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"-:allow for better use of 1abor, machines, and also in gome in-

;f ‘cilities. Another advantage 1is the elimination of the, above

. vest schedules. This 1s accomplished to: prevent the.cntire crop

;from becoming ready for harvest at one time The advantages here
€stancea provides for controlled use of equipment and storage fa-

:ground foliage of crops which dev310p anhimature underground %
éThis favors the use of machine harveaterét and permits faBy apcess |
i to this type of crop. Potatoes in the atate of California are

: treated in this manner. By defoliating the foliage above gr@und

{ the potatoel then become eagy pray to a pachine potato digger, which
-+ paduces the cost of harvesting and SpeeQH up the entire ogperation. |
* Defoliation of cotton with deeiccants_td insure uniform maturity'
'_of the cotton permits machine harvesting and insures the ability
to pick all of the cotton in one 0perat£on rather than several
? hand picking performances. This is accdmplished by “knocking down"
the leaves of the cotton plant permitting sunlight and air to pene-
trate deeper into the follage enhancing;the maturing process of the
.plant with consequent opening of the coéton boll, In~this caaevit
is deairoue to bring the whole field to?meturity at ona time go
that:one operation will complete the entire_harveat. These gre i
just.two crops that can be treated withédefoliants, of the mgny
treated atnually, for similar reasons, % - |
Thus, herbicides and deslccants have a role in the eradigation %
ef noxious vegetation as well a# providing a beneficial serv;ce to
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the production of fpod stuff in our agrichltural effort.

P

Diversity of Employmhht
| Herbicides and deaiccahts come in man&;forms to permit flexi-
éility in their use, The forms in which &hey are manufactured i
will be discussed in Chapter IL. i

Diversity of employmont deals with bdth the various wayse in

. which they can be dispensed, and also in the fact that their uge

doea not necasaarily require that the vegqtation to be controlled

| -
should be permanently destroyed. For exdmple, there may be a re-

.quiremant to drfoliate treea, but on tha‘other hand, no require- :
| |
ment to permunently destroy them, In many instances the return of

‘.‘ "follage to vrgetation that haa been defo{iated may even be engour-
'-?aged. Froﬁ the ecqlogical point of view[this would be extremgly

L jdesirous aqd an exqellent reason for divérsity in the employmgnt

i | 1 g: . :
- of chemicalﬂ; . / o : g
i E : ' ! i
I . - !
| épplicLbility to Military Use - ;

Rambant growth of undesirable vegetation ig detrimental to the
orderly procesa of militpry operations. Vegetation eonatitutes a |
| . fire hazardland will burn like tinder whén dry, capable of destroy-
Cing military property and lives., Various kinds of vegetation ob-
Vatruct visiﬁility not only on the battlefield but also for sentin-

els guardiné installations, or in time of war, guarding prisoners,

' Yet on the Sther hand, vegetation i used by both friendly, and
: énemy combatant forces as concealment from observation by opposing
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forces while they maneuver for advantagecous positionsi

All of the pndesirable aspects of uncontrolled vegetation can%
be elimidated b? the use of desiccants and herbicides properly
used and‘contrqlled. ‘Some of the problems in military use is in §
controllﬁng thd selectivity of the vegetation to be treated since ?
herbicides, and desiccants are used in large volumes and over ex-?
tremely vast‘aqgaa. Even in a military environment the ability to
contain and baeoelective in application of desiccants and hgrbi--'
cides beqomes desirable in many instances, especlally 1n the pro-é
tection of nattwe crops. As mentioned previously, there iq an ad-
vantage in baiqg capable of dafoliating or eradicating epeqific i
vaegetation Fnd this 1a particularly true of military operations, |
consequently tﬂe military has, and is developing some expenptise oq
the subject whlch may eventually develop some technology avgilable
to commereial gperations. |

The followlng chapters will deal primarily with the broader

commercia{ use of herbicides and desiccants. The military involve-
i

ment of ¢l emicqls will be addressed in a subordinate role racogniz—

ing the ffct that in both military and commercial applicatlon the

entire spectruﬂ of defoliation 18 quite similar,

%
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ECHEMlCAlS AND THETIR FUNCTION
Chemicals that are designed or used to kill, retard, or in any
wey interrupt the normal cycle of vegetation-are called herbicides.
Herbicides are hecoming the standard method of controlling noxious
weeds in crops and are for all practical purposes, the only means
oﬂ‘providing efchtive control of large areas of undesirable vege-
tition which muﬂt be controlled ‘ ? - - i
!f There ' are tqree types of herbicides, contact, growth regula-
téra and aoil %terilanta. Thesa are categorized according to §
their individual action in affecting vegetation. Contact he;bi-
cides kill the Earts of the vegetation covered by the'chemical be-f
ing applied This necessitatea‘a direct toxicity to the living

cella. Deaicca%ta which dry out the foliage fall into thia cate-

gdry. Transloc tion of the chemical through the phloem* is not
e

neceasary in this method of application.‘ The effecta are acute"and

. [ \
tde plant diea %uipkly after treatment
i \ !
[

Herbicides %re growth modifiera, and translocate. These herb-
i :

icidea may be anéorbed through the foliage or roots, and are movedg

il

transloc%tod throﬁghout the plant. This permits tha chemical

*The ptloem is t e living tlssue of 'a plant and raadily trans-
locates cergain herbicides downtard through the plant to the woot
o ' for permanent radication. For example, 2, 4-D has translocated
RN f:Fm the les ves 'to tTe roots at|ratas of 40 inches of movement per |

|

hour in a young grow ng plant..| - ' |

R
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‘to affect the growth and metabolic process of the plant and may

_have a chronic! effect in that the vegetation treated may not show
: |

" ‘any effects f%f a week or more. Since growth regulators can be
: |

%absorbed throqgh the foliage, and move from the leaves through
living tissue to the rest of the plant, care must be taken to pre-
‘clude an overiose thaF may kill the immediate ¢ells quickly,
iwhich would p%event e%fective translocation of the chemical and é

finaure poor eﬁedicatibn raesults, Therefore, in oxder to kill

undergrOund pgrta of perEnnial vegeﬁation by leaf treatment, it |

;,may be adviaa@lg to apply growth regulators in smsll doaagea, as

' ]
’.needed over 'srlods of two or three weeks., : - -
i 1
Chemicals bresent in the soil which preclude the srowth of

considered to be aoil sterilants. If the. a;eriliz~

. vegetation ar?
‘ 1 3

ing action is: %pr leae than 48 hours, they are regarded as having

}‘no_residdal t;gicity. When e_chemical effectively aterilizes the_
‘ soll for mOre@@han tﬁo yeaxrs 1t is considered to be permenent inj
nature, . 1
Herbicide% are additionally_eategorized in two groupa, selec7

tive and non-%elective. Selective Herbicides are those chemicale

that, when apglied to a mixed population of plants, will SGVerely
injure or kil% certaln speciles with little or no injury to, othere.

A notable exawple of a selactive herbicide is 2, 4-dichlorpphenoxy-

acetic acid ( s 4-D), a chemical applied as a spray to the foliage : y?
i S
i that destroys hroadleaved plants in éereal crops, such as wheat ;

8
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; ‘ety of crope }

ilt° other parﬁp of the plant. such ae the root system, and generally

:ﬂ; kill the entﬁfe plant.2 _ ‘E :

:fi: phenole, sol%tions of etron# aclds, and solutions of euch aalta hs

' aodium ersenite, sodium chlorate, ammonium sulfamate etc. The prin-

% similar phloem-mobile compounds,

:and barley, w}thout serious injury to the cereals, There are now.

; favailable a number of selective herbicidea useful on a great vari-

l

Non-eelecFive herbicidea are chemicals applied -either to thel

foliage orotq-the soil that kill all growth regardless of the epe-

ciea. Examplgs are arsenicals, boron compounds, oils and chlorates.

i Selective and non-selective herblcides exist in two main groupa:g

(1) those applied directly to the fpliage as dust, sprays, or
i

wettable powdera and (2) those applipd to the soil in similar fofm,
including grapulea that make contact with the roots. There are |
i 1

two types! lof Perhicidea that are applied to the foliage; (l) thoae

that kill}only the tissue of the plant they come in contact with

\ E

but are not apebrbed and coneequently may only kill the leaves and

F

(2) those that are aboerbed by the plant through the foliage, en-
i

| ter the cond ting tissues nf the plant and are then tranelocated
3F

The cont ¢t herbicidea include certain petroleum oile, dinitxo-
% i i

;1ciple tranelqcated herbicides are 2, 4-D, 2, 4, 3- trichlorophenoxy-'

é acetic acid (2 4, 5~T) and their analogues, amitrole, dalapon, and

3

Examplee of selective herbicidea applied to the soil which

9
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attack the roots are 2, 4-D, isopropyl phenylcarbam;te (IPC),
* salts of trichloroacetic acid (TCA), substituted urecas, symmetri-
cal triazines, cnlorinated benzoic’acids, ete, - |
Non-selective herbicides applied to the soil are normally re%
ferred to as ”sofl sterilants", Carbon disulfide, chioropicrin;‘
methyl bromidc,‘;rsenicals, boron compounds, etc, applied at pro% '
per dosage rates%are just a few of the chemicals“available to'pe%-
form this function.4 | :

The Various Forms of Herbicldes

: |
i
Generally herbicidea are formulated in six basic forms. These

|
include solutions, wettable powders dusts, granulaa, emulsions ;
(E. C.) and wgt%r diapersablo liquid (W. D. L.). A few herbicidés,
manufactured foﬂ apecial use, are in the form of fumigants, Theae

. are noxmally in ected into the soil for the control of undesirable

'vegetation in seed beds. Due to the difficulty of adapting them
. for use in 1ar3% arehs, they are restricted in use. ‘ -
l All but a féw of the least used herbicides are mAnufactured in

more than one f%ﬁm. There are reasons for the manufacture of her~
I

bicidal chemicaiq inimore than one form, Some are apecifically e
i

concerned witp he safety aspects of the use of herbicides, while

i -
H i J

others are sped fically concarned with diapersment patterns, and i

!
hqw effective q e chemical works after application. Thia concerh
eriats becausF' ne formulation of a chemical can be changad by a‘ Rk
Aemist to affe & itp soluQility,;volatility, specific gravity.

| E 10
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!
toxicity to plants, and numbeious other characteristics.” It
i |
therefore follows that the fonulation of a chemclal too volatile*

would have to be redeeigned tT reduce the volatility 1f it were
golng to be used in an area where the herbicide could be relocated:
by alr currente to an adjacent area highly susceptible to its in-
Aluence. This problem could Le at least partially resolved by :
changing the herbicide, in the case of 2, 4-D as an example, from é.

an ester** ‘to an amine salt iﬁ a wettable powder, or by using a

grenular ﬁorm. If the liquid application was more desirable the

wettable powder sqlution would ba best. This would be true bg~

l
1
!
I
i
§
t
! ! l
-

i

‘cause of the loweq volatility iof the sodium salt formulation there

fore lowering the tendency to drifL. Aa stated before, 1if the vol*

iatility of a chemical is reduced very little of it will vaporizge

iiPto the atmosphere and cbnsequently drift with the wind currents,

Npte chat the reason for a change in chemical in this situation

w 8 to provide a safe material for use in a specific area, The
\

‘chemical changes that were made to 2 4-D, converting it from a
highly volatile ester to a low volatile ester and then to an amine
aalt and further to sodium and ammonium salts without appreciably
reducing its phytqtoxicity, were primarily accomplished to reduce

. : \
‘_f ;the hazard to\croqs susceptibla to 2, 4-D in the State of Calif— g

f
!

: : [
i | - c
E *VOIatility rﬂfers to the tendency of a chemical to vaporize
ox glve off mees Glenn C‘ Klingman Weed Control as a Science,

r :

|

p. 97.
**Seeq glossaryfoﬁ terma appendix A of this research.

o ' 1
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-~ Therefore, safe@y does influence the selection of herbicides
n S |

o
1 ‘ ‘ ' :
ardous material for a specific situation is desired.
1 -
It isiimportant to know that the toxicities of herbicides are
| 1
‘such that|it requires very little of the chemical properties or

only a fraction of.a pért‘pér million, constituting only a few

microgramé-of chemical. par plgnt, are sufficlent to ptovide the

;
{ i

i 4 | i

alao important to understand that in most inatances of crop treat-
\

‘ | |

ment herbicides muat be $elective in nature to be used affectivev

ly. Thie providés pn add@d faature of being able to combins two .

or moxe h4rbicides Py mixiﬁg them together, thus 1nsuring Lhﬁ ca-
F :
pability qf attackips morg‘than one sepciea of vegetation effec-

amount to|on1y very small quantities per acre, However, when
*applied in heavy dosages,‘they become soll sterilants, For exam~
wple, sima;tne when applied at the rate of 0.5 to 3.0 lbs per acre

i;s.an.efféctive herbicide for certain vegetation, but when applied

‘at 12 to ?0 lbs per acre it becomes & soil sterilant.

;? Forms of Herbicides
| .

Solutions are generally easily mixed, disperse evenly, are not

L : 12

‘under certain ciréubstancés. The ability to select the least haz-

latent material of the herbicide to be applied. In most 1nstances“

iﬁecessary‘results f¢r control?ofimpst vegetation, Secondly, it is

tively iﬁ‘one appligationt Mbst waed killers are selective in na-

ture when‘applied at recommended dosagea and -as previously atated'



ilchemical that remaiqs on the foliage will b

" ‘chemicals applied in a liquid form. For example,

‘All of the liquid forms of herbicides c

foliage. Since the liquid forms possess th

1are not dependent on dew for spreading, sticking, or in penetrat-

Eing the foliage. Water 1s a necessity for mixing

%bicides and 1s extremely important as a '"ca

‘at the rate of one-half pint of chemical pe

an be applied to dry

elr own moisture they

rrier" for almost all

I acre

most liquid her~

2, 4<D is appned

to control many ,

broadleaf species. Since it would be almost impossible to diatri-§

bute one-haif pint of liquid over an ecre o

gree of uniformity, five to ten gallons nf water are added to the ?

eolution--i# the cage of aerial application

necessary coverage‘qf all the\vegetation being treated, and aecond

f r

f ground with any de-

--to insure firat; the |

1
1
¥

that the volume of | 1iquid is sufficient to minimize the amount of .

droplets that would be subjected to drifk,

included to:provide volume, is referred to

Thia added 1iquid when

aa a "carriar.” -

-Herbicides,_manufactured in dust form, ﬁust have moisture

available on the fdliage if the-chemeial applied iz to be ultimate~
| ‘ C R ;

ly effectiva. When the foliage is dry, moet of the ehemical com- :

M

pound tendaito dissipate intoithe athosphere, like emoke, with

dangerous consequences ‘to nea:by folhage wHich may be highly-sus~

ceptible to‘the herbicide being applied The slight amount af

guch time that moigture is intrpduced in the form of dew to aoti-

} ‘ I

vate the laqent material remaiming., A apri

14
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L Eefore discussin% epacific herbicides, it must be understood
_%at'if the dose is increesed or decreased and if the ingredients
: s

iqvoﬁ%ed are varied in the amounts recommended, the behavior pat-

' 1

"térnﬂ of a herbicide will differ from those normally expected. It
% f

wﬂll ho 1onger be typical nor repreaentative of its group, There~

I ! i
fore, usere ehould carefully atudy the manufacturers recommenda-
)

tions which appear on the label of the container, prior to using

any hﬁrbicide.\ Federal law requires that instructions indicating
| | L

use end toxiciTy of a chemical be consplcuously displayed. 1If in-

structions are not pﬁesent, extreme care must be taken in handling
|

the chemical uﬂtil it 1g properly identified and then appropriate

J f action should he taken to use or deatroy it

We will be#in our discuasion;of herbicides with 2, 4-dichloro-

\ . ' i
phenoxyacetic ecid (2, 4-D). It'is a commonly usad selective her-
bicide which 1a normallyltranalocated in the%plant. The ¢ ommon

. . i : :
forms of 2, 4-D are_acida; sodium Balta and emmonium salts, aming

salts, and estdr formulations. i ey are normally less expenaive
| -
[

when compared to most other herb cidea, relatively nonucoroaive to

mﬁtals; non-ex} osivg and fire T aistant and they are non~toxig
. | ; I
to human beings and animals in ordipary usage.

The acid of 2, 4-D 1is’ only slightly soluble in water but may

§ be dissolved in varigus solventa, and surface active agents, Mix-

j ed with watex, |they are easily applied as a spray. The sodium and
‘ | | ‘ !
ammonium salts!are water goluble povdere which require some agita-

21 |

|
t
i




i
i
1
I
]

}a.tAe amine salts are g

.1 3 sceLtible vesetatio

1 ag grnnulea, 1nc1udiﬁ

_ﬂtiqn‘to get ﬁhem intg
f.turhd in 1iqﬁ4d form,
'f Emtpr formulations are

 .e wlaiona. They ara

| :
‘o: no hazard from vol

| vdlatile, and Low vdl

|
£rom both the asteFa

'discugsion of growth

| bicides by selecting

" paunds have long been

N

aﬁ Eﬁulsifying agent

. : |

The: adcids, amine salt
. i

i
i

tiop while the‘salté

E \
*xedL The. acid is |p

woody spaciés

éolﬁtipn. Amine salts are commonly manufac-
-%oluble in ﬁater but not in petroleum oils,
|a1éo liqui$ﬂ and when mixed with water form

o1 1y slightly soluble in water but are solu-

bieftn some petroleum oils. The eatcr 18 usually diluted in oil,

i? added and‘water is used as the éarrier,

s; and sodiuﬁ salts of 2, 4-D preseat little
a:ility. The acids form into a milky solu-
are clear inéappearance. The esﬁers in both,
atilg forms ﬁave a milky appearance whéﬁ
rimgfily ﬁseé for speclalized purposes, while
ood%for gene%ql farm use, and are effective
) t;:f and li;ns.§ Sodium salts are fair her-

arm?use, The ester forms must be used with

| .
: h

lhey are axnremapy hazardous whan uked neay

n Mos* 2 4—D producta are also avallable

d:iftp has been dipco

ly used in the coutro

Dinoseb: (dinitrop

|
I
|
|
|
k
i
{

1

E thg acids.‘ It as manufactured in dust f@rm,
nd : halts, but duF to its susceptability to
ntinued in this form, 2, 4-D 1s most popular-

iX of broad leafed foliage. After this brief

r?gulators,‘let us considex the contact her-
the dinitrphenols for discussion.

heénols) are often called dinitros. These com-
used as dyes in the textile industry, They

22
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i Salts of dinoeeb are

J

mixing it in water.,

skin, Reaidue on th

' groups of herbicides

'ifin crops. At highgd

in non-agricnltureia

leather, silk and hair

- corn, small grain, alfalfa, peenute and clovers.

-‘30 per cent activa ingredient and

jidosage they are sele

S i
k |
o !
4 .

readily stain to an crange-yellow color such items as; wool,

toxic to 3rowing plantq and ia primarily used as a general centact

herbicide. Since thiS!discuaeion 1s primarily interested in se-

i'lective herbicidea, only the aalts of dinoseb will be addressed.

soluble {n water, but not in oll, and are

% normally used as postemergence conLrol of weeds in such crops as

ly do not translocate.and their mechanism of action stimulates the
N respiratory response, ultimetely cnueing decomposgition of treated
vegetation. The chemical ia an oiange colored dye, commercially

prepared in a denme auspension of fine crystals, and consisting of |

7 1

I
i |

: lis flammnble and uaed‘in explqsive , thus one of the reaGOna for

i .-
yDinitroa lare nonucorrosive but are toxig if
i \I

‘taken internally or ebsorbed in considerable amountsg through the-

i

Efoliagq conLtitutes little or no hazard to

¥

live atock Fish ar#,quite susceptible to dinoseb.

The substituted ureas constitute one of the most important

that are abaorbed from the soil through the

:%‘root system and tranglocated to the top of the plants. At low

23

Dinoseb itself is considered to be very

TO per cent water, The dry salt |

reas, Ureas are non-corrosive, non~volatile,

Dinitros normal-f

ctive and used in conjunction with weed control

bsage they become soll sterilants and are usedi



_fand non—flah@sble. Urea is a common fertilizer which becomes an

.Jieffective hcﬁoicide when the chemistry involved is changed some-
o .‘whet., : i ‘
| Four of the substitute ureas will be discussed. These are;

;fenuron mondron, diuron, and neburon. Fenuron is readily laached i

_ : | |
‘#nto the soil by rainfall and is used primarily against medium to 3

?eep rooted perennials.E Monuron is easily soluble and tends to

jremain in tha top soil and gradually leaches with rainfell giving

'it a longer oeriod of effectiveness against shallower root sya- |
‘teps. Monuron 18 widely used as | l goll sterilant and can algo be

; ﬁséé as a: seiective herbicide. Diuron is recommended as & sell
..Lteriiant in regions of %cdium to high rainfsll and_can be used in
éight dosages with some Lrops such as cotton, Neburon is the

:leest soluble and consequently resists leaching. Therefore, it

can be uocd effectively in areas where rapid leaching is not de-
sirable. 'It is recommended for control of crabgrass and chickweed
on rengeland, and on tdrf or layns.

?ﬂ A: ;; Ag prcviously stated there are many more herbicides, only one

family of chemicals from each type was dealt with heyxe to prepare

. the regder for a look ihto the sffects of herbicidéa-on vegetation. -

= 5 T How Herbicides Influence Vegetation -

. We |haye discussed Iin a broad general sense, herbicidea gnd
i

iR ~ soms © treirformulations. Bome of the ingrcdients_that anp‘add-
11 . | ‘r L ‘ H
174 ed to robiia;herbicidea with the flexibility necessary to make

24
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thee vi?ble have been examined

Having aleo discussed some of the

: aeﬂective herbicides, we ‘have arrived at a point where the proper
: L‘} P !

+ herbicide has been applied to the correct kind of vegetation, Now

lﬂt us examine the ectLon that takes piace in the metabolism of the

treated!plant ;W |

i' o

Let ‘us begin with, a look at the action of 2, 4-D which we ra-

‘fcognize as a selective*herbicide that is: translocated and used 1in

I

o

il |the eontrol of broad 1eafed vegetation. In general, plants absorb
W |

.JLEZ 4 D best Lhrough the foliege in the eeter and acid forms, and
I ‘ |

,trenslocete the aalts more reedily through the roots.
a ‘ ‘

‘j‘::aid the salts in pene cration through the

i \ b
_ use 'of salts' ea folief herbicidea.

'l' : |

uurfaetents

leaves and permit the

A herbicide applied to the fo-

:liage must tranalocate

to the‘roota if‘perenniela are to be killed,

siTce merely

;unﬂer ground

defoliating them would a

until tha following seas

1low the roots to lie dorment

np, ‘at which time they would

| o il

| lagatn grow. || ] o

|‘ : [ ‘ 4 I “‘i:‘-

i  Two fectprb that #ermit 2, 4-D to become a selective killex in
g 51‘ : : v
L auereal cropa ate: (l) cereela have narrow leaves which grow al-
e i ; | N

ﬁmoet verticaliy. Tﬁe nanrOWnesa of tPe leaf provides a small tax-

'é "<get to deposit any app%eciable amountiof herbicides on the plant
; l
and (2) the vertical ggowth oﬂ the leaves causes most of the solu-

tion to run pff B.oad leafed plants on the other hand, permit

J lethal doses to be depostied on them because of the larger leaf

i i | i ;
i1} |surfaces plus their aliost horizontal growth patterns. Thus one

i s




W

_t the xo ts,

|
'i#e-th

plant dieé while the other recovers, The differences of the cuti-
cle cell nalls-éwhether they are more or less olly and waxy--var&s
greatly with'&ifferent types of vegetation. This factor permits a

plant te be mdre or less absorbent, and encouragas'or.resists pehe-
1 P,
tratioh of a herbicide. There are many far more complicated facF
tore iLVOLJed with why a certain herbicide will attack some plants
and not;others. Some of the facts are still not completely under~

stood by science. The two reasona mentioned will eimply serve to

demonstrate that there are'factors that cause a chemical to react
selecti;eiy on plant life, : : é : é

§ Twa tissue syatems of a plant normally translocate a herbicide,
Qne‘is:the ;yiem which carriee water and salt to the top of a pl;nt

, i
from tme rootq;; The other'ia the phloem which carries nourishment

l
W

d visi?u ndd growth. Tranalocatinn of 2 4-D 18 rapid in either

|

= |
well wEtarJd|or poorly watared pLants, and 1te movemants are quite

e _ !
rgpid in a young grbwing plant tha t 18 transferring food,reserveb
. ' S . 1 ' i
: o [ : | ' ¥
t the?moétm iin ordtr to sustain growth, This period of yapid |
: A .| i : b
; [ 1 ' .
growth eneouragea *he effecniven£s$ of herbicides. ; F

s r t
H ‘ N
| Gaution must bétused when ap lxing herbicides that trenslocate

- , &
through thdlphloem, since excessive rates tend to kill or immobil-

11*)

phloem. This in turn willlnormally cause erratic defolia—

i - i
tion of perenninls without killing their reproductive organs in .
! ol : : . ; . ;

the ropit bystem.
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and to the cells when they are in an active state of



Tranalocation in the xylem of herbicides applied to the soil

| occurs when ‘the chemical is absorbed by the roots and then carried

‘ |
: along with the tranapiration gtyeam of soil nutrients and watar.8

N Unlike the phloem whicq is compriaed of living tidsue and can be

: injured, the xylem is principly non—living tissue. Consequently,
.:very toxic chemcialg can be quickly carriad to all parts of the
it plant wittht injury to the xylem.*

“An area of tEaanoéation, not diacussaed previously, is intef-

| %cellular translocation.' This occurs through the plants intercell-

Nkﬁular spacea and-normally involves the penetration of olls through

'?g various p&ftions.of the plant, This is also an area affected by

1'?cdntact:herﬁicideéffoils are a part of the contact family of herbi-

| D
! Lo
|

.| c1des--~and ﬁindq it is of particular interest in defoliation, a

~ brief disqusidé of?the.process is considered valusble.

DinitroPhendls which we know as contaet herbicides bring ahout i
'f\:é :

‘t@fe in & plant and stimulates respiration, This .
R ‘

a rise in tempelé
|
!
Th

r
% B
process is respd aible for loss of moistu;e and a drying up of the -

piant.‘ Cautioﬁ:must be used in applicati@n of the herbicide to

"; } ‘Einsure total coverage of the vegetation involved. Penetration 1is

‘ !
|
[

gmade through|the cuticles and ‘the 1nterce11ular spaces are affactw ?

1 L

led b* oxidation Which Beems to effect the respiratory reaponaes
I

and %rotoplaymic taxicity.

translocate downward through the xylem, For further information

 Bee Weed Controllas a Science by Glenn C. Klingman,

] : ’ f
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*There i$ iime when strongly acidic or basic solutions could

|
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i
n
i DEFOLIATION IN VIETNAM L

0
: :i! [ !
3 | i
3 Defoliaticd has received a great deal‘cf attention in South-

_ | - X :
epst Asia due primarily to the\VietnaméWar? The efforts of

' N o : : : PR
-United Statea and South Veitnam forces in depriving;the Vietcong

i ‘ [ : : L
;;of the natural coucbalment offered by the=lush nativ vegetation

} |

: haa been.fairly wcll publicized. The desﬁiuction cf thousands of

il acres of v1etcTng cropg has not bacn 80 well publicizad bct has

i
I

' amounted to a considerdble effort.1 The eptire operation of de-

t

- foliation and crop elimination haa bcen ccnducted under the pffi-

f cial name of "Operation Ranch Hand " and from a military point

; of view has;becn extremely successful, To appreclate the magni-

;;tcde of this cfforta it must be recognized that the 1969 estimate

iffor herbicide expedditures in Vietnam was:42.7 million dollara,

|

an increase of 30 million dollars over 1966. In 1962, 17,119

Ry o]
;'acres were defoliated, and 717 -acres of Vietcong crops were de-~

1.
o

‘stroged. In 1967, 1,226,823 acres were defoliated and 148,414

. acres of Vietcong crops were destroyed, a significant increase

in the uce'of harbfcidea. Thcléubstantial'usc of herbicidea in

1967 amountad to 45 2 million dollara in chemicals, and certainly

chtributcd to the shortage of some herbicidea for farm use in

the United States.3

.o | i | '
Since defoliation has become the extensive program that it
: ‘ | B |
i 48 : !
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dans ;1hde

:?:'Eeast Asiﬁ

{fit:ia for

; najor

"';Frees, vines, ferns, an

‘rf?fieradication Lr

E@ages will

The me

i
ziiﬁ'éargeted

*gwithltwo W ng b$omm and
’ !

. }

the spray ¢

against sm&ll arms ground fire directed at the low flying aircraft.

The rest of

armor as pr

corporates

mal operati
resﬁlts in|a

wheh the af

has in Vidtﬁam, and since this program has also become one of our
e

}usérsiof

;this opermtion.

Tven t
i
dLa13=as much

veggtatian di

var&

#eqhqical ipeciqliqt is

defol

L

herbicides, it would be inappropriate not to in-

_a briéf disqussion of some oﬁith? functions involved in

hough the defgliation program in South~
, 1f not moreﬁ with woody growth such as
I

d certain specifs of shrubs, the process

Lation is thalskme for these species asg
- 5;||
scussed in preceeding chapters, only dppa
. : | :
: v :
|

RN | ' ,
!

g th% C+123

|

I | _ o
. controls the re%ease and shutoff of the spray.

onsofe rides

ns| of dLsperIing the' herbicide, opce en area has been

ircraft 3 Thia|is a twin engine cargo air-

‘H:; craf: equipped with a 1@00 gallon hqrbicide tank and is fitted

a tail boom. ‘A console operated by a4
located in the rear of the alrcraft and
The operator of

in an armored box which affords protection

the

otection against ground fire.

a dump valve

ons to discharge the herbicide in five minutes,

crew consists of a pilot and co- pilot who wearxy body

Thq spray equipment in-

which can release thq liquid in 30 se¢onds

in the event of an inflight emaxgency, and 1g calibrated for npr-

This

rawath approximately 264 feet wiqe and 10 miles long

raraft is flown at an altitude o£ 100 feet and an air-
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“supply dumps,

1.
I

\apeed of 130 knots,

tutes an:embﬁsh thre?t to friendly forces,

Major targeta include coastal areas, traffic routes along
' rivers anddcenals, foliage surrounding Vietcong strongholds and
dense shrubbery and second growth forests along

highwaysi*auﬁply roads, railroads and ahy folinge which copsti-

Even though these tar-

- gets are edrefully selected and all precautions possible ere ex-~

ercilsed to preclude drift, a considerable price 18 still paid by

the United States to the South Vietnamese for damages caused by

I
drift to ricelcrops

and rubber trees,

Current price for a rubber

tree is 87 dollars, and figures just recently released by a’

lara have already bei

dollars for demages
- With this brief

tion in Viétgqm, the

short disedshion of

how 1t is=dontr011ed, what herbicides ﬂre mos t effective, and the

foliage that ia leas
Lo

en paid, Cambodia
it claims occurred
introduction to the
remainder of thie

the kind of foliage

t difficult or most

‘ House Foreign Affairs Subcommittee indicates that 3.5 million dol-

1s demanding 12,2 million
to its rubber treea.3 i
pilitary use of dafolia- j
ctppter'will inoludq a
epcountered in Vietnam,

difficult to contral,

Type of Growthl . o !

In establﬂlhing\the type of vegetatiop that exists in any

glven area of
| o
sidered.

in'any aré% h6comes
: r
\

| Ambng thes

i
| .
i ol .
P! i !
[ i
! ; :
o e ;
i i :
ol " B

the erld a number oE el

e are; the origin

a very complicated

i5°

\
rpumstances-must be con-

i
i
i

of the vegetatd on existing

apd difficult task to deter-

\
b
L




i1l | have ceasq
HERER I

|
|
|
|
I
mine; the primary cause for the presence of a plant association
I

: may depend on factors which were significant in the past or are

- active in the present

fairly definite combinations for the ger-

mination of seeds and development'of seedlings must be present in

i i ; _ i :
the environment for each! species of plants; and finally, each

|  habitat has eertaih environmental factofs which cannot be materially

', The physical
are interrel e

lowed

[
t
t
i
i
\

|
' ears ago.

1
o;namenta]
3This speci

|
‘GP,pr more

th' sunlight

Dpa-:o‘the'

|

!
‘jin the tempe;a

D changed by the veg

i

The destfuctio

By

‘Sites-inla pri
by fast
 the orig

i
] - :
: e;iating stand

“in Autauga Cou

In

-P*%r_

owin

%‘I‘

| }An exéellept;exampleﬁo

‘of

ey

giant

in the

ail

posea and

proba

rtation itself,

and vegetation features
in the development ef plant life in any
region iﬂ clearly indicated when a habitat is disturbed.
i of the original vegetation whether by
the actiqn of man orﬂby forces of nature, is usually fol-
ithe dEzelopment of a new formation of plant lifs,

h

amboo in the

-

\
il
.
fi

State'of.Alabama.

|
|
|
a
i

of'the environment

ry fgrest when felled are soon populated
plants, usually entirely different from
n&., growth,? i

_ g :
f the process mentioned abeve is the

city of Prattville, located

No one knawa how it

i
originateq, huc eatimatea indicate that this stand began some 38
bility the original planting was made for

proceedad to graw into 1its preaent stand,

es is tentativaly identified With the type that exists

t

te znnes o# Ghipa.f

The

;féét high.hta

ond creatle
ilaﬁkoé au+1:jht mgny ofitt
% 4y | ithe entira ax

E _ !
i ‘ .: 51
i |

]

denee foliage that tops the

ika has creatqd 4 canopy that. shuts ont

tha’growth cf amaller traes and shrupa.

e original nativa upectﬁﬁ

ea underqeath the bamboo

l

b
b
Cb
.
!
|

|
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i

1

- %
canopy has been complgtely changed from its original environment,

5

Iin gen&ral, climﬁ‘ic conditions directly relate to the type of

| yeéotation thaﬁ existp in'a partioular area,  Therefore, tropical :
R T T | |
i Vegetatron exiots wiﬁpin a few degrees north and south of the
| equétor]and progresso? from éemi-evergreen to wet and dry desid-
! - o,

d
b
o
‘

N
i
;
!

i- LI—'

uous to open woodland and savanna, and'finally,to semi-axid
Cgrowtﬁs at the lower moisture limits, With this in mind we can

closer logk at the exigting vegetation in Vietnam, ‘

—gp———

:now take
‘Théresare more than 1,500 spécies of woody plants in Vietnam,

Aﬁong theée are very |large tfees; shrubs, palms, bamboos, hard

s#a d raads woody vines, and hexbaceous plants, Approximatelyi

of ghe total area. of Vigtnam 1s covered with dense and '

8, bamboolbrakes, bruahland and savannas, There are

large num%er of apacie% mixed into mpst forest greas

anda axe ngativaly faw. The mangroye forests’ of the

s%qmpa and t_e pines growihg in the uplgnds are tho near= !
o % ;

;
i
{
)
]
]
i
1
t
¢
|

| : :
Ing to pur& sthds. Even tthe are interminslad biph woody§

cieﬂ, a yhough th‘s infestation %m0unta to 1?5' than 20 percent.

Sopth} 1etﬂam coutains aiconsidqrable amount of bamboop, rattan, {é
: ] : . | ! .

‘rubber‘tr% 8, ebony, rosewooﬂ, and woody vines. From these come § 1
I AT VN E

| j timber, Late#,:réainﬁ, wood oils, paper pulp, and dyes.
i‘ \ ' b

R s .
SR CFntral Vietnam gontains: the broad leaved species of the wood

!1._} Eoils Whicp provide haavy timor, and ‘this area also produces a

- num beriofithe pine sgecies. _In addition it produces a number of

‘ b L f :




jminor prodhcta such as hamboos, rattans, fibers, tanbark, gums,
-resina, oil producing sgeds and vines,

;{‘rFor the must part tge ;rees in North Vietnam are broad leaved
:ﬁﬁxéd with conifers,‘mogtly pines. Generally one éan find as many
; as 50 different species-of broad leaved trees in a single acre of
‘forest. Some of the species such as oak, maple, ash, and magnolia

: aPpear in the highlands. North Vietnam suffers from excessive

dgforestat%on and consequently the valleys and plains furnish only

‘inferior timbers. ‘Vast areas are now covered by brush and grass

cbvered saéannas since gven the secondary growths have disappear-

E‘er:l. kaiﬂ forests in Vigtnam are relatively limited, while most

s
i

i of t e rubber productio , occurrs in central and\éouth Vietnam
: Q '

‘;Fox further inform ticn of existing vegetation in Vietnam, the
Nt !
_:_‘:l‘1l ;

ﬁ_”w reader is raferrad to tﬂ? noteg for this chapter and tha biblig~

'graphy of|this reaaanch;; -
‘ ;!l . ! [ sl
‘ : I

H | ‘ ii;‘ Mnst D‘.l

f;-cult Vegetation to Control

Ther@ are many factg&a iﬂvolved in the problem of eontrol pf
I \

I
]!
i
b o
RN ay v?getation in the tropiqa, or thoae areas considerpd jungle.; For

i

@ ”‘-example,|one iof the primﬁ codcerns of detoliating p virgin forest
; L | ! | ! ‘
{B; 'stand in Wietnam i the multiple canopy problem which pxévents

‘penetration of the herbicide down through the varipus layers of

foliage qa the ground, Thesd forests are normally made up of a
;spatty,oversuory,of very:large decidious trees, a middle layer of
i".]I jbroad~leafed;evergreens ranging in height from 30 to 80 feet, and
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an almost impenetrable underlayer of small trees, shrubs, vines,

and thorny leaf bushes 6 To defoliate such an aree, in terms of

military requirements of detection of the enemy in his attempts

to infiltrate or deploy, multiple missions nust be carefully

scheduled over

to open‘up the

and after defoliatign haSwoccurrad of the, primqry canopy A second

mission is flown to remove the secondary layer.

aquadron in ViEtnam found that when the secondery layer had been -

removed that t]

fa pepiod of weeka. First a miasion must be £lown |

top canOpy‘made up of the talleat trees, Next,

The defoliation

| -
e tog layer had foliated again and another piasion

was - required tp reogen iu 80 that the fourth and last mission

could be, flowngto remove the ground cover.

The difficulty in-
| i

volved can readily pe understood and the time conaumed to complete

the procees is
v Althdughzt
o

virgin forest

. | L |
contyol dince

throdgh to the

Foper ¢ nditions %Fé

1F &11 P Obﬁb#1ity pgve been dormn d for'centdries. Conaequentlyi

thie ‘new. growt

i
opef&tiqn.a-ihey algp regain their foliage in A short ‘period of
| : | | i .

‘ é |
timeganditheiwhole Froceas muat begin anew.

hnaceeptable to a military operation. i
hF he; icides used are effective and perform well, !
|

1
I

standelhave to be considered extremaly difficult to

defoliating them ia aitime consuPing, and expensive

undan?rowth is aliminated the sun is able o get

gmou?d.:

present tHr germination of aaeda that
| E 5

h ety rapidly rcplacis the vegatation which was = |

H
! 1
I
1

his craatep another pmoblem in that the | |




| i,‘
; '3‘eliminated and it becOmes very difficult to distinguish between

" an area that had been defoliated and one that had not, Therefore,

:*.'secondary growth_createslanother problem that is difficult to

il

'control | : . Doy

Other typea of foliage difficu+t to control are bamboo and
:;eleohant greas. Heavy dpsages of herbitides seems, to defoliate
f:bambdo but d%e to its qx%ensﬁve root system it 1is ext;emely diffi-

h :ﬁto erredicate. N%w‘growth vary Eapidly fills in more depse

I the oriéinal stané | Elephant gsaas also presentp an errgdi-
%cetion prolem. Leaf Hn;ck downiis generally good but permanent

?etradication, like bamho;, i; extremaly difficult to attain, - This
Epermits the foliage to v;ry quiekly grow back, and the problem of
:i.penetration ;nd visibility if recreated

xt is readily apparent that somg vegetation in Vietnam, al-

though easily defoliated is definitely resistant to erradication

v with presentiday herbicides. It 1s also apparent that the rapid

:growth of vegetation in the area resists adequate control of

?vegetation and it 1s egtremely doubtful that under the clrcum-

hutances, soii SErilantgiwould be effective in this enyironment.

Thefefore, it is ! the o%inion of the author that untit new techno-
I i

‘"%_logy in herbicideb is @eveloped the problem of complgte control
1 ;( |

L of tropical-vegetetion ﬁs going to‘remain, at best; q problsm,

However, as‘previous;y ltated control does not nsceqsarily mgan

‘E.that;all vegetatinn AW t be erradicated.j |

T

U s




i There are some spegles of tropical vegetation that are pighly
:fsuacéptible to herbicides and therefore these are easily coytroll-

ed;w-ﬁ briéf-axaminatign 6£:some of these species will be address-

ed naxt.

él : ‘ g_ggta%ion More Readily Controlled

Tﬁ{s

="

iacusaion wﬂgl addreass only a few of the species that

hi v ]

':f?ara aésy ray ioq eth%cidea, and these will serve as examplqs

_ii for Fhis diacussio .(“

Most crops 1d i@tn&m are extremaly sensitive tq most of the

’herbicides used thi LJ Among these are broad leaf crops, sugh as
: C i

beans, cabbage, let tTQQ, etc. Rice 1s also extremely sensitive

4

and easily erradic téq Therefore, it 1s extremely eaay ta deny
:"the enemy food supplgeg that he attempts to grow for his own con-
sumption, Locating the areas under cultivation is another matter

‘aince the ehehy utilizes small plota to grow his vegetablés which

are difficult to! stect in the surrounding vegetation., Rubber

|

? trees are extramﬁly qusitive and when spraying in the areas they

are 1ocated ip, wide‘a;fety zones must be determined between them

and the arep. baing spngyed to preclude drift damage. Rubbgr trees

¢

;are easily defol*atedg‘and_phey are killed with little or no pro-
: = f N : S

- S Lo : o
- Most brpa@;ILaf N%pes and farns are easily defoliated pr erra-

dicated iT-igs.;'is due| to the ease with which herbicidaa panetrate

ii? - the leaves 5ecause of!thein.extremely broad leaf and rapid growth
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At previousl

i

1 which make

herbicide
E'grasseé,

g good Th
, ?.permitqin
I Almos

f  _whi1e Uhe

al, harhi

::i_cide may

ed wh¢

S

" would

'E:diﬁguaéi
e

4l
 Many

'{m

\
i
i
i

l

e useful

tesés:

rapidly.

L'

2 5 them succulgnt, and causes them to translocate the

Sayannaa are readily controlled because the
\

F

N
%

':rusm, small tyees, bushes, atc., which are part of a
‘; ; aavanna,!are fairly eqused Jnd penetration of the herbicide is
.us éxdellent cgntact is made and coverage 1s complete

g a‘contact heEbicide to, work well,

all vegetétign reacts best to herbicide applicatipn
vegetationsis young and-growing rapldly, for reasona

i discussed, tbﬁs during theae periods, which are saason-
cides will be @xtremely effective while the same herbi-

b
be impotent at othe: timés.

This:fact must he conslder-

cheduling herhicide operations.- With this in mind, a

n of the herpiqldes uaed and | how effective they are

icides Mnsc Eff@ctive

':i!sgrvicés.

I

_?améde by cham cal companys, laarning in-

.h on the affects of hﬁxbi-

’ . . : »

| n@fiqﬁltﬁe’milita cpmbat point of ?1qw.,]Qf

g thatlmany of Lhe more significant kﬂforta

s A

:  ondu¢£éd by the E&&ld Test Piwi ipn, Plant Sciencah Labgra-

‘
i L
\ Lo A

;

"Ebfj-at Fort Dmtkick ylaﬁd This\is appropriate sinca the
CoFY ¢ : % |

resp$n§1ble fon*khe 4efoliat&$n and the Air Force provides

Z!ﬁicle to apply thg;herbicidea. The ranch hands themsalves

havé rontribut 4 to new.know]edge;now,USed in Vietnam, Most of
! ﬁ ? i :

E i o
l ‘ i57
| o




_ L

‘the tests thatfhave been conduc ted onﬁtrees and tropical vegetation

}v- by Fort Detrick have Been made 1in various narts of the United
States and Hewaii Puerto Rico, and Thialand. Much informaticn is
available frcm Fort Detrick tests in, film strips, briefing tapes,

: scientific data, notes, publications, and movies. This informa-

-‘tion is in both classified and unc13551fied versions and in most

1nstancee quite ddtailed The following discussion 13 of herbi-

Ecidea which were proven most effective, of all those that were
: I

n=the testa that were conducted by the organizations E
% .

i f
|\

effective hy rbicidea in! use in Vietnam are given the

f | |
olor which dentifies th%ircontainers, oranga ‘'white, !
=50 mixture of butyl esters of 2 4~D and ?

:’gnd b1de. Oranse 1s a 5

- 1
2 4, S-T thqt aprayeg undiluted s It 1s primarily used in

junglerdefolﬂation and cguses 1eaf fall in 3 to 6 weeks'with gooed

il
b kE

i

i \ i

control up to*? to % QOfths.g Orange is effective _on large trees

K ! ! i
:} and ita affeﬁts éan be n$en in four tg five days.lo

1 Whire is a low volatile amine salt formulation of picloran

_?g:and 2, 4-D. :It_provideﬁ‘longer control cf a wide variety of woody

: ]
i - ; | '

d S ! .
L:!“\p%ants but is;consideratly more expensive than the pther herbicides

: ! i
i t use. It is simflar ke herbicidea used in aerial spraying of the

‘ | . |
_ nightJof—way1glong powey 1ines i# the United States, ' !

f; -1 Bl ue 1s aico%tact.he?picide ﬁormulated of cacodylie acid. It
i) o : Lo

e | ; S
o ‘is very effective in awvupnas and is ubeq,for rapid defoliation of

|153 ;; ' :\

g
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i
v

e vegetation; It is especlally ‘effective along roadways in keep-

Q,L- ing heavy grassy vegetation down, Blue will normally cause'aome

fdefoliatlon of bamboo but is generally ineffective against that

: ' | |
ind of vegetation.ll

: : ’ 1 . }
;F.' Orange bloa, and white are 1in some instances, used in con-
'; junction‘with one another on the same area. For example, a virgin
v | :
Pl
““% foreat tTp canopy is normally opened up with blue, This is follow-

f~i %dwithiT afew days with orange to get the second layer, and

?again blhe to oeopen the top canopy when the second layer has de-

|
and then orange to 4efoliate or erradicate the ground

'foiiated
p2l

uaed ip diapenaing white and blue due to their

\
L
N
1 i’f
utfo mu?t be
!Elf* compft bility. ﬁﬂiteland blue mixeq together or following each
o | g
th ough a aprdy system will cauqe a gumy form which will

.}¢log pum a,ilines, and ﬁozzﬁea. If w?ite ig used, a load of
\ : c
ot |

| |

l}i con be\foilowgd by blue m This procedura also holds

to E v

to pi followed by whit ihe incompatibility of these

“: " =i .
two herb cides haa cauaed a sch&quling problem of follow up tar-

| I | I
ugeta whi h has not been|

i %l white ar normelly applied undiluted thus the herbicide acts as

easily resolved 13 Orange, blue and

b
" its own arrief.
o TH a

Loy
I=l | White has the least drift problem and consequently can be
L ‘ I .l -\
Vtargeted nearef suooeptible vag@tation. This 1s due to its heavier
I N

: e
| B
1 -

: H :! !
| |
! |
i |

ba%yut|éhrough kho syatenﬂW or some other Buitable clean-




,iminhtea a majority of the'droplets from the. atmos-

L

1ght which el

¢

Recognizing that only the highlights of defoliation have been

.hddreased‘the author encourages those who wish to pursué the sub-

L

‘make use of the ;ufo#mation available through the

Dividion;jus Army Biologicél Laboratories, Fort Detrick,

of this‘reaearch.

i e e el e
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