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ABSTRACT

In Jupe 1966, aerial spray tests were conducted at Base
Gagetown, Wew Brunswick, Canada, by personnel of the Biological
Sciences Laboratory, Fort Detrick, Maryland, in cellaboration
wirh the Cenadian Ministry of Defence. “Plots in & denee forest
of conifers and broadleaf deciduous specles were Bprayed with
herbiclides and desieccants by helicopter to defermlne the effec-
tiveness of nine cowpounds and their cOmbinations.

Preliminary results of these tests indicated Ehat the phenoxy
compounds (ORANGE, PURFLE, and 2,4-D plus 2,4,5-T) appeared very
effective on hardwoods, but had little or no effe#t on conifere;
picloram formulations caured moderate hrownout omi conifers as well
ag on hardwoods when appiled at more then 2 ib./epre. The
desiccating agents diquat and cacodylic acid ce;sed rapid brownout
of most gpecies but regrowth occurred rapidly.
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DIGEST .
. I
| -

Aerial spray tests on a heavily forested| area were conducted
by personnel of the Biological Sciences Laboratory, Fort Detrick,
Maryland, in collaberation with the Canadian| Ministry of Defence
at Base Gagetown, New Brunswick, Canada, in Juna 1966,

: C]

A total of 116 plots, each 200 by 600 feet with a 100-foot
buffer strip between plots, were marked off along both sides of
a trail through this forested area.

A U.S, Army helicopter equlpped with & HIDAIL system was used
to spray herbicides and desiccants on the plots,

Monthly evaluations of desiccation and défoliation responses
were made during the growing season following application; in
the year following treatment, plant kill wasidetermined.

Prelimirary results of these tests were:
. * :
1) ORANGE, PURPLE, and a mixture of 10% 2,4-D + 30%
2,4,5~T as n-butyl esters appeared very cEfective on hardwoods,
but had little or no effect on conifers.

2) Piclovam and M-2993 caused moderade brownout on
hemlock, fir, pine, and gpruce as well as on jhardwoods when
applied at more than 2 1b./acre. '

1) Cacodylic acid aad diquat caused apid brownout on
mogt speciecs when applied at high rates. Regrowth .oceurred
within 2 months.

'
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L. INTRODUCTION

In 1963, chemical compounds werc screened at Fort jRitchie and Fort
George G. Meade, Maryland, in wooded areas on individdal trees and in
small wooded plots to evaluate thelr effectiveness an defolianta and
deslcecants.

In 1964, aerial epray tests were conducted on transmission line
rights~of-way in Georgla and Tennessee to evaluate effectiveness of
several commexrcially available herbicides. Applications were made by
helicopter on plots of approximately 3 acres. An additional serles of
salected commercial herbicides and several newly synthesized chemicals
were applied by ground equipment at Fort George G. Meade, Maryland, in
a deciducus hardwood forest, '

In 1965, monthly applications were uwade from May through September
at Aberdeen Proving Grounds, Maryland, for the evaluation of defoliation
and herbicidal effectiveness of candidate chemical. agemts an 3evera1
hardwood species.

The Department of the Aymy, Fort Detrick, Maryland, has been charged
with finding effective chemical agents that will causel rapid defeoliation
of wooedy and herbaccous vegetation. To further develop these objectives,
large areas similar in density to those of interest in Southeast Agia
were needed. In March 1965, the Canadian Ministry of Defence offered
Crops Division large areas of densely forested land fofr experimental tests
of defeliant chemicals. This land, located at Canadiap Forces Bgse Gage-
town, Oromocto, New Brumswick, wai sultable in elze and density and was
free from hazards and edjacent cropland The test eitp selected contained
a wixture of conifers and deciduous ~roadleaf gpecies in .a dense undisturbed
forest cover that would provide similar vegetation denbities to those of
temperate and tropicel areas, such as Southeast Asiz.

The test site was located in the western portion of Base Gagetown
between Broad Road and Blissville Road (Pig. 1). The ﬁése of operations
wag located at Bliesville Air Strip approximately 2 to 4 air miles from
the test gite. |

The test site was an undisturbed forest consisting of 2 mixtura of
conifers and broadleaf decidvous svecies ranging in height from about
20 to 75 fect. It was approximately 4 miles long by 1,200 feet wide,
Terrain in this area varied fron swamp to outcroppings:of bedrock, with
vegetation varying with changes of tervain. At first, .wheeled vehicles
such as jeeps and 3/4-ton trucks werc able to traverse:the swampy areas
altong the traill, but eventually only tracked velidicles ¢ould navigate
through the mud and mire, .
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TI. MATERTALS ATID METHODS

A rotal of 116 plots, edach 200 by 600 feet with a| 100-foot buffer strip
between plote, were marked off along both sidez of an'east-west oriented
trail through thig forested area (Fig. 2). The corncis of cach plot were
delineated by strips of colored surveyor's tape and a: corner of each plot
was —arked with a 6-inchesquare, bright crange aluminum plate bearing
a numeral 2 inches high.

The predominant species in this area were:

|

Sclentific Name Common_Nae
|

Abies halgamea : balsar. fiz
Acer pennsylvanicum striped maple
Acer rubrum - red maple
Alnus incana speckled alder
Betula papyrifera - paper birech
Betula populifolia gray birch
Fague grandifclia American beech
I'icea plauca white spruce )
Pinus resinoss ved pine . .
Pinys strobus ‘white pin :
Teuga canadensig eastern h mlocP ,

Igolated specimens of black ash, poplar, white osk, aqborvitae, huckleberry,

and silver mapie were also present. :
A U.5. Army helicopter, loaned to Crops Division 'y the Army Aviatiom

Detachment, U.S. Army Electronics Command, Fovt Monmoath, New Jersey, and

piloted by Richard D. McCrary, U.5. Army Test Roard, Hort Rucker, Alabama,

was used in these tests. The helicopter was equipped with a Helicopter

Insecticidal Dispersal Apparatus, Liquid (HIDAL) spraﬁing system (Fig. 3).

This system consisted of a 200-gallon fiber glass tank, an clectrically

driven centrifugal pump, end two booms, each approximately 25 feet long

with nozzle outlers spaced every 6 inches along the bgom. The hooms were

fitted with 15 check valves per boum With No. 8010 Tecjet nozzle tips.

The halicopter was flown at treetop level at 65 knots mirspeed during the

Rpray operations. _ . { : ;
Plots were flapged for the pilot with telescopic begr glagss poles that

extended to a height of 50 feet. A fluorescent orange| flag was attached

to the tip of the poles. The flagmen stood on the trail halfway between

plot markers, and the helicopter flew over the Flag. Occasionally, trees

hid the flag and the pilot had to request ignition of a smokepot,

Vo e A aget

b g e e

- O + 2 AT A Aty
- 1



2
-

L
3

)

.

10

r;“ ﬁ)’-i.,:q :- \”:}

7 S

b
o 2 L
.“.-3\‘.‘_!-

.
'y

A e o R il w81
"

Can

o - . e

i

§ S fa

4 - - N S Hete »
. B

: .. o K A - W SER B . A >
. . ER .,x‘;c“"! Lo 2 . Al B N
. ] sl X B Lt s e A : PV UL R -:\c-ﬂ@

L NEY PV R )
.

e ; e e ML




i A = e —ii. i

V=P ol e M T L P

AT s

s

SO FINTEL Wt st vk i

|
R R L T T TR ‘_‘,,_“‘m_,__«_‘{mw._"_ e e
|
1
i

| 11

siy ,‘,: I' ------- r.,m‘mx'i; - y 4
‘ i
r',;“,‘_i" ~‘=‘m-. [i},é&

% {‘f‘ ! ‘“

- i &l !i YT,

Figure 3, H-19 Helicopter Sprayiﬁg'at Test Site,
June 1966.

'The coupounds were applied at the rates of 1, 2, 3, ¢r 4 gallons per
acye on duplicate plots, Because the HIDAL system was c¢alibrated to deliver
1 gallon per acre, the pilot had to £ly over the same area twe {o four times

to deliver the higher rates,
|

Because the trail was very winding, the pllot flew each plot on the
same magnetic compass Bearing so that the sprayed areas would not overlap.
The trail was oriented generally in cn east-wdst direction so that all :
plots tc the north of the trail were sprayes on & compass hieading of 360
degrees; those to the south were sprayed cn a .leading of 180 degrees.

Spraying began on 14 Junc 1966 when the ndw leaves were fully expanded
and the trecs actively growing, 3Spraying wae |[done during a stationary low
pressure atmospheric condition when there wasg ilittle or no wind so that
spraying was continuous from daylight to dark!for 3 successive days, thercby
completing 107 plots in about 30 hours’ actuai flying time, The remaining

nine plots were left ag check plots,

Chemlzals used for spraying were, on the whole, couméycial compounds of

proven effectiveness in eastern United States, but unproven in areas north

of Maine. Nine chemicals were used both singiy and in various combinations
cre, :

at volume applications of 1 to 4 gallons per
!

The compounds used In these tests are 115#&d in Table 1.

Chemical treatments in gallons per acre a;e 1isted in Table 2.
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_ TABLZ 1. CHEMICALS USED IN TEST PROGRAM
1 b & ; -
5 Kone . Type Forrulation
-1 =t
: !
: ORANCE Herbicide 10,7 1b./gal
-néﬂ‘ 50-50 mixture w-butyl
P esters of 2,4-D and 2,4,5-T .
PURFLE Herbicide 10.7 1b./gal
50% n-butyl ester 2,4-D,
30% n~butyl ester 2,4,5-T,
and 207 isobutyl ester 2,4,5-T
70% 2,4-D + 30% 2,4,5-F Hexrbieide 10,7 1b./gal in
70-30 mixture of p~butyl _ combined form
esters 2,4-D and 2,4,5-T _
TORDON 22K Herbicidd . 2 1b./gal picloram
4 -amino-3,5,6-trichloro- ,
pleolinic acid (potassium
salt of picloram)
. TORDON 101 , Herbicidd 0.54 1b./gal
mixture of triisopropanolamine , picloram + 2.0 b./gal
e salt of picloram and 2,4-D . 2,4~p
M-2993 Herbicide 1 1b./gal picloram
, 1:4 mixture of isooctyl . 4 1b./gal 2,4,5-T
ester of picloram 4 :
propylene glyeol butyl ether
ester of 2,4,5-T
i : :
DIQUAT Fast actinmg = 2 1b./gal of diquat
. 1,1'-ethylene~2,2" -dipyridinfun  desiccant cation
dibromide o
PAITAR 160 Fast acting 3.1 1b./gal active
Sodium cacodylate ' desiccant, ingredient ;5% '
(dimethylarsinic acid) + _ : surfactant
surfactant ' |
o ' |
' PHYIAR 560 , _.
Sodium cacodylate : Fast actipg 2.48 1b./gal active
' ' o (dimethylarsinic eeid) + . . . desiccant! = ingredient:l qt/gal
: - surfactant ' sur factant
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TABLE 2. CHEMICAL TREATMENTS APPLIED Iﬁ AERIAY, SPRAY TESTS
' |
i Volume,
Chemical : galfacre
. . ORANGE 1, 2, 3
! ) ORANGE + Diesel (1:1) - 1, 2, 3
ORANGE + Diesel (1:2} ] 3
PURPLE | 1, 2, 3
1 - PURPLE + Diesel (1:1) ; 1, 2, 3
4 PURPLE + Diesel (1:2) : : 3
- 70% 2,4-D + 30% 2,4,5-7 . 1, 2, 3
70% 2,6=3 + 0% 2,4,5-T + Diesel (1:1) | i, 2, 3
Toxdon 22K + Water (1:1) , 1, 2, 3
Tordon 22K + Diquat + Water . 1, 2
. : , Tordon 22K + vhytar 160 (1:3) 1
» Toxdon 101 + Diquat (1:1)} 1, 2
] g Tordon 101 + Phytar 160 (l:1) 1, 2
7 ; M-2993 + Diesel (1:1) . 1, 2
1 M-2993 + Diesel (1:2) : 2
Diquat : i, 2, 3
] Diguat + Water (1:1) 2, 3, 4
3 Diguat + 10% puso3/ 2, 3, 4
9 ) biquat + Tordon 101 (1:1) 1, 2
; ; ’ Diquat + Torden 22K (1:1) 1, 2
3 [ Phytar 560 + Water (1:1) , 1, 2, 3
; Phytar 560 + Water (1:2) : p 3
% _ Phytar 160 | 1, 2, 3, &
1 . Phytar 160 + Water (1:1) - : 1, 2, 3
o Phytar 160 + Water (1:2) "1
7 f/f// Phytar 160 4+ Tordon 22K (1:1) 1, 2
; .. Phytar 160 + Tordon 22K (3:1) 1
a. DMSO = dimethyl sulfozide.
1 |

The rating system used for evaluating the p!ots was based on a scove
of O to 3; 0 = no effect, 1 = slight, 2 = modexgte, 3 = extreme. Two
categories, desicration and defoliatiom, were rjcorded. No attempt was
made to score death of plant species in 1966 bcqause this is usually done
the year after spraying.

Plots were cvaluated at monthly intervals fqom tine of application to
the end of Septewher 1966, Overall injury was evaluated while flying over
the area in a light aircraft (Fig. &4 to 6). Radfo coutact was mdintained
with a ground crew for the plot identification. Certain plots, those that
were sprayed at 3 and 4 gallons per acre and with high concentration of
material, were évaluated by walking intc the sprpyed area and recording
effects «.F varicus specles {Fig., 7 and 8). ColoE phptographs were taken
from the air, from the trail, and from inside thp plot.

!
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Figure 5, Aerial View Showing Effects!

August 1966,
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I11. RESULTS

|
|
!
I

Data on defoliation responses of hardwood spec1es at 3 months after
application are presented in Table 3. Degiccation!responses of conifers
at 2 and 3 months after treatment ard outlined in ?abla 4,

ORANGE and PURPLE gave effective defoliation of broadleaf species in
applications of 10.1 to 32.1 pounds_active 1ngred1ént per acre {equivaleat
1:1 mixture with diesel fuel or 3 galfacre pure chémical), only alight
desiccation and no defoliation were noted on conif?rs at the end of 3
months., .

A modified ORANGE conaisting of 70% 2,4+D and $0% 2,4,5-T gave a
moderate to extremg defoliation of broadleaf species, but some regrowth
of red maple and striped maple occurred when appliéd at the vate of 32.1
1b./acre. Contfers shewed only slight or negligible responge except for
arborvitae. This minor species exhibvlted extreme hesiccation combined
with moderate defoliatiou. .

M-2993, a formulation containing % 1lb./gal of hsooctyl estrr of

‘picloram and 4 Ib./gal of 2,4,5-T as propylene glycol butyl ether ester,

gave moderate to extreme defoliation of broadleaf tpecies and slight to
moderate desiceation of conifers at 3.32 1b,/acré tatal acid equivalent.

Scdium cacedylace formulated as Phytar 560 andrPhytar 160 gave veriable

defoliation respongeg on broadleaf hardwoods at rates of 1.6 to 13.0 1b,/acre,,

Phytar 560 contailning 25% surfactant in the formulpted product gave more
effective defoliation than Phytar 160 lacking the surfactant. Conifurs
showed only slight desiccant effect at 2 to 3 monthg after treatment.

Diquat applied at 4.0 to 6.0 1b./acre gave extreme and yapid defolia-
tion of broadieaf deciduous trees but regrowth was: noted 2 to 3 months
after application. Red pine showed extreme browning or desiccaclon with
moderate defoliation in applications at 6.0 1b./facre.  Spruce, fir, and
hemlock showed only slight desiccation at 3 monthsl

Tordon 22K gave extreme defoliation on birch, beech, and red maple at
3.0 lb./acre. Spruce showed extreme desiccatlon, but fir had only slight
destccant injury.

. |

A mixture of Tordon 22K and diquat (1.2 + 1.2 1b./acre) was modevately
effective in defoliatior cf hardwoods but gave moderate to extreme
desiccation of fir, pine, spruce, and arborvitae, ith wctreme defoliation
of arborvitae.

A mixture of Phytar 160 and Tordon 22K (2.45 A 0.5 1L /acre) gave only
moderate but variable defoliation of hardwoods an& poorzdesiccation of
gonifers. ¢
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!
A mixture of Tordon 101 and diquat gave mederate tp extreme defoliation
of broadleaf hardwoods but little or no effect on sprubo Data were not

availeble for other conifers.

RN Table 5 presents data on the death &f hardwood spehies at 14 montks

N after application. Treatments causing death of conifer species are

- R included in Table 6,

- Plots sprayed with ORANGE, PURPLE, and a mixture of 70% 2,4-D and 307
R o =244 ,5-T vanged from 65% to 90% k11l on all broadleaf hardwoods. Ho damage
o of conifers was apparent in 1967. 1Tn nearly-all casea, maple was not com~
c pletely killed and new growth was a:parent.

]

T . |
“a _ Tordon 22K and Tordoen 101 produced gome kill on spruce, fir, and pine
aot as well as kill on most of the bxsadleaf declduous trees. M-2993 killed
N beech, aspen, and birch, but maple was regrowing. Thare was no damage on
;,L o conifers when sprayed with M—2993. - : ;

It was surprising to note that death occurred on siome specles when

sprayed at 4 gal/acre of diquat. Birch in those plotd was completely

; kilted and beech was 90% killed. Conifers were mot s owing any damage
ot from diquat when evaluated in 1967, | '

Phytar 160 and Phytar 560 ghowed about equal results. Deciduous
broadleaf species were approximately 30% killed, but tegrowth waa
occurring on all species, Conifers apparently were nqt injured,
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TABLE 6. DEATH OF CONIFERCUS SPEGLIES Fﬁ MONTHS AFTER APPLICATION
—- ; feo _ .
H Species Responseir
Chemical . Rate, 1b./acre Red Pine  Spruce Fir  Hemlock
Tordon 22K 3.0 . ;2 4 2 -

. . 1.0 - 3 - -
Phytar 160 + - - -
Tordon 101 2.4+ (0.27 + 1.0) o .2
a, up to 20% kill; 2 = 21 to 50% kill 3= 51 to ?5% kill;

I =
4 = ?6 to 100% kill - = no dita,

19, }; cgs%_im

dofoliants and herbicides for use on broagleaf, deciduous species. Theso
herbicides usually cause very little pormancnt damage on conifers. The
noedle tips of conlfers will brown but no defolietion or death ocecur.

The phenoxyacetic acida and derivatL:E: genexally are effective

Diquat and dimethylarsinic acids are very rapid desiccants, caualng
the leaves of asll species to shrivel and gurn hrown, Terminal and lateral
buds are not killed and the plant way ra£¢1£ate in 6 to 9 weecks after
spraying.

Picloram is usually considered the he¢ter herbicide for couifers, but
unlese it is applied at & minimum rate of |3 1b,/acre active ingredient
there (s very little effect on fir, eprucd, or hemlock. Picloram is a
very effective defoliant and herbicide oa broadieat gpecles, such as
birch, beech, and red maple, but other bré¢adieaf epecies are very
resistant to it, .

On the basis of defoliatiou and doath'responses to thé four groups of
herbicides and desiccants tested, the spe¢xes nay be classified in tle
fellowing order of suaceptibility

Susceptible . Resistant
alder ' arborvitae
beach . pine

' . birch +  hewmlock
red mapie spruce
striped maple o fiy
ash - '
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" HEFLEMERTFRAAY HOTES - 11 PPONIORING MILITAAY ACTIVITY

Depdrtment of the Army
For¢ Detrick, Frederick, Maryland 21701

SV RRATRETY
In June 1966, aerial spray tests were conductdd at Base Gagetown, Wew Brumswick,
Canada, by pcrsonnel of thé Biolopical Sclences Iaborn:ory, Fort Detrick, Maryland,
in 2otlaboracion with the Cynadisn Ministry of Defleace. Plots in a dense forest of
conifers and broadleaf declducus species were sprayed with herbicides and desiccants
by hetfcopter to determine the effectivencss of nine coupounds &nd theitr combinationg.

Preliminary results of these tests indicated that the phanoxy compounds (ORANGE,
PURPLE, and 2,4-D plus 2,4,5-Y) appeared very effeptive oa hardwoods, but had little
or wo effect on c¢onifers; picloram formulations capised moderate browmoult on conifers
agz well as on hardwoods when applied at were than E b, /acre. The desiccating agents
diquat and cacodylic acid caused rapid browneut of.most speuies but regrowth occurred
rapidly.
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