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An Evaluation Of The Aerial Applicatioh of 2L5-T
As A Timber Stand Improvement Tool
In New Hampshire

Leslie B, Sargent 1

Since 1957 foresters, both public and private, in New Hampshire have
been debating the pros and cons of aserial applications of 245-T, Many of
us have advocated 1t as an effective and relatively low cost method of
getting timber stand improvement accomplished on large acreages. Others
felt we were destroying potentially valuable hardwoods as well as the desir-
able mixed hardwood - softwood composition of our forests. Questions were
raised by some peocple in the Agricultural Stabilization Conservation Servioce,
the agency sharing 75% of the cost of doing this work, as to the effectiveness
of this method. In other words the time had come to step back and look at
this so called 'tool' with more careful consideration and on a broader besis
than had been done previously.

This i the background leading up to the appointment of a three-man
committee by K. E. Barraclough, Extension Forester, University of New Hampahire
and Supervisor of the Cooperative Forest Management Program in the state. He
selected Tudor Richards, Forester for Cheshire County, Arthur G. Dodge, Carroll
County Forester and myeelf as chairman, The instructions to this cormittee
were to find out just how effective the aerial spray program had been to date
and to make recommendations necessary to improve it.

. The committee held one meeting on the apron strings of another conference
and decided immediately to call in some outside help, Since none ¢f us had
had much, if any, experience in the field of research, we decided to ask
Thomas McConkey, Forester-In-Charge, at the Massabesic Experimental Forest
in Alfred, Maine to guide us, He had pioneered in the use of this technique
of helicopter epplication of 2L5-T as a tool for both timber stand improve-
ment work as well as planting site preparation in some of the burn areas of
Maine, Of course, this work had all been quite carefully evaluated and so it
seemed to us that 'Tom' was the logical person to turn to for help.

Our first meeting with him showed us that we had better keep our efforts
directed in a very general evaluation of the spray program if we hoped to
cover mich ground in our short allotted period for field work. We readily
conoluded permanent plots, random samples, etc. were for the research people
and not for us to tangle with because we had only a week for field work and
other time as we could find it in our schedules to summarige our findings.

Tudor Richards developed a field data sheet whioh gave us something on
which to record our observations and opinions, We made a serious attempt to
keep this field form as simple as possible in order to expedite the recording
of information as we examined the areas and to further simplify the summari-
zation of this material, I am inolined to think that this was no simple task
as I look back on the whole matter,
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We developed a simple questionnaire to be completed by the person in ocharge
of each spray job, from 1957 through 1961, - We circulated these through the
County Foresters to be sure that we had complete coverage. These questionnalres
were designed to help us inventory the areas treated as to location, siss, stand
corposition by species and size, amount of chemical used, date of treatment,
time of treatment, weather conditions at time of treatment, and an evaluation
by the forester in charge as to effectiveness., When these were returned we
again met and examined them in detall and set up our field itinerary. We
attempted to 1ay out our route to dlow us to cover from three to four areas
each day, .

Again we collaborated with Mr. ‘MgConkey, this time on setting up a ﬁ.eld
prooedure, We came up with the following plan. The full committee in the
company of the forester, whenever possible, who was in charge of the spray
project, planned to make as thorough a reconnaiuaxice of the spray area as
possible. About half way through this examination, we were to stop to record
our ‘composite opinions as to the following factors we had decided to evaluate,

These factors inoluded gereral information such as location of the ares,
name and address of the owner, acreage sprayed, acreasge of the total ownership,
accessibility, percent slope, exposure, altitude, general soil description,
leading conifer species, leading hardwood species, and eny additional pertinent
information, We also recorded the average or range in height, density, thrifti-
ness, percent of conifers free to grow in relation to the hardwood competition--
this information was estimated for the stand before treatment as well as &t
the time of examination. We recorded our estimates of the percentage of ‘the
overstory and understory hardwoods which were thrifty, appreciebly damaged,
badly damaged but recoverable and dead or dying, We also recorded the percent-
age of conifers which were thrifty, suppressed, badly suppressed or suppressed
beyond recovery.

Further #nformation on individual species both be!‘ore and after treat-
ment included percentage of each hardwood species, percentage of each eoﬁif.er
species in reference to average height and ‘to leader growth,

On the back of this form we answered the following questions, Would there
have been a satisfactory conifer stand if not treated? Was ground spray or
mechanical work Justified on the area? Would another method of treatment have
been more satisfactory? Does the area need further treatment? Was the over-
all evaluation of the spray area --- Excellent?, Oood?, Fair?, Borderline?,
Not Justified?, oo

We had decided to f£i1l out the field form at abou'b the mid-point of our
reconnaissance in order to allow us an opportuniﬁy to’ verify or, if necessary,
to reconsider our opinions after making the return trip over a different
route. ' ‘

- I would like to mention that in all fairnees 'to this eomd.ttee and to
Mr, MoConkey that we recognized from the outset that'more technical data
gathered over a prolonged period would be necessary if we were-to draw any
substantiated conclusions as to the effectiveness of this technique of timber
stand improvement. I expect that you could better classify our evaluation as
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an bopinion-polll. rather than s .remegrch.projest. Me are more convinced now
than before..that some system of .continual ewaluctioe‘ is necessary with'all
timber -stand improvement techniques, whether. aeria) spray, mist blower' fougge
treatments,  basal -spray, frill,. ng or.jugk .maghanical cutting, Follow-
up inspections for several yurs arter treatmnf. m;,at leaat 8 aample ot the
areas 'is. very negessary. - . S ,

Perhape 4t-would: be well to emhaaize here. @h&i a.],l of the serial spray .
work accomplished to date in.New Hampshire has_been with a spray boom -
equipped helicopter. We have had no experience with fixed wing aircraft,

The 1957, 1958 and 1959 spray work was all based on the formula of 2 quarts’

or 2 pounds: agid equivalent of 245-T.(Trichlorophenpxyacetic Acid, Butoxy.
Ethanol Ester) in 10.or 11 quarts of fuel oil.. The 1960 and 1961 jobs with _
the exaeption of. three were treated with 1 quart or.1 pound aeid equiveleqt

of 2li5-T .mixed with 11 quarts.of -fuel oil per gore. .We found no variations. .

in effeotiveness which we felt.oould be attributad ;0 the formula used. ' . °
There were enough expeptiona 0. 8 ? fIpad-,t.em pf re [ts we . attempted to’ devqlop:
80 that the formulation seemed relatively unimportant. This may have been'a
false aasuuption qn our part_-_ but ve; are quite .confident we are safe in mald.ng

‘To get back to the ani;ual eynluation in the .ﬂ, 1d. We were fortunate
in having Mr. MoConkey with us for the first day in. the ‘field to help check. '
out our sarpling methods and work. ot a few prgblenqq We werg able to, =~ .
examine a total of 17 areas well distribtuted throughout the counties where
substantial aoreages had been dope,. .Our distritution of samples as to yeqr
treated between 1957 and 1961 was not good. Howaver, this was caused more.
by the faot that.we hed set up a yery tight schedule.of examining £rom three-
to four areas..each-day. than for any other. Teason.. Y

These areas ranged in elevation from a few hundred feet to between 3500
and LOOO. feet :above sea level. I.mentlon this becauge we feel thet there is
some’possible .variation in mceptibility of individupl species due to ..
extremes of elevation. For instange, we found :a very definite resistance of
H‘hite Birch (Betula pa:pyrifera) at elevatione in excess of 3,000 feet.

Agas.n berqrq«zqe develop aw oonolueions way I. xnm.nd you thet we | “}‘ e
realize we oan only base them.upon;observations and axperience over the uet.
six yeara ard. not npon any techn&qal aubstantiaﬁing data, .

We feel that We can say with some degree of cerﬁainty that aerial
applioation by helioopter of 245-Ts

. is effect.ivg ‘when appuid tq the correc'b areg. ,
. 1 PO
2. 18, as far as damage to conifer apecies 1e conoerned, safe to apply,
in amounts of 1 to 2 pounds acid equivalent.per acre. (The only’
-exceptiens. gbserved.were .damage -to. hemlogk where only 1 pound.agid
equivalent. of 2L5~T was ulod. This 4 mage qe not considered 1;9 bﬁ,.
1 eerloua , oo N
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3. should only be made on areas which have heen carefully examined in
detail prior to treatment to determine if species composition, height
and density of overstory and understory is satisfactory.

L. should not be made on areas of much less than 25 acres, Aggregate
areas of 100 acres to be treated from one landing point are preferred.

S. in general, cannot be expected to retard the growth of weed trees,
not definitely killed, for a period in excess of three years,

6. cannot satisfactorily control resprouting or seed germination,

7. 18 not a miracle cure for the use of the forest manager, but does
offer an economical method of treating areas difficult to handle
by other means.

To further elsborate on these conclusions, we feel that it is necessary
to select areas for trsatment where there is not a definite high overstory
of sufficient density to obstruct the penetration of the spray. If it is
decided to spray such an area, it would be necessary to meke at least two
spray applications two or more years apart. The first to kill and the second
to secure a sufficient release in the understory. This is, of course, assum-
ing that a release is needed in the understory.

When the predominant weed specie is Sugar Maple (Acer saccharum), it is
the opinion of the committee that it would not be practical to aerial spray
the area with 245-T, due to the resistance of the Maple. ‘

We would caution the forest manager from using 2L5-T where extensive
stands of hemlock (Tsuga canadensis) are involved,

The committee feels that it is extremely important to make a very careful
preliminary examination of the potential spray area. We feel that if the
forest manager has a check list of guides to consider when he makes his recon-
naissance, he can quite easily judge the practicability of spraying the area,

We believe that it is quite lmpractical to expect weed competition to be
retarded for a period of much in excess of three years, It is not intended
to infer here that effectiveness is not to be expected beyond this three year
limit. It is here that we think the forest mansger must decide if a three
year period of release of the crop species on the area will be sufficient to
bring through a good crop of softwood. If more than three years of release is
necessary, then we expect that more than one aerial spray application will be
needed, probably in the second or third year after the initial treatment. We
found areas where the resprouting of weed trees killed back to the ground level
and the germination of weed seeds had, after three years, created a situation
about as bad as the original condition before treatment. We are confident
that on these same areas the year following treatment the area appeared to have
had a perfect kill, or release if you prefer,

There are species such as Mountain Maple (Acer spicatum), the Poplars or
Aspens and undoubtedly others which send up vigorous sprout growth from the
root crown and the root system during the second and third year after spraying
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which was in no wqy controlled hy the 1n1t1a1 spray. There is of course ro
question that seeds in the ground at the time of spraying will continue to
erminate. The most serious problem of this was noted in cases of Pin Cherry
Prunus pennaylvanica). . v

In relation to susceptibility of various individual'speciea I have in-
cluded at the end of this paper a table showing our findings on, perhaps it
would be best to say, apparent susceptibility of the ap_eci.es we encountered.

I am confident that when the ratio of cost to degree of release is con-
sidered, we have been successful with our spray program in New Hampshire.
There are instances where better judgement in the selection of spray areas
would have been desirable. However, since we expect to develop a set of
guldelines for our foresters to use on future examinations, I am sure we will
see less of this problem. It is quite apparent that there is also need to
orient the thinking of many foresters and landowmers as to just what they can
expect from thie relatively low cost method of doing timber stand improvement.
We found on our tour several instances where failure or near failure had been
reported and the committee felt that the degree of release, that was reason-
able to expect, had been obtained, The regrowth on these areas is, we feel,
nothing unexpected in the use of chemicals in any form. It will be necessary
to remove the idea from some minds that this is a one-shot miracle cure for
troubled forests., Personally, I believe that two or three aerial spray
treatments at the same total overall cost of one ground treatment will give
better results than any ground method yet devised. I would not say that this
was the conclusion of the committee, but rather my own feeling.

There hag been no effort made to put into numerical tabular form any of
our feelings except for the susceptibility information at the end of this paper.
The reason for this is simply that the commitiee feels that any tabulation of
data may give a false impression of the accuracy with which it was obtained,

We are only reporting our observations, opinions and experiences with aerial
applications of 24S5-T over a period of six years or ao, as well as a summari-
zation of evaluation made thie past summer. .
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Suséeptibility of Hardwood Species
New Hampshire Aeriel Spray Program Evaluation
Summer of 1962

Species 2 % APPRECTABLY € BADLY % DEAD OR
THRIFTY DAMAGED DAMAGED DYING
Red Maple ° 7 18 23 52
Acer rubrum u 11 21 29 39
S-I
Sugar Maple ) 68 17 7 8
Acer saccharum u 90 10 0 0
R
Mountain Msple 0 - - - -
Acer spleatum n 35 55 5 5
I-R ,
Gray Birch o 20 13 15 52
Betula populifolia u 13 11 26 50
S-I
Paper Birch 0o 22 11 1 55
Betula papyrifera u 1 10 32 57
S5-I
Yellow Birch o 5 8 12 75
Betulas lutea . - 0 - 0 20 80
S .
Red Oak o 2 6 v 7 86
Quercus borealis u 2 2 -5 91
S . .
(Resprouts)
Black Oak ° . 5 10 25 60
Quercus velutina u 20 20 20 Lo
S-I
.- White Oak o 5 5 - 90
Quercus alba u 0 0 20 80
S
Pin Chezrry ° 5 6 8 81
Prunus peunnsylvanica u (No noticeable difference in susceptibility
s relative to crown position)
Quaking Aspen ° 39 1k 11 35
Populus tremiloides u 22 17 15 L7

I
(Sprouts from roots) Note: Extreme variations in each area examined.
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4 % APPRECIABLY ¥ BADLY & DEAD OR
Species , THRIFTY DAMAGED - DAMAGED - DYmNG
White Ash 0 70 5 12 13
Fraxinus americana u’ - - - -
R .
Americen Elm ) Ls 15 10 30
Ulmis americana u - - : - -
I
(Resprouts)
Speckled Alder o - - - -
Alnus incana u 1 10 27 58
]
KEY .
o =~ Overstory-
u - Understory
S =~ Susoceptible
I - Intermediate
R =~ Resistant

THRIFTY - Trees in good healthy growing condition at time obeerved. '

AFPRECIABLY DAMAGED - Trees with significant damage (up to 1/3
defoliated) from spraylng which apparently would recover or had
recovered at time of observation,

BADLY DAMAGED '- Trees with severe (1/3 to 2/3) defoliated and-
probably would not recover sufficlently to cause further coupetition
to crop trees,

DEAD OR DYING -~ Trees gppdrently dead or nearly- B0 at time of
observation (over 2/3 defoliated)



STUDIES ON GRANULAR FORMULATIONS OF 2,4-D
C.M, Switzerl and O.A. Fernandez

Introduction

The application of mixtures of 2,4-D and- fertlllzer in dry for-
mulations to turf has become fairly wiéespread in the last few years
and several commercial materials are avalilable; Nevertheless, 1t is
difficult to find officlal recommendatlons for-the use of such formu-
lations in most areas, and even more difficult-te find information in
the literature on their efficacy. In the Froceédings and the Supple-
ments to the Proceedings of the Northeastern Weed Control Conference
from 1949 to 1962, only 3 references were found that dealt with 2,4-D
or related herbicides used in granular formulations on turf (1, 2, L)
These papers were all published by DeFrance and co~workers from Rhode
Island so it seemed desirable to investigate such materials under
other conditions,

The present paper presents the results of some experiments in
which the activity of granular 2,4-D, with and- w1thout fertilizer, was
studied on turf and in the laboratory.

Methods and Results .{
Experiments on turf:

Turf plots were located on the campus of the Ontario Agricultural
College, Guelph, Ontario., The areas treated were infested with dande-
lion, ribgrass (Plantago lanceolata L.), black medick and red clover,
with some mouse-car chickweed and common plantain. Grass was a mix-
ture of blues, red fescue and meadow fescue,

One difficulty frequently encountered in weed-control experil-
ments on turf is the best way to compare treated and check areas, 1In
the present study this was done by treating a 10 x 10 foot area in the
centre of 12 x 12 foot ploss., Thus a 2 foot check strip was present
between each pair of plots, It is felt that this method is a good one
in experiments where there are many plots over a large area and the
weed population is not completely uniform,

One plot area was treated May 9 and 11, 1962, with 5 different
formulatiens of 2,4~D; (A) propylene glycol butyl ether ester 20% on
clay - diluted w1th lé oz inert clay per plot; (B-~1) ethyl hexyl ester
2% with fertilizer (9~5-3) 20-40Q mesh; (B-2) same as B-1 but 12-20
mesh; (C) diethylamine salt - 1% with fertiliger (10-8- 4); (D) iso-
octyl esters of 2,4-D and 2,4,5-T - O, 52% and 0,26% - with fertilizer
(20-10-5)3 (E) amine salt of 2 4=D - 50m (llquid). The change in for-
mulation B had no effect on the results so only those from the B-2

Assoc1ate Professor and Graduate Assistant, réspectively, Department
of Botany, Ontario Agricultural College, Guelph, Canada, Present

PRI DU Llna Tiind men mskliarms AThAnAd 1:1 Reamaas Madda Rnoanne Adroa



treated plots are reported below, as this is the formulaticn on the
market., All percentages given above are in terms of acid equivalent.

Table 1, Effects of Various Formulations of 2,4-D applied in Early
May to Weeds in Turf, -

‘Weed Control Rating (0-4)%

Formulation ib/A acid | June 19 June 27
A 1.6 0 1.5
3.2 0.5 2.0
3.8, 1,0 2,0
0 3.0 3.5
10.0 3.5 4.0
12.0 .- 3.0 4.0
B 8.0 3,0 4.0
lono 3!5 ' lkoo
12.0 3.5 4.0
c 1.6 0.5 1,5
3.2 1.0 2.5
10'18 205 300
D vl.é C.5 2.0
24 1.0 3.0
BE 1.0 3.0 3.0

lRating O=4 where 0= no control; 1 = 0-50%; 2 = 50-80%; 3
80-95%; 3.5 = 95-100%; 4 = 10 0%. o

Similar experiments were carried out on May 25 and July 10 with
different rates of herbiclde included. Representative data from these’
trials is presented below,

Table 2, Effects of Various Formulations of 2 s4=~D applied in May and
July to Weeds in Turf,

Weed Control Rating (Oih)l

Formulation .leA acid Augugt;BO'
A g §
8 3,5
B b 3
: 6 3
8 -3
c 1.6 1.5
3.2 "1l
4.8 2.5
D 1.k 2,0
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In these experiments a minimum of 4 to 6 1b/A acid equivalent .
was required for adequate weed ocontrol with the granular formulations.
Injury to the turf was not apparent up to rates of 10 lb/A. The addi-
tlonDof fertilizer slightly 1ncreased the apparent activity of the
2y b

Response of wet plants to granular 2, 4=D:

If the 2 h»D ina granular formulatlon enters weeds through the
leaves, it would be expected thdt better control would be obtained if
the materials were applied to wet leaves. To test this hypothesis,
duplicate plots were treated during the afternocon of August 1, One of
the plots was sprayed with water (1 litre/100 sq ft) immedlately before
application of the granular, The other was treated in the dry condi-
tion, Silvex granular (20% active on clay) was -included in the trial,
Also wet and dry plots were treated with lawn fertiliger (20-10-5)
without 2,4~D. All treatments were replicated 4 times. The major
weed present was dandelion, with some common plantain, black medick and
whlte dutch clover.

On August 3 it .was apparent that applying the fertilizer or the
fertilizer-2,4-D mixture to wet leaves caused considerable burning.
No burning was notéd in - the dry plots. Slight twisting of dandelions
was apparent in all 2,4-D treated plots. The plots were observed
August 20 and September 5 and no difference in the speed with which
the weeds were kllled was noted.

Table 3. Regponse of Wet and Dry Plants to Various Materials.

: . . Fffect on
lb/A Condition Weed Control Rating {0-4)1 Leaves
Formulation acid of plot September 5§ Aun
C 1.6 . dry . 3.8 . none
1.6 wet 3.8 hurned
3.2 . dry 3.7 nene
3.2 . wet 3.9 burned
Silvex s o dry 3.5 none
(Granular) L wet 3.5 none
6 dry 3.5 none
6 wet 3.5 none
Fertilizer = " dry 0 none
- wet 0 burned

Isee footnote, Table 1.' ‘

Since excellent control was obtained in beth wet and dry plots,
no conclusions on whether or not there was increased effectiveness due
to wetting could be- made.

Similar results were obtained when this experiment was repeated
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The effects of application to wet and dry plants was studied
further in the greenhouse. Young, actively growing, common plantain
(Plantago major L,) plants ‘in 4" pots were treated by a ply1n§ 2, 4=D
granular at rates of 5 or 10-1b/A to the leavés or to the soil. "Half
the leaf-treated plants were sprayed with a fine mist of water before.
the 2,4~D granular was applied.

All plants with wet leaves treated with 10 1b/A were dead in 4
weeks, Plants with dry leaves ‘treated with this rate were 60% killed
and the rest appeared to be dying., The plants least affected were
those where the 2,4~D was applied only to the:soil surface., . Consider-
able formative effects were noted but none of these plants died within
L weeks, At the 5 1lb/A rate, 50% of the wet plants were dead and the
rest were badly distorted. At this rate the dry plants showed ‘some
formative effects but none appeared seriously damaged, Some formative
effects were also produced by the 5 1lb/A soil-treatment. AR

Leaching experiments:

In many of the turf plots treated with 2,4-D granular, reinfes-
tation of seedlings was noted 2 months after treatments, even 'in plots
receiving 10 1b/A active 2,4=~D,: In this respect -some informatien on
the leaching of 2,4-D from granular formulations applied to soil might
be of interest, . o T P

Various rates (1, 2, 4 or 8 pounds acid/A of the 2-ethyl hexyl
ester of 2,4-D (20% on clay) were applied to the surface of Burford
loam or Fox sdnd soil in special boxes with removeable sides, Water.
(a total of 2, 4, 6 or 8 surface inches) was then applied, After free
drainage had ceased, soll was removed at various depths (0.5, 1.5, 2.5,
and 3.5 inches) and tested for 2,4-D activity using a turnip seedling
growth test. ST e R

- The greatest activity was found in the top layer in both soil
types, In the loam soil, little 2,4~D was found below the one-half
inch layer, although at the higher rates some growth inhibition of tur-
nip seedlings was brought about by the second layer (0,5 to 1,5 inches).
However, in the Fox sand soil, as little as 2 inches of rainfdll car-
ried enough 2,4~D to the fourth layer to cause marked inhibitory
effects on turnips, ' ’ ‘

The rate at which 2,4~D is removed from granules by water was
studied by washing a weighed amount of formulation, placed on Filter
paper in a funnel, with succéessive 5 ml aliquots_of water, The fil-
trate was collected and each 15 ml was asgsayed using a cucumber growth
inhibition test, The initial washings were most effective in removing
2,4-D from the granules, but even after 25 washings (a total .of 375
ml water) considerable activity was still evident in the filtrate,
When 4 smaller quantity of herbicide was washed, it was found that af-
ter a time very little activity. showed up in the filtrate, -The: gran-~
ules were then removed from the filter paper and placed Iin a petri
dish with cucumber seeds. It was found that subsequent growth of the
cucumber hypocotyls was only 20% of control-as ccmpared to 12% of con-





