consultation with the Secretary of Agriculture, determines
that, based on information provided by an applicant for registration or a regisirant, the
use does not provide sufficient economic incentive to support the initial registration or
continuing registration of a pesticide for such use and—

(A) there are insufficient efficacious alternative registered pesticides available for
the use;

(B) the alternatives to the pesticide use pose greater risks to the environment or
human health;

(C) the minor use pesticide plays or will play a significant part in managing pest



resistance; or
(D) the minor use pesticide plays or will play a significant part in an integrated

pest management program,

The status as a minor use under this subsection shall continue as long as the
Administrator has not determined that, based on existing data, such use may cause an
unreasonable adverse effect on the environment and the use otherwisc qualifies for

such status.

{mm) Antimicrebial pesticide

(1) In general

The term “antimicrobial pesticide” means a pesticide that—

(A) is intended to—

(i) disinfect, sanitize, reduce, or mitigate growth or development of
microbiological organisms; or

(ii) protect inanimate objects, industrial processes or systems, surfaces,
water, or other chemical substances from contamination, fouling, or
deterioration caused by bacteria, viruses, fungi, protozoa, algae, or slime;
and

(B) in the intended vse is exempt from, or otherwise not subject to, a tolerance
under section 346a of title 21 or a food additive regulation under section 348 of

title 21.
(2) Excluded products

The term “antimicrobial pesticide” does not include—

(A) a wood preservative or antifouling paint product for which a claim of
pesticidal activity other than or in addition to an activity described in paragraph
(1) 1s made;

(B) an agnicultural fungicide product; or

(C) an aquatic herbicide product.

(3) Included products

The term “anfimicrobial pesticide” does include any other chemical sterilant
product (other than lquid chemical sterilant products exempt under subsection (u)



of this section), any other disinfectant product, any other industrial microbiocide
product, and any other preservative product that is not excluded by paragraph (2).

(nn) Public health pesticide

The term “public health pesticide” means any minor use pesticide product
registered for use and used predominantly in public health programs for
vector control or for other recognized health protection uses, including the
prevention or mitigation of viruses, bacteria, or other microorganisms (other
than viruses, bacteria, or other microorganisms on or in living man or other
living animal) that pose a threat to public health.

(00) Vector

The term “vector” means any organism capable of transmitting the causative agent of
human disease or capable of producing human discomfort or injury, including
mosquitoes, flies, fleas, cockroaches, or other insects and ticks, mites, or rats.
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Summary

Indole-3-butyric acid enhances the growth and development of food
crops and ornamentals when applied to soil, cuttings, or leaves. Because
it is similar in structure to naturally occurring substances and is used in
tiny amounts, this plant growth regulator poses no known risks to
humans or the environment.

I.

I1.

Description of the Active Ingredient

Indole-3-butyric acid is a substance that is closely related in
structure and function to a natural growth regulator found in
plants. Indole-3-butyric acid is used on many crops and
ornamentals to promote growth and development of roots, flowers
and fruits, and to increase crop yields. Growers find it more
effective and efficient than its natural counterpart because plants
cannot break it down as quickly. No harm to humans or the
environment is expected to result from use of indole-3-butyric
acid.

Use Sites, Target Pests, and Application Methods

o Use Sites: Many food and feed crops; ornamental turf and
nursery plants

- Uses: Growth enhancer to increase both vield and quality.

o Application Methods: Applied to soil or plants as spray. Also
used as a dip for cuttings.



I1I.

Iv.

VI,

VII.

Assessing Risks to Human Health

With the exception of certain workers, no harm is expected from
use of indole-3-butyric acid. The active ingredient is not toxic to
humans or other mammals. Furthermore, indole-3-butyric acid is
effective at very low concentrations--often several orders of
magnitude below 1%. It is applied at very low rates compared with
most other pesticides. In animals, indole-3-butyric acid is rapidly
broken down to a closely related, harmless chemical that occurs
naturally in living organismes.

Eye irritation to certain workers is EPA' s only health concern for

products containing indole-3-butyric acid. For products that may

cause eye irritation, workers (such as mixers and applicators) are
required to use protective eyewear, such as goggles, face shield,
or safety glasses.

Assessing Risks to the Environment

No risks {o the environment are expected from use of this active
ingredient because 1) it does not harm animals or plants in the
tiny amounts used, 2} it acts as a plant growth enhancer, 3) it
does not persist in the environment, 4) it is closely related to
naturally occurring substances.

Regulatory Information

Products containing indole-3-butyric acid were initially registered
(licensed for sale and distribution) in 1960 for use on ornamental
plant cuttings and transplants. As part of EPA' s ongoing review to
ensure that pesticide products meet current standards, the
chemical was reviewed and found eligible for reregistration in
1992. As of May 2000, there were more than 40 products
containing indole-3-butyric acid as an active ingredient.

Registrant Information

Many companies have registered pesticide products that contain
indole-3-butyric acid.

Additional Contact information



Ombudsman, Biopesticides and Pollution Prevention

Division (7511P)

Office of Pesticide Programs
Environmental Protection Agency
1200 Pennsylvania Avenue, NW
Washington, D.C. 20460
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GLOSSARY OF TERMS AND ABBREVIATIONS

Chemical Abstracts Service

TS, Envirormental Protection Agency

Federal Insecticide, Fungicide and Rodenticide Act
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EPA's system of recording and tracking studies submitted.
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EXECUTIVE RY

Pesticide products containing indole-3-butyric acid (IBA) as the sole active
ingredient, or in combination with other active ingredients, bave been registered since
October 1960, These products have been registered for use on plant cuttings and
transplants of nonfood, ornamental nursery stock to promate reot growth and to reduce
transplanting shock., In 1990, new products were registered for use on fruit and
vegetable crops, field crops and ornamental turf to promote growth development of
flowers and fruit and to increase crop yields. Thirty-one products are currently
registered with the Environmental Protection Agency ("the Agency").

The Agency has assessed the available scientific information about this compound in
relation to all its registered uses to determine its eligibility for reregistration. The data
base for IBA is sufficient to alfow the Agency to conduct a tentative risk assessment for
sll uses. ‘Therefore, the Agency has determined that the products containing IBA for
all uses are eligible Tor reregistration. .

Before reregistering each product, the Agency is requiring confirmatory acute
ecotoxicity data on the active ingredient, product specific data, and revised product
labeling to be submitted within eight months from the issuance of this document. In an
effort to reduce the time, resources, and number of animals needed to fulfill the acute
toxicity data requirements for reregistration of end-use products containing IBA, the
Agency has batched products which can be considered similar for purposes of acute
toxicity. After reviewing these data and revised labels, the Agency will determine
whether or not the conditions of the Federal Insecticide, Fungicide and Rodenticide Act
(FIFRA) section 3{c)(5) have been met, that is, whether product composition and
labeling are acceptable and the product’s uses will not cause unreasonable adverse
effects to humans or the environment. If these conditions are met, the Agency will
reregister the preducts. Those products which contain other active ingredients will be
eligible for reregistration only when the cther active ingredients are determined to be
eligible for reregistration, "

vi



I. INTRODUCTION

In 1988, FIFRA was amended to accelerate the reregisiration of products with active
ingredieats registered prior to November 1, 1984. The amended Act provides a schedule for
the reregistration process to be completed in nine years. There are five phases to the
reregistration process. The first four phases of the process focus on identification of data
requiremnents to support the reregistration of an active ingredient and the generation and
submission of dam to fulfill the requirements. The fifth phase is a review by the Agency of
all data submitied to suppori reregistration,

Section 4(g)(2){A) of FIFRA states that in Phase 5§ "the Administrator shali determine
whether pesticides containing such active ingrédient are eligible for reregistration” before
calling in data on products under section 4(g)(2)(B), and either reregistering products or
taking "other appropriate regulatory action,"” under section 4(g)(2)(C) and (D). Thus,
reregistration involves a thorough review of the scientific data base underlying a pesticide’s
registration. The purpose of the Agency’s review is to reassess the potential hazards arising
from the currently registered uses of the pesticide; to determine the need for additional data
on health and environmental effects; and to determine whether the pesticide meets the "no
unreasonable adverse effects” criterion of FIFRA section 3(e)(5).

This document presents the Agency's decision regarding the reregistration eligibility of
indole-3-butyric acid (IBA). This document consists of five sections. Section I is this
introduction. Section II describes IBA, its uses and regulatory history. Section ITI discusses
the human health and environmental assessment based on the data available o the Agency.
Section IV discusses the reregistration decision for IBA and Section V discusses product
reregistration. Additional details concering the Agency’s review of available data are
available on request.’

EPA's reviews of specific reports and information on the
set of registered uses considered for EPA's analyses may be
cbtained from: EPA, Freedom of Information, 401, M St.,
5.%W., Washingten, D.C, 20460,




H.

CASE OVERVIEW

A Chemical Overview
The following active ingredient is covered by this Reregistration Eligibility

Document.

Common Neme: IBA

Chemicsl Name: Indo&e~3—BuIyric Acid

CAS Registry Number: 133-32-4

Office of Pesticide Programs Chemical Code: 046701

Empiricat Formula: C,; Hj; NO,

Trade and Other Names: Hormodin, Seradix

Basic Manufacturer: Syntex S.A., Chemical Division
B. Use Profile

The following is information on the current registered uses and application methods.

A detailed table of alt uses of indole-3-butyrie acid is in Appendix A.

Type of Pesticide: biochemical pesticide, plant growth regulator
Use Sites:  Greenhouse Nonfood - ornamental plants, shade trees and shrubs

Terrestrial Nonfood - omamental plants, shade trees, shrubs, turf, sod,
lawn, golf courses

Residential Indoor/Outdoor - ormamental plants, shade trees and
shrubs

Terrestrial Food - fruit, vegetable, field crops



Formulation Types

Technical Grade: 97.0%

Formulations: Dust: 0.01% - 4.5%
Soluble Conc./Liquid: 0.0004% - 1.03%
‘Wenable Powder/Dust: 0,1-0.8%

Method of Application:

Powder (Dust): plant cuttings are dipped in dust or inserting
the cuttings into rooting media.

Dust is blown on the cutting ends by means of a duster or blower.

Liquid: cuttings are dipped in solution prior to insertion into
rooting media.

Solution is poured into planting hole pre-transplant and during
transplant.

Immediately after laying turf, solution is broadcast over turf and
then watered in after application,

Foliage is sprayed with solution to point of run-off,

Broadcast: application is made depending on the crop (either
by ground or air equipment) at -- leaf stage; pinhead; first or
early bloom; initial pegging; first sign of running; or after transplant;
pre and post emergence.

Solution is applied through sprinkler including center pivot, lateral move,
end tow, side roll, traveler, big gun, solid set, or hand move
irrigation systems. .



C. Regulatory History

As stated in the Executive Summary, products containing IBA were first registered in
October 1960. TBA was originally registered for use on a variety of nonfeod omamental
plants, shrubs and shade trees to promote and accelerate root formation of plant clippings and
to reduce twansplant shack. Gr October 1990, edditional uses were registered for TBA which
included fruit and vegetable crops, field crops, and omamental turf,

On June 28, 1988, the Agency issued a Data Call-In Notice for data on pesticide
products containing IBA as the active ingredient. The registrants responded by reguesting a
low volume minor use data waiver for all applicable guidelines. The Agency was later asked
fo classify IBA as a biochemical pesticide. Following review, the Agency designated IBA as
a biochemical pesticide based on the following scientific reason: 1) IBA it similar in
structure and functional identical to 4 naturally occurring plant hormone or auxin, indole-3-
acetic acid.

A. Product Chemistry Assessment

Indole-3-butyric acid is a synthetic plant hormone which structurally resembles 3-
indole acetic acid {TAA), the primary growth horinone, naturally pccurring in plants. Several
naturally occurring plant hormones have been identified which display structural and
physiological activity similar to this compound. Such plant compounds, which are
intermediate metabolites produced during the synthesis of 3-indole acetic acid from
tryptophan, are thought to be converted to IAA prior to being considered effective when
applied to auxin deficient plant tissue.

The molecular weight of IBA is 203.23. IBA is odorless, white or slightly yellow
crystals, and has a melting point of 123-125°C. IBA is practically insoluble in water and
chloroform but soluble in alcohol, esters and acetone,? All generic chemistry data
requirements for IBA have been satisfied. Appendix B and C includes references of these
data.

?  The Merck Index, Eighth Edition p. 565.
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B. Human Health Assegzment
1. Toxicology Data

The Agency has waived all data requirements on the active ingredient because of the
expected, extremely low exposures to those involved in the use of products containing
IBA and due to the negligible dietary exposures expected from the use of IBA on food
and feed crops. IBA is exempt from tolerances of residues on crops (40 CFR 180.1099).
All registered products are formulated with IBA in low percentages of IBA, from 0.0004
to 4.5, and are applied in ultra-low quantities, up to 7 mg active ingredient/acre/crop
season, for the crop uses. Use of products for the ornamental plant propagation use also
results in low applicator exposure to IBA.

Additionally, these products have low acute toxicity as suggested from data of at
least one formulated product (Toxicity Categories HI and IV, no dermal irritation, and
moderate eye irritation, perhaps from another active ot an inert ingredient in the product
formulation,” As discussed in other sections of this document, the Apgency is requiring
registrants to submit new, or reference, existing acute toxicology and chemistry studies -
for each product.

2. Qccupational and Residential Exposure

There is potential for occupational exposure to TBA during dipping and
transplanting activities and mixing, loading and spraying activities. However, since the
Agency does not have concerns about any toxicological endpoints, the Agency has not
required exposure data. The Agency has no significant exposure concerns other than
appropriate label precautions for eye protection for mixers, loaders, and applicators. For
pesticide products in Toxicity Category II for primary eye irritation, the following
protective eyewear are required: goggles; face shield; or safety with glasses with front,
brow, and temple protection. .

' MRID #5 41661402, 41661403, 41663404, 41661406
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3. Human Risk Assessment

As discussed above, the potential risks to humans from occupational exposure to
IBA are considered negligible due to: a) the lack of toxicological concemns, b) the low
volume/minor use of the product, and ¢) IBA’s structural resemblance to naturally
occurting plant hormones.

C. Environmental Assessment
1. Ecological Effects and Environmental Fate Data

Although data from environmental fate and ecological effects studies have not
been submitted, the Agency believes that there is sufficient information available to
tentatively assess potential environmental risks resulting from the current uses of IBA.
Accordingly, the Agency at this time will require environmental effects (ecotoxicity) data
only for confirmatory purposes,

The terrestrial crop and turf uses of IBA result in very low exposures to the
environment -- the maximum application rate is 7 mg/acre/crop season (1.7 X 1¢°
pounds/acre), By comparison, this rate is five orders of magnitude Jower than use rates
typical of conventional pesticides and lower than most other biochemicals, Low
application rates of IBA 1o crop land result in correspondingly low environmental
concentrations and exposure to nontarget plants and animals. The Agency recognizes that
IBA's low application rate alone is not sufficient evidence on which to base an
environmental assessment. However, IBA's low application rate combined with its
similarity in structure and physiological function to natural plant growth regulators are
important factors to consider when assessing potential risks to nontarge{ tesrestrial and
aquatic plants and animals,

Indole-3-butyric acid (IBA) is similar in structure and biological activity to the
naturally occurring plant growth hormone indole-3-acetic acid (IAA), a principal hormoene
of higher plants, Compounds similar to IBA (indoleacetamide, indoleacetaldehyde,
indoleacetonitrile, and indolepyruvic acid) are intermediate metabolites in the synthesis of
IAA from the amino acid tryptophan, which cccurs widely in plants, fungi, bacteria,
humans and other species. In fact, the average human excretes approximately 7 mg of
TAA in urine daily. Given this occurrence of tryptophan and IAA in such a wide
diversity of organisms, it is reasonable to assume IAA and similar compounds have
metabolic pathways in avian and aquatic species.

Even though specific data have not been submitted, the Agency believes that IBA
applied to the environment may be metabolized to JAA and other metabolites by soil, -
plant, and aguatic microorganisms. The chemical structure of IBA is very similar to
IAA, the difference being that the aliphatic side chain ¢ontains two additional carbon
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atoms. It is reasonable to conclude that a major mechanism of metabolism in the
environment is B-oxidation, & metabolic process in which fatty acids are metabolized by
subtraction of two-carbon fragments, This is a common means of microbial metabolism
of compounds such as IBA which consist of side chains linked to rings*. S-oxidation of
fatty acids also occurs in animal cells®. Further, IBA's metabolites and degradates afier
an application of 7 mg/acre are a- neglipible incremental contribution to the environment
compared to naturally occurring amounts of IAA and related compounds.

For these reasons -- very low application rate, non-lethal mode of action, similar
chemical structure and metabolic pathways to other well-known compounds, and natural
occurrence in the environment — the Agency believes thai the registered uses of IBA are
not likely to pose any significant incremental toxicity to nontarget plants or animals. It is
important to note, however, that no data regarding environmental effects have been
presented. Therefore, to confirm the presumption of no unreasonable risk to nontarget
organisms, the Agency is requiring four basic ecotoxicity studies: acute oral and dietary
avian toxicity and freshwater fish and aquatic invertebrate toxicity.

2. Environmental Risk Assessment

Above, the Agency has presented a set of facts and reasonable assumptions about
IBA’s behavior in organisms and the environment. In summary, 1) IBA is applied to the
environment (crop land) in very low amounts resulting in correspondingly low exposures
to plants and animals; 2) its mode of biological activity is a plant growth hormone rather
than a toxicant or repellant; 3) it is structurally and functionally similar to other
naturally occurring compounds which are ubiquitous in biological orpanisms; and 4) there
is some evidence that IBA occurs naturally in plants.

Given these considerations the Agency believes the current uses of IBA will not
resuit jn unreasonable risks to the environment. While the Agency does not have toxicity
values of IBA for representative avian and aquatic species and certain assumptions have
been used to derive its environmental risk conclusion, the Agency nevertheless expects no
unreasonzble risk from the uses covered by this document, To support this conclusion
and confirm related assumptions, the Agency is requiring data from four ecotoxicity
studies. Refer to Appendix F for these specific data requirements.

® Alexander, M. 1977. Introduction to soil microbiology.
Second edition. John Wiley and Sons, New York.

* Lehninger, A.L. 1975. Biochemistry. Second edition.
Worth Publishers, Inc. WNew York.
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A. Dgtermination of Eligibility

Section 4(g)(2)(A) of FIFRA requires the Agency to deiermine, after submission of
relevant data concerning an active ingredient, whether products containing the active
:ngredlcnt are eligible for reregistration. The Agency has waived the submission of most
generic (i.e., active ingredient specific) data, except for technical chemistry data and acute
ecotoxicity data for confirmatory reasons, The Apency has completed its review of the
technical chemistrg data and other factors and considerations, and has determined that this
information is sufficient to support reregistration of all products containing TBA for all uses.
Appendix B identifies the generic studies that the Agenc_v reviewed for the determination of
reregistration eligibility for IBA.

The Agency therefore finds that products containing only IBA as an active ingredient
are eligible for rerepisiration once the product specific data, confirmatory ecotoxicity data,
and amended labeling are received and accepted by the Agency, Products that contain
additional active ingredients will be reregistered once the Agency completes eligibility
decisions on the other active ingredients and once product specific and amended labeling are
received and accepted. The reregistration of particular products is addressed in Section V of
this document ("Product Reregistration®).

Although the Agency has found that all products containing 1BA are eligible for
reregistration, it should be understood that the Agency may take appropriate regulatory action
and/or require the submission of additional data to support reregistration of products
containing IBA, if new information comes to the Agency’s attention or if the data
requirements for registration change.

A. Determination of Eligibility

Based on consideration of data and information submitted for the active ingredient,
IBA and the registered use patterns, the products containing this active ingredient are eligible
for reregistration. Section 4(g)(2)}(B) of FIFRA requires that the Agency obtain any needed
product-specific data regarding the pesticide following a determination of eligibility. The

"Agency will review these data and the confirmafory ecotoxicity data and determine whether

to reregister individual products.



B. Confirmatory Generic Dafa Reguirements

These data requirements are presented in Appendix F.

C. Product Specific Data Requirements

The product-specific data requirements are stated in Appendix G.

D. Labeling Requirements for End-Use Products

1. The labels and labeling of al prnoducts nust comply with EPA’s current
regulations and requirements. Follow the instructions in PR Notice 91-2 (Appendix
I} and the Product Reregistration Handbook (Appendix E) with respect to labels and
labeling.

2. The labels of IBA products in Toxicity Category H for primary eye
irritation must bear the signal word "Warning" and must include the following eye
protection/protective eyewear statement:

"Causes substantial but temporary eye injfury, Do not get in eyes or on
clothing, Wear gopgles, face shield or safety glasses. Wash thoroughly

with scap and water after handling. Remove contaminated clothing and wash
clothing before reuse.”

The accompanying statement of practical treatment should read:

"If in eyes: hold eyelids open and flush with a steady, gentle stream of
water for 15 minufes. If swallowed: drink promptly a large quantity of
milk, egg white, gelatin solution, or if these are not available,

large quantities of water. Avoid Alcohol.”



APPENDIX A
Indole-3-butyric Acid Use Patierns Subject to Reregistration
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APPENDIX B

Generic Data Requirements for Reregistration of Indole 3-Butyric Acid and
Data Citations Supporting Reregistration



GUIDE TO APPENDIX B

Appendix B contains listings of data requirements which support the reregistration for the
pesticide covered by this Reregistration Eligibility Document.

Appendix B contains generic data requirements that apply to the pesticide in all products,
including data requirements for which a “typical formulation® is the test substance.

The data tables generally are organized according to the following format:

1.Data Requirement (Column 1). The data requirements are listed in the order in which they
appear in 40 CFR Part 158, The refersnce numbers accompanying each test refer {o the fest
protocols set out in the Pesticide Assessment Guidelines, which are available from the National
Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161.

3.1se Pattern (Column 2). This colun indicates the use patterns to which the data
requirement applies. The following letter designations are used for the given use patterns:
C (Terrestrial nonfood); I (Greenhouse nonfood); K (Residential); O (Indoor residential)

2.Biblipgraphic citation (Column 3). If the EPA has acceptable data in its files, this column
lists the identifying number of each study. This normally is the Master Record Identification
(MRID) number, but may be a GS number if no MRID number has been assigned, Refer to the
Bibliography Appendices for a complete citation of the study.
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APPENDIX C

Citations Considered to be Part of the Data Base
Supporting the Reregistration of Indole-3-Butyric Acid




CONTENT OF BIBLIGGRAPHY. This bibliography contains citations of all studies considerad relevant by EPA in ariving
st the positions and conclusions stated elsewhere in the Rersgistration Eligibility Document. Primary sources for studies in this
bibliography have been the body of date submitted to EPA and its predecessor sgencies in sFupport of pest regulatory decisions.
Selsctions from other sources including the published lterature, in thoss instances where they have been considered, will be
included. '

UNIT$ OF ENTRY. The unit of eatry in this bibliography is called & “study”. In the case of published materials, this
corresponds closely to an article, In the case of unpublished materials submittad to the Agency, the Apency has sought to
identify documents et & level parellel to the published article from within the typically larger volumey in which they were
submitted. The resulting "studies” generully have a distinct title (or u least n single subject), can stand alone for purposes of
teview, snd can be described with s conventional bibliographic citation. The Agency has attempted also to unite basic
documents and commentarice upon them, treating them as & single study.

3.
IDENTIFICATION OF ENTRIES. The entrics in this bibliography are sorted numerically by Master Record Identifier
number, or *MRID". This number is nniqué to the titation, snd should be ussd a1 any time specific reference is required. it
is not related o the six-digit "Accession Number" which bas been used to identify volumes of submitted siudies; see paragraph
4{d)(4) below for further explanation. In a few cases, entries added to the bibliography late in the review may be preceded by
& nine-character temporary identifier. These entries are listed afier all MRID eatries. This temporary identifier number also is
to be used whenever specific reference is needed.

4.
FORM OF ENTRY. In addition to the MRID, each entry consists of a cilation containing standard elemeats followed, in the
case of material submitted to EPA, by a description of the earliest known submission, Bibliographic conveations used refléct
the standards of the American Natjonal Standerds Institute (ANSY), expanded to provide for ceriain special needs.
a, -
Autbor. Whenever the Agency could confidently identify one, the Agency has chosen to show & persongl suthor. When no
individual was identified, the Agency has shown an identifisble laboratory or testing facility as author. As a last resort, the
Agency hes shown the first submitter as author.

b.

Document date. When the date appears as four digits with no question marks, the Agency took it direcily from the document.
Whean & four-digit date is followed by » question mark, the bibliographer deduced the date froms evidence in the document.
When the dats appears as (1977), the Agency was unable to determine or estimste the date of the document.

C. .
Titte. In some cases, it has been necessery for Ageacy bibliographers to creats or enhance a document title,
Any such editorial insertions are contained between nquere brackets,

T
Trailing parentheses, For studies submitted to the Ageacy in the past, the trailing parentbeses include (in addition to any self-
explanatory text) the following elements describing the earliest known submissici:



(N
Submission date. The date of the earliest known submission sappears immediately following the word "received,*

@

Administrative number. The next element, immediately following the word "under,® is the Tegistration number, experimental
wse pernit number, petition number, or other administrative number associated with the earliest known submission,

)
Submitter. The third elemeat is the submitter, following e phrase “submitted by.” Wkea authorship is defwdted o the

submitter, this element 15 omitted.

“4)

Volume Identification (Accession Numbers). The fine] element in the trailing parentheses identifies the EPA accession
gumber of the volume in which the originel submission of the study appeare. The six-digit acosasion number follows the
gymbol "CDL," standing for "Compeny Data Library.” This accession number i in turn followed by en alphabetic suffix
which shows the relative position of the study within the volume. For example, within accession number 123456, the first
study would be 123456-A; the second, 123456-B; the 26th, 123456-Z; and the 27th, 123456-A4,




APPENDIX C

INDOLE-3-BUTYRIC ACID BIBLIOGRAPHY
MEID Oitation

41193801  Syntex Corp. (1989) Indole-3-butyric Acid: Product Identity and Composition. Unpublishgd study. 56 p.

41584401  Syntex Corp. (1990) Addendum to Guidelipe 61... per EPA request 1/29/50: Indole-3-Butyric Acid, Product Identity
and Composition. 17p.

41193701  Syntex Corp. (1989) Indole-3-Butyric Acid: Analysis and Certification of Product Ingredients. Unpublished study.
20 p.

41584402 Syntex Corp. (1990} Addendum to Guideline §2... per EPA request of 1/29/9: Indole-3-Butyric Acid, Ans]ysis and of
Product Ingredients: 20 p.

431193702 Syntex Corp. (1985} Indole-3-butyric Acid: Physical end Chemical Charecteristics. Unpublished study, 3 p.

41584403  Syntex Corp. (1990) Addendum to Guideline 63 ...per EPA roquest of 1/29/90: Indole-3-butyric Acid: Physical and
Chemical Charactenistics. 55 p. -
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Company

Number Company Name Address
PO BOX 64089
009779 AGRILIANCE, LLC o3 BAUL. MN 55164
ARYSTA LIFESCIENCE SVAEﬁﬁgﬁiﬂﬁylgﬁ?%E
066330 NORTH AMERICA s
CORPORATION CARY, NC 27513
6301 SUTLIFF ROAD
000004 BONIDE PRODUCTS, INC.  S21&icaNy. Ny 13424
PO BOX 5096
008281 BROOKER CHEMICAL CORP CHATSWORTH, CA
91313
CYTOTEK ENTERPRISES, 4110 136TH ST, NW
080518 INC.. C/O PYXIS GIG HARBOR, WA
REGULATORY CONSULTING 98332
STINE-HASKELL
000352 E. I. DU PONT DE NEMOURS RESEARCH CENTER/
AND CO., INC. 1090 ELKTON RD
NEWARK, DE 19714
950 S.E. 215TH AVE.
064014 FLORIDA SILVICS INC MORRISTON, FL
32668
PO BOX 17985
000869 GREEN LIGHT COMPANY  SAN ANTONIO, TX

78217



070908

079664

005905

063310

082437

034704

072639

000072

070127

059807

059807

058199

083527

GROW MORE INC

GROWTH TECHNOLOGY
LTD.

HELENA CHEMICAL CO

HORTUS USA CORP

K & W AGRICHEMICALS,
INC.

LOVELAND PRODUCTS, INC.

LT BIOSYN INC.

MILLER CHEMICAL AND
FERTILIZERMILLER
CHEMICAL AND FERTILIZER
CORPORATION

NOVOZYMES BIOLOGICALS,
INC.

OHP, INC.
OHP, INC.

P.B.T., INC.

RAPIDGROW INDUSTRIES,
INC

15600 NEW CENTURY
DR
GARDENA, CA 90248

UNIT 66, TAUNTON
TRADING ESTATE
TAUNTON TA 2 6RX

225 SCHILLING
BOULEVARD, SUITE
300

COLLIERVILLE, TN
38017

245 W 24TH ST
NEW YORK, NY 10011

9127 HWAY 431
SOUTH, STE D
OWENS CROSS
ROADS, AL 35763

PO BOX 1286
GREELEY, CO 80632

11324 17TH AVENUE
COURT NW

GIG HARBOR, WA
98332

PO BOX 333
HANOVER, PA 17331

111 KESLER MILL RD
SALEM, VA 24153

PO BOX 230
MAINLAND, PA 19451

PO BOX 230
MAINLAND, PA 19451

HC 66, BOX 74
DEMING, NM 88030

12208 QUINQUE LANE
CLIFTON, VA 20124




073304 REACTIMEX, S.D. DE C.V.

000572 éggf;}.AND CHEMICAL

057538 STOLLER ENTERPRISES INC

rsesn JRSRE

007401 \c/;ORLél{Ji\éT&R(;( PURCHASING
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Registration
Number

000004-00431 BONIDE ROOT & GROW
000072-00577 MILLER 2360

000352-00702 GRIFFIN EARLY HARVEST PGR
000572-00348 HORMO ROOT A

GREEN LIGHT ROOT STIMULATOR AND STARTER
SOLUTION

005905-00540 ASSET PGR

FERTI=LOME ROOT STIMULATOR & PLANT
STARTER SOLUTION

007401-00343 FERTI-LOME ROOTING POWDER
007401-00465 FERTI-LOME TOMATO & PEPPER SET II
008281-00001 HORMEX ROOTING POWDER NO. 8
008281-00002 HORMEX ROOTING POWDER NO. 16
008281-00003 HORMEX ROOTING POWDER NO. 3
008281-00004 HORMEX ROOTING POWDER NO. 30
008281-00005 HORMEX ROOTING POWDER NO. 45
008281-00006 HORMEX ROOTING POWDER NO. 1
009779-00313 CROP BOOSTER PLUS 12-8-8
009779-00321 MAXON IIL.

009779-00334 MAXON IV

009779-00335 SUPPER LAGNIAPPE ("SUPER L")

Product Name

000869-00060

007401-00252



034704-00971
034704-00972

057538-00013
057538-00014
057538-00017
057538-00019
057538-00027
058199-00007
059807-00002
059807-00003
059807-00004
063310-00008
063310-00019
063310-00020
063310-00021
063310-00022
064014-00013
066330-00246
066330-00247
066330-00257
066330-00265
066330-00267
066330-00272
066330-00275
066330-00290

070127-00002

070127-00003
070908-00002

EARLY HARVEST SPEED

EARLY HARVEST EHDST DRY HOPPER BOX SEED
DRESSING

STIMULATE YIELD ENHANCER
FOLI-ZYME GA

STIMULATE PLUS YIELD ENHANCER
VIGOR S

STOLLER TECHNICAL INDOLE-3-BUTYRIC ACID
CYTOPLEX HMS

HORMODIN 2

HORMODIN 3

HORMODIN 1

RHIZOPON AA WATER SOLUBLE TABLETS
RHIZOPON AA #1 (0.1)

RHIZOPON AA #2 (0.3)

RHIZOPON AA #3 (0.8)

IBA WATER SOLUBLE SALTS (20%)
SNIPPER

PGR-IV GRANULE

TOMATO & PEPPER FRUIT SET
BOLL-SET

INDOLE-3-BUTYRIC ACID TECHNICAL
PGR-IV CONCENTRATE

PGR-IV PLUS

PGR-IV MUP

PGR-IV ST DUST

NOVOZYMES BIOFUNGICIDE GREEN RELEAF 710-
140

NOVOZYMES BIOFUNGICIDE 145F
GROW MORE RAPID ROOT



072639-00001

072639-00009
072639-00011
072639-00012
073304-00001
075851-00002
079664-00001
080518-00001
080518-00002
082437-00002
083527-00001

LT BIOSYN, INC. TECHNICAL 3-INDOLEBUTYRIC

ACID

ROOTGRO

GOLDENGRO TM R

MegaGro L

INDOLE-3-BUTYRIC ACID

ROOTECH CLONING GEL

CLONEX ROOTING GEL

ROUSE

AGRA-ROUSE

5-15-5 WITH GRO-ROOT XTRA (GRX)
SUPERNATURAL BRAND ROOTBURST POWDER
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ortus USA Corp.

245 WEST 24™ STREET

NEW YORK NY 10011 USA

(212) 929-0927

FAX (212) 624-0202

supporti@hortus.com - rooting-hormones.com

Primary Supplier of Plant Rooting Products

August 29, 2008

Program Manager
USDA/AMS/TM/NOP

Room 4008-So, Ag Stop 0268
1400 Independence Ave., SW
Washington DC 20250

Phone 202-720-3252

Fax 202-720-7808

Dear Program Manager

We sent to you and you received by FEDEX our Petition of substance for inclusion on the
National List of Substances Allowed on Organic Production and Handling. A copy of the
PETITION is attached. The additional information package which was sent with the original
package is not hereby included.

Subject active ingredient substance: Indole-3-butyric acid, CAS number 133-32-4,
Requested as national list substance: As Plant Growth Regulators. Indole-3-butyric acid

(IBA).

We are now sending on the following page additional information from US EPA FIFRA which
applies to the tolerance for the active ingredient Indole-3-butyric acid




{Code of Federal Regulations]

[Title 40, Volume 20]

[Revised as of July 1, 2001]

From the U.S. Government Printing Office via GPO Access
[CITE: 40CFR180.1158]

[Page 542]
TITLE 40--PROTECTION OF ENVIRONMENT

CHAPTER I--ENVIRONMENTAL PROTECTION
AGENCY--(Continued)

PART 180--TOLERANCES AND EXEMPTIONS FROM TOLERANCES FOR
PESTICIDE CHEMICALS IN FOOD--Tabie of Contents

Subpart D--Exemptions From Tolerances
Sec. 180.1158 Auxins:; exemption from the requirement of a tolerance.

An exemption from the requirement of a tolerance is established for
residues of auxins (specifically: indole-3-acetic acid and indole-3-
butyric acid) in or on all food commodities when used as plant
regulators on plants, seeds, or cuttings and on all food commedities
after harvest in accordance with good agricultural practices.

[64 FR 31505, June 11, 1999]



§180.1153

the expression of the genetic material
encoding the CryIA(b) delta-endotoxin,
such ag promoters, terminators, and
enhancers.

[60 FB 42446, Aug. 16, 1995]

§180.1158 Lepidopteran pheromones;
exemption from the requirement of
a tolerance.

Lepidopteran pheromones that are
naturally occurring compounds, or
identical or substantially similar syn-
thetic compounds, designated hy an
unbranched aliphatic chain (hetween 9
and 18 carbons) ending in an alcohol,
aldehyde or acetale functional group
and containing up to 3 double bonds in
the aliphatic backDone, are exemph
from the reguirement of a tolerance in
or on all raw agricultural commodities.
This exemption pertains to only those
situations when the pheromone is ap-
plied to growing crops at a rate not to
exceed 150 grams active ingredient/
acre/year in accordance with good agri-
cultural practices,

{60 F'R 45062, Aug. 30, 1995]

$180.1154 CrylA(c) and CryIC derived
delta-endotoxins of Bacillus
thuringiensis var. kurstaki encap-
sulate in killed Pseudomonas
fluorescens, and the expression
plasmid and cloning veetor genetic
constructs.

CryfA(c) and OrylC derived deltsa-
endotoxing of Bacillus thuringiensis var.
kurstaki encapsulated in kilied
Psendomonas fluorescens and the expres-
sion plasmid and cloning vector ge-
netic constructs are exempt from the
requirement of a tolerance when used
in or on all raw agricultural commod-
ities.

[60 FR 47489, Sept. 13, 1595]

§180.1155 Bacillus thuringiensis sub-
species Kurstaki CryIA(e) and the
genetic material necessary for its
Eroduction in all plants; exemption

om the requirement of a toler-
ance.

Bacillus thuringiensis subspecies
kurstaki CrylA(c) delta-endotoxin and
the genetic material necessary for its
production in all plants are axempt
from the requirement of a tolerance
when used as plant-pesticides in all
plant raw agricultural commeodities.

40 CFR Ch. | (7-1-01 Edition)

“@@enetic material necessary for its
production” means the genetic mate-
rial which comprise genetic material
encoding the CrylA(c) delta-endotoxin
and its regulatory regions. “Regu-
latory regions” are the genetic mate-
rial that control the expression of the
genetic material encoding the CrylA(c)
delta-endotoxin, such as promoters,
serminators, and enhancers.

[62 FR 17722, Apr._ 11, 1897]

§180.1156 Cinnamaldehyde; exemption
from the requirement of a toler-
ance.

Cinnamaldehyde (3-phenyl-2-
propenal) is exempted from the re-
quirement of a tolerance in or on all
food commodities, when used as a fun-
gicide, insecticide, and algaeride in ac-
cordance with good agricultual prac-
tices.

{64 F'R 7804, Feb. 17, 1999; 64 FR 14099, Mar. 24,
1959]

$180.1157 Cytokinins; exemption from
the requirement of a tolerance.

An exemption from the reguirement
of a tolerance is established for resi-
dues of cytokinins (specifically: aque-
ous extract of seaweed meal and
kinetin) in or on all food commodities
when used as 7plant regulators on
plants, seeds, or cuttings and on all
food commuodities after harvest in ac-
cordance with good agricultural prac-
tices.

[64 FR 31505, June 11, 159%]

- Auxins; exemption from the.

7 requirement of a telerance. " :

An exemption from the requirement
of a tolerance is established for resi-
dues of auxins (specifically: indole-3-
acetic acid and indole-3-hutyric acid)
in or on all food commaodities when
used as plant regulators on Dplants,

‘seeds, or cuttings and on all food com-

modities after harvest in accordance
with good agricultural practices.

764 FR. 31505, June 11, 1599]

$180.1159 Pelargonic acid; exemption
from the requirement of tolerances.

(a) An exemption from the require-
ment of a tolerance is established for
residues of pelargonic acid in or on all
food commodities when used as a plant
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August 18, 2008

Program Manager
USDA/AMS/TM/NOP

Room 4008-So, Ag Stop 0268
1400 Independence Ave., SW
Washington DC 20250

Phone 202-720-3252

Fax 202-720-7808

Dear Program Manager

Hortus USA Corp.

245 WEST 24™ STREET

NEW YORK NY 10011 USA

{212) 928-0927

FAX (212) 624-0202

suppart@hortus.com ¢ rooting-hormones.com

Primary Supplier of Plant Rooting Products

Please find attached our Petition of substance for inclusion on the National List of Substances

Allowed on Organic Production and Handling.

Subject active ingredient substance: Tndole-3-butyric acid, CAS number 133-32-4.
Requested as national list substance: As Plant Growth Regulators. Tndole-3-butyric acid

(IBA).
If you have any questions please contact me directly.

Regards

Joel Kroin
President
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TO:
Officer: Program Manager
Agency: USDA/AMS/TM/NOP
Address: Room 4008-So, Ag Stop 0268
1400 Independence Ave., SW
Washington DC 20250
Phone: 202-720-3252
Fax: 202-720-7808
FROM PETITIONER:
Contact person: Joel Kroin
Title: President
Company: Hortus USA Corp.
Address: 245 West 24™ Street
: New York NY 10011
Email address: support@hortus.com
Phone: 212-929-0927
Fax: 212-624-0202
DATE:
Submission: August 19, 2008
PETITION:

Petition of substances fo inclusion on the National List of Subsiances allowed on Organic
Production and Handling

(7 CFR Part 205, Guidelines on procedures for submitting National List Petitions: AMS-TM-
06-0223; TM-06-12)

SUBJECT ACTIVE INGREDIENT SUBSTANCE:

Tndole-3-butyric acid  CAS number 133-32-4
Empirical formula C12 H13 NO2

REQUESTED AS NATIONAL LIST SUBSTANCE:
As plant growth regulators. Indole-3-butyric acid (IBA)



INTRODUCTION

Reference:

Page 2

US EPA Indole-3-butyric acid (046701) Fact Sheet issued August 1, 2000 (attached)

From the US EPA IBA Fact sheet:
Description of the Active Ingredient

From the US EPA IBA Fact sheet: Use
Sites, Target Pests, and Application
Methods

Indole-3-butyric acid enhances the growth and
development of food crops and ornamentals
when applied to soil, cuttings, or leaves.
Because it is similar in structure to naturally
occurring substances and is used in tiny
amounts, this plant growth regulator poses no
known risks to humans or the environment.

Indole-3-butyric acid is a substance that is
closely related in structure and function fo a
natural growth regulator found in plants.
Indole-3-butyric acid is used on many crops
and ornamentals to promote growth and
development of roots, flowers and fruits, and
to increase crop yields. Growers find it more
effective and efficient than its natural
counterpart because plants cannot break it
down as quickly. No harm to humans or the
environment is expected to result from use of
Indole-3-butyric acid.

Use Sites: Many food and feed crops,
ornamental turf and nursery plants

Uses: Growth enhancer to increase both yield
and quality.

Application Methods: Applied to soil or plants
as spray. Also used as a dip for cuttings.



From the US EPA IBA Fact sheet:
Assessing Risks to Human Health

From the US EPA IBA Fact sheet:
Assessing Risks to the Environment

From the US EPA IBA Fact sheet:
Regulatory Information

Page 3

With the exception of certain workers, no
harm is expected from use of indole-3-butyric
acid. The active ingredient is not toxic to
humans or other mammals.

Furthermore, indole-3-butyric acid is effective
at very low concentrations--often several
orders of magnitude below 1%.

It is applied at very low rates compared with
most other pesticides. In animals,
indole-3-butyric acid is rapidly broken down
to a closely related, harmless chemical that
occurs paturally in living organisms.

Eye irritation to certain workers is EPA' s
only health concern for products containing
indole-3-butyric acid.

For products that may cause eye irritation,
workers (such as mixers and applicators ) are
required to use protective eye wear, such as
goggles, face shield, or safety glasses.

No risks to the environment are expected
from use of this active ingredient because
1) it does not harm animals or plants in the
tiny amounts used,

2) it acts as a plant growth enhancer,

3) it does not persist in the environment,

4) it is closely related to naturally occurring
substances.

Products containing indole-3-butyric acid
were initially registered (licensed for sale and
distribution) in 1960 for use on ornamental
plant cuttings and transplants.

As part of EPA’ s ongoing review to ensure
that pesticide products meet current
standards, the chemical was reviewed and
found eligible for re-registration in 1992.
As of May 2000, there were more than 40
products containing indole-3-butyric acid as
an active ingredient.



From the US EPA IBA Fact sheet:
Registrant Information

Page 4

Many companies have registered pesticide
products that contain indole-3-butyric acid.
Indole-3-butyric acid enhances the growth and
development of food crops and ornamentals
when applied to soil, cuttings, or leaves.
Because it is similar in structure to naturally
occurring substances and is used in tiny
amounts, this plant growth regulator poses no
known risks to humans or the environment.

PROPOSED CONCLUSIONS FOR PETITION REVIEW BY THE NOSB

(1) potential of such substance for
detrimental chemical interactions with
other materials used in organic farming
systems

(2) toxicity and mode of action of the
substance and of its breakdown products
or other contaminants and their
persistence and areas of concentration in
the environment

(3) probability of environmental
contamination during manufacture, use,
misuse or disposal of such substances

(4) effect of the substance on human
health. '

(5) effects of the substance on biological
and chemical interactions in the
agroccosysteni ...

None.

Low toxicity for both the active ingredient
and possible breakdown products. No concern
for persistence and areas of concentration in
the environment.

None when disposed using approved label
instructions.

None when applied using approved personal
protection equipment (PPE).

None, The US EPA has stipulated: “it does
not persist in the environment”.



(6) alternatives to using the substance in
terms of practices or other materials
available

Other verifications:

Verification of avaiiability of the substance

(A) why the substance shouid be permitted
in the production or handling of an organic
product.

(B) The current industry information
regarding availability of and history of an
organic form in the appropriate form,
quality, or guantity of the substance.

Page 5

No alternative substances are available as US
EPA registered plant growth regulator
substances. All plant growth regulators are
required to be registered with the US EPA
under the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA).

There are no state of the art procedures using
alternative substances which do not require
US EPA registration.

As of August 16, 2008 US EPA has this
substance registered in various formulations
by at least 24 companies.

The substance has a long history to use useful
by plant growers. The US EPA has stipulated:
“Indole-3-butyric acid is used on many crops
and ornamentals to promote growth and
development of roots, flowers and fruits, and
to increase crop yields. Growers find it more
effective and efficient than its natural
counterpart because plants cannot break it
down as quickly. No harm to humans or the
environment is expected to result from use of
Indole-3-butyric acid.”

(1) There are no organic forms of the
substance. the US EPA has ruled that
Indole-3-butyric acid, “IBA has been classified
as a biochemical pesticide because it is similar
in structure and function to the naturaly
occurring plant growth Indole-3-acetic acid”
TAA.

There are no US EPA registered substances
which contain IAA either as a technical grade
product or an end use product. Due to the
mode of activity of TAA it is unlikely that
manufacturers will register TAA in the future.

(2) The substance is manufactured
internationally; there is no possibility of loss of
availability pf the substance.

There are many manufacturers of the
substance in the U3,
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(3) There are always adequate supplies of the
substance in commercial trade channels.

(4) There are no trade related issues involving
availability of the substance.

(5) There is a ready supply of the substance
available to growers at competitive prices.



PETITION
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Ttem A: section the petitioned substance will be included

Synthetic substances allowed for use in organic crop production, 205.601

Item B: information on the substance being petitioned

(1) substance chemical name
substance common name

(2) Manufacturer’s name:
Contact person:

Title:

Company:

Address:

Email address:
Phone:
Fax:

(3) Intended use
(4) List of crops

(5) Source of the substance

(6) Previous reviews

(7) US EPA registration numbers

Indole-3-butyric acid
IBA

Joel Kroin

President

Hortus USA Corp.
245 West 24" Street
New York NY 10011
support({@hortus.com
212-929-0927
212-624-0202

Plant growth regulator

Any plants which are propagated from
cuttings.

Any plants which can benefit from growth
enhancement to increase both yield and
quality.

Many food and feed crops; ornamental turf
and nursery plasnts.

Substance is a synthesized bio-simulator.
Technical grade substance is available from
many commercial sources.

End use products are compounded from the
technical grade substance.

None are known.

Rhizopon AA #1,

US EPA reg# 63310-19

Rhizopon AA #2

US EPA reg# 63310-20

Rhizopon AA #3

US EPA reg# 63310-21

Rhizopon AA Water Soluble Tablets
US EPA reg# 63310-8

Hortus [BA Water Soluble Salts

US EPA regff 63310-22



(8) CAS number
product labels

(9) substances physical properties
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CAS number: 133-32-4

Product labels attached:

US EPA approved stamped product labels for:
Rhizopon AA #1,

US EPA reg# 63310-19

Rhizopon AA #2

US EPA reg# 63310-20

Rhizopon AA #3

US EPA regff 63310-21

Rhizopon AA Water Soluble Tablets
US EPA reg# 63310-8

Hortus IBA Water Soluble Salts

US EPA reg# 63310-22

Rhizopon AA #1, Rhizopon AA #2, Rhizopon
AA #3 and Hortus TBA Water Soluble Salts
are dry powders

Rhizopon AA Water Soluble Tablets is a
compounded tablet

Rhizopon AA #1, Rhizopon AA #2, Rhizopon
AA #3 are insoluble in water

Hortus IBA Water Soluble Salts are Rhizopon
AA Water Soluble Tablets are soluble in
water

MSDS with physical properties are attached:
Rhizopon AA #1,

US EPA reg# 63310-19

Rhizopon AA #2

US EPA reg# 63310-20

Rhizopon AA #3

US EPA regf 63310-21

Rhizopon AA Water Soluble Tablets
US EPA regff 63310-8

Hortus IBA Water Soluble Salts

US EPA reg# 63310-22



(a) interactions with other substances used
in organic production
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No interactions.

Rhizopon AA Water Soluble Tablets

US EPA regf 63310-8 and Hortus TBA Water
Soluble Salts US EPA reg# 63310-22 can be
mixed with aqueous solutions of any other
substances used in organic production.

Rhizopon AA #1, US EPA reg# 63310-19
Rhizopon AA #2, US EPA reg# 63310-20
Rhizopon AA #3, US EPA reg# 63310-21 are
insoluble in water and will not mix with other
substances used in organic preduction.



(b) toxicity
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Toxicity is listed on the US EPA R.E.D. for
IBA (attached).

Toxicity

All generic toxicology data requirements have
been waived for IBA. The registered uses
result in very low exposure to workers and
negligible residues on crops. Products are
formulated with very low percentages of IBA
(0.0004 to 4.5%) and are applied at ultra-low
rates (7 mg [BA/acre). Formulated products
generally are of low toxicity. Additionally,
IBA is metabolized to 3-indole acetic acid
which is a common metabolite in tryptophan
(an amino acid) metabolism in humans.

Occupational Exposure

People may be exposed to IBA during mixing,
loading and application activities. However,
IBA is of low toxicity and is applied at
extremely low rates, so exposure data have
not been required.

EPA has no significant exposure concerns
other than protecting the eyes of mixers,
loaders and applicators. Thus, IBA products
in Toxicity Category U for primary eye
irritation must bear appropriate label
precautions, including a requirement that
applicators wear protective eyewear (goggles,
face shield, or safety glasses).

Human Risk Assessment

The Agency believes the potential risks to
humans from occupational and dietary
exposure to IBA are negligible.



(¢) environmental impact
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Environmental impact is listed on the US EPA
RED. for IBA (attached)

“Fcological Effects and Environmental
Fate

Due to IBA's ultra-low application rates, its
behavior as a plant growth hormone, and its
similarity in structure and function to other
paturally occurring chemicals, EPA believes
that IBA poses a negligible risk to the
environment.”

“Environmental Risk Assessment

EPA concludes for the reasons stated above
that the current uses of IBA pose a negligible
risk to the environment.”



(d) effects on human health
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Effects on human health is listed on the US
EPA R E.D. for IBA (attached)

Toxicity

All generic toxicology data requirements have
been waived for IBA. The registered uses
result in very low exposure to workers and
negligible residues on crops. Products are
formulated with very low percentages of IBA
(0.0004 to 4.5%) and are applied at ultra-low
rates (7 mg IBA/acre). Formulated products
generally are of low toxicity. Additionally,
IBA is metabolized to 3-indole acetic acid
which is a common metabolite in tryptophan
(an amino acid) metabolism in humans.

Occupational Exposure

People may be exposed to IBA during mixing,
foading and application activities. However,
IBA is of low toxicity and is applied at
extremely low rates, so exposure data have
not been required.

EPA has no sigaificant exposure concerns
other than protecting the eyes of mixers,
toaders and applicators. Thus, IBA products
in Toxicity Category U for primary eye
irritation must bear appropriate label
precautions, including a requirement that
applicators wear protective eye wear
(goggles, face shield, or safety glasses).

Human Risk Assessment

The Agency believes the potential risks to
humans from occupational and dietary
exposure to IBA are negligible.



(e) effects on soil organisms, crops or
livestock
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Effects on plants is listed on the US EPA
R.ED. for IBA (attached)

Use profile:

IBA is a plant growth regulator, used to
promote and accelerate root formation of
plant clippings and to reduce transplant shock
of non-food ornamental nursery stock. IBA is
also used on fruit and vegetable crops, field
crops and ornamental turf to promote growth
development of flowers and fruit and to
increase crop yields. TBA has been classified
as a biochemical pesticide because it is similar
in structure and function to the naturally-
occurring plant growth hormone indole-3-
acetic acid.



(10) Safety information
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(1) MSDS with physical properties and safety
information are attached:

Rhizopon AA #1,

US EPA reg# 63310-19

Rhizopon AA #2

US EPA reg# 63310-20

Rhizopon AA #3

US EPA reg# 63310-21

Rhizopon AA Water Soluble Tablets
US EPA reg# 63310-8

Hortus IBA Water Soluble Salts

US EPA reg# 63310-22

(2) Copies of the US EPA stamped labels for
US EPA Registered products are attached.
Rhizopon AA #1,

US EPA reg# 63310-19

Rhizopon AA #2

US EPA reg# 63310-20

Rhizopon AA #3

US EPA reg# 63310-21

Rhizopon AA Water Soluble Tablets

US EPA reg# 63310-8

Hortus IBA Water Soluble Salts

US EPA reg# 63310-22

These labels were written for safety
information by the US EPA in compliance
with the US Department of Labor Worker
Protection Safety Act. WPS

(3) Search of the the National Toxicology
Program web site
http://ntp-apps.niehs.nih.gov/
ntp_tox/index.cfim for the CAS 133-32-4:

“Search found

Found 0 Search Result for Search Term
'133-32-4'

No chemical(s) were found based on this
search term.”



(11) Research information

(12) Petition justification statement

(a) why the synthetic substance is
necessary for the production or handling of
an organic product.
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Attached are selected chapters from:

Peter J. Davies, editor, Plant Hormones,
Biosynthesis, Signal Translocation, Action!
Kluwer Academic Publishers, Dordrecht, the
Netherlands. 2004

(1) The plant hormones: their nature,
occurrence and function. Peter J. Davies

(2) Auxin biosynthesjs and metabolism. J.
Normaly, J. Slovin, J. Cohen

Tim D. Davis, Bruce E. Haisig and Narendra
Sankhla. editors. Adventitious root formation
in cuttings. Advances in Plant Sciences
Series. Volume 2. Dioscorides Press. Portland
OR. 1988

(1) Chapter 9. Auxin metabolism during
adventitious rooting. Thomas Gaspar and
Michel Hofinger

(2) Chapter 10. Chemicals and formulations
used to promote adventitious rooting. Frank
A. Blazich

Plants can be reproduced in various ways
including from seed, from grafts, and from
cuttings. Seeds often do not reproduce the
next generation as the parent plant. In order to
maintain genetic integrity clonal propagation
produces new plants that are identical to the
parent plant. Plant propagation from cuttings
assures that the new generation of plants is
identical to the parent plant. While plants
generate natural root producing substances,
auxins, these substances are not adequate for
consistent rooting. Also, many plant varieties
are not possible to reproduce from cuttings
unless root inducing substances are applied.
Indole-3-butyric acid is the most useful
rooting inducing substance.

Indole-3-butyric acid is also useful to enhance
the root formation in plants that are starting o
root but need additional applied root inducing
substances to form uniform root systems.
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(b) substances on the National List or other No other substances on the National List are

cultural methods that could be used in
piace of the petitioned synthetic substance.

(c) beneficial effects to the environment,
human health , or farm ecosystem from use
of the synthetic substance that support its
use instead of the use of a non-synthetic
substance or alternative cultural method.

suitable as root inducing substances.

Historically, plant growers for centuries had
tried to find root inducing substances that are
useful when propagating new plants and to
improve plant growth. In the 1930's the
natural root inducing substance, IAA_ was
discovered. When the chemical composition
of IAA was identified then other root inducing
substances were developed based upon the
structure of IAA. Indole-3-butyric acid has
been the most successful substance used as a
root inducing substance since it is very stable
and it is controlled and regulated by the plant.
It is useful for root inducing on most plant
varieties which can be propagated from
cuttings.

(1) Indole-3-butyric acid has been found to
have no hazardous effects to the environment.

The US EPA R.ED. for IBA (attached).
The US EPA states:

“Fcological Effects and Environmental Fate
Due to IBA's ultra-low application rates, its
behavior as a plant growth hormone, and its
similarity in structure and function to other
naturally occurring chemicals, EPA believes
that IBA poses a negligible risk to the
environment.”

(2) Indole-3-butyric acid has been shown to
be non-hazardous to humans when used in
accordance to standard personal protection
procedures.

The US EPA RE.D. for IBA (attached}.
The US EPA states:

“Human Risk Assessment.

The Agency believes the potential risks to
humans from occupational and dietary
exposure to IBA are negligible.”

(3} There are nio other non-synthetic
substances or alternative cultural methods
available.
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ATTACHMENTS

Peter J. Davies, editor. Plant Hormones, Biosynthesis, Signal Translocation, Action!
Kluwer Academic Publishers, Dordrecht, the Netherlands. 2004

(1) The plant hormones: their nature, occurrence and function. Peter J. Davies

(2) Auxin biosynthesis and metabolism. J. Normaly, J. Slovin, J. Cohen

Tim D. Davis, Bruce E. Haisig and Narendra Sankhla. editors.

Adventitious root formation in cuttings.

Advances in Plant Sciences Series. Volume 2. Dioscorides Press. Posrtland OR. 1988

(1) Chapter 9. Auxin metabolism during adventitious rooting. Thomas Gaspar and Michel
Hofinger

(2) Chapter 10. Chemicals and formulations used to promote adventitious rooting. Frank A,
Blazich

MSDS with physical properties and safety:

. Rhizopon AA #1, US EPA reg# 63310-19

. Rhizopon AA #2, US EPA reg# 63310-20

. Rhizopon AA #3, US EPA reg# 63310-21

. Rhizopon AA Water Soluble Tablets, US EPA reg# 63310-8
. Hortus IBA Water Soluble Salts, US EPA reg# 63310-22

US EPA stamped approval fabels:

. Rhizopon AA #1, US EPA reg# 63310-19

. Rhizopon AA #2, US EPA reg# 63310-20

. Rhizopon AA #3, US EPA reg# 63310-21

. Rhizopon AA Water Soluble Tablets, US EPA reg# 63310-8
. Horius IBA Water Soluble Salts, US EPA reg# 63310-22

. US EPA R.E.D Facts: Indole-3-butyric acid. August 1992

. US EPA R E.D Eligibility Requirements: Indole-3-butyric acid. August 1992

. US EPA FIFRA: definitions and registration requirements
. US EPA registered IBA containing products by product name: 2008
. US EPA registrants of IBA containing products: 2008

. US EPA registered active ingredients, alphabetical list 2008



