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profound effect. In the case of the arnrnorrium salt there is a larger amount
of free phenol available for water vapor distillation since the ammonium
ion is more easily dissipated than the alkanolamine. This has the effect
of making more free phenol available.

The results obtained where lirne was added to the soil surface are
extreme ly intere sting inasmuch as the low loss of DNOSBP in the vapor
phase coincides with lowered injury obtained in plant growth tests. This
can probably be best explained on th e basis that the high concentration of
calcium ions in a very thin zone of tne soil pushes the nitrophenol-salt
equilibrium towards the calcium sal: which is not water vapor distillable.
Where the soil was in a completely dry condition the lime effect was not too
noticeable, and was probably due to the lack of water vapor to move the free
phenol where present.

Although DNOSBP can move in the vapor phase along with water it is
probable that only a portion of it is lost into the atmosphere and it is pos­
sible that some of the DNOSBP conde nse s out on both soil particle sand
plant parts, especially when the Iat te r are cooler than some of the surround­
ing soil.

Biological tests using e me r gin g cotton seedlings have shown that under
some conditions DNOSBP can move trr ough the atmosphere in concentra­
tions sufficient to injure the young plants. As indicated above, greenhouse
tests where lime was used in conjunc tion with a Premerge application
lessened the injury to emerging cottc.n ,

Blth g r e enhou se tests and field experience have shown that corn, beans,
peanuts, and potatoes are much mor e tolerant of DNOSBP than cotton.
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PRO~RESS REPORT OE' THE NATIONAL AGRICULTURAL CHEMICALS
ASSOCIATION COMMITT EE TO STUDY T EST METHODS FOR DEFINING

LOW VOLATILE ESTERS O~~ 2,4-D

W. R. MUllison l, W. VV. Allen 2, R. C. Scott 3

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 r e sponse s similar to those
caused by ethylene gas. In later work Zimmerman and Hitchcock (7, 8)
report that ester s are more volatile than the co r r e sponding acids or salts.
This work was ci~ne mainly with corn pourid s like naphthalene acetic acid,
l3-indole butyricac.id, l3-naphthoxy acetic acid, and other plant gr owth
regulator s known at that time.

The term volatile is a r e Iat i v e one and the criterion of how easily
a material vaporize s or evaporate sis determined by its vapor pressure.
F3r comparison, the vapor pressure s o'f several c .omrnon materials at 80°F
are as Io Il o w s : ethyl ether - 572 mOl., ethyl a lc oho l - 65 mm., water -
26 mm., mercury - 2.1 x 10- 3 rnrn . Ordinarily, mercury is considered
to be nonv vo Latt le : yet when constant: y used in Labo r at.o r ie s , precautions
must be taken against its va po r i z.at io n to prevent human poisoning. The
isopropyl ester of 2, 4-dichlorophenoKyacetic acid has a vapor pressure of
about 1.0 x 10- 3 mm. at 8et F. However, this material can cause damage
to plants be cause of its extremely gr eat activity even though its vapor pre s­
sure is very low. The isopropyl e s te r of 2, 4-D compared with the common
materials mentioned,. would be consi:lered to have a low or de r 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 volatil+t y of 2,4-Desters. 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
sugge ste d that the term "phytotoxic vo Lat i Ii t y" 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.

1
The Dow Chemical Company

2American Chemical Paint Company

3pittsburgh Agricultural Chemical Cornpany



Several investigators A'Len (IL Marth and Mitchell (3). Mullison and
Hummer (4). and Wolf. et al (SL have reported data that i.ndi c ate s that the
volatility of 2,4-D esters varies and in general decreases as the :~ength of
the aliphatic carbon chain incre a se s . Moreover, changes in che mic a l
structure of the esterifying gro.lp may alter volatility. Therefore, since
various 2, 4-D esters have different levels of volatility, the use of the term
"Iow volatile" as applied to cer :ain esters of 2, 4-D has arisen. Questions
then arise concerning lowvo lat LIe 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 fordeterr'lining the volatility of these esters?

In an' attempt to answer these quest ion s , a subcornrrritte e unde r the
sponsorship of the 2,4-DCommittee of the N.A.C.A. was set up. This sub­
committee is made up of rne rnber s from three companies engaged in the
manufacture of 2, 4-D esters an dt hi s paper is a progress report of their
work on this problem .

. . In considering an appr ouch to this problem, two main potnt s are
appar ent . First, what method ,)f measurement is to be used in measuring
the phytotoxic volatility; and, se cond , what limits should be decided upon
that will differentiate between 'Volatile and low volatile esters of 2, 4-D?

The major part of the aubcornrrritt.e e I s work to date has be e n confined
largely to try and find an adequate test method or rne thod s which will
measure the vo Iat i Iit y of 2,4-D esters. To be acceptable, the test method
or methods must give cone i ste nt re suIts which can be readily duplicated
by other laboratories.

The test methods co ns i.der e d were:

1. Physical Methocts - An easy physical rne tho d would be very.
desirable as it would be quantitative and tend to avoid subjective bias
by the ope r ator , 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 po irr; deter­
minations over a series of pressures below 760 mm. 'of mercury 'na s ..no,!
been to..Q.,satisfactory up to the pr e se nt , and since the dynamic mexhod of
measuring actual amounts of material carried off in a saturated gas stream
has, in the past, ~tisjactory be cause analytical methods ofa .
sinsitivity sufficient to rne as ur e ive r y small amounts 'of 2,4-D were not
available, the physical methods were discarded.
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2. Biological Methods· In any type of biological test, several
points should be kept in mind. T~e tesLI>~oul~:LQ~~~:p,~.itive; easy and rapid
to £.er~; q~,:~!~!_~!iye ;usa~!~_~~~~;~i~o\lt.the yea::; reg.~~E~...~_i!l!f>I~·and
r~_~ai1able eg~lE~~~~;and lastly but of extreme i~p()r.tanc~, the test
should be one which can readiTy be duplicated in other .labo r ato r ie s .

Biological test methods in the field and in the laboratory
were considered. However, due to their seasonal nature and many uncon­
trollable va r iab le e- field tests did not appear practical. Therefore, labora­
tory methods were decided upon and the following two methods were used:
(a) plant volatility test method, and .b] seed voIMility.test-method.

-... - '~."., ': ,=",', .-:-~;.::.:;;.... ~-.-

The plant volatility 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 use d as the container o r a plastic. bag
8" x 8" x 10". A 60 rnrn , Petri dish is used to contain the formulation or
compound being tested. Five cc , of material is p lace d in the dish. Sugge sted
exposure periods are four, eight, s i xte e n and twenty-four hours at 80 eF.

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 z.nd leaf modification with no stem
swelling)

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

D. severe (general s.te rn swellings, stems often bent and
leaf rtibdifications)

.'~.' .
E. very severe (sten,s swollen from tip to base, usually

markedly bent, stunting, sometime s cracked stems,
and necrotic areas, little apic~:'f growth, often no
leaf modificaLon because of this lack of apical
growth)

F. dead

.. 3 -



All tests should be replicated and fresh samples used for
every test.

The glassware used is washed with acetone and strong caustic .and
te sted for contamination by e xpo stng a young tomato plant before being
reutilized in a regular test.

Table I gives the results of one experiment obtained by three
Iabo r ator i e s using this test at 70-80°F .. This table is not to be con atrue d
as being the expressbn of the committee as to the relative volatilities of
the compounds tested. It is given hereto indicate the needfqr a standard- .
ized test with reproducible re suIts that can be easily duplicated in other
labor atorie s ,

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

Pint-sized Mason jars with Kerr-type lids are used. Ordinary
window screening is used to rna ke a small circular dish Z-3/16 11 in diameter
and 1/ Z" deep. This is suspe nde d by three wire s on a small hook soldered
into the top of the lid. Fifty s e e d s are placed on this screen. It may be
possible to simplify this by us ing a cheesecloth bag. Preliminary results
indicate no difference betwe er. either type container. If a larger jar such
as a quart or half-gallon is us ed, more seeds may be easily treated. In
this case, one hundred seeds are Bugge sted. The materials being tested
are placed in the bottom of a ,,0 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.

Exposure periods sugge sted are two and four weeks at 80°F after
which the seeds are ge r mtnat-ed. Jars and equipment should be dry to prevent
mold contamination. Both a treated control and an untreated control are
used. If root measurement data are taken a germination temperature of
70°F is suggested. In this case, at least three 100 rnm , Petri dishes with
teriseeds 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.Ite r the test is started. If per cent germination
is taken, seeds are planted ill coarse river ~and vtz» deep and placed in
greenhouse for germination. Per cent germination is taken about ten days
after seeds are planted.

Table 2 gives the re suits obtained by three laboratories using the
root germination.test. Again. these data are to be considered as being only
the results of one test showin g the variation that can occur in data obtained
from different laboratorie s uuing a similar technique.
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Summary

Both the plant test method and the seed test method have advantages
and disadvantage s. However, eithe r or both te sts appear to give the same
relative ranking in respect to phyto1oxic volatility of the compounds studied.
The seed te st seems to have the ad ....antage of being able to control test
conditions more easily and to get a oette r quantitative measurement although
it is Slower. This is a progre ss r e por't •. however I and the committee is
continuing its effort to improve these methods 'as well as to deve Iop new
one s , The ultimate goal of the com: nittee is:

1. To obtain the best and simplest method or methods which win
will give consistent results.

2.. To make it possible to establish methods for defining phytotoxic
volatility of 2., 4-D esters.
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Table I

The Results 0:' A Cooperative Tomato Plant Volatility
Test Done By Three Laboratories

Lab. I Lab. 2 Lab. 3
Hrs. O'ase r vat iona Observations Observations

2,4-D Esters Exp. 2.:: Hr. 8 Day 24 Hr. 14 Day 24 Hr. 14Day

4 :'l* S M D SL M
isopropyl 8 :'l S SL D SL M

24 VS D D D SL D

pentasol
(mixed amyl)

isooctyl

butoxyethano 1

polypropylene
glycol butyl
ether

tetrahydro­
furfuryl

4
8

24

4
8

24

4
8

24

4
8

24

4
8

24

..
)

M
S
D

N
N
VS

SL
SL
VS

N
N
M

SL
SL
M

M
M
VS

SL
S
M

M
SL
VS

D
VS
VS

SL
S
SL

S
VS
D

SL
SL
SL

N
N
N

N
N
N

N
SL
SL

N
N
N

SL
M
M

SL
SL
M

SL
SL
M

SL
SL
M

SL
SL
M

VS - very severe effect
D - dead

control

*N - no effect
SL - slight effect

4
8

24 N

M ,. moderate effect
S· severe effect

N
N
N

N
N
N

N
N
N

N
N
SL



Table 2

E:xposure Period l4"Days at 75°F + 5°

r-
10

14

39

45

Root Growth
as 0/0

of Control

Lab. 3

2.1

3.1

8.5

9.8

9.1 45

10.9 50

21.8 100

11 Days Germination at
80° F

Av.
Root

Length

\

h *' '-."'J .J._),>!-~-, If •

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

Lab. 1 Lab. 2
6 Days Germination at 4 Days Germination at

80°F 70°F
Av. Root Growth Av. Root Growth

Root as 0/0 Root as 0/0
2,4-D Esters Length of Control Length of Control

isopropyl 5.8* 41 7.8 29
pentasol (mixed amyl) 5.0 35 8.6 32
isooctyl 10.5 75 24.5 90
butoxy ethanol 9.3 66 19.3 71
polypropylene glycol

butyl ether 16.6 118 23.3 86
tetrahydrofurfuryl 14.5 103 26.1 96

control 14.1 100 27.1 100

*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 the se particular formulations.



88

Bibliography

1. Allen, W. W.• Progress Report on volatility of some esters of 2.4-0.
Proceedings Third Annua' Southern Weed Control Conference, p. 7-12,
1950.

2. Gillies, A. and Warren, .I , C. R., Volatility of 2,4-0 Esters. Research
Report Ninth Annual North Central Weed Control Conference, p , 159,
1952.

3. Marth. P. C. and Mitchell, J. W. Comparative Volatility of Various
Forms of 2,4-D. Bot. Gaz. 110,632-636, 1949.

4. Mullison, W. R. and.Humrne r , R. W., Some E£!edsof2,4-Dichloro­
phenoxy acetic Acid De r i v at i ve s on various F'ie Id-icz-op and Vegetable
Seeds. Bot. Gaz. Ill, 7"-85, 1949.

5. Wolf, D. E., Sowa, F., Ahlgren, G. H., and Daines, R. H., Relative
Volatility of Some Forms of 2,4-D. Paper presented at Northeastern
Weed Control Conference I 1950.

6. Zimmerman, P. W. and Hitchcock, A. E., Comparative ~ffectiveness

of Acids, Esters and Salt" as Growth Substances and Methods of Evaluating
Them. Contrib. Boyce T'lompson Inst. 10, 197-200, 1939.

7. Zimmerman, P. W., Hitchcock, A. E., and Wilcoxon, F., Responses
of Plants to Growth Subst.e.nce s Applied as Solutionis and as Vapors.
Contrib. Boyce Thompson Inst. 10, 363-376, 1939.

8. Zimmerman, P. W. and Hitchcock, A. E .• Experi.ments with Vapors and
Solutions of Growth Substcnces. Contrib. Boyce Thompson Inst. 10,
481-508, 1939.

- 8 -




