





PROGRESS RZPORT OFf THE NATIONAL AGRICULTURAL CHEMICALS
ASSOCIATION COMMITTEE TO STUDY TEST METHODS FOR DEFINING
v LOW VOLATILE ESTERS Of 2,4-D

W. R. Mullisonl, W. W. Allenz, R. C. Scott3

It has been known for some time that certain plant growth regulators
volatilize, and that their vapors affect plants. Zimmerman and Hitchcock (6)
in 1939 referred to irradiated cinnamic acid as the first crystalline growth
substance to be effective as a gas for inducing responses similar to those
caused by ethylene gas. In later work Zimmerman and Hitchcock (7, 8)
report that esters are more volatile than the corresponding acids or salts.
This work was done mainly with compounds like naphthalene acetic acid,
B-indole butyric acid, B-naphthoxy acetic acid, and other plant growth
regulators known at that time. -

The term volatile is a relativz one and the criterion of how easily

- a material vaporizes or evaporates is determined by its vapor pressure.
For comparison, the vapor pressures of several common materials at 80°F
are as follows: ethyl ether - 572 mm., ethyl alcokol - 65 mm., water -
26 mm., mercury - 2.1 x 10-3 mm. Ordinarily, mercury is considered
to be non-volatile; yet when constant'y used in laboratories, precautions
must be taken against its vaporization to prevent human poisoning. The
isopropyl ester of 2,4-dichlorophenoxyacetic acid has a vapor pressure of
about 1.0 x 10°3 mm. at 80°F. Howzaver, this material can cause damage
to plants because of its extremely gr:at activity even though its vapor pres-
sure is very low. The isopropyl estar of 2,4-D compared with the common
materials mentioned,. would be considered to have a low osrder of volatility.
In spite of this, however, it is considered by investigators in the herbicide
field to be a very volatile ester of 2, 4-D. Thus, the question arises as to
how.to define volatilﬁy of 2,4-D esters. Allen (1) suggested that the effect
of the vapor of the material upon the plant be the criterion for defining this
phenomena rather than the actual magnitude of the vapor pressure and further
suggested that the term '"'phytotoxic volatility' be used when referring to |
the volatility of 2,4-D esters. Thus, any material whose vapors caused
harmful effects on plants would be considered to have phytotoxic volatility.
References henceforth in this paper to volatility will be made following this
definition.
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Several investigators Alen (1), Marth and Mitchell (3), Mullison and
Hummer (4), and Wolf, et al (5), have reported data that indicates that the
volatility of 2,4-D esters varies and in general decreases as the length of
the aliphatic carbon chain increases. Moreover, changes in chemical
structure of the esterifying groap may alter volatility. Therefore, since
various 2,4-D esters have different levels of volatility, the use of the term
""low volatile' as applied to cer:ain esters of 2,4-D has arisen. Questions
then arise concerning low volatile esters of 2,4-D. How should a low volatile
ester of 2,4-D be defined to distinguish it from a volatile 2,4-D ester? What
are the best methods for"determining the ’vélatility of these esters?

In an'attempt to answer these questions, a subcommittee tnder the
sponsorshxp of the 2,4-D Comniittee of the N.A,C. A, was set up. This sub-
committee is made up of memb:rs from three companies engaged in the )
manufacture of 2,4-D esters and’ thxs paper is a progress report of thexr
work on this problem, :

.. In considering an appro:ch to this problem, two main points are
apparent. First, what method >f measurement is to be used in measuring
the phytotoxic volatility; and, s:cond, what limits should be decidad upon
that will differentiate between volatile and low volatile esters of 2,4-D?

The major part of the subcommittee's work to date has been confined
largely to try and find an adequate test method or methaods which will
measure the volatility of 2,4-D esters. To be acceptable, the test method
or methods must give consistent results which can be readily duplicated '
by other labsratories. ‘

The test methods cansidered ware:

1. Physical Methocs - An easy physical method would be very Lo k
desirable as it would be quantitiative and tend to avoid subjective bias ' :
by the operator. In any case, the magnitude of the vapor pressure would
have to be correlated with the plant responses as suggested earlier.

However, since the static method of determining vapor
pressure data for compounds of this type by obtaining boiling poin: deter-
minations over a series of pressures below 760 mm. of mercury has_not
heen too satisfactory up to the g resent, and since the dynamic method of
measuring actual amounts of material carried off in a saturated gas stream
has, in the past, Wﬂsiactory because analytical methods of a
sinsitivity sufficient to measure very small amounts of 2, 4 D were not
available, the physmal methods were chscarded
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2. Biological Methods - In any type of bibiogical test, several
points should be kept in mind. The test should be sensitive; easy and rapld
to perform; quantitative; usable t__h_x;oughout the year; require sunple and

r°a5ngmepment and lastly but of extreme 1mportance,<th<, test
should be one which can readily be duplicated in other laboratories.

e Biological test methods in the field and in the laboratory
were considered. However, due to their seasonal nature and many uncon-
~ trollable variables; field tests did not appear practical. Therefore, labora-
tory methods were decided upon and the following two methods were used:
(a) _plant vclauhty test method and b} eed 1 volatility test-method.

The plant volatlhty test method is a modification of Zimmer-
man and Hitchcock's {6) method and is as follows:

Young tomato plants four to six inches high are used as

test plants. Four-liter beakers are used as the container or a plastic bag

8" x 8" x 10", A 60 mm. Petri dish is used to contain the formulation or
compound being tested. Five cc. of material is placed in the dish. Suggested
exposure periods are four, eight, sixteen and twenty-four hours at 80°F.
Twenty-four hours and two weeks after conclusion of the treatment the
condition of the plants are noted.

A possible arbitrary grading scheme suggested in an attempt
to obtain a somewhat quantitative system divides the responses into six
groups as follows:

A. no effect

B. slight (epinasty znd leaf modification with no stem
swelling)

C. moderate (a few irregular stem swellihgs and leaf
modiﬁcation)

D. severe (general stem swelhngs, stems often bent and
leaf mod1f1cat10ns) :

E. very severe (steris swollen from tip to base, usually
markedly bent, stunting, sometimes cracked stems,
and necrotic areas, little ap:cal growth, often no
leaf modificat .on because of this lack of aptcal
growth)

. dead
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All tests should be replicated and fresh samples used for

every test.

The glassware used is washed with acetone and strong caustic and
tested for contamination by exposing a young tomato plant before being
reutilized in a regular test.

Table 1 gives the results of one experiment obtained by three
laboratories using this test at ?0~80°F. ~This table is not to be constr‘ued
as being the expression of the committee as to the relative volatilities of
the compounds tested. It.is given here to indicate the nced for a standard- :
ized test with reproducible results that can be easily duplicated in other
- laboratories.

The seed volatility test method is a modification of Mullison and
Hummer's (4) method and is as follows:

Pint-sized Mason jé.rs with Kerr-type lids are used. Ordinary
window screening is used to make a small circular dish 2-3/16'" in diameter
and 1/2" deep. This is suspended by three wires on a small hook soldered
into the top of the lid. Fifty teeds are placad on this screen. It may be
possible to simplify this by using a cheesecloth bag. Preliminary results
indicate no difference betweer. either type container. If a larger jar such
as a quart or half-gallon is used, more seeds may be easily treated. In
this case, one hundred seeds are suggested. The materials being tested ‘
are placed in the bottom of a 30 mm. Pyrex Petri dish. Five milliliters
of material are placed in the dish. A small wire frame with a loop attached
into which the Petri dish sits facilitates moving it into and from the jar. i

Exposure periods suggested are two and four weeks at 80°F after
which the seeds are germinat:d. Jars and equipment should be dry to prevent
mold contamination. Both a treated control and an untreated control are
used. If root measurement dita are taken a germination temperature of
70°F is suggested. In this case, at least three 100 mm. Petri dishes with
ten seeds per dish are used. Ten cc. of distilled water is added and the
seeds are germinated on #1 Whatman filter paper. Root measurements are
taken about four to six days a’ter the test is started. If per cent germination -
is taken, seeds are planted in coarse river sand 1/2" deep and placed in '
greenhouse for germination. Per cent germination is taken about ten days
after seeds are planted.

Table 2 gwes the results obtained by three 1aborator1es using the
root germination.test. Again, these data are to be considered as being only
the results of one test showing the variation that can occur in data obtamed
from different laboratones unmg a similar technique.
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Summary
—_—

Both the plant test method and the seed test method have advantages
and disadvantages. However, either or both tests appear to give the same
relative ranking in respect to Phytotoxic volatility of the compounds studied.
The seed test seems to have the ads antage of being able to control test
conditions more easily and to get a setter guantitative measurement although
itis slower. Thisis a progress rejort, however, and the committee is
continuing its effort to improve these methods as well as to develop new
ones. The ultimate goal of the com:nittee is: :

1. To obtain the best and siinplest method or methods which will ,
will give consistent results. '

2. To make it possible to establish methods for defining Phytotoxic
volatility of 2,4-D esters. , : ,




Table 1

Test Done By Three Laboratories

.- Lab. 1
Hrs. O'servations

‘Lab, 2

~ Observations

The Results o' A Cooperative ‘Tomato_ Plant Volatility

Lab. 3

Observations

2,4-D Esters

Exp. 24 Hr, 8 Day -

24 Hr. 14 Day ' 24 Hr. 14Day

M

4 NE S M D SL
isopropyl 8 N S SL. D SL M
' 24 VS D D D “SL. . D =
pentasol 4 4 | M M D SL- SL
{mixed amyl) 8 N S M Vs SL M
24 5 D VS VS SL M
4 N N -- -- N SL
isooctyl 8 N N .- -- N SL
24 N VS -- -- N M
4 N SL SL SL N SL
butoxyethanol 8 N SL S S N SL
) 24 N VS M SL N M
polypropylene 4 N N M S N SL
glycol butyl 8 N N SL Vs SL SL.
24 N M vSs D SL M
tetrahydro- 4 N SL -- -~ N SL
furfuryl 8 N SL -- -- N SL
24 N M -- - N M
4 - -- N N N N
8 -- -- N N N N
24 N N N N N SL

*N - no effect
SL. - slight effect

M .. moderate effectk
S .. severe effect

VS - very severe effect
D - dead




Table 2

The Results of A Cooperative Pea Seed Volatility Test Done By
Three Laboratories

Exposure Period 14 'Days at 75°F + 5°

Lab. 1 ' Lab. 2 Lab. 3
6 Days Germination at 4 Days Germination at 11 Days Germination at
80°F 70°F - _ 80°F
Av, Root Growth Av. Root Growth Av, Root Growth
Root - as % Root ‘as % Root as %
2,4-D Esters Length of Control Length of Control Length of Control
isopropyl 5.8% 41 .8 29 2.1 10
pentasol (mixed amyl) 5.0 35 8.6 32 3.1 14
isooctyl 10.5 75 24.5 90 8.5 39
butoxy ethanol 9.3 66 19.3 71 9.8 45
polypropylene glycol _
butyl ether 16.6 118 23,3 86 9.7 45
tetrahydrofurfuryl 14.5 103 26.1 56 o 10.9 50
control 14.1 100 27.1 100 21.8 100

*All root lengths are expressed in millimeters.

Part of the variation is due to the temperature being different during germination

which is particularly important here since peas are a cold weather crop.

Note also the variation in the length of germination periods before root measurements were taken.
The third point is that the data from Lab. 3 is very poor with a great deal of variance in the
treatments due to mold contamination, but it was included here because it was the only data
available at this time on these particular formulations.
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