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ABSTRACT 

The forests of Southeast Asia, Puerto Rico, 
and Texas show considerable differences in 
floristic composition, but the principle types 
have affinities from the standpoint of struc- 
ture, life form, and environment. Among the 
forest types having affinities are the Evergreen 
Forest and Mangrove Woodland of Southeast 
Asia and Puerto Rico, Deciduous Forest of 
Southeast Asia and Texas, and the Thorn 
Forest of all three areas. 

Paraquat was the most effective chemical 
tested for rapid defoliation of woody plants. 
In rain forests 20 to 30 lb. per acre are 
needed and in drier forests with significantly 
less blomass, 10 to 15 lb. per acre. Low 
temperature reduced the rapidity of leaf 
necrosis during the first 48 hr. after treat- 
ment, but the temperature effect was negligible 
after 96 hr, Photodecomposltion of paraquat 
occurred readily. 

Picloram was the most effective herbicide 
tested for long-term defoliation of woody 
plants. This was true whether picloram was 
applied to foliage or to the soil. Compared 
with phenoxy herbicides, picloram was more 
readily absorbed by leaves or roots, it was 
translocated more extensively and in greater 
quantity in the plant, it provided greater bud 
suppression, and was effective on a wider 
range of species. The latter point Is of par- 
ticular importance in forests having a high 
species diversity. Treatment with 3 gal. of 
picloram per acre (6 lb.) was as effective as 
3 gal. of orange (24 lb.). 

M-2993 (4 lb. of 2,4,5-T and 1 lb. picloram 
per gal.) was also as effective or more ef- 
fective than orange on an equal volume basis. 

Bromacll was the best herbicide tested for 
the control of grass species and for general 
soil sterilization. 

Woody plants in areas having seasonal 
rainfall are seasonally susceptible to herbi- 

cides. The most susceptible period occurs 
when soil moisture has been adequate for 
rapid growth, but after terminal twig elonga- 
tion has stopped. Woody plants growing in 
areas where rainfall Is high, but uniformly 
distributed throughout the year, are prob- 
ably less subject to seasonal suscepti- 
bility. 

Secondary growth following defoliation oc- 
curs rapidly in wet tropical enviroments. 
Significant regrowth occurred 6 mo. after 
herblcidal treatment of foliage, and 12 mo. 
after application to the soil. Grasses, sedges, 
and vines are the first components of secon- 
dary growth and some woody seedlings appear 
soon thereafter. 

Vertical and horizontal obscuration are 
linearly correlated with defoliation. Air-to- 
ground obscuration was greatly reduced by 
50 percent or more defoliation, but the degree 
of obscuration was dependent on angle and 
direction of sight. Vertical obscaratlon was 
reduced from 85 percent where there was no 
defoliation to 40 percent where there was 
100-percent defoliation. Horizontal obscura- 
tion was reduced by defoliation but was also 
dependent on stem density and basal area. 
The percentage of horizontal obscuration was 
reduced from about 55 where there was no 
defoliation to 25 where there was 100-percent 
defoliation. 

The percentage of spray penetration through 
forest canopies was inversely related to canopy 
density. Other factors such as evaporation 
and drift being equal, the Inverse relationship 
was linear through the entire range of 0- to 
100-percent canopy density, in a dense, two- 
storied forest, about 80 percent was Inter- 
cepted by the top story and an additional 15 
percent by the middle story, leaving 
5 percent for vegetation on the forest 
floor. 

Ill 



The research described in this report was 
conducted by personnel of the Agricultural 
Research Service, U.S. Department of Agri- 
culture under contract with the Advanced 
Research Projects Agency, Department of 
Defense, This report is submitted in accord- 
ance with ARPA Order No. 424, Program Code 
No. 3860 dated January 30, 1963; Amendment 
No. 1, Program Code No. 4860 dated April 2, 
1964; Amendment No. 2, Program Code No. 
5860 (11) dated March 5, 1965; and Amendment 
No. 3, Program Code 6G10 (11) dated March 29, 
1966. 

ARPA Order No. 124 and its amendments 
directed the Agricultural Research Service to 
evaluate new herbicides or combinations of 
herbicides foi killing tropical and subtropical 
vegetation, develop methods of evaluating 
herbicides on different woody species, de- 
termine the effects of environment on be- 
havior and effectiveness of toxic herbicides, 
determine optimum dates and rates of applica- 
tion, relate the percentage of defoliation to 
horizontal and vertical obscuration, develop 
metnods for improved application techniques 
that provide better distribution patterns, and 
obtain the botanical information needed so that 
correlations might be made between vegeta- 
tion  Indigenous  to  Continental United States 

(CONUS), Puerto Rico, and Southeast Asia. 
The last objective has been satisfied by two 
U.S. Department of Agriculture Publications 
entitled, "Vegetation of Southeast Asia: Studies 
of Forest Types, 1963-65" (CR 49-65) De- 
cember 1965, and "Forests of Southeast Asia, 
Puerto Rico and Texas" (CR 12-67), 1967. 
The remaining directives are included in this 
report. 

This publication completes the reporting 
requirements of ARPA Order No. 424 and its 
amendments. However, a short supplementary 
report will be submitted after we have final 
data from the latest tests. Those data will be 
available in November 1967. 

Trade names are used in this publication 
solely for the purpose of providing specific 
information. Mention of a trade name does not 
constitute a guarantee or a warranty of the 
product by U.S. Department of Agriculture or 
an endorsement by the Department over other 
products not mentioned. 

Underscored figures in parentheses refer to 
Literature Cited at the end of respective 
chapters. 

Crops Research Division 
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RESEARCH REPORT . . . 
RESPONSE OF TROPICAL AND SUBTROPICAL 

WOODY PLANTS TO CHEMICAL TREATMENTS 

Compiled by Fred H. Tschirley, Crops Research Division, 
Agricultural Research Service 

SUMMARY 

Despite the fact that many woody species 
have been introduced from one area of the world 
into another, the forested areas of Southeast 
Asia, Puerto Rico, and Texas show considerable 
differences in floristic composition. Introduced 
species are commonly found along roadsides 
and around habitations, but most have not been 
naturalized to the extent that they are com- 
monly found in forested areas. 

Aside from floristic composition, the forests 
of Southeast Asia, Puerto Rico, and Texas, at 
least the principle types, have definite af- 
finities from the standpoint of structure, life 
form, and the environment in which they grow. 
The Evergreen Forest of Southeast Asia re- 
sembles the Luquillo National Forest of north- 
eastern Puerto Rico. Precii Itation is high and 
the constant high humidity and abundant soil 
moisture contribute to the development of a 
lush plant growth. Numerous short trees, 
slender vines, and stout lianes obstruct hori- 
zontal visibility. Heavy foliage in the contiguous 
crowns of the top story hamper vertical visi- 
bility. 

Deciduous Forest in tropical regions such 
as in northtrn Thailand resembles the Mixed 
Deciduous Forests of temperate regions, es- 
pecially when the branches are bare of leaves. 
Such trees as oaks and magnolia, important 
elements of Temperate Forests, are repre- 
sented by a number of species in the Upland 
Montane    Forest    of   Southeast    Aaia.    The 

Mangrove Woodland of Puerto Rico bears a 
striking resemblance to that in Southeast Asia. 
Two of the species are congeneric. Thorn 
thickets are frequent in all tropical and sub- 
tropical regions. Many of the woody species 
are armed with short or long spines on 
branches or trunks. Several shrubs or small 
trees regarded as brush on rangeland in 
Texas have a pantropical distribution and are 
frequent in the Thorn Thicket of Puerto Rico 
and Southeast Asia. 

Many herbicides were evaluated for their 
effectiveness in defoliating woody plants 
rapidly. Paraquat and diquat provided the 
most rapid defoliation of all the chemicals 
that were tested, and in most cases, paraquat 
gave slightly better results than did diquat. 
The rapidity of defoliation varied widely with 
the species. Those having small, succulent 
leaves were defoliated rapidly; those with 
large, leathery leaves slowly. In most cases, 
necrosis was apparent within a few days after 
treatment and within 1 week after treatment, 
considerable defoliation had occurred. The 
rate of paraquat needed to provide a high per- 
centage of defoliation varied widely among 
species. In general, rates of 20 to 30 lb. 
per acre were required in Rain Forest, but 
10 to 15 lb. were adequate in drier forests 
with significantly less blomass. Low tem- 
perature reduced the rapidity of leaf necrosis 
during  the  first 48 hr. after treatment with 



paraquat, but the temperature effect was 
negligible after 96 hr. Laboratory studies 
showed that plant leaves must be exposed to 
direct light before a maximum effect from 
paraquat is obtained. 

Picloram, with few exceptions, was the most 
effective herbicide tested for long term de- 
foliation. Picloram was not equally phytotoxic 
to all woody species and the rate required for 
effective defoliation varied widely. As was the 
case with paraquat, there appeared to be a 
relationship between the amount of picloram 
needed for effective defoliation and the amount 
of rainfall that occurred in the area. Again, 
this may not have been directly related to the 
environment, but rather to the relative mass 
of vegetation. 

The broad spectrum of woody species sus- 
ceptible to picloram makes it an extremely 
important herbicide for woody plant control. 
The use of picloram is particularly appro- 
priate for the defoliation of forest types 
characterized by high species diversity. Such 
forest types are frequently found in tropical 
environments. Picloram also provides greater 
suppression of lateral and basal dormant 
buds than do other herbicides. The combined 
advantages of effectiveness on many species 
and greater bud suppression make picloram 
the best single herbicide available for woody 
plant control. Our research experience with 
picloram indicates that gallon for gallon it 
equals or exceeds the control obtained with 
any other herbicide. This point is particularly 
significant because picloram contains only 2 
lb. of active material per gallon whereas orange 
contains 8 pounds. 

Equivalent volumes of picloram, M-2993, 
M-3140, and orange or purple caused approxi- 
mately equlvalei,'- defoliation. Three gallons 
per acre was required in wet forests, but 
lesser amounts caused effective defoliation in 
drier forests with less vegetative biomass. 

The relative amounts of picloram and phenoxy 
herbicides translocated within various plants 
were studied in plants growing in the green- 
house and in the field. All studies showed that 
picloram was translocated more readily than 
2,4-D or 2,4,5-T. Greater mobility within 
plants is probably one reason that picloram 
exhibits more suppression of dormant buds 
than do the phenoxy herbicides. Furthermore, 
2,4,5-T was not translocated from leaves until 

the leaves were fully expanded. This empha- 
sizes the importance of delaying field applica- 
tions of 2,4,5-T until after leaves have reached 
full size. Moisture stress reduced the trans- 
location of 2,4,5-T to a much greater degree 
than picloram. 

Woody plants can also be effectively con- 
trolled by making herblcldal applications to the 
soil. Vegetation control can be obtained for 
relatively long periods of time if enough 
herbicide is used and there is not too much 
rainfall. Some woody species will be killed by 
one herbicide but not with another. Complete 
woody plant control in areas having a high 
species diversity can only be achieved if 
enough herbicide is applied to overcome the 
effects of differential species susceptibility. 
The necessary rate varies with herbicides, but 
could be as low as 10 lb. per acre in dry 
areas, and as much as 27 lb. per acre or more 
in extremely wet areas. 

The most effective herbicides applied at 
relatively low rates to the soil in dry areas 
were picloram, fenuron, bromacil, and prome- 
tone. In wet sites, picloram was unquestionably 
most effective. Dicamba and bromacil gave 
fair control In wet sites, but about three 
times as much herbicide was required for 
dicamba and bromacil as for picloram to give 
an equivalent degree of control. In general, 10 
lb. per acre of picloram, fenuron, bromacil, 
and prometone will give effective woodly plant 
control in dry areas. In wet areas, 27 lb. 
per acre, or more, are required and picloram 
was the only herbicide proved to be effective. 

Research indicated that picloram is mobile 
in the soil, but does not degrade rapidly. In 
heavy clay, picloram remained at phytotoxic 
levels for long periods of time. In sand, on the 
other hand, leaching soon carries the picloram 
to soil depths that roots do not usually pene- 
trate. 

Ultraviolet light decomposes picloram 
rapidly. 

The degree of revegetation following appli- 
cation of a herbicide to either the foliage or 
to the soil depends primarily on the amount of 
rainfall that occurs in the treated area. Con- 
siderable regrowth occurs within 6 mo. after 
application to the foliage with high rates of 
orange. Both the rate and degree of regrowth 
are lower when equivalent volumes of picloram 
are applied. Application of 27 lb. per acre of 



plcloram to the soil in a rain forest resulted 
in almost complete control of the woody vege- 
tation. Within 1 yr. after treatment, however, 
the ground floor was completely covered with 
grasses and sedges, and woody seedlings were 
also becoming established. Two years after 
treatment, some of the new woody plants had 
reached a height of 8 to 10 ft. Vines were also 
prevalent. 

Grasses and herbaceous weeds are almost 
always the first vegetation types to reinvade 
an area after treatment with herbicides. In 
dry areas, the grasses and weeds are of low 
stature, but they become increasingly taller 
as the amount of rainfall increases. Glasses 
reaching a height of 8 to 10 ft. are not un- 
common in wet tropicalareas. Thus, if defolia- 
tion is maintained in a wet evergreen forest, 
grasses, sedges, and vines will quickly become 
established on the forest floor. These do not 
offer as great an impediment to mobility as do 
trees, but horizontal obscuration would be 
virtually complete. 

Horizontal and vertical obscuration are not 
improved greatly unless the percentage of 
defoliation exceeds 50 percent. When horizontal 

and vertical obscuration are predominant fac- 
tors to be considered in assessing herbicldal 
effectiveness, any chemical that provides less 
than 50-percent defoliation should not be used. 
In like manner, when the degree of refoliation 
has been adequate to reduce the general per- 
centage of defoliation to 50 percent, retreat- 
ment will be necessary. 

Aerial applications of different types of 
spray materials showed that water was dis- 
tributed more uniformly than wer:- invert emul- 
sions or partlculated sprays. This suggests 
that sprays of low viscosity have better 
distributional patterns thatn those of high 
viscosity. However, differences in percentage 
penetration through forest canopies due to type 
of spray material were small. The percentage 
of drop penetration decreased rapidly between 
droplet densities of 0 to 100 per square in., 
but remained stable thereafter. The percentage 
of spray penetration through forest canopies 
was inversely related to canopy density. Other 
factors, such as evaporation and drift being 
equal the inverse relationship was linear 
through the entire range of 0 to 100 percent 
canopy density. 

INTRODUCTION 

Defoliation of vegetation to reduce obscura- 
tion has long been recognized as having a 
tactical military advantage. Any process that 
reduces the amount of obscuring vegetation 
will permit easier detection of personnel and 
equipment. The possibility of ambush is re- 
duced and the movement of enemy equipment 
and personnel can be more easily ob- 
served. 

The importance of obscuring vegetation is 
particularly Important in tropical areas. Tree 
density is high and vines, epiphytes, but- 
tressed roots, and fallen trees add greatly to 
the degree of obscuration. Second-growth 
forests, which are commonly characterized by 
a profusion of vegetation often divided into 
several canopy layers, are particularly 
notorious for hindering both movement and 
sight.  Obscuration  is  important  not only in 

horizontal plane but also in oblique and vertical 
planes. The ability of a man on the ground to 
spot approaching aircraft, or, conversely, the 
ability of an aerial observer to see personnel 
and equipment on the ground is highly im- 
portant. 

Some forested areas in Vietnam were sprayed 
with herbicides in the early 1960^ in an effort 
to reduce the amount of obscuration by vege- 
tation. The results were particularly good on 
mangrove in coastal areas and along canals. 
Results on evergreen rain forests and upland 
semldeciduous forests left much to be desired. 
Consequently, a team of military and civilian 
experts reviewed the operational spray pro- 
gram and made recommendations for im- 
provement. Since there was a dearth of infor- 
mation available about the response of tropical 
woody plants to herbicides, a research program 



was recommended that would answer some of 
the critical problems involving the defoliation 
of tropical forests. That recommendation was 
accepted and the Advanced Research Project 
Agency of the U.S. Department of Defense 
entered into discussious with the Agricultural 
Research Service of the U.S. Department of 
Agriculture to determine the nature and extent 
of an effective research program. The Agri- 
cultural Research Service proposed a research 
program combining the scientific disciplines 
of weed science, taxonomy, and agricultural 
engineering. Research locations were to in- 
clude Southeast Asia, Puerto Rico, and Texas. 
Concurrently, the Advanced Research Projects 
Agency contracted with the U.S. Army Bio- 
logical Center to conduct research on the 
defoliation and control of tropical forests in 
Thailand. 

ARPA Order No. 424 was issued January 30, 
1963. The work involved in staffing for the 
project was begun almost immediately. Bo- 
tanical investigations were assigned to 
Llewelyn Williams. He studied the vegetation 
of Southeast Asia and compared it with the 
vagetatlon of Puerto Rico and of Texas. 
James A. Duke joined the botanical staff later 
in the year and concentrated his efforts on the 
vegetation ox Puerto Rico. 

Two weed scientists were already stationed 
at College Station, Tex. Although they were not 
assigned to the ARPA project on a full-time 
basis, they initiated the first work that was 
done on the project in Texas and contributed 
substantially to the information that was 
ultimately developed. These two scientists, 
H. L. Morton and R. E. Meyer, were joined 
by M. G. Merkle, R. W. Bovey, andF. S.Davis 
who worked full-time on the ARPA project. 
L. ft Bouse, an agricultural engineer, trans- 
ferred from Stlllwater, Okla., to join the ARPA 
group at College Station. 

C. C. Dowler and F. H. Tschirley arrived 
in Puerto Rico in April and June 1963, re- 
spectively, to begin work en the defoliation 
program. In October 1963, they were joined 
by J. R. McCalmont, an agricultural engineer, 
to conduct the work on spray penetration 
through tropical forest canopies. Mr. 
McCalmont retired from Government service 
in October 1965 and was replaced by Mills 
H. Byrom who continued the work thai had 
been started. 

ARPA Order No. 424 was established for a 
2-year period. The objectives of the work in 
College Station, Tex., were to: "Discover and 
evaluate new herbicides and principles for 
killing trees, brush and other vegetation; 
develop methods of evaluating herbicides on 
different species of woody vegetation; develop 
methods and principles for improved applica- 
tion techniques; and determine effects of 
environment on behavior and effectiveness of 
promising herbicides." The objectives of the 
research in Puerto Rico were to: "Conduct 
advanced evaluation of promising herbicides 
for killing tropical and subtropical vegetation; 
and determine optimum times and rates of 
application, distribution patterns, formulations 
and mixtures for most effective use of herbi- 
cides." The objectives of the taxonomic in- 
vestigation were to: "Obtain sufficient botanical 
information so that correlations can be 
made between vegetation indigenous to 
CONUS and Puerto Rico, and Southeast 
Asia." 

ARPA Order No. 424 was extended for an 
additional year by Amendment No. 2 dated 
March 5, 1965. Additional objectives of the 
research were to: (1) Emphasize effects of 
environment on behavior and effectiveness of 
herbicides and persistence of control including 
residues in soils and plants, (2) study secon- 
dary succession of vegetation following dif- 
ferent herbicidal treatments as related to 
"visibility," (3) correlate the results of de- 
foliation in Texas and Puerto Rico, (4) in- 
vestigate methods for improving absorption, 
translocation, and activity of herbicides and 
defoliants, and (5) compare the penetration of 
sprays through a forest canopy that is obtained 
from a cableway system with that obtained 
from aircraft. 

A second extension was granted by Amend- 
ment No. 3, dated March 29, 1966. During the 
final year of the project, increased emphasis 
was given to the effects of environment on 
herbicidal effectiveness, the composition and 
frequency of successional species following 
herbicldeal treatment, the effect of defoliation 
and subsequent regeneration on the degree of 
obscuration, and herbicidal residues in both 
plants and soils. 

The interrelation of data from the fields of 
taxonomy, ecology, weed science, and 
engineering   have   been   extremely   valuable 



during the courseof this project. It is axiomatic 
that the breadth of a study determines the 
extent to which data developed from that study 
can be extrapolated. For example, a great deal 
of research had been done on the control and 
defoliation of woody plants in temperate zones. 
Information was available regarding which 
herbicides were most effective, what rates 
should be used, and when treatments should be 
made. But no one could extrapolate that infor- 
mation to a tropical evergreen forest with any 
degree of assurance. In like manner, penetra- 
tion of a spray solution through a forest canopy 
would be expected to be different for a desert 

shrub formation, a coniferous forest, a tem- 
perate deciduous forest, and a tropical ever- 
green forest. Once the effective herbicides, 
the penetration of spray solutions, and the 
taxonomic affinities of several diverse vege- 
tative types are known, extrapolation of that 
information to entirely new areas can be made 
with much more assurance. Thus, the corre- 
lated efforts of taxonomists, engineers, and 
weed scientists in the ARPA project has 
provided information that can be applied with 
reasonable assurance on a worldwide basis, 
rather than being restricted to the area of 
investigation. 



CHAPTER 1 

FORESTS OF SOUTHEAST ASIA, PUERTO RICO, AND TEXAS 
THEIR AFFINITIES AND CONTRASTS 

Southeast Asia, Puerto Rico, and Texas- 
three geographically distinct and distantly sep- 
arated regions—are rich in plant life. A lati- 
tudinal range from equatorial to temperate and 
an altitudinal range from sea level to high 
mountains, result in an extremely variable 
climate, soil, and vegetation. The forests of 
the three areas exhibit considerable variation, 
each with a complex and distinctive flora. In 
addition to climatic and edaphic variables, the 
vegetation har also been influenced by felling, 
burning, grazing, and other agencies. 

Southeast Asia encompasses the countries 
of Cambodia, Laos, Thailand, and North and 
South Vietnam, and has a total area of 505,000 
sq. mi. Thus, Southeast Asia is slightly less 
than twice the area of Texas (262,120 sq. mi.), 
and about 148 times the size of Puerto Rico 
(3,420 sq. mi.). The five countries of South- 
east Asia may be considered as a unit because 
of similar topography, climate, soil types, and 
vegetation. The general physiography of the 
entire Indochina Peninsula is that of great 
plains, plateaus, mountain ranges, with peaks 
upwards of 6,000 ft., and several large 
rivers flowing in a general southerly or south- 
easterly direction, with deltaic estuaries cov- 
ered with Mangrove woodland. Except on the 
summit of mountain ranges, temperatures 
range from 70 to more than 100° F., andfrost 
is known only on the highest peaks. Annual 
rainfall varies from about 40 to 150 in., and 
in limited zones up to more than 200 in. 

Puerto Rico, like Southeast Asia, is situated 
well within the tropical belt, with a range of 
precipitation similar to that of Southeast Asia. 
Three physiographic zones are generally 
recognized:   (1) A  central  mountain  core of 

volcanic origin, (2) an elevated area of coral 
limestone surrounding the mountain ranges, 
and (3) the northern and southern coastal 
plains. The island is well drained by about 
1,300 streams and small rivers. 

Major physiographic zones in Texas are: 
(1) Gulf prairies, moderately level plains, and 
high plains, (2) rolling or irregular plains, 
such as those of the South Texas hill country 
and East timberlands, and (3) mountains and 
basins of the Trans-Pecos, with the highest 
peak, Guadalupe, rising to 8,730 ft. Many 
streams dissect the State, flowing irregularly 
from the northeast to the Gulf Coast. The 
climate is subtropical to temperate, with frost 
periods during the winter months in most of 
the State. 

It is estimated that there are more than 
10,000 species of plants in Southeast Asia. 
Approximately 1,500 are woody, ranging from 
shrubs and small trees in thorn thickets to 
tall trees up to 90 or 100 ft, in height in the 
dense humid evergreen forests. Many plants of 
tropical American origin have been introduced 
into Southeast Asia, particularly those es- 
teemed for their edible fruits, seeds as a source 
of food, or as ornamentals. Likewise, a large 
number of economic or ornamental plants of 
Asiatic origin have become naturalized in 
Puerto Rico and elsewhere in tropical America. 
Many of them grow spontaneously, but seldom 
develop in the forests, except in clearings or 
around abodes. 

Of the 1,577 species of plants, indigenous 
and introduced, recorded in Puerto Rico, 500 
are small to large trees. The forests contain 
a number of useful timbers, long esteemed for 
construction and other purposes. 
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Because of Its large area and extreme vari- 
ations In environmental conditions, Texas has 
a rich flora, with about 4,600 species of 
vascular plants. Many of these are repre- 
sented, either by genus or species. In Puerto 
Rico, Southeast Asia, and other tropical areas. 
Grasses are exceedingly well represented In 
the State by about 112 genera and 570 species. 
In fact, grasses are more abundant. In terms 
of species, than In Southeast Asia or Puerto 
Rico. Many trees growing In other forest 
regions of Continental United States have 
developed, over the centuries. Into well- 
established Texas varieties, because of their 
resistance to high temperature, drought, and 
ability to adapt to different types of soils. 
There are approximately 800 species of shrubs 
and trees In Texas, growing In forests covering 
approximately 26.5 million acres. These do not 
Include mesqulte, hulsache, retama, and other 
species of brush considered as rangeland 
weeds. Several of these pest plants are found 
In Puerto Rico and Southeast Asia. 

Because of great differences In the florlstlc 
composition of tropical, subtropical, and tem- 
perate forests, one of the most practical meth- 
ods that can be applied to establish their 
affinities and dissimilarities is to consider 
primarily the structure or physiognomy, and 
life-forms of the principal types. This infor- 
mation Is supplemented by a study of their 
florlstlcs, data on annual and seasonal rainfall, 
soil conditions, and topography of the environ- 
ment. 

Most of the Korat Plateau, in northeast 
Thailand, has a rainfall of less than 40 in. 
annually, often intensified by drought. Conse- 
quently, much of the vegetation covering the 
plateau is composed of Thorn Thicket, Dry 
DIpterocarp Forest, Savanna, and Bamboo 
Brakes, typical of subarld to arid areas. At 
the other extreme. In the southern section of 
the Thai peninsula, where the annual rainfall 
of 80 to 150 in. is well distributed throughout 
the year, a tall Evergreen Rain Forest pre- 
vails. A similar pattern is obtained in Puerto 
Rico, with scrub thicket In the arid area 
around Guanica In the southwest, and dense 
Rain Forest in the high rainfall zone of the 
Luqulllo National Forest In the northeast. 
In the eastern section of Texas, which has a 
rich and varied flora, annual rainfall ranges 
from 35 to about 50 In. 

The forests of Southeast Asia, Puerto Rico, 
and to a large extent In Texas, have suffered 
severely over the centuries from human dis- 
turbance through felling of trees for construc- 
tion timbers, fu Iwood and charcoal, or to clear 
land for agricultural use. Considerable changes 
In the vegetation have been caused also by 
fires, either spontaneously or deliberately set, 
grazing by domesticated anlmaiS and wildlife, 
and attack by insect pests. Such direct or in- 
direct disturbance has had a profound effect 
on the distribution and composition of the 
primary vegetation. In some of the more 
densely populated areas of both hemispheres, 
the natural vegetation has been so completely 
replaced by secondary plant communities that 
it Is now difficult to reconstruct with certainty 
the original primary plant cover. In Puerto 
Rico much of the forest land area has been 
cleared for agricultural use and the remainder 
Is almost entirely secondary forest. Only about 
1 percent of the total area of the Island con- 
sists of stands of primary forest. In Southeast 
Asia, also, the forests have been devastated 
for centuries. Only in the mountainous, less 
accessible regions are there extensive, un- 
disturbed stands of pines and hardwoods of 
commercial value. 

The three regions contain a broad range of 
forest formations ranging from tropical to 
temperate, with distinctive structural charac- 
ters and extremely variable florlstlc composi- 
tion. Nevertheless, certain plant formations In 
these widely separated areas exhibit certain 
definite affinities. For example, the Post Oak 
Savanna of East Texas is reminiscent of 
savanna In eastern and northeastern Thailand, 
or the dry DIpterocarp Savanna in the north. 
Open savanna in the Kra Isthmus of central 
peninsular and eastern Thailand resembles the 
open plains of eastern Texas. In all Instances 
the grass cover Is the dominant factor. 

While the forest components of Texas, as in 
other temperate regions, may be broadly 
classed as conifers or softwoods, and broad- 
leaved or hardwoods, in Southeast Asia hard- 
wood species predominate almost throughout 
the entire Indochina Peninsula. One group 
characteristic of Southeast Asia, and where It 
attains Its best development. Is the wood-oil 
family (Dlpterocarpaceae). These trees, many 
of which furnish commercial timbers, do not 
occur In the western Hemisphere. 



Conifers figure prominently In the vegetation 
of East Texas. They are represented by five 
genera: (1) Cypress (Cupressus), (2) juniper 
(Junlperus), (3) Jouglas fir (Pseudotsuga), (4) 
bald and Montezuma cypress (Taxodlum), and 
(5) particularly pines (Plnus). In Puerto Rico 
the only Indigenous Conifer is Podocarpus 
corlaceus of the Yew family (Taxaceae). This 
genus is represented in Southeast Asia by four 
species. Several Conifers of ornamental value, 
including species at Araucaria. Cupressus. 
Chamaecyparls, Cryptomeria, Junlperus, 
Plnus, and Taxus, hive been Introduced into 
Puerto Rico from Asia and other tropical re- 
gions. 

There are several genera of Conifers in 
Southeast Asia. Pines are especially well 
represented from the standpoint of distribu- 
tion. Of these, the most widespread are the 
two-needled Plnus merkusil and the three- 
needled P. khasya. The latter forms extensive 
stands in northern Thailand, central Vietnam, 
and Laos. Other Conifers found in the central 
part of Vietnam and adjoining areas are 
species of Chamaecyparls, Cunnlnghamia, 
Keteleeria, Taxus, and Thujopsis. Some of 
these are abundant as far north as the border 
between North Vietnam and southern China, and 
beyond. 

Tropical Rain Forest occurs In area«, with 
high rainfall, in excess of 100 in., evenly 
distributed throughout most of the year, and 
with high soil and atmospheric moisture. The 
distinctive characters of this primary forest 
are the luxuriance of the vegetation, the pre- 
ponderance of woody plants, and trees of tall 
stature, up to 50 ft., and some scattered 
emergent trees even reach 150 ft. The 
floristics of Tropical and Temperate Rain 
Forests, of course, are entirely different. Also, 
the number of species growing in a Tropical 
Rain Forest is far greater than is generally 
found in a Temperate Rain Forest. In a 
Temperate Rain Forest one or a few tree 
species may dominate, whereas in the Tropical 
Rain Forest there may be up to 100 or more 
species within an area of 1 acre. Tropical 
Rain Forest, Identical in structure, occurs on 
the north slopes of the Luquillo National 
Forest in northwestern Puerto Rico, in 
southern peninsular and southeastern Thailand, 
on the Cardamom mountains of Cambodia, 
and in Isolated parts of Vietnam. There are 

several areas in North America where a 
Temperate Rain Forest is found. One of the 
best analogues in Continental United States is 
the tall forest covering the western slopes of 
the  Olympic   Peninsula in Washington State. 

Oaks constitute a major element of the 
woody vegetation of Texas, being represented 
by about 35 species, in addition to varieties. 
In Puerto Rico, ho\. ever, oaks are insignifi- 
cant, although several Asiatic species have 
been Introduced. In Southeast Asia, several 
oak species, usually mixed with other hard- 
woods and Conifers, are frequent at medium 
and higher altitudes in the Montane Forest. 
They are particularly abundant in the central 
and northern parts of Southeast Asia. Species 
of oak are also found occasionally in the Moist 
Evergreen Forest, as in southern peninsular 
Thailand. 

Vegetation in swamps or marshlands is a 
characteristic feature of the landscape in 
Southeast Asia, Puerto Rico, and Texas, as in 
other tropical and temperate regions. In trop- 
ical and subtropical areas such vegetation 
shows a gradation from the Mangrove Forest in 
saline water in deltas and around estuaries, 
to a distinctive type of vegetation in brackish 
water, and finally that thriving in freshwater 
swamps. In all areas, plants that flourish in 
saline and freshwater swamps are entirely 
different from the surrounding vegetation 
growing on dry land. 

Mangrove Woodland, controlled by edaphic 
factors, forms the most homologous type of 
forest, from the standpoint of its structure, 
occurring in Southeast Asia and Puerto Rico. 
Although differences exist in the species 
composition, Rhizophora and Avicennla are 
represented both in Puerto Rico and Southeast 
Asia. Wherever it occurs, the physiognomy 
of this forest is similar, with contiguous 
crowns, dense foliage of various shades of 
green, and a flat canopy generally of uniform 
height. Stands of mangrove occur along the 
north and south coasts of Puerto Rico. These 
are generally lower in stature than the more 
extensive Mangrove Forests in Southeast Asia. 

Mangrove does not occur in Texas, but its 
counterpart is the Cypreso-Tupelo Swamp 
found in sections of the lower Mississippi 
delta.Thls swamp lies under water of fluctuat- 
ing level except during periods of prolonged 
drought.   In   this   environment   cypress  and 
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tupelo appear to be the only trees able to 
tolerate constant flooding. Proceeding Inland 
from the muck soil of cypress swamp, with 
its high content of organic matter and silt, 
there Is a gradual decrease In water level as 
the land slowly rises, until a point Is reached 
where the surface becomes firm and favorable 
for dryland species. The same pattern ap- 
pears In mangrove belts. 

Within the Rain Forest belt, differences In 
the length and severity of the seasonal dry 
period are expressed in variations in the 
florlstlc composition and structure of the 
vegetation. An example of this is the so-called 
Evergreen Seasonal Forest, with 4 to 6 mo. 
of little or no rain. Many of the trees are 
deciduous, and others are facultatively de- 
ciduous, that is to say the degree of leaf- 
shedding depends upon the length and severity 
of the dry period. Such a forest covers large 
areas in Southeast Asia and resembles the 
Rain Forest floristlcally and in Its three- 
storied structure. A similar forest type Is 
widely distributed in the Caribbean area and 
in mainland tropical America. 

Another characteristic feature of the vege- 
tation in Puerto Rico and Southeast Asia, as 
In all tropical and temperate regions, is the 
contrast between lowland and mountain flora. 
As we ascend mountain slopes the composi- 
tion and structure of the vegetation undergoes 
a gradual change. In the lowland Hill Ever- 
green Forest of Khao Yal, in central Thailand, 
species of rattan (Calamus), fig (Flcus), dlp- 
terocarps (Dlpterocarpus), and palms (Livls- 
tona, Caryota, Arenga) are common. In the 
Montane or Mid-mountain Forest, the most 
frequent forest trees are species of oak 
(Quercus), chestnut (Castanopsis), and a 
conifer (Podocarpus). On the flat summit other 
trees become dominant, such as species of 
Schlma and another conifer,Dacrydlum. Unlike 
the three-storied Rain Forest, Montane Forest 
has two, poorly defined strata. Most of the 
trees are slender with fairly small crowns, 
and form rather closed stands. On the moun- 
tains of northern Thailand, the oak-chestnut 
association is gradually supplanted by stands 
of the three-needled pine (Pinus khasya). In 
Puerto Rico Montane Forest, on the slopes of 
Luquillo Mountain range, the "Colorado" type is 
represented in which Cyrilla racemlflora Is 
dominant.   The  canopy is fairly uniform and 

does not exceed 45 to 50 ft. in height. All the 
trees are evergreen, and the leaves are typi- 
cally thick and leathery. The ground is gen- 
erally covered by leaves, and in some sites 
by a thick organic surface layer. Sphagnum 
moss abounds in moist sites. 

Other forest types of similar structure, 
occurring in Puerto Rico ana Southeast Asia, 
are the Elfin Woodland and Mossy Forest. 
In Puerto Rico, Elfin woodland grows on the 
upper slopes of Luquillo Mountain above the 
Montane Lelt. Because of constant clouds 
passing over the range, humidity is high. 
Strong gusts of wind blow constantly, so that 
the crowns of the low trees appear as if they 
had been sheared. In association with this 
formation, but on the leeward side. Mossy 
Forest appears. It is so named because of the 
abundance of mosses hanging from the trunks 
and branches. The soil is moist and boglike. 
Similar formations occur on the summit of 
Inthanon Mountain in northern Thailand and in 
limited upland sites in Khao Yal National 
forest in the central region. 

Many species of bamboos occur throughout 
Southeast Asia in all types of soils and under 
a variety of climatic conditions. They are 
used for a multitude of purposes, such as 
for furniture, walls and partitions of houses, 
shade, windbreak, and water conduits to irri- 
gate rice fields. The tender shoots of many 
bamboo species are edible. Wherever a clear- 
ing is made in a forest, or when tilled land 
is abandoned, certain species of bamboos are 
among the first plants to develop in succes- 
sional growth. Puerto Rico has only a limited 
number of native bamboos, but several species 
have been Introduced from Asia and other 
tropical regions. Some of these, particularly 
Bambusa vulgarls and B. tulda, have become 
firmly established and are widely distributed 
throughout the island along highways, banks of 
streams, and spreading into pastures and 
sugar-cane fields. Only one species of bamboo, 
the giant cane (Arundinaria gigantea), is repre- 
sented in Texas, usually growing in moist 
sites. 

In terms of species, palms are not as well 
represented in Puerto Rico as in Southeast 
Asia. Nevertheless, the sierra or mountain 
cabbage palm (Prestoea montana) Is widely 
distributed in the Island, especially in humid 
areas at middle and upper elevations. It is a 
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frequent component of the understory in the 
RaJn Forest of Luquillo, especially whore 
there are openings caused by falling trees. 
It becomes more abundant, at times forming 
large breaks, at higher elevations and extends 
up to the Elfin Woodland on the summit. In 
the Commonwealth Forest of Toro Negro, in 
the central part of the island, pure breaks of 
this palm cover the upper slopes, and consti- 
tute the dominant element in that humid area. 
Nowhere in Thailand are there palm breaks 
comparable in extent to those of the sierra 
palm in Puerto Rico. Two of the most frequent 
species in Southeast Asia are Borassus 
flabellifor, usually growing individually or 
in open stands In rice fields, aid the areca 
or betel-nut palm (Areca catechu), frequently 
propagated around hamlets, mostly in humid 
areas. Other frequent palms in Thailand are 
species of Corypha and Livistona, and Cocos, 
which is frequently propagated. 

Savannas ars much more widespread in 
tropical America, especially in central and 
northern South America, than in Southeast 
Asia. Savannas may be broadly classed as 
grassy or wooded. Shrubs and small- or 
medium-sized trees are seldom absent in any 
savai na. In both types the dominant factor is 
the grass cover. Typical examples of sa- 
vannas in tropical America are the great 
llanos of Venezuela; the campo firme and 
castianga of Brazil; the pampas of Argentina; 
and the oak ridge and pine ridge of British 
Honduras. Savannas are small and not sig- 
nificant in Puerto Rico. The so-called Acacia- 
Procopls savanna of southwestern Puerto Rico 
belongs more properly to Thorn Woodland, 
because the herbaceous ground layer is not 
considered dominant. Stretches of wooded 
savanna are found in the eastern, northeast- 
ern, and northern sections of Thailand, while 
rolling or flat, open savanna occurs in the Kra 
Isthmus it) the Peninsula. Zjccause of the open 
nature of savanna in all tropical areas, visi- 
bility, both horizontal and vertical, is not a 
problem. 

Thorn thickets are also more frequent in the 
Caribbean and mainland tropical America than 
in Southeast Asia. This formation is par- 
ticularly abundant in Venezuela along the 
northeast coast, on the northern edge 
of the llanos, and in the Guajfrr peninsula 
to  the  west.   The  caatingas  of northeastern 

Brazil also contain some Thorn Woodland 
and Cactus scrub. 

In Puerto Rico thorn thicket occurs on 
nonsaline flats and coves between Ponce and 
Guanica and along the southwest coast. Cactus 
scrub occurs on the slopes. Several character- 
istic trees in thepe thickets are found in 
Puerto Rico and Soutneast Asia. These include 
Acacia farneslana, Parklnsonia aculeata, 
Leucaena leucocephala, Prosopis juliflora, 
and the pantropical Lantana camara. 

Thorn thicket is well developed in the 
drier sections of Thailand, particularly in the 
upper Peninsula and on the Korat Plateau, 
in the Northeast. As in Puerto Rico and else- 
where in tropical America, annual rainfall in 
these areas is usually less than 40 in. Many of 
the shrubs and small trees represented in this 
formation are armed with short to long sharp 
spines. These include species of Bombax, 
R a n d i a. Feroniella, Croton, Spondias, 
Zizyphus, and Vitex, in addition to the pan- 
tropical Acacia farneslana. Often associated 
with these are the armed bamboo (Bambusa 
arundlanacea) and a species of pricklypear 
(Opuntla). 

The brush vegetation on rangeland in Texas 
is considered analogous to thorn thicket of 
tropical regions. Several genera, and even 
species, that occur in Texas, are also found 
In Puerto Rico and Southeast Asia. These 
Include mesquite, hulsache, and other species 
of Acacia, retama, and Macartney rose. 

In tropical America as in Southeast Asia 
the pattern of development of secondary growth 
is essentially the same. The first stage of 
successional growth that develops following 
disturbance of dense, humid forest, whether 
in tropical America or Southeast Asia, is 
usually dominated by grasses and weeds. 
These are generally short-lived, of less than 
1 yr. As a rule, plants that develop in vhe 
initial stage of secordary growth are entirely 
different from those that grow in the primary 
forest. The next phase may be dominated by 
shrubs, followed by trees of quick growth. 
Or the succession may lead almost directly 
from the herbaceous stage to tree dominance. 
The secondary forest is usually composed of 
fast-growing trees with soft wood, and their 
seeds are wind- or animal-dispersed. 

The tropical Rain Forest is a prime ex- 
ample of a plant community in which rainfall. 
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soil, and vegetation are the principle factors 
that contribute to the maintenance of a complex 
equilibrium. When one of the components of 
the primary forest is partially or completely 
destroyed, the other factors are altered and 
a new type of plant cover appears that is 
adapted to the modified environment. 

The successional growth in the Rain Forest 
of tropical America is similar in structure 
to that of secondary Rain Forest in Southeast 
Asia, although it is quite different, of course, 
in floristic composition. The ubiquitous grass 
(Imperata cylindrica) is widely distributed in 
the Old World tropics and readily develops 
in forest clearings. This weed does not occur 
in tropical America except in Chile, but 
L brasiliensis and other grasses are analogous. 
Intertwining sedges of the genus Scleria, with 
sharp-edged leaves, often form an almost 
impenetrable tangle in secondary forests of 
tropical America. 

In Puerto Rico, as elsewhere in tropical 
America, perhaps the two most frequent trees 
in secondary forests are yagrumo hembra and 
yagrumo macho. Both propagate naturally and 
their growth is rapid. 

In Thailand two weeds that develop most 
abundantly in abandoned land and in forest 
clearings are Eupatorium ordoratum, intro- 
duced from this Hemisphere, and the ubiquitous 
grass (Imperata cylindrica). Both plants are 
light loving and cannot thrive under shrubs 
and trees. Later the ground is colonized by 
shrubs. The shrub stage is followed by the 
development of a secondary forest in which 
trees of the genera Bombax, Dillenia, Vitex, 
and Grewia appear, and in humid sites species 
of wild banana (Musa) may appear. In many 
areas in Thailand, as in the other Mekong 
basin countries, woods, grasses, and shrubs 
are gradually dominated by bamboos, par- 
ticularly species of Bambusa and Thyr- 
sostachys, which may even suppress the 
development of trees. This is particularly 
noticeable in mixed deciduous forest, such as 
cutover stands of teak, as well as in humid 
Evergreen Forest. 

To summarize, although the forests of South- 
east Asia, Puerto Rico, and Texas show 
considerable   differences   in   their   floristic 

composition, the principal types exhibit definite 
affinities from the standpoint of structure, life 
form, and environmental factors. 

The Rain Forestof Southeast Asia resembles 
the humid Evergreen Forest in the Luqulllo 
National Forest of northeastern Puerto Rico. 
Precipitation is high, and the constant high 
humidity and abundant soil moisture contribute 
to the development of a lush plant growth. In 
the two areas, the respective forests have 
three stories: (1) An undergrowth of shrubs, 
young palms, and llanes; (2) a ground layer of 
herbaceous plants, ferns; and (3) seedlings of 
woody species. Dominant trees in the canopy 
generally have long, straight, cylindrical boles, 
and some are provided with short or high, 
thick or thin buttresses. Slender vines and 
stout llanes are frequent, and the contiguous 
crowns, often with heavy foliage, hamper 
vertical visibility both upward and downward. 

Seasonal or deciduous forest In tropical 
regions, such as that of northern Thailand, 
and where teak is dominant, resembles the 
mixed Deciduous Forest of temperate regions, 
especially when the trees are leafless. 

Such trees as oaks, pines, and magnolia, 
important elements of temperate forests, are 
represented by a number of species in 
the upland Montane Forests of Southeast 
Asia. 

Mangrove Woodlands, frequent in tropical 
and subtropical regions, are similar in general 
structure wherever they occur. Some Man- 
grove trees have special adaptations such as 
prop roots, and pneumatophores, enabling them 
to survive continuous immersion in water. 
Many woody species growing in thorn thickets, 
and frequent in all tropical and subtropical 
regions, are armed with short or long, sharp 
spines on the branches and trunks or both. 
Several shrubs or small trees, regarded 
as brush on rangeland in Texas, have a 
pantropical distribution, and are frequent in 
thorn thickets in Puerto Rico and Southeast 
Asia. 

Saline and freshwater swamps or marsh- 
lands, with distinctive vegetation, occur in 
the three regions. 

Examples of vegetation similarity are shown 
in the paired photos that follow. 
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Figure l.l.—Mangrove woodland: (A) Southeast Thailand; (B) northeast Puerto Rico. 

Figure 1.2.—(A) Nipa palm swamp,  estuary of Chao Phraya River, Theiland; (B) Riparian forest with common 
bamboo (Bambusa vulgaris) dominant, northeastern Puerto Rico, 

Figure ..3.—Moist   Evergreen  Forests:   (A) Khao Yai National Forest, central Thailand; (E3) Luquillo  National 
Forest, Puerto Rico, 
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Figure 1.4.--(A) Palmyra  palm (Borassus flabellifer) in upper peninsular Thailand; (B) palma de sierra in Toro 
Negro Commonwealth Forest, Central Puerto Rico 

Figure 1,5,—(A) Secondary growth of Bambusa arundinacea in  a   »nixed   hardwood deciduous forest,   nonheast 
Thailand; (B) Bambusa vulgarls encroaching on sugar cane fields, western Puerto Rico, 

A.T* 
Figure 1.6.—Thorn brush:  (A) Upper peninsular Thailand; (B) Macartney rose in southeast Texas, 
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Figure 1.7.—Wooded savanna:  (A) Nakhon Phanon, northeast Thalland; (B) post oak east of College Station, Tex. 
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CHAPTER 2 

LABORATORY-GREENHOUSE RESEARCH 
ITS RELATION TO FIELD STUDIES 

Research Is concerned with controlling 
variables that may Influence the end result. 
The control of variables In research on bio- 
logical systems in the field is extremely com- 
plex. In addition to environmental variables, 
such as temperature, humidity, precipitation, 
soil type, and solar radiation, the inherent 
genetic variation of the biological test organism 
itself is a confounding factor. Thus, the con- 
duct of research in a laboratory or greenhouse, 
where environmental variables and some of 
the biological variables can be controlled, is 
not only desirable, but necessary. 

One of the most difficult aspects of research 
on woody plant control is the development of 

principles that will predict future results 
accurately. No one approach is consistently 
more effective than others. In our research 
we used the approach that we felt would answer 
a given question most efficiently and effec- 
tively. The use of research in laboratory and 
greenhouse facilities increases efficiency in 
many situations by reducing the number of 
variables. 

The comb- ion ot laboratory, greenhouse, 
and field refiWTct in this project has been 
fruitful. More aseable information has been 
obtained by using the multiple approach than 
would otherwise have been possible. 

Biological Activity of Herbicides 

Several herbicides, which v/ere subsequently 
used effectively in field trials, were evaluated 
on greenhouse-grown plants of several woody 
plant species. 

Ten phenoxy compounds were evaluated on 
whitebrush seedlings. Ester formulations of 
MCPA, 2,4-D, 2,4,5-T, mecoprop, dirhlo- 
roprop. silvex, 2,4-DB, MCPB, and 2,4,5-TB 
were compared with an amine of MCPA. The 
most effective compounds were the esters of 
MCPA, followed Dy silvex. 

Several herbicides were compared with 
paraquat for their effectiveness in providing 
rapid defoliation of whitebrush. Paraquat 
always provided the most rapid defoliation and 
also the highest percentage of defoliation 
within 2 wk. after treatment. Sodium cacodyl- 
ate was an active compound, but was not so 
effective as paraquat. 

The effect of additives in a herbicidal solu- 
tion was also studied on whitebrush seedlings. 
Ammonium thiocyanate enhanced the activity 
o* picloram and MCPA, but gioberellic acid was 
antagonistlctoMCPA.Phosphon, kinetin, TIBA, 
and diglycolic acid, added to MCPA, were also 
evaluated on whitebrush. None of these combi- 
nations enhanced the activity of MCPA. 

DMSO has been reported to enhance the 
activity of many biologically active chemicals. 
When added to herbicides, DMSO enhances the 
herbicidal effect in some cases but not in 
others. For example, the injury ratings result- 
ing from treatments of 1/8 pound per acre of 
2,4,5-T on hulsache and mesquite increased 
with increasing concentrations of DMSO, In 
other cases, the activity of 2,4,5-T and 
picloram was depressed by increasing con- 
centrations of DMSO. 
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The one additive that was consistently bene- 
ficial was X-77 added to paraquac. Greenhouse 
and field experience on many different plant 
species showed consistently better defoliation 
when X-77 was added to paraquat. This does 
not imply that X-77 was the only effective 
surfactant. Some others would perform equally 
well. 

Compounds containing a quinoline heterocy- 
clic base were synthesized and tested for 
herbicidal activity. Substitutions were made 
on the quinoline ring, but little herbicidal 
activity was found in these compounds. Com- 
pounds containing quaternary nitrogen showed 
activity in seedling plants but activity dimin- 
ished as the plants matured. 

) 

Interactions Between Defoliants, Herbicides, and Additives 

Several herbicidal combinations, including 
many combinations of paraquat with other 
herbicides, were studied using greenhouse- 
grown plants In an attempt to determine 
whether the herbicidal effects were synergistic 
or antagonistic, and to develop a system for 
predicting herbicidal interactions under field 
conditions. 

Initial experiments on black valentine beans 
Indicated that some herbicidal combinations 
decreased the effectiveness of both herbicides 
in the combination. A number of field observa- 
tions, on the other hand, indicated that some 
combinations increased herbicidal effective- 
ness. A greenhouse study was designed in an 
attempt to clarify the conflicting results. 

Hulsache, mesqulte, cotton, and beans were 
grown In the greenhouse and subsequently 
treated with foliar applications of picloram, 
paraqt-ut, 2,4,5-T, and two-herbicide combi- 
nations of the three parent materials. Ratings 
of the treated plants were made 5 wk. after 
treatment. For the purpose of this discussion, 
when the effects of a herbicidal combination 
differed by 20 percent or more from the effects 
of a single herbicide, the activity was con- 
sidered antagonistic (reduced effectiveness) 
or synergistic (enhanced effectiveness). 

The results of the study were variable and 
inconclusive (table 2.1), but several statements 
can be made. Reciprocal antagonism (both 
chemicals of a pair reduced in effectiveness 
by the other member) occurred only once in 
144 possibilities. Reciprocal synergism oc- 
curred eight times, five on woody species and 
three on herbaceous species. Unilateral antag- 
onism occurred in 21 cases and unilateral 
synergism in 40 cases. No effect of one her- 
bicide on the other was recorded 83 times. 
Thus, synergism was more prevalent than 
antagonism, but in most cases, one herbicide 
was not influcced by another. The possible 
effect of the herbicidal ratios that were tested 
was obscured by variability. One Is left with 
the conclusion that the effectiveness of her- 
bicidal combinations is not amenable to pre- 
diction. Each combination must be evaluated 
on each species to be certain of the end result. 

Other experiments involving herbicide com- 
binations on hulsache emphasized the varia- 
bility of results. Paraquat reduced the 
effectiveness of picloram, but the combination 
killed leaves more rapidly than comparable 
rates of paraquat alone. Picloram:2,4,5-T 
was often more effective than either herbicide 
alone. 

Absorption and Translocation 

The rate and quantity of herbicidal movement 
in plants have been studied primarily with 
radioactive tracers, which have certain well- 
known limitations. Until recently, no satisfac- 
tory   alternative methods  were  known.  Gas 

chromatographs equipped with electron capture 
detectors have been used for several years 
to detect herbicide residues in soils, forage, 
and animal tissues. These instruments can 
detect  herbicides  to less than 0.01 billionth 
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TABLE 2.1.--The effect of herbicidal combinations on phytotoxicity to four species as 
compared with phytotoxicity of the herbicides used alone 

Effect1 of herbicidal combinations 
on Dhvtotoxicitv to-- 

Herbicide Rate Ratio 

Huisache Mesquite Cotton Bean 

Lb. per 
acre 

0.032 

Lb.:1b. 

1:1 0 

- - - 

0 0 0 Picloram:paraquat 0 0 
1:3 + 0 0 - 4 + 0 0 
3:1 + - 0 - 0 0 0 0 

.064 1:1 + u + 0 + + + . 
1:3 + + 0 + + 0 + - 
3:1 + 0 + - + 0 + - 

Picloram:2,4,5-1 .032 1:1 + 0 + + 0 0 0 0 
1:3 + + - 0 0 0 0 + 
3:1 + 0 0 - 0 u + 0 

.064 1:1 0 _ 0 0 + 0 0 0 
1:3 0 0 0 0 ... + 0 0 
3:1 + 0 0 0 + 0 0 0 

Paraquat:2,4,5-1 .032 1:1 0 + + + 0 0 0 - 
1:3 0 + 0 + 0 - - - 
3:1 0 0 + + 0 0 0 - 

.064 1:1 0 0 0 0 _ 0 _ o 
1:3 0 0 0 0 0 0 - + 
3:1 0 0 0 0 0 0 - + 

1 + = synergism,  - = antagonisr.', 0 = no effect. The first column under a species 
represents the effect of the firt.    herbicide on the second of the combination;  the 
second column represents the effect of the second herbicide on the first of the combi- 
nation. 

of a gram (g.). Thus, it seemed reasonable 
that they could be used to supplement radio- 
active tracers for studying the movement and 
distribution of herbicides in plants. 

Advantages   of   gas   chromatography  over 
radioactive tracers include; 

1. No special safety precautions are 
needed for handling materials. 

2. Data are easily quantified. 
3. The herbicide molecule is detected 

rather than an atom within the mole- 
cule. 

Disadvantages  of gas  chromatography in- 
clude-. 

1. The herbicide must be in a volatile form 
or be easily converted to such a form. 

2. The herbicide to be detected must 
contain electronegative atoms or func- 
tional groups. 

3. Each portion of the plant must be 
analyzed separately. 

A test of the gas Chromatographie method 

was devised to study the translocation of 
picloram and 2,4,5-T. Black Valentine beans 
were germinated in sand and grown under 
fluorescent-incandescent light for 15 hours 
per day at an Intensity of 900 to 1,150 ft.-c. 
Temperature was maintained at 38° during 
the light period and 32° C. during the dark 
period. Relative humidity was maintained be- 
tween 45 and 52 percent. 
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Plants were treated when the primary leaves 
were fully expanded and the first trifoliate leaf 
barely visible. Twenty-four //g. of picloram 
or 25 //g. of 2,4,5-T were applied in 0.01 
mlllillter (ml.) of 1 x 10~4 molar aqueous 
NH4OH uniformly over one of the primary 
leaves. Tween-20 was added at a rate of 0.5 
percent to reduce surface tension and improve 
coverage. Treatments were made about 3 hours 
before the end of the light period. 

Harvesting and sectioning were completed 
4 to 4.5 hr. after treatment. Twelve samples 
consisting of 9 plants each were taken of leaf 
washes, treated leaves, stem apices, and 
cotyledonary node sections of the stem. Four 
samples of 27 plants each were taken of the 
roots and other portions of the stem. 

The treated leaf was washed with 5 ml. of 
dilute NH4OH to remove the unabsorbed her- 
bicide. The picloram in other sections of the 
plant was extracted by blending the sections 
in acidified acetone for 2 min. in a Waring 
blender. An aliquot of the acetone was evapo- 
rated and the picloram taken up in 10 ml. of 
0.1 normal KOH. The KOH solution was 
washed twice with 20 ml. of ethyl ether to 
remove interfering plant materials. Following 
acidification of the KOH solution, the picloram 
was extracted from the aqueous solution with 
four, 10 ml. portions of ether. The ether was 
then evaporated on a 8tea,.ibath and the 
picloram esterfied with 6 ml. of boron 
trifluoride-methanol solution containing 
0.125 g. of BFs per ml. of methanol. The 
esterification was essentially complete if the 
solution was heated to dryness of a hotplate. 
The esterified picloram was taken up in 10 ml. 
of hexane and washed with 10 ml. of water. 
One micrcliter (A1.) of the hexane solution was 
injected into the Chromatograph for deter- 
mining picloram content. 

The procedure for 2,4,5-T samples was the 
same except that other washings were omitted 
and no heat was applied during esterification. 
The methyl ester of 2,4,5-T was more volatile 
than the picloram ester and was lost if heat 
was applied. Esterification was essentially 
complete in 30 mln. at room temperature. 

The Chromatograph used for all determina- 
tions was a Barber-Colman Model 5300 
equipped with an electron-capture detector. 
Ra226 was the ionization source. Picloram 
samples were- analyzed at injector, column, 
and  detector  temperatures  290°,   220°,   and 
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250u C, respectively. The column tempera- 
ture was lowered to 200° C. for the 2,4,5-T 
samples. Flow rate of the nitrogen carrier was 
approximately 75 ml. per min.for all samples. 

The herbicide content was determined by 
comparing the peak heights of samples to the 
peak heights produced from known concentra- 
tions. 

Table 2.2 shows the distribution of picloram 
and 2,4,5-T in bean plants 4 hr. after their 
application to one of the primary leaves. Of 
the 216 //g. of picloram added to the nine 
plants, 205 ug. (95 percent) were recovered. 
Eighty-five percent was recovered in the leaf 
wash and 6 percent in the treated leaf. Thus, 
less than 5 percent of the picloram was trans- 
located, but there was a detectable amount 
translocated within 4 hr, to all parts of the 
plant except the lower portions of the roots. 

Only 161 //g. (72 percent) of the 2,4,5-T was 
recovered in the leaf wash and 9.56 fig, (4 
percent) in the treated leaf. Less than 1 ug, 
was found in other plant sections. Thus, almost 
25 percent of the 2,4,5-T applied could not be 
accounted for. The missing 2,4,5-T could have 
been degraded, complexed, photodecomposed, 
or volatilized. Volatilization seems the most 
plausible explanation since a large surface 
area W3s involved and attempts to esterify at 
increased temperature resulted in low re- 
coveries. 

Concentrations of both herbicides were high- 
est in  the  treated leaf (fig. 2.1). Relatively 

TABLE 2.2.--The distrlbuUon of picloram and 2,4,5-T In 
bean plants A hours af'er the application of 216 ug. of 
picloram and 225 »g.  of 2,'1,5-T to a primary leaf 

I 

Plant portion analyzed Distribution in 
bean plant of— 

Picloram  | 2 ,4,5-T 

   - •£•- 
Leaf wash 185.Ofc 161.20 
Treated  leaf 13.45 9.56 
Apex C.89 0.42 
Stem    from A cm.  above cotyledonary 0.88 0.28 

node to apex 
Stem 2 to <i cm.  above the cotyle- 0.26 0.19 

donary node 
Stem *    2.0 cm.  of cotyledonary node 1.43 I1) 
Stem 2 to 4 cm.  below cotyledonary 0.43 H 

node 
Stem from ** cm.  below cotyledonary 0.86 (M 

node to sand 
Roots--upper 1.18 t1) 
Roots--lower (') C1) 
Untreated  leaf 0.38 il) 
Total micrograms added 216.00 225.00 

Total miorograms found 204.82 171.65 

None detectable. 



high picloram concentrations were also found 
in the apex and near the cotyledonary node. 
There was a marked decrease In concentra- 
tion from the cotyledonary node to the roots. 
The only apparent factor influencing the con- 
centration of 2,4,5-T was the distance from 
point of application. Four hours appeared to 
be an insufficient time for a distribution to 
develop with 2,4,5-T. 

The study shows that gas Chromatographie 
analysis is a good technique for studing her- 
bicide translocation. In addition, the study 
shows that picloram is more readily trans- 
located than is 2,4,5-T. 

The gas Chromatographie and radioisotopic 
tracer techniques were compared in an experi- 
ment on mepquite in the field. The mesquite 
plants were 3 years old and were growing in 
an irrigated nursery. Treatments were made 
by pipetting 50 jug. of herbicide onto a leaf. 
Five adjacent leaves on a single stem consti- 
tuted a treatment unit and four 5-leaf replica- 
tions were used. For radioisotopic analyses, 
carboxy-labelled 2,4,5-T was diluted with 
unlabelled 2,4,5-T and water to an activity of 
0.14 ^ c. per 50 n 1. and to a concentration of 
1 ^g. of 2,4,5-T per//I. 

The extraction and analytic procedures for 
gas chromatography were described above and 
by Merkle and Davis (14). The extraction 
procedures for radioisotopic analysis were 
the same as those used for gas chromatog- 
raphy. For radioisotopic analysis, the hexane 
portion containing methyl or butoxyethanol 
esters of 2,4,5-T was mixed with a scintilla- 
tion solution that contained 2,4-diphenyloxazole 
and l,4-bis(2-phenyloxazolyl) at concentra- 
tions of 5 and 0.3 g. per liter (1.) of toluene, 
respectively. The herbicide contents were 
determined by comparing the counts per minute 
of experimental samples with counts per minute 
of samples having a known concentration (^8). 

The two methods of analysis gave comparable 
results when the extraction, cleanup, and 
analytical procedures were Identical (table 
2.3). The amounts of 2,4,5-T in the treated 
leaves increased with time. The butoxyethanol 
ester was absorbed mrch more readily than 
was the ammonium salt. 

The relative translocation rate of 2,4-D and 
picloram were compared in Macartney rose 
plants because observations had indicated 
widely disparate translocation patterns for the 
two herbicides. 

Figure 2.I.—The distribution of picloram and 2,4,5-T 
in bean plants 4 hours after application to the pri- 
mary leaf. Numbers are nanograms per milligram 
fresh weight. 

Macartney rose plants were dug from the field 
in December 1964 and transplanted into 1-gal, 
rnetal containers containing a peat moss-soil- 
sand potting mixture. The transplants were then 
kept in the greenhouse for further growth. 

Treatment were made in March 1965 with the 
potassium salt of picloram and the dlmethy- 
lamine salt of 2,4-D. Fifty ^1. of herbicidal so- 
lution at concentrations of 4,20, and 100 x 10~4 

molar were app led to each of the 13th and 14th 
leaves from the stem tip. Three replications 
were treated for each concentration. 

Visual ratings were made of chlorosis, 
necrosis, and defoliation of the growing tip 
and of leaves located apically and basally from 
the treated leaves. Ratings were also made of 
the leaves on other stems of the same plant. 
A rating scale of 0 to 10 was established in 
which 0 signified no effect and 10 signified 
complete chlorosis or defoliation. 

The results of the study suggest that picloram 
was translocated to a much greater degree 
than   was   2,4-D  (table  2.4),   Picloram  was 

19 



TABLE 2.3.--Recovery of 2,4,5-T by radloisotopto and gas Chromatographie analyses 0, 1, 6, and 2i hours after 
application of 250 «gs. of butoxyethyl esters and ajnaonlum salts of 2,4,5-1 to mesqulte leaves 

2,<i,5-T recovered by-- 

Herbicide and 
plant part analyzed Radlolsotoplo analysis Gas Chromatographie analysis 

0 hr. 1 hr. 6 hr. 2* hr. 0 hr. 1 fir. 6 hr. 2* hr. 

Butoxyethyl esters: 

 Mi t  

Hexane leaf »ash 201.8 119.3 44.3 12.5 202.4 162.3 81.1 34.6 
NH^OH leaf wash 29.7 47.8 19.5 31.7 21.8 37.9 17.-7 13.8 
Extract of treated leaves 18.5 55.3 124.9 150.2 25.8 49.6 115.2 112.7 
Stem supporting treated leaves 0.0 0.1 0.6 0.2 0.0 0.4 1.1 2.0 
Total recovered 250.0 222.4 189.3 193.6 250.0 250.2 215.1 163.1 

Anmonium salts: 
NH40H leaf wash 2A9.0 185.9 93.1 21.0 245.8 194.3 107.6 27.0 
Extract of treated leaves 1.0 16.0 43.2 75.2 4.6 13.2 65.2 61.5 
Stem supporting treated leaves 0.0 0.2 0.1 0.2 0.0 0.4 1.1 2.0 
Total recovered 250.0 202.1 136.4 96.4 250.0 207.9 173.9 90.5 

/ 

TABI£ 2.4.--Responses of Macartney rose to treatments «ith 
plclorwn and 2,4-D. Ratings were made 14 days after 
treatment 

Herbicide Concentration 

Ratings of plants portions 

Growing 
tip 

Apical 
leaves 

Basal 
leaves 

Leaves 
on other 
stems 

10* molar 

Plcloram 4 2.2 5.2 4.7 2.3 
20 5.0 8.2 5.7 7.7 
100 4.7 9.7 10.0 6.3 

2,4-D 4 0.3 0.7 0.8 0.7 
20 0.0 0.7 0.5 0.7 
100 2.3 2.2 3.3 0.7 

translocated apically, basally, and to other 
stems of the same plant in adequate amounts 
for phytotoxicity. The ratings for plants treated 
with 2,4-D were much lower, suggesting that 
less of this herbicide was distributed through- 
out the plant. 

The data suggest that one reason for the 
greater phytotoxicity and greater bud suppres- 
sion provided by picloram is its greater 
mobility in plants. 

Many experiments have shown that phenoxy 
herbicides, applied to the foliage, are trans- 
located with photosynthate. Thus, an under- 
standing of photosynthate movement is impor- 
tant for an understanding of the translocation 
of phenoxy herbicides. The following experi- 
ment was conducted to compare the transloca- 
tion pattern of sucrose with that of several 
herbicides. 

Radioisotopic tracers were applied to 
greenhouse-grown mesquite and also to mes- 
qulte, live oak, and winged elm growing in an 

irrigated nursery. Cu-labelled urea with a 
specific activity of 7.17 millicuries (mc.) 
per milllmole (mM) was used as a source of 
photosynthate. It had been previously shown 
(4) that urea was hydrolyzed to ammonia and 
carbon dioxide in cotton leaves. The carbon 
dioxide was then used for sugar synthesis, 
with sucrose being the predominant sugar. 
Although there was no direct information that 
the same cycle takes place in woody plants, 
sucrose was the only sugar detected in other 
work on mesquite (21). 

Ci4-labelled 2,4-D, 2,4,5-T, and dicamba 
with specific activities of 7.37, 5.13. and 
1.89 mc. per mM, respectively, were the 
herbicides used in the study. 

Greenhouse-grown mesquite plants were 
treated with 0.5 ßc. per plant in a total vol- 
ume of 25 ml. Plants were divided into three 
groups. Applications were made to the coty- 
ledons in the first group, to unifoliate leaves 
in the second group, and to the first difoliate 
leaf in the third group. Plants were harvested 
24 hr. after treatment, frozen, and subse- 
quently autoradiographed. 

C14 from urea was readily translocated 
from the cotyledons to all parts of the plants. 
However, v/hen urea was applied to the uni- 
foliate leaf, no C u was detected outside that 
leaf until after the primary leaf was com- 
pletely expanded. Essentially the same results 
were obtained from treatments to the first 
difoliate leaf. Translocation of 2,4,5-T oc- 
curred readily from the cotyledons, but the 
amount of C14 detected was much less than 
for urea. Movement of 2,4,5-T from unifoliate 
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and the first difoliate leaves occurred some- 
what more slowly and in lesser quantity than 
was the case for urea. 

This research did not explain whether the 
inability of immature leaves to translocate 
sucrose and 2,4,5-T to other parts of a 
seedling is due to poorly developed vascular 
bundles or to the utilization of photosynthate 
within the treated leaf. The importance of the 
research is that translocation from an imma- 
ture treated leaf did not occur until after that 
leaf was completely expanded. This emphasizes 
the importance of delaying field applications 
until after leaves have reached full size. 

Labelled 2,4-D, 2,4,5-T, and dicamba were 
applied to leaves of mesquite, live oak, and 
winged elm growing in an irrigated nursery. 
All treatments were made with 100 ^1. of total 
solution containing 2.0 AC, of Cw .Treatments 
were applied August 29, 1964, at the end of a hot, 
dry period when plants were not actively grow- 
ing. Additional treatments were made Septem- 
ber 14 after good rainfall so new leaves and 
shoots were developing. Plants were harvested 
24, 48, and 72 hr. after the August treatment and 
24 hours after the September treatment. 

Only limited translocation of all materials 
occurred  from  treatments  made August 29. 

Urea was the most mobile compound, but no 
C u was detected in the stems at ground level. 
No significant differences were noted between 
species or between times after treatment. 

Translocation of all compounds was greater 
from the treatments made in September. Her- 
bicides were translocated farther and in 
greater quantities than they were after the 
August treatments. Cu was detected in bark 
from the soil level following the September 
treatment, whereas none was detected after 
the August treatment. 

This study points out the necessity of growth 
and active photosynthesis for translocation in 
woody plants. 

Patterns of movement in the water-conduct- 
ing tissue, the xylem, were studied in mesquite, 
yaupon, winged elm, whitebrush, post oak, and 
blackjack oak with the use of methylene blue 
dye. The pattern and degree of movement 
varied widely among six species studied; but, 
in general, the dye was translocated only by 
the outermost xylem rings. Dye movement 
did not occur at night, and only to a very 
limited extent under conditions of extreme 
moisture stress. These observations suggest 
that water movement within woody plants is 
confined mostly to the youngest xylem tissue. 

Environmental Effects on Herbicide Toxicity 

Seasonal susceptibility is £ i inherent prob- 
lem in the defoliation and control of woody 
species. A herbicide that provides excellent 
control when applications are made during one 
season of the year can be, and often is, virtu- 
ally ineffective when applied during a different 
season. The problem, from the standpoint of 
field tests, is discussed at length in Chapter 9. 
Environmental variables, such as soil type, 
availability of soil moisture, temperature, 
and relative humidity, have an important 
bearing on susceptibility to herbicides. Inmost 
cases, however, the environmental variables 
are primarily important because of their 
influence on phenologic development, which in 
turn is an expression of physiological status. 
Predictability of seasonal susceptibility is not 
possible without an understanding of the phys- 
iological processes that govern the response 
of a plant to a herbicide. 

Data from field studies (8, U) indicated 
that the application of herbicides during periods 
of low soil moisture usually resulted in re- 
duced kill of plants and suggested moisture 
as an Important factor limiting herbicldal 
eftectiveness. Less effectiveness may be due 
to reduced absorption or translocation of the 
herbicide or to some factor unrelated to her- 
bicide movement. Even if the major effect of 
moisture stress is on herbicide movement, 
the distribution of all herbicides may not be 
affected in the same manner or to the same 
extent. 

Moisture stress reduced translocation of 
2,4-D in beans but did not affect absorption 
(L 19). However, moisture stress decreased 
absorption of 2,4-D in soybeans and corn (10). 

Since soil moisture is not the only factor 
affecting the water economy of plants, It was 
desirable   to   measure   the   development   of 
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moisture stress within the plant. Ther- 
moelectric methods for measuring sap velocity 
have been investigated for several years 
(7, 12). Swanson (20) gave a detailed descrip- 
tion of the instrumentation required for making 
thermoelectric measurements of sap velocity 
in woody plants. It appeared that with certain 
modifications this method could also be used to 
indicate the development of moisture stress 
in herbaceous plants via a decrease in relative 
sap velocity. 

An experiment was conducted on ths effect 
of moisture stress, as determined by ther- 
moelectric methods, on the translocation of 
picloram and 2,4,5-T in Black Valentine beans. 
Gas chromatography was used to determine 
the herbicide content in various portions of 
the plaru. 

Bean plants were germinated and grown in 
moist sand under fluorescent-incandescent 
light with an intensity of 900 to 1,150 ft.-c. 
for 15 hr. per day at a temperature of 38° C. 
and a relative humidity of 45 to 52 percent. 
The temperature during the 9-hr. dark period 
was 32° C. Plants were thinned 2 days after 
emergence to three plants per pot. 

Water was withheld from a number of plants 
until visible wilting occurred to determine 
whether moisture stress developed uniformly. 
Under the conditions described, more that 95 
percent of the plants wilted within a 10-hr. 
period. 

The sensing device used in the experiment 
was described by Merkle and Davis (15). 
Details of construction are available from 
them on request. The precision of the sensor 
was determined by repeatedly moving the 
sensor and remeasuring sap velocity in . 
single plant. On the basis of the computed 
variance from 15 measurements, 5, 10, and 
20 measurements would be sufficient to detect 
differences (at the 95-percent level of proba- 
bility) of 12,9, 9.1, and 6.5 percent of the 
mean, respectively. 

The relative sap-velocity values determined 
by the thermoelectric method were compared 
to values obtained by using the leaf disc 
method (the relative water content of a leaf 
disc 10 mm. in diameter before and after 
imbibing distilled water for 12 hr, in the 
dark) on plants brought under stress by the 
addition of mannitol or by withholding water. 

For the main experiments, 36 groups con- 
sisting of 3 pots each were visually matched 
for similar leaf area. One pot in each group 
was assigned at random to one of three mois- 
ture conditions: No stress, moderate stress, 
or advanced stress. Plants were corsidered 
to be under moderate or advanced stress when 
water had been withheld for 80 and 96 hr,, 
respectively. Thermoelectric measurements 
of relative sap velocity were made approxi- 
mately 9 days after germination when the 
primary leaves were fully expanded and the 
first trifoliate leaf had just emerged. 

Thermoelectric measurements were made 
on one-fourth of the plants of each treatment 
(27 plants), chosen at random. Stress was ex- 
pressed as apparent sap velocity of the 
stressed plants relative to that of the control 
plants, 

Picloram was applied about 3 hr. before 
the end of the light period after the deter- 
mination of moisture stress. Twenty-five ^ g. 
of picloram were applied uniformly to a pri- 
mary leaf in 0,01 ml.of 1 x ICr* molar NH* OH, 
Four hours later the treated leaf was washed 
with 5 ml, of 1 x 10~* molar NH4OH to remove 
the unabsorbed picloram. The picloram con- 
tent in the leaf wash, treated leaf, apex, and 
cotyledonary node section of the stem was 
determined by gas chromotography. Nine 
plants were analyzed for each treatment. 

The Chromatograph was equipped with an 
electron capture detector containing Ra226 as 
the ionization source. The 4-foot spiral glass 
column was packed with 60 to 80 mesh 
Chromasorb-W, coated with 1,5 percent SE-30 
oil. Nitrogen at a flow rate of 75 ml, per min. 
served as the carrier gas. Samples were 
analyzed at injector, column, and detector 
temoeratures of 290, 220, and 240° C, respec- 
tively. 

Twelve replications of each moisture stress 
treatment were analyzed. The picloram was 
extracted fron the treated leaf, apices and 
stems by blending with 20 ml. of acidified 
acetone for 2 min. The plant residue was 
suction-filtered through Whatman No. 1 filter 
paper, combined with the extract and washed 
with an additional 20 ml. acidified acetone. 

An aliquot of the acetone was evaporated 
and the picloram taken up to 10 ml. of 0.1N, 
aqueous NaOH. The NaOH solution was washed 
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twice with 20 ml. portions of ether, acidified 
with HC1, and extracted with four, 10-ml. 
portions of ether. After evaporating the ether, 
the picloram was esterified by heating to 
dryness with 6 ml. of boron trifluoride- 
methanol solution containing 0.125 g. boron 
trifluoride per ml. An aliquot of the leaf wash 
was evaporated and esterified in the same 
manner. The esterified picloram was taken 
up in 10 ml. of hexane and washed with 10 ml. 
of water. One fi g. of the hexane solution was 
injected into the Chromatograph, and the 
picloram content determined by comparing the 
peak height produced to that produced by 
known quantities of picloram. 

The procedures followed for 2,4,5-T and 
picloram were identical, with the following 
exceptions: 25 fj g. of 2,4,5-T were added to 
each of the primary leaves (total of 50/i/g,), 
the samples were not taken until 8 hr. after 
application, no heat was applied during the 
boron trifluoride-methanol esterification, and 
the column temperature of the Chromatograph 
was reduced to 200° C. 

A comparison of the thermoelectric method 
and leaf disc methods for determining mois- 
ture stress is shown in table 2.5. Mannitol at 
0.1 and 0.2 molar concentrations reduced leaf 
disc turgidity about 7 and 12 percent and ap- 
parent sap velocity 28 and 91 percent, respec- 
tively. Thus, after 4 hr., sap velocity was 
reduced considerably more than leaf turgidity. 
This indicated that sap velocity was the more 
sensitive indicator of moisture stress. How- 
ever, it was also more variable. The coeffi- 
cients of variation were 2 and 29 percent for 
the leaf disc and thermoelectric methods, 
respectively. 

In other experiments the two methods were 
compared using plants in which moisture 
stress was induced by withholding water. In a 
typical experiment, water was withheld from 
10 plants matched for leaf area. After 96 hr., 
the average leaf turgidity was 90 percent and 
the sap velocity 26 percent of similar plants 
from which water was not withheld. Data from 
both methods were more variable when obtained 
from stressed rather than unstressed plants. 

From the experiments described, it was 
concluded that the thermoelectric method could 
be used on small plants to indicate the degree 
of moisture stress if comparisons were made 
between   plants   of  reasonably  uniform  leaf 

TABLE 2.5.--Relative leaf disc  turgidity and apparent sap 
velocity of ten 12-day-old bean plants  in sand before 
and A hours after flooding with 0.1 and 0.2 molar 
mannitol 

Mannitol 

Relative leaf disc 
turgidity 

Apparent sap 
velocity 

molarlty 
Original Final Ratio Original Final Ratio 

0.10 
.20 

- - Percent - - 

81.8   75.9  0.927 
82.A   72.9   .885 

- Cm. per hour - 

9.79   7.06  0.721 
10.01    .90   .090 

area and if an adequate number of measure- 
ments were made. 

There was no apparent effect of moisture 
stress on absorption of either picloram or 
2,4,5-T (table 2.6). There was no significant 
change in the picloram or 2,4,5-T content of 
the leaf wash at any moisture stress nor in 
the consent of either herbicide in the treated 
leaf. However, the translocation of both her- 
bicides was reduced by moisture stress. 

Picloram was translocated upward to the 
apex and downward to the stem in the no- 
stress plants at approximately the same rate. 
Upward translocation of 2,4,5-T occurred 
twice as rapidly as did downward transloca- 
tion. It should be pointed out that the treatment 
rate for 2,4,5-T was double that of picloram. 
In addition, the dara for 2,4,5-T was taken 
8 hr. after application, instead of 4 hr„ to 
allow more time for a distribution pattern to 
develop. 

Moderate stress had no significant effect 
on the translocation of picloram but did on the 
translocation of 2,4,5-T. Apparent sap veloci- 
ties Indicate, however, that the moderate 
stress level was more severe in the plants 
treated with 2,4,5-T. 

Advanced stress significantly reduced the 
translocation of both herbicides. However, 
translocation of 2,4,5-T was apparently more 
sensitive to changes in moisture stress than 
was the translocation of picloram. 

Since both herbicides were translocated 
under advanced stress, it was of interest to 
determine whether movement could be pre- 
vented by moisture stress. Plants under mois- 
ture stress so severe that visible wilting had 
occurred were treated with picloram and 
2,4,5-T. Under these conditions picloram was 
translocated to the stem and apex in amounts 
approximately 57 percent of that found in the 
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TABLE ?..6,—The amounts of piclorara and 2,4,5-T present in various portions of plant 
subjected to different degrees of moisture stress 

Herbicide Sap velocity Leaf 
wash2 

Plant fraction 

Treated 
leaf Apex Central 

stem 

/ 

Percent of control (£. Nanograms per ftg.  fre sh weight 

Picloram 100 185.1 2.511 1.191 1.082 
57 180.5 2.592 .983 1.068 
22 185.8 2.255 .773 .662 

2,4,5-T 100 351.8 7.063 1.680 .787 
37 371.5 8.313 1.081 .565 
17 364.8 7.384 .781 .344 

1 25 ftg. of picloram applied to one primary leaf;  25 /ig.  of 2,4,5-T applied to each of 
two primary leaves 

2 Leaves treated with oicloram '-vashed 4 hr.    after application;  those treated with 
2,4,5~T washed 8 hr.    after application. 

no-stress plants. The movement of 2,4,,5-T 
into the stem was reduced below the detectable 
limits of the method, and to approximately 10 
percent of that found In the apices of no-stress 
plants. 

Picloram was more mobile than 2,4,5-T in 
bean plants. After 4 hr., as much picloram 
was translocated to the apex and central stem 
from a 25-Mg. application as there was 2,4,5-T 
from a 50-ßg. application 8 hr. after treat- 
ment. 

The experiment on the effect of moisture 
stress on herbicide translocation in beans was 
later extended to absorption and transport in 
mesquiti. and winged elm (6). Plants were 
grown in a greenhouse for 6 wk. and fhen 
transferred to controlled environment rooms, 
where they remained for 7 days before treat- 
ments were made. 

For experiments Involving moisture stress, 
plants were grown in a 5:3:1 mixture of 
Norwood silt loam, Lakeland sand, and peat, 
respectively. A modified pressure membrane 
apparatus, calibrated in atmospheres (atm.) 
of tension, was used to determine moisture 
availability. Each pot was brought to a prede- 
termined weight at the beginning of each light 
period. Soil moisture levels were maintained 
at one-third to one-half, 4 to 6, 10 to 12, and 18 
to 20 atm. The effects of stress on both species 
were expressed as the dry-weight increment 

of top growth during a 5-day period. In addi- 
tion, leaf turgidity and thermoelectric meas- 
urements were made on mesquite. 

After the desired soil moisiture levels were 
attained, herbicides were applied to two leaves 
of mesquite and three or four leaves of winged 
elm located on about the midpoint of the stem. 
Both herbicides were applied in 0.01 molar 
NH4OH containing 2 percent of a surfactant. 
Fifty ft g. of herbicide were applied to each 
mesquite leaf and 25 // g. to each winged elm 
plant. 

Extraction and subsequent analysis by gas 
chromatography were the same as described 
for the experiment on beans. Plants were 
harvested 4, 24, and 90 hr. after treatment. 

Foliar absorption of picloram and 2,4,5-T 
by winged elm was not affected by moisture 
stress. The same was true for absorption of 
2,4,5-T by mesquite, but absorption of picloram 
decreased as moisture stress increased 
(table 2.7). But the percentage of picloram 
absorbed by mesquite was much higher than 
for 2,4,5-T. On the contrary, the relative per- 
centages of absorption by winged elm were 
about the same. Mesquite absorbed much more 
picloram than did winged elm. 

Moisture stress reduced movement into 
untreated tissues of mesquite, except where 
concentrations in non-stressed tissue were 
very low  (fig. 2.2). In general, transport to 
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TABLE 2.7.--Absorption of plcloram and 2,^,5-1 by 
mesquite and winged elm as Influenced by moslture 
stress 

o»«in Tir 

Moisture 
stress 

Absorption1 b; 
mesqulte of-- 

Ploloram  2,4,5-T 

Moisture 
stress 

Absorption2 by 
winged elm 

of— 

Plcloram 2,4,5-T 

Atm. - - Percent 

0.5 36.1 "4.2 0.4 s.o 4.1 
3.8 27.1 3.7 2.5 5.0 3.9 

10.5 21.8 4.5 4.7 5.1 4.2 
20.8 10.0 5.5 23.8 4.8 3.5 

50 <ig. of herbicide applied to each of two leaves. 
Measurements made 14 hours after treatment. 

2 25 ug,    of herbicide applied to each plant. Measure- 
ments made 20 hours after treatment. 
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Figure 2.2.—Reduction in transport of picloram and 
2,4,5-T into untreated tissues of mesqulte with in- 
creasing moisture stress. 

tissues that accumulate relatively high con- 
centrations of herbicides under no stress was 
reduced more than movement into tissues 
that accumulated low concentrations. 

The translocation of picloram to the upper 
and lower untreated tissues of mesquite was 
reduced by moisture stress by about the same 
percentage, even though the total amount 
detected in the growing tips was greater than 
in the roots. The most severe stress level 
reduced concentration in the roots by about 
85 percent. Nevertheless, the amount of 
picloram detected in mesquite tissues under 

Figure 2,3.—Reduction in transport of picloram and 
2,4,5-T into untreated tissues of mesquite with In- 
creasing moisture stress. 

the most severe moisture stress was big! er 
ilian for 2,4,5-T with no stress. 

Movement of 2,4,5-T to the growing tip was 
reduced by maximum moisture stress by 
about the same percentage as for picloram 
(fig. 2.2). Very little 2,4,5-T was detected in 
the roots and the root-stem transition zone so 
the effects of moisture stress could not be 
adequately determined. 

The transport in winged elm was much 
different than in mesquite (fig. 2.3). Picloram 
was found in both roots and growing tips and 
the concentradon did not decrease as markedly 
with increasing moisture stress. The trans- 
port of 2,4,5-T was much greater in winged 
elm than in mesquite. High concentrations 
were detected in both the growing tip and in 
the roots. The concentration of 2,4,5-T in the 
growing tip decreased gradually with increas- 
ing moisture stress, whereas concentration In 
the roots decre ^ed sharply from 0 to 5 atm. 
tension and then remained about the same 
through 20 atm. tension. 

Thus, moisture stress appears to be a 
significant factor limiting herbicide move- 
ment in woody plants, but the limiting effect 
is not constant with sped?s or with herbicide. 
In general, the greatest reductions in transport 
occurred between 0 and 5 atm. tension, reducing 
gradually thereafter. 

The absorption of picloram and 2,4,5-T by 10 
woody  species was studied to determine the 
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relationship between susceptibility and the 
rates and amounts of herbicide absorbed. 
Herbicides were applied to the upper surface 
of leaves. Fifty ^/g. in 100, 1-^1. drops, were 
applied so that the distance between drops was 
approximately four times the initial diameter 
of a drop. Five leaves were treated in most 
cases, but two to ten leaves were used for 
species with very large or small leaves. 

Picloram usually entered more rapidly and 
in greater amounts than 2,4,5-T (table 2.8). 
There are several examples that can be cited 
to indicate that there is no particular rela- 
tionship between the amount of herbicide ab- 
sorbed and susceptibility of that species to 
either of the herbicides. Saw greenbrlar ab- 
sorbed picloram as well as did live oak, but 
saw greenbrlar is much more resistant to 
picloram. In like manner, mesquite absorbed 
more picloram than any other species, but it 
is quite resistant to picloram. Winged elm 
and Macartney rose absorbed appreciably 
more 2,4,5-T than did post oak, evpn though 
both are less susceptible to 2,4,5-T. 

The two herbicides were also applied to 
upper and lower leaf surfaces to determine if 
differential uptake occurred. Tne same appli- 
cation technique was used as in the previous 
experiment. The leaves were rinsed after 6 hr. 
and the herbicide content of the leaves deter- 
mined. 

Stomata are absent on the upper surfaces 
of live oak, saw greenbrlar, and yaupon, 
whereas they are abundant in mesquite and 
winged elm. There was a relationship between 

TABLE 2.8.—The absorption 
woody species K and 

jf picloram and 2,4,5-1 by 10 
48 hr. after application 

Ratio of herbicide content1 

Species 
14 hr. after 
applylng-- 

48 hr. after 
applying- 

Ploloram 2,4,5-T Flcloram 2,4,5-T 

Black brush 
Live oak 
Macartney rose 
Mesquite 
Foplar 
Post oak 
Saw greenbrlar 
Sycamore 
■Vinged elm 
Yaupon 

0.094 
.005 
.094 
.239 
.037 
.037 

.075 

0.034 
.006 
.035 
.019 
.007 
.013 
.001 
.008 
.031 
.006 

0.121 
.017 
.108 
.162 
.087 
.057 
.021 

.138 

.031 

0.015 

.036 

.034 
.026 
.024 
.009 
.013 
.030 
.017 

Herbioidal content is expressed as nicrograms of 
herbicide ir. treated leaves and attached stems   Üvided by 
micrograms of herbicide in the leaf rinse. 

stomatal density and the amount of herbicide 
absorbed. It is well to point out, however, that 
stomatal entry is not the only avenue for 
absorption into a leaf. Direct cuticular absorp- 
tion and entry through trichomes have also 
been reported and are believed to occur 
commonly. 

Paraquat was the most promising herbicide 
tested for rapid defoliation of woody species. 
There were cases, however, when it vvas not 
an effective defoliant. Previous studies had 
shown that the phytotoxicity of paraquat was 
reduced when applied at low temperatures 
(16) and that photodecomposition occurred 
readily (9). The following studies were designed 
to evaluate the effects of temperature and 
plant species on the phytotoxicity of paraquat 
(2). 

The effects of temperature were tested on 
oats, winter peas, hulsache, and mesquite 
plants in growth chambers with environmental 
control. A small atomizer was used to apply 
120 ng. per /il, to each plant. Temperature 
effects were also studied on yaupon growing 
in the field. In this case, temperature was 
determined from a thermograph located at the 
test site. The temperature measurements 
were expressed as the accumulative degree 
hours above 5° C. 

Temperatures of 5° to 6° C. in the growth 
chamber, compared to higher temperatures, 
reduced the rapidity of leaf necrosis on all 
species 48 hr. after treatment (table 2.9). 
After 96 hr., however, all species showed 
considerable necrosis even at the low temper- 
atures. The results of the field experiments 

TABLE 2.9.--The effect of temperature on the percentage of 
leaf necrosis 48 and 96 hr. after treatment resulting 
from treatments with paraquat 

Species 

Time 
after 
treat- 
ment 

Leaf necrosis at temperatures of-- 

5° to 6° 
C. 

13" to 
14° C. 

1 
24" to 
26° C. 

33" to 
35° 0. 

Hulsache 

Mesquite 

Oats 

Hr. 

48 
96 

48 
96 

48 
96 

Percent 

iV inter peas 48 
96 

17 
62 

53 
83 

50 
70 

27 
90 

38 
100 

63 
83 

80 
93 

80 
87 

100 
100 

90 
97 

80 
83 

70 
83 

92 

80 
90 

73 
63 

60 
80 

/ 
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on yaupon paralleled those in the growth 
chambers. The effectiveness of paraquat was 
reduced when applied at lower air tempera- 
tures, but there was little difference among 
treatments after 40 days. 

In a companion experiment, plants were 
washed at intervals after treatment to deter- 
mine what effect rainfall soon after treatment 
would have. Paired yaupon plants growing in 
the field were treated with panquat at 12 lb. 
per acre. Applications were made to the whole 
plant with a 3-nozzle sprayer when tempera- 
tures were 0°, 5°, and 18° C. One of the paired 
plants was washed with water at 0, 1/2, 1, and 
24 hr. after treatment to remove the paraquat 
and determine the length of time required for 
absorption. 

Yaupon showed no differences in leaf injury 
10, 20, and 40 days after application when 
plants were not washed, regardless of air 
temperatures at the time of treatment (table 
2.10). Leaf injury was not as high as washed 
plants, except for those washed 24 hr. after 
treatment. Plants that we e washed immedi- 
ately had only slight necrosis 10 days after 
treatment, but after 40 day.3 the percentage 
of necrosis had increased appreciably. 

Low temperature appeared to reduce the 
percentage of leaf necrosis 10 and 20 days 
after treatment on plants that were washed 
1/2 and 1 hr. after the paraquat was applied. 
Forty days after treatment, however, the 
percentage of leaf necrosis was almost as 
high on plants maintained at the lowest temp- 
perature as at the highest. When washing was 
done 24 hr. after treatment, temperature had 
only a slight effect on leaf necrosis. The three 
temperatures tested did not influence leaf 
necrosis on unwashed plants. 

The data indicate that absorption of some 
paraquat occurs immediately. If a heavy rain- 
fall did not occur until 1/2 hr. after treatment, 
the rapidity of action would be reduced, but 
after 40 days a high percentage of necrosis 
could be expected. 

TABLE 2.10.--Percentage of leaf necrosis of yaupon 10, 20, 
and 40 days after treatment with 12 lb. per acre of 
paraquat, at air temperatures 3f 0, 'j, and 18° C. 

Leaf necrosis of yaupon 

Air 
Plants1 tempera- 10 days 20 days 40 days 

ture after after after 
treatment treatment treatment 

0C. -Percent — 
Washed after 

treatment 
0  .hr... 0 3 26 67 

5 5 12 70 
18 8 28 61 

1/2.... .hr... 0 40 42 86 
5 29 40 87 

15 84 90 97 

1  hr... 0 56 64 82 
5 55 31 82 

18 74 83 94 

21.  hr... 0 88 92 98 
5 96 99 99 

18 99 100 100 

Unwashed... 0 
5 

97 
98 

100 
100 

100 
100 

18 100 100 100 

1 One plant of two was washed 0, 1/2, 1, and 24 \T. 
after treatment. 

The absorption experiments were continued 
on other species. Winged elm, live oak, and 
mesquite growing in the field were treated in 
Septe. .er and October 1966. Ten leaves were 
selected for each treatment. Paraquat was 
applied with a pipet at 9.5 /J g. per leaf to 
winged elm and mesquite and 14.3 /^g. per 
leaf to live oak, in 0.2 and 0.3 ml. of water, 
respectively. The paraquat was washed off the 
leaves with water 10, 20, 40, and 60 min. after 
aprlication. Each leaf was evaluated daily for 
7 days by estimating the percentage of leaf 
necrosis. The effectiveness of the washing 
procedure was checked by applying paraquat 
and washing immediately. Injury to the washed 
leaves was compared with injury to unwashed 
leaves. 
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Figure 2.4.—The effect of washing on the phytotoxiclty 
of paraquat on live oak, winged elm, and mesquite 
leaves. Injury ratings were made 7 days after treat- 
ment. 

The absorption rates varied with species 
(fig. 2.4). With an absorption time of 20 min. 
Injury to leaf tissue was 100, 15, and 0 percent 
on mesquite, winged elm, and live oak, re- 
spectively. The injury to winged elm and live 
oak leaves increased to 40 percent for an 
absorption period of 1 hour. Necrosis of un- 
washed leaves of live oak and winged elm 
was 83 and 85 percent, respectively, 7 days 
after treatment, but never attained 100 percent 
as did mesquite. 

The studies on the absorption of paraquat 
show that absorption varies widely among 
species. A 20-min. absorption period is ade- 
quate for some species, but an hour is required 
for others. Low temperature reduces paraquat 
activity, as measured by leaf necrosis, if 
leaves are washed a short time after treat- 
ment, but temperature does not influence 
unwashed plants. 

/ 

Anatomy and Morphology of Woody Plants 

The anatomy and morphology of woody 
plants had a direct bearing on the suscepti- 
bility of woody plants to herbicides. Future 
chapters will discuss the Importance of pheno- 
logic development in determining the period 
of maximum susceptibility to herbicides. 
Anatomic-morphologic Investigations are an 
extension of phenology in that they provide a 
more detailed knowledge of leaf and stem 
characteristics that are related to herblcidal 
absorption and translocatlon. Thus, anatomy 
and morphology lead to a more complete 
understanding of a woody species and aid in 
the interpretation of results that are obtained 
from greenhouse and field experiments. 

The bulk of the anatomical research was 
conducted on mesquite and was only partly 
supported by ARPA. Leaf, stem, and root 
tissue of mature trees, small plants in the 
greenhouse, and seedlings were analyzed in 
great detail. In addition to the anatomic re- 
search on mesquite, a study was begun to 
compare the growth structure of the major 
woody plants in Texas. Samples were taken 
from  95  woody species in 37 plant families 

found in the Piney Woods, Gulf Prairie, 
Edwards Plateau, South Plains, and Post Oak 
Savannah regions of Texas. 

The discussion of anatomical and morpho- 
logical research will be limited almost en- 
tirely to the leaves. A plant leaf represents 
a major pathway of herblcidal absorption and 
translocatlon. Thus, the leaf tissues are of 
primary importance for determining the reac- 
tion of a woody species to treatments with 
herbicides. 

The development of mesquite leaves in the 
spring, in terms of both number and size, 
was different for leaves produced on new 
stems of the current season than on wood from 
previous seasons (17). New wood produced one 
leaf pnr node, the older wood of the terminal 
three or four nodes produced about two leaves 
per node and fewer than that were produced 
on the older nodes. Development of leaves 
usually started earlier in the season on older 
wood than on wood of the current season, but 
leaf expansion occurred over a longer period 
of time. Leaves on the new wood were initiated 
and fully expanded within a 10-day period. On 
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older wood, however, leaf development was 
initiated earlier and in some cases continued 
over a period of 2 months. Because of the 
longer period of expansion, the leaves on the 
older wood were also larger than those on 
the wood of the current season. Leaf growth 
on the new wood was arrested at the same 
time as stem elongation stopped. 

Leaf development is one of the criteria 
commonly used to determine the period of 
maximum susceptibility. Most woody plants 
are susceptible at a time when the leaves 
have reached full size and terminal twig 
elongation has stopped. Because more leaves 
are produced on old wood than on new wood, 
the leaves occurring on the old wood should 
be examined more closely to determine sus- 
ceptibility. 

The length of new stems can vary widely on 
the same tree (fig. 2.5). In 1963, the number 
of new nodes on branches of one tree varied 
from a low of 5 to a high of 16. The total 
length of new stem growth varied from 8 to 
40 cm. The cessation of terminal twig elonga- 
tion was very abrupt. Elongation occurred 
rapidily from early March to the latter part 
of April, then stopped abruptly and no more 
growth was recorded for the following 3 mo. 
The recommendation for the herbicidal con- 
trol of mesquite in Texas states that spraying 
should not be started before 40 days after the 
initiatior of new leaves. That recommendation 

40T 

relates closely to the termination of stem 
elongation. 

The thickness of the cudcle on leaves and 
petioles is an important consideration for the 
chemical control uf mesquite, because the 
cuticle acts as a barrier to absorption of the 
herbicide. New leaves do not have cuticle as 
they start to expand but cuticle development 
begins soon thereafter and increases gradually 
for a period of several months. The leaf 
trans-sections in figure 2.6 show that no 
cuticle was visible on a leaf collected March 28, 
but the cuticle was well developed on a leaf 
collected April 24. Cuticle development on 
April 24 was apparent only on the upper sur- 
face of the leaf, however. None could be seen 
on the lower surface. The development of 
cuticle began about April 18, ultimately re- 
sulting in layers about 6 and 2 u thick on the 
upper and lower surfaces, respectively. 

The number and location of stomata are 
also important because they may influence the 
amount of herbicidal absorption. In mesquite 
leaves, about 20,000 stomata per square cm. 
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Figure 2.5,—The lenpth of new stems on mesquite with 
a varying number of nodes 

Figure 2.6.—Trans-sections of mesquite leaflets on 
March 28 (top, X 78) and April 24, 1963 (bottom. 
X 114). 
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Figure 2,7,—The elative number of stomata on the 
upper (A, X 510) and lower (B, X 100) leaf surfaces 
of mesqulte. 

were found on upper leaf surfaces and about 
10,500 on thj lower leaf surfaces. The relative 
number of stomata is clearly shown in figure 
2.7. Assuming that an appreciable percentage 
of herbicidal entry does occur through the 
stomata, i much greater amount of absorption 
by mesqulte would be expected from herbicide 
deposited on the upper leaf surfaces. 

The anatomical and morphological work on 
mesqulte has emphasized the importance of 
detailed plant characteristics that influence 
herbicidal absorption and translocation. Stem 
elongation and leaf and cuticle development 
support observations that have been made in 
the field and attest to the importance of making 

mesqulte treatments at the proper season of 
the year. 

The translocation zone In the trunk of mes- 
quite is not more than 3 mm. thick. The trans- 
locating phloem is about 0.3 mm. thick and the 
active translocating xylem, the outermost ring, 
is about 2mm. thick. 

Another important and Interesting aspect of 
the relationship between herbicidal activity 
and anatomical detail is that starch grain 
counts In plant tissue generally agree with 
known carbohydrate cycles. In the new wood 
of mesqulte, starch appeared in the xylem and 
pith in June after elongation had stopped. 
Starch had disappeared in 1-year-old wood by 
April 6 when new shoots were being produced 
and then starch again appeared in May. Starch 
grains were found all year in the trunks, the 
lowest concentrations in April and early May. 
In roots, starch grain counts were lowest in 
April and then returned to a uniform concen- 
tration in May. No starch grains were found 
in the phloem or perlderm of any root 
sections. 

The data on starch grains found in the stem 
of mesqulte also parallel the period at which 
mesqulte is most susceptible to herbicides. 
Starch disappeared in 1-year-old wood in 
early April, which is the time when new leaves 
are rapidly expanding. This suggests that the 
mass flow of carbohydrates is progressing 
acropetaliy, and any phenoxy herbicide that 
was absorbed by the plant would, in general, 
move with the mass flow of the carbohydrates. 
Starch grains were again observed in the 
1-year-old wood in May. At this time, leaf 
expansion has stopped and stem elongation 
has been arrested so th t the mass flow of 
carbohydrates is reversed to a basipetal 
direction. Absorbed herbicides would travel 
to the base of »he plant with the carbohydrate 
flow and ultlm itely reach active sites for 
killing the entire plant. 

Radial stem enlargement occurs after stem 
elongation has stopped. Susceptibility to her- 
bicides is closely correlated with the period 
of stem enlargement in mesqulte. Thus, the 
work on t'ie anatomical and morphological 
details of rresquite has supported observations 
and experience from field app'Nations. 

( 
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Mechanisms of Herbicidal Actions I 
Paraquat Is an effective herbicide known for 

Its rapidity In defoliating certain woody plants. 
This Indicated that environmental factors are 
of considerable Importance in determining the 
herbicidal potential of these compounds. Light 
enhances the herbicidal effecdveness of cer- 
tain dlpyrldilium cations (13), and oxygen Is 
required If toxic symptoms are to occur in 
plantR (3). For this reason, experiments were 
conducted to determine the effect of light, 
oxygen, and temperature on a representative 
of the dlpyrldilium herbicides (5). The plant 
species used Included mesquite, bean, honey- 
suckle, elodea, and duckweed. 

Cool, white fluorescent tubes were used as 
the light source for all experiments. Light 
intensity was determined with a Weston cell. 
In experiments In which oxygen was excluded, 
the nitrogen source was pre-purlfied and, 
after an Initial flushing of 30 sec, was applied 
at a pressure of 5 lb. per sq.   In. 

The effect of paraquat on plant pigments was 
determined from the emission spectra of leaf 
extracts In a spcctrophotometer. Ten grams 
of Immature leaves were blended with 100 mm. 
of water in a Waring blender for 2 min. The 
green homogenate was suctioned, filtered, and 
exposed to various light Intensities, oxygen 
pressures, and paraquat concentrations. After 
treatment, pigments were extracted from the 
aqueous solution with ether and the emission 
spectra of the ether portion determined. 

Changes In membrane permeability were 
determined with a conductivity bridge and a 
low conductivity-type cell having an approxi- 
mate cell count of 0.17 reciprocal cm. Un- 
damaged, Immature leaves were placed In 
paraquat solution having an electrical resist- 
ance of approximately 700 ohms. A decrease 
In the electrical resistance of the solution 
was considered to be an Indication of leakage 
of materials from the leaves due to changes 
In membrane permeability. 

Since the activation of paraquat appeared to 
be related to the formation of a free radical, 
the possibility existed that the effect of light 
was a direct chemical effect because light, 
especially at shorter wavelengths, often en- 
hances free-radical reactions. To test this 
possibility, various parts of mesquite plants 
were    submersed   in   a   solution   containing 

150 p.p.m. paraquat and were exposed to direct 
sunlight. When the leaves were Illuminated, 
discoloration was observed after 24 hr. even 
though the roots and nutrient solution remained 
In darkness. Little discoloration was observed 
when the nutrient solution was illuminated but 
the leaves kept In darkness. Enclosing the 
leaves In a dark container undoubtedly gave 
reduced transpiration and consequently, the 
upward movement of solutes. Thus, the lack 
of activity could have resulted from a lack of 
translocation rather than a lack of chemical 
actlvitation. To eliminate this possibility, 
duckweed, a small aquatic plant, was enclosed 
In a light-proof photographic developing box 
which was lowered and raised from an illumi- 
nated solution containing 100 p.p.m. paraquat, 
several times per minute. This insured a 
continuous supply of Illuminated paraquat. 
However, no bleaching occurred. It is, there- 
fore, apparent that the plant leaves must be 
exposed to direct light before a maximum 
effect from paraquat Is obtained. This sup- 
ports the hypothesis that the effect of light Is 
Indirect In that It affects herbicidal activity 
only as It affects some physiological process. 

If the activity of paraquat Is directly related 
to some physiological process, then a plant 
having a low light requirement for maximum 
physiological activity should be as susceptible 
to paraquat at low light intensity as It Is at 
high light Intensity. 

Sprigs of elodea, a plant capable of rapid 
growth and reproduction at low light intensity, 
were grown in a nutrient solution at light 
intensities of 65 ft.-c. and full sunlight for 
2 wk. Paraquat reduced growth at both light 
Intensities, but the action was more rapid at 
full sunlight. In full sunlight the first symptom 
of injury was bleaching which began at the 
growing tip and proceeded down the stem. The 
stem lost Its turgidity and the plant collapsed. 
At 65 ft.-c, there was very little bleaching 
and collapse was slower. Since elodea grew 
rapidly at 65 ft.-c, it was physiologically 
active; but treated plants did not show severe 
paraquat damage. Thus, a precise correlation 
between physiological activity and paraquat 
activity did not exist. 

Following the observation that high light 
intensities were required for bleachinj; action 
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of paraquat In vivo, experiments were con- 
ducted In vitro to determine the conditions 
necessary for the rapid bleaching of an aqueous 
extract of bean leaves. Paraquat produced no 
bleaching of the extracts in darkness, nor in 
light when oxygen was replaced by nitrogen. 
Since both light and oxygen were required, it 
is likely that paraquat enhanced the photo- 
oxidation of plant pigments. Enhancement of 
photo-oxidation may come about through the 
destruction of a membrane or a protective 
enzyme system because boiling also produces 
a rapid bleaching under similar conditions. 

The influence of light on paraquat's ability 
to alter the permeability of plant membranes 
is shown in table 2.11. Resistance was de- 
creased markedly when paraquat was added 
to water containing leaves of three plant 
species. The reduction of resistance was 
much less in the dark. The decrease in resist- 
ance is assumed to have occurred as a result 
of leakage of cellular materials through mem- 
branes damaged by paraquat. The effect on 
membranes, unlike the bleaching of the pig- 
ment system, did not require the presence 
of any appreciable amount of oxygen, but was 
temperature dependent (table 2.12). 

The data indicate that light and oxygen are es- 
sential for rapid bleaching of the plant pigment 
system by the paraquat. This bleaching does 
not appear to be directly related to physiolog- 
ical activity, but to the destruction of a protec- 
tive system that normally prevents photo-oxi- 
dation. Light and temperature, but not oxygen, 
are also essential for the changes in membrane 
permeability brought about by paraquat. 

Picloram is a relatively new herbicide that 
is highly phytotoxic to a broad array of plant 
species. Knowledge of its mode of action 
would be extremely helpful. In that regard, 
the effect of picloram on various components 
of intermediary metabolism was studied. The 
research reported here is an investigation of 
the inhibition by picloram of dehydrogenases 
that are linked to the oxidized (NAD) and re- 
duced (NADH) forms of nicotineamide-adenine 
dinucleotide. The dehydrogenase systems that 
were studied include (I) alcohol, (2) glucose- 
6-phosphate, (3) glutamic acid, (4) lactic, and 
(5) malic. 

Malic dehydrogenase Ifolated from mes- 
quite seedlings was used in the first studies. 
Double   reciprocal   plotting   of  velocity  and 

TABLE i,ll.--Rec_uced electrical resistance resulting from 
damage to plant membranes by paraquat 

I 
Electrical resistance 

Paraquat Light 
intensity 

after leaf immersion 
Species concen- 

tration 
Of— 

0 hr. 24 hr. JO hr. 

P.p.m. ft.-/. . . . - Ohms - .... 

Mesqulte 0 Dark 750 700 
500 7» 675 640 

LOO Dark ■'.. „ i 6Ö5 '■'■ 

500 800 ..,!'. A70 

Honeysuckle 0 Dark 773 760 723 
500 785 730 • / 

LOO Dark 850 300 750 
500 850 •:,:!! 430 

Bean 0 Dark 730 M0 635 
500 750 52: 575 

100 Dark 760 630 530 
50Ü 760 250 220 

TABLE 2.12.--The  influence of temperature on paraquat 
J ^..u"»e  to the membranes of bean leaves as determin«-*  by 
reduced electrical resistance 

Paraquat 
concen- Temperature 

VA, ctrice 
leaf 

1 resistance after 
immersion of-- 

tration 0 hr. 24 hr. 

P. p.m. % Ohms 

0 8 
25 
37 

650 
650 
650 

507 
558 
568 

100 8 
25 
37 

650 
650 
650 

448 
360 
335 

substrate concentration showed that picloram 
was competitive with both NAD and NADH 
(fig. 2.8). Inhibition occurred in all of the 
dehydrogenase systems. Double reciprocal 
plotting for glucose-6-phosphate and alcohol 
dehydrogenase indicated that picloram was 
competitive with NAD in a like manner to the 
original observations on malic dehydrogenase. 

Antagonism, or competitive inhibition, may 
occur in several ways. The inhibitor may 
combine with the free enzyme, reversibly or 
Irreversibly, at the site normally reserved 
for the NAD. The inhibitor may also combine 
directly with NAD and reduce the effective 
NAD concentration, thus slowing the reaction. 
Or the inhibitor-NAD complex may Itself be 
Inhibitory to the enzyme. 

The mechanism of Inhibition was studied 
further by single curve plotting In which (S) is 
plotted against I(l-I)/i, when 1= concentration 
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Figure 2.8.—Double reciprocal plots of substrate concentration (S) versus velocity (V) as affected by picloram when 
malate concentration is held near the optimum and (A) NAD and (B) NADU are varied. 

of picloram and i ■ the inhibited fraction of 
activity. The hyperbolic curve obtained for 
picloram (fig. 2.9) was characteristic of mixed 
inhibition, in which an effect occurs on both 
the enzyme and the substrate. Similar plotting 
for 2,4-D yielded a different curve, suggesting 
that the effects of 2,4-D and picloram were 
not identical. 

The kinetic analyses indicate that picloram 
and 2,4-D act at the same site and apparently 
both compete with NAD. Picloram, however, 
had another effect on the enzyme that 2,4-D 
lacked. 

The structure of Isocil was studied because 
it represents another group of herbicides that 
are biologically active. Carbonyl compounds 
are able to undergo a tautomerlc change so 
that the compounds exist in both keto and enol 
forms. The purpose of this study was to deter- 
mine the extent to which isocil undergoes this 
tautomeric change. 

Recent developments in spectrophotometry 
have provided weed scientists with quick and 
convenient means of identifying herbicides. 
Infrared, ultraviolet and Raman spectra of 
substances, together with standard chemical 
tests for functional groups, permits a deter- 
mination of precise chemical structure. How- 
ever, if a compound exists in two or more 
tautomeric forms, the precise structure is 
difficult or impossible to determine by con- 
ventional methods. 

For example, isocil could possess either 
of two structures (fig. 2.10). Since the only 
difference between the two structures is the 
location of a proton, nuclear magnetic reso- 
nance appeared to offer a possible solution 
for determining the structure of isocil. The 
apparatus consists of a powerful electro- 
magnet and a sensitive radio receiver to 
measure the radio frequency emitted by the 
proton. 

33 



10t- 

6 - 

1(1-1) 
1 cx o- •0c—o 

- o 
/ 

2,k-D 

d. 

(S)   X  10-5 MOLAR 

Figure 2.9.—Single curve plots of the mechanism of inhibition of picloram and 2,4-D. 
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Figure   2.10.—Possible   structures   for isocil.  Keto 
(left) and enol (right). 
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The data obtained Indicate that the proton 
is bonded almost entirely to the nitrogen at 
position one rather than the oxygen at position 
two. If this conclusion Is correct, and the N-H 
bond structure is the active moiety, the re- 
moval of the alkyl radical at position three 
could reduce the herblcidal activity. A pseudo- 
aromatic structure would then be possible in 
the enol form. 

Nuclear magnetic resonance may also be of 
value in determining structures of other groups 
of herbicides, such as the substituted ureas 
and carbamates, where tautomeric forms are 
believed to exist. 
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CHAPTER 3 

CLIMATOLOGIC AND ECOLOGIC CHARACTERIZATION 
OF REoEARCH SITES IN PUERTO RICO AND TEXAS 

There are numerous variables affecting the 
performance of herbicides. The most Im- 
portant variable, of course, Is the vegetation 
Itself. A given herbicide will be differentially 
effective for controlling grasses, he -bs, and 
woody plants. More specifically, a given herbi- 
cide may be effective for controlling one woody 
species, but ineffective for controlling another. 
Other variables that Influence herbicldal per- 

formance  are  the  amount  and  frequency of 
rainfall, temperature, and soil type. 

The information contained in this chapt' r 
will characterize the climatologic, edaphic, 
and vegetational features of the research sites 
in Puerto Rico and Texas. Such background 
information will aid In the interpreta- 
tions of the research results that are 
obtained. 

Puerto Rico 

Topography 
Puerto Rico is the easternmost and smallest 

of the Greater Antilles. It lies between 17055' 
N. and 18031' N. latitude and 65037' W. and 
67°! 7' W. longitude. It is about 109 miles 
long from east to west and about 40 miles 
from its northernmost to its southernmost 
tips. The overall area is a little more than 
3,400 sq. mi. 

Puerto Rico presents a rugged profile. A 
mountainous ridge, the Cordillera Central, is 
located in an east-west direction, slightly south 
of the centerllne of the island. El Yunque rises 
to 3,448 ft. in the eastern mountains and Cerro 
de Punta, in the central part of the island, 
reaches an elevation of 4,390 ft. Since the spine 
of the Cordillera Central lies in the southern 
half of the island, the coastal plains range 
from 8 to 12 miles along the northern coast 
and 2 to 8 miles along the southern coast. 
There is a moderately steep rise to the peaks 
in the north, while In the south, the descent 
to the sea is rather abrupt. Topography in 
any portion of the mountains is rugged. Slopes 
up to and exceeding 45° are common. 

Precipitation 
The majority of Puerto Rico's rainfall is 

orographic in nature (7). The island lies in the 
path of the westerly flowing Atlantic trade- 
winds. Moisture-laden air from the ocean is 
carried Inland by the tradewinds and forced 
to ascend over the mountains, which results 
In cooling and consequent precipitation. The 
El Yunque Mountains in the eastern part of 
the Island are the first to cause an orographic 
rise and the highest rainfall is found there. 
The El Yunquo area has an annual average of 
183.51 In, Rajufall on the upper slopes of the 
Cordillera Central ranges from 80 to 120 in. 
The lowest annual averages occur along the 
western portion of the south coast, the lowest 
being 34.62 in. at Santa Rita. Thus, over a 
distance of only about 75 miles, there is a 
difference of nearly 150 in. of rainfall annually. 

The effect of topography and winds upon the 
rainfall is well Illustrated in the isohyetals 
(fig. 3.1). In general, the rainfall along the 
northern or windward coast is greater than 
along the southern or leeward coast. As indi- 
cated  earlier,   the  slope  of  the hills to the 
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Figure  3,l.~Isohyetals  and  the  location of research 
sites In Puerto Rico, 

peaks is gradual in the north, while the drop 
to the ocean on the south is quite precipitous. 
This is reflected in the isohyetals where there 
is a rather gradual increase in the amount of 
rainfall on the northern slopes up to the 
divide. In the south, where the topographic slope 
is much greater, rainfall shows a sharp de- 
crease from the ridge to the coast. The number 
of days with measurable rain follows the 
isohyetal pattern, with the largest number in 
areas with greatest rainfall. Once again there 
is a pattern of an increase from the north 
coast to the area of heaviest rainfall, and then 
a rather sharp decrease to the south coast, 
which has the lowest average rainfall. The 
average number of rainy days varies from 
just under 300 in the El Yunque area to less 
than 100 along the south' coast, with 56 at 
Santa Rita being the lowest. 

Temperature 

Mean temperatures in Puerto Rico have a 
very small range between the warmest and 
coolest months. The smallest range, about 
5° F., is usually found in areas near the coast; 
the largest range, about 7°, is found in the 
interior of the island. Maximum and minimum 
isotherms for January and July are shown 
in figure 3.2. 

The diurnal temperature range varies with 
location on the island. In the areas along the 
northern and eastern coasts, the mean daily 
range is usually between 10° and 15°, with 
increasing values inland away from the temper- 
ing effect of the oceans. The mean diurnal 
range is between 15° and 20° in the southeast 
and more than 20° in the west and southwest. 
Maximum diurnal ranges of about 25° occur 
in the central mountains. 

Extreme temperatures are unknown in 
Puerto Rico, but afternoon temperatures in the 
Ws are not unusual in coastal areas. The 
highest temperature ever recorded in Puerto 
Rico was 103° F. in 1911 at San Lorenzo in 
the southeastern part of the island. The coolest 
temperature ever recorded was 40° F. In 
March 1911 at Aibonito in the central moun- 
tainous portion of the island. Most of the 
mountainous areas have experienced tempera- 
tures   in  the  40'$, but in the coastal areas. 

Figure  3.2.—Mean maximum and minimum Isotherms in   F. January  and July  in Puerto Rico:   A, Maximum- 
January;   B,  minimum-January; C, maximum-July; D, minimum-July. 
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the coolest temperatures on record are gen- 
erally between 50° and 60°. 

Relative Humidity 

The relative humidity in the island is rather 
high, averaging about 80 percent over the 
course of tl'eyear. Generally speaking, relative 
humidity values of 00 percent or more during 
the night are not infrequent; during the day, 
values from 60 percent to the low TO's are 
predominant. Extremely low relative humidity 
is rare. The lowest readings are generally 
in the 50*8. 

The relatively small differences in the dew- 
point temperature over the area indicate that 
the air mass overlying the area is quite similar 
with respect to moisture content throughout 
the year. There is also a very small diurnal 
change in dewpoint. At San Juan, for example, 
the annual average dewpoint at 2;00 a.m., 
8:00 a.m., 2:00 p.m., and 8:00 p.m. is 70° F. 
This also appears to be true at other loca- 
tions. 

Vegetation 

The natural vegetation of Puerto Rico has 
been described in a number of publica- 
tions (2, 4). At the time of discovery Puerto 
Rico was covered with extensive and luxuriant 
forests.   The original  native  vegetation has 

been modified drastically, however, by an ever 
expanding population. During settlement of the 
interior of the island in the 19th century, 
more than 99 nercent of the area was de- 
forested to varylrg degrees (9). No area of 
appreciable size escaped the strong influence 
of man. Today there are only a fewv^ry small 
areas that still have virgin forests. 

Despite the drastic modifications that have 
resulted from cutting trees for timber and for 
charcoal, and the clearing of land for agri- 
cultural development, a map of the native 
vegetational areas (fig. 3,3) of Puerto Rico 
is still important. The map in figure 3.3 was 
taken from Little and Wadsworth (6). 

The more Important differences In the 
natural vegetation of Puerto Rico reflect 
variations in topography, climate, and soil. 
The vegetation of the coastal plains is unlike 
that of the steep upper slopes, and still dif- 
ferent from the forest found on the uppermost 
peaks. Differences in the total amount and 
seasonal distribution of precipitation produce 
extreme differences between the forests of the 
eastern mountains and those of the southwest 
coast. Reduced moisture availability due to 
shallow soils, particularly in the limestone 
regions. Is manifest in the growth of trees 
on such areas. The contrasts among the 
various vegetative types are striking because 
of the extreme range of conditions within 
short  distances.   Elevations  range from sea 
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Figure 3,3.—Forest types of Puerto Rico (6), 
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level to 4,390 ft., precipitation from 30 to 180 
in. annually, and soil« from deep to very 
shallow and from fine clays to coarse sands. 

Eight forest types are shown In the vegeta- 
tlonal map. Not shown Is i small area of 
littoral woodland that occurs along the wind- 
swept northern seacoast. In Its native state 
this forest type contained good timber species 
such as marfa, ausubo, roble, and tortugo 
amarlllo. One of the most prominent species 
near the shore, uva de playa. Is still com- 
monly present today. 

Mangrove Is another type not shown on the 
map In figure 3.3. Five public forests that 
border the coast still contain mangroves. 
Mangle Colorado Is found in the water itself. 
On the adjacent area, normally subject to 
tidal flooding, are found mangle bianco and 
mangle prieto. Mangle boton occurs on the 
landward side of the mangrove complex. 

The moist coastal forest of Puerto Rico 
occurs principally along the north coast, but 
also to some extent on the west and east 
coasts. The more common species Include: 
laurel avlsplllo, moca, palo de polio, esplno 
rublal, mad'a, mamey, guava, tortugo amarlllo, 
pendula, capa bianco, roble, palo de cucubano, 
and tlntillo. 

The moist limestone forest is similar to the 
moist coastal forest and has many of the same 
species. The chief differences appear to be due 
to the drier soils on the well-drained limestone 
hills and greater humidity In the protected 
areas between the hills, especially In the 
southern part of this area which Is close to the 
central mountains. The tree species of the 
moist limestone forest Include: palma de 
coyer, palma de Uuvla, uvilla, moralon, 
canelllla, esplno rublal, almaclgo, cedro 
hembra, cedro macho, tabalba, ceboruqulllo, 
maga, guano, cupey, ucar, verdlseco, san- 
gulnarla, tortugo amarlllo, palo de cucubano, 
aqullo'n, and tlntillo. 

On the southern, dry side of Puerto Rico the 
more adverse moisture conditions exclude 
many of the tree species common on the north 
side. In their places grow a few other species 
especially adapted to such conditions. The 
tree species of the dry coastal forest Include: 
calambrena, burro prieto, cobana negra, 
genogeno, tachuelo, indio, guayaca'n, violeta, 
ceiba, guacima, barbasco, ucar, palo amargo, 
capa Colorado, and pendula. 

In the limestone region of the south coast, 
as on the north coast, excessive soil drainage 
accentuates the dryness of the environment to 
a point that some tree species cannot subsist. 
Others which are more hardy replace these. 
The trees of the dry limestone forest Include; 
corcho bobo, burro prieto, tachuelo, guayacan, 
guayacan bianco, tea, almaclgo, yalti, ser- 
rasuela, abeyuelo, cascarroya, sebucan, tuna 
de petate, ucar, sangulnarla, and alelf. 

The vegetation In the mountainous areas of 
Puerto Rico falls into two convenient ecological 
provinces. The main mountain ridge, Cordillera 
Central, Is separated geographically and 
ecologically from the Luqulllo Mountains in the 
northeast part of the island. The principle 
reason for the difference between the two 
areas Is that the Luqulllo Mountains have 
more rainfall and the soils are not as well 
drained. 

The trees of the Lower Cordillera Forest 
Include: helecho gigante, yagrumo hembra, 
laurel geo, nuez moscada, Icaqulllo, guama, 
cojoba, moca, palo de matos, tabonuco, cedro 
hembra, guaraguao, marlcao, varltal, guara, 
aguacatillo, rabo raton, caracollllo, grana- 
dillo, cienegulllo, polio, yagrumo macho, 
hueso bianco, capa prieto, muffeco, moral, 
hlgüerlllo, and roble. 

The forest of the lower slopes of the Luqulllo 
Mountains Is similar in general appearance to 
that of the Cordillera, but because of greater 
precipitation and higher humidity It Is some- 
what more luxuriant, and several tree species 
are much more common here than elsewhere. 
The trees of the Lower Luqulllo Include: 
helecho gigante, yagrumo 
laurel geo, nuez moscada, 
moca, palo de matos, 
guargaguao, gaeta, marlcao, palo de galllna, 
varltal, tabalba, guara, aguacatillo, motlllo, 
guano, rabo ratdn, granadlllo, cienegulllo, 
ausubo, hueso bianco, muneco, and roble. 

The upper slopes of the mountains of Puerto 
Rico have lower temperatures and higher 
rainfall than the lower slopes. Consequently, 
the trees that are found here are distinct. The 
common tree species of the Upper Cordillera 
Include: helecho gigante, palma de sierra, 
jagiiilla, haya mlnga, nemoca, palo bobo, 
achiotlllo, asuco clmarron, negra lora, 
cupefllo, juslllo, camasey peludo, and 
calmltlllo. 

hembra, guajon, 
Icaqulllo, guama, 
tabonuco,    masa. 
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In the Upper LuquiUo Mountains, the forest 
Is similar to that of the Cordillera Central, 
but there are also a number of species found 
only on the Luquillo Mountains. The common 
tree species of the upper Luquillo Forest 
include: helecho gigante, palma de sierra, 
laurel sabino, nemoc^, achiotillo, sabindn, 
palo Colorado, negra lora, cupeillo, limoncillo, 
guayabota, jusillo, camasey peludo, caimitillo, 
caimitillo verde, and roble. 

The best developed forests In Puerto Rico 
have disappeared. Cutting of the forests took 
place primarily in the 19th century. It elimi- 
nated tree growth from the more fertile and 
accessible lands. The remaining trees are 
located chiefly on the steep slopes, rocky 
mountain summits, or where excessive shal- 
lowness,   dryness,   or   wetness   of  the  soil 

precludes economic farming. Most of the 
forests today are those which reappeared after 
farming was abandoned on poor lands. Few 
trees exceed 12 in. in diameter and most of 
these are used only for fuel. These larger 
trees of inferior quality tend to suppress the 
development of younger trees of more valuable 
species which may be growing beneath them. 

A number of Introduced exotic tree species 
have become naturalized in the forests of the 
highlands. Common naturalized species of the 
humid forest for Puerto Rico include: pomar- 
rosa, majagua, almendro, bucayo gigante, and 
tulipan africano. On the dry southwestern 
coast bayahonda has become naturalized. Caoba 
dominicana and acacia amarilla have been 
planted In many localities on the island. 

Texas 

Topography 

The lowest elevation in Texas occurs along 
the Gulf Coast. Westward and northwestward 
from the Gulf Coast, elevation gradually rises 
to 1,000 or 2,000 ft. through Central Texas 
and to as high as 4,000 ft. in the western 
part of the Panhandle. The principal mountains 
of Texas are in the Tra^s-Pecos region 
where the Rocky Mountain system crosses 
from New Mexico to Old Mexico. The highest 
point is Guadalupe Peak (8,751 ft.) near El 
Paso. Many streams dissect the State, these 
flowing irregularly from the northwest to the 
Gulf Coast. 

Precipitation 
The principal sources of moisture for Texas 

are the Gulf of Mexi o and the tropical 
Atlantic (1, 8). Warm and moist tropical air 
masses, carried by the prevailing southeasterly 
winds, move inland up the land slope and up 
the slopes of cold fronts of continental air 
masses. Cooling causes a loss of their moisture 
supply. The highest rainfall occurs in extreme 
east Texas with annual averages of more than 
55 in. and records of more than 80 in. Pre- 
cipitation decreases progressively from east 
to west (fig. 3.4). The isohyetals are roughly 

Figure 3,4.—Location of research sites in Texas and 
isohyetals east of the 100th meridian. 
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parallel and run north and south over most of 
the State. May has more -ainfall than other 
months in most of the Stas.-;. East Texas has a 
fairly uniform monthly rainfall distribution 
pattern with slight highs in May and December. 

Temperature 
Most of Texas has a continental climate 

chancterized by rapid changes of temperature, 
marked extremes, and large diurnal and annual 
temperature ranges. Temperature drops of 40° 
to 5CP F. in 12 hr. are not uncommon in 
the northern half of the State. The marine 
climate of the coastal area is characterized 
by comparatively uniform temperatures in all 
seasons with a sma'l diurnal range. The maxi- 
mum and minimum isotherms for January run 
roughly east and west but those of July are 
much less regular (fig, 3.5). The warmest 
part of the State is the lower Rio Grande 
Valley. The highest temperature recorded in 
Texas was 120 F. at Seymour in August 
1936 The coldest section is the northwestern 
Panhandle. The lowest tempeaturc recorded 
was  -23° F.  at Seminole in February 1933 
and at Tulla in February 1899. No part of 
the State is free from occasional periods of 
excessive heat when temperatures of 100° F. 
or higher are recorded, nor from occasional 
periods of freezing temperatures. The Coastal 
counties and the lower Rio Grande Valley have 
damaging freezes only at infrequent intervals. 

Relative Humidity 

Relative humidity values vary considerably 
between winter and summer. On the whole, 
relative humidity in the summer ranges about 
10 percent higher than in the winter. The 
highest relative humidity values occur in the 
early morning; the lowest in midafternoon. 
Eany morning averages are about 90 percent 
along the coast and about 75 percent in the 
interior. Early evening averages are about 
70 percent along the coast and 50 percent 
inland. 

Vegetation 

Many different systems of classification have 
been proposed to facilitate the analysis of plant 

communities in Texas. They range from the 
broad, theoretical treatment of Weaver and 
Clements (10) to the practical, highly specific 
range condition method used by the Soil 
Conservation Service (3). Neither the broad nor 
the highly specific systems are particularly 
helpful in this report. The system to be used 
is a compromise based on topographic, cli- 
matic, and edaphic factors, as well as broad 
plant community similarities (5). 

The descriptive titles given on the vegeta- 
tional map (fig. 3.6) refer to the dominant 
vegetation of the area or to a topographic 
feature that has arisen through geologic evolu- 
tion. In this report the descriptive titles are 
used to locate the vegetational areas, but 
specific experimental sites will be more 
closely defined by referring to a specific 
woody species or an association of woody 
species. 

Piney Woods.—The Piney Woods in East 
Texas occur on gently rolling to hilly forested 
land. An annual rainfall of 40 to 55 in. is 
fairly uniformly distributed throughout the 
year. 

Mature forested areas have an association 
of loblolly, shortleaf, longleaf, and slash pines 
with hardwoods such as oaks, hickory, and 
maple. The ratio of pine to hardwood de- 
creases with distance westward from the 
Texas-Louisiana border. 

In areas where the oak-pine has been cut, 
a dense, complex association of forbs and 
brush soon occupy the site. Yaupon, oaks, 
ash, sassafras, and elm are common constit- 
uents of the brush complex. 

Gulf Prairle.--The Gulf Prairie occurs on 
a nearly level, slowly drained plain, dissected 
by streams flowing into the Gulf. Annual rain- 
fall averages between 32 and 36 in. The 
rainfall is fairly uniformly distributed through- 
out the year with slight highs in September 
and late spring. 

Most of the area has been invaded by trees 
and brush. One of the research sites in the 
Gulf Prairie contained a dense stand of live 
oak. The other research site had an associa- 
tion of huisache-mesquite. 

Post Oak Savannah.—The Post Oak Savannah 
lies in a narrow belt east of the Piney Woods 
and the Gulf Prairie. Annual rainfall ranges 
Trom about 35 to 45 in. The high rainfall month 
is usually May or June. 
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Figure  3.5,—f.J(Mic maximum and minimum isotherms in0F.  for  January  and July  in  Texas east of the 100th 
meridian:   A,   Maximum-January;   B,   minimum-January; C, maximum-July; D, minimuni-July, 
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Figure 3.6.—Vegetational areas of Texas east of the 
100th meridian. 

Post oak is the predominant woody species, 
but blackjack oak and winged elm are also 
common. Yaupon Is a common understory 
species. 

Edwards Plateau.—The Edwards Plateau in 
West-Central Texas has an average annual 
rainfall ranging from about 15 in. in the west 
to 35 in. in the east. Average annual rainfall 
at the Llano research site is about 30 in. A 
typical rainfall pattern shows a beasonal high 
in May and June, and again in September. 
Droughts occur in the area frequently. 

Whitebrush was the principal woody species 
of interest in the Edwards Plateau. Whitebrush 
is commonly associated with mesquite, Texas 
persimmon, and various species of cactus. 

We did not have research sites in the Black- 
land Prairie, Cross Timbers and Prairies, 
South Texas Plains, and Rolling Plains. The 
location of research sites was governed pri- 
marily by the presence of woody species 
that were difficult to control with phenoxy 
herbicides, and secondarily by availability 
of land that contained those woody spe- 
cies. 
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CHAPTER 4 

HERBICIDAL EVALUATIONS IN A WOODY PLANT NURSERY 

Preparation of the irrigated, woody plant 
nursery at the Texas A & M Research Annex 
was started in April 1963. The nursery was 
developed primarily to evaluate new chemicals 
for their defoliating and herbicidal properties 
on woody plants. The nursery approach to 
herbicidal evaluation is net new. It is being 
used at industrial and research institutions, 
but few of the species grown in the Southwestern 
United States are included in such nurseries. 

There are three factors which made chemical 
evaluation in a woody plant nursery worth- 
while. First, when several species of woody 
plants are grown at one location, chemicals 
can be evaluated quickly with a minimum 
expenditure of human and material resources. 
Second, growing the plants under irrigated 
conditions permits maximum growth and elim- 
inates drought as a factor in the responses 
of the plants to chemical treatments. Third, 
the ages and developmental histories of plants 
are known and can be evaluated for their 
influence on the responses of plants to chem- 
ical treatments. 

There are several problems that should be 
considered when using a nursery. Woody plants 
may not respond similarly to defoliants and 
herbicides when grown under cultivation as 
when growing in wild stands, but this is usually 
not an important factor for primary evaluation 
of chemicals. Some woody plant species are 
not easily propagated under cultivated con- 
ditions. Considerable time, certain specialized 
equipment, irrigation facilities, and personnel 
with experience in propagating plants are 
needed to establish these species in a nursery. 
Time is needed to grow woody plants to a 
suitable size and stage of development for 
herbicidal evaluation studies. Lastly, certain 
cultural practices such as fertilization, irri- 
gation, and weed control must be developed 
and carried out if the nursery is tobe properly 
maintained. The woody plant nursery was also 
used for certain ecological and physiological 
studies. Dates of flowering, seed set, and other 

phenological phenomena were of importance to 
this project, because they are important factors 
influencing the response of plants to defoliants 
and herbicides. In addition, the nursery was 
used as a source of plant materials for labora- 
tory studies (figures 4.1 and 4.2). 

Figure 4.1.—Mesquite seedlings and equipment needed 
for field study of absorption and translocation of 
herbicides. Window screen was used to prevent loss 
of defoliated leaves after treatment. 

Figure 4.2.—Leaves and stems of a 3-year old mesquite 
plant tagged for study of chemical absorption and 
translocation. 
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Materials and Methods 

The land assigned for establishment of the 
woody plant nursery is contained in seven 
blocks between the ramp and runways of a 
former airbase located at the Texas A & M 
Research Annex. The usable acreage is ap- 
proximately 75 acres. The soil type is pri- 
marily Erving clay loam. 

Methods of Establishing Ni:rsery 
Plants 

Four methods were used to establish woody 
plants in the nursery: (1) Transplanting vege- 
tative tissues from plants grown in wild stands. 
(2) transplanting seedlings grown from seed in 
the greenhouse, (3) transplanting seedlings 
obtained from commercial nurseries, and 
(4) direct seeding. Because the propagation of 
these species was inadequately understood, 
several techniques were tested to determine 

the one most satisfactory for a given species. 
Large numbers of seeds and vegetative tissues 
were needed for nursery plantings, so most of 
the planting operations had to be mechanized. 
A device was constructed to thresh seed of 
mesquite and huisache from pods. The device 
(fig. 4.3) consists of a barley pearling machine 
with modified threshing screen and cylinder 
(fig. 4.4) and a two-screen, wind cleaner. 
With this device, 1 bushel of mesquite pods 
can be threshed in 1.5 man-hours, as con- 
trasted with 160 man-hours to cut the seed 
from the pods with a scalpel. 

Water for irrigation was drawn from two 
deep wells. Both wells were equipped with 
electric motors and pumps. They were con- 
nected to the irrigation system through a gate 
valve and adapter. Water was carried to the 
nursery blocks in 6-in. extruded aluminum 
pipes. Two methods of irrigation were used. 
Furrow irrigation was used on level areas 
with gentle slope. Water waj carried to the 
furrows in 5-in. aluminum pipes and dis- 
charged into the furrows through gated pipes. 
On rough areas water was distributed over the 
land through 3-in. pipes equipped with 24-inch 
risers and low capacity agricultural sprink- 
lers. 

Figure 4,3,—TbvRshing device, consisting of modified 
barley pearling machine and two-screen air cleaner 
assembled for threshing and cleaning mesquite send. 

Figure 4.4,~Bari6y huller with cover removed showing 
threshing cylinder with attached steel bars and 
threshing screen. 
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Species Established in Nursery 

A wide variety of woody plant families was 
included in the nursery so that the maximum 
amount of information from evaluation studies 
could be obtained. The species selected for 
establishment in the nursery are listed in 
table 4.1. Only mesqulte, live oak, whitebrush, 
winged elm, and Macartney rose were avail- 
able for establishment in the nursery in 1963. 
The other species were added in subsequent 
years as seed or plant materials became 
available. 

Greenbriar,—Greenbriar plants were es- 
tablished in the nursery from rhizomes dug 
from wild stands. The tissues were cut into 
3- to 4-in. segments and planted at 2-ft. 
intervals in rows. Successful transplantings 
were made in later winter. It was necessary 
to plant the greenbriar tissues Immediately 
after digging because poor stands resulted when 
tiessues were exposed to the atmosphere for 
prolonged periods of time. 

Huisache.—Hulsache was established by 
direct seeding and by transplanting seedlings 
grown from seed in the greenhouse. Both 
methods were enrliely satisfactory, but the 
direct seeding method was most economical. 
Huisache seed requires scarification before it 
will germinate. Seedlings attained heights of 
approximately 7 ft. at the end of the first 
growing season in the woody plant nursery. 

Live Oak.—Live oak seedlings were es- 
tablished from acorns planted directly in the 
nursery, from seedlings grown in the green- 

house from acorns, and from seedlings pur- 
chased from a commercial nursery. The most 
economical and satisfactory method was direct 
seeding. Acorns harvested in late fall and 
plamed immediately gave excellent stands and 
little labor was needed for planting. Growing 
seedlings in the greenhouse and transplanting 
in the nursery were successful, but required 
space in the greenhouse and labor for care 
of the plants. Satisfactory stands were also 
established from seedlings purchased from 
commercial nurseries, but this method was 
the most expensive. Seedlings established by 
any of the three methods attained a height of 
approximately 3 ft. at the end of the first 
growing season (fig. 4.5). 

Figure  4,5.~Live  oak  seedlings  planted June 1963; 
photographed December 1963. 

TABLE 4.1, --Woody species established  in nursery 

ConiBDn name 
Scientific name 

Family Species 

Greenbriar 

Huisache 

Live oak 

Loblolly pine 

Macartney rose 

Mesqulte 

ffhltebruBh 

Winged elm 

Yuupon 

Llllaceae 

Rosaceae 

LeKuminusae 

Verbenaceae 

Ulmaceae 

Aqui foliaceae 

Smilax bona-nox 

Acacia farneslana 

Quercua vlrglnlana 

flnu taeda 

Rosa bracteata 

Pros^ pis .lullflora 

Alqysia lycioldes 

ULmm- fllHtfl 

Ilex vomitoria 

Loblolly Pine.—Seedlings of loblolly pine 
were purchased from the Texas Forest Service 
and transplanted into the nursery. December 
and January were the preferred months to 
transplant. Loblolly pine did not grow well In 
the heavy soils of the nursery, but good stands 
were obtained in the better drained soils. 
Seedlings died In heavy soils that received 
excessive amounts of runoff water from the 
concrete runways, but grew rapidly enough 
to permit treatment 1 yr. after transplanting 
in well-drained sites. 

Macartney Rose.—Macartney rose was es- 
tablished In the nursery from corwns of plants 
dug from wild stands. Excellent stands were 
obtained when transplanting was done in 
December, January, or February during cool 
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weather (fig. 4.6). However, transplanting could 
be done at any time of the year, and the first 
plantings were made in June and July 1963. 
Frequent irrigation was necessary during the 
2 mo. immediately after transplanting, and 
even then only 34 percent of the plants became 
established (fig. 4.7). Because of the rapid 
growth of this species, seedlings could be used 
for chemical evaluation studies at the end of 
the first growing season. 

Figure 4.6.—Macartney rose plamed January 1965; 
photographed July 1966, Note abundant hedge-type 
growth. Weeds in foreground are primarily nutsedge 
and bermudagrass. 

Figure  4.8.—Mesquite  seedlings  planted  June  1963; 
photographed December 1963, 

Figure 4.9.—Excavation of root system of 14-month- 
old mesquite seedling. Roots penetrated to a depth 
of over 5 ft, and extended laterally for a distance 
of 4 ft. 

Figure 4.7,—Macartney rose planted July 1963; photo- 
graphed July 1965, Note open areas where plants 
were not established and large hedges developed by 
plants which were established in this planting. 

Mesquite.—Mesquite was established in the 
woody plant nursery by methods identical to 
those described for huisache. Mesquite did 
not grow as rapidly as huisache, but irrigated 
seedlings grew to heights of 4 ft. in one 
growing season (fig. 4,8), Tue root system 
of 14-month-cld mesquite seedlings was found 
to penetrate into the soil to a depth of over 
5 ft. and to spread laterally 4 ft. (fig. 4.9). 

Whitebrush.— Whitebrush was established 
from crowns of plants dug from wild stands 
and from seedlings grown from seed in the 
greenhouse. The hitter method was more 
successful. Whitebrush seed will not germi- 
nate at high temperatures, but does germinate 
readily at temperatures below 75° F, Because 
no seed of this species was available in 1963, 
crowns were dug from wild stands at Llano 
and transplanted into the nursery. Approxi- 
mately 65 percent of the plants were established 
(fig, 4,10). However, subsequent transplantings 
of crowns from wild stands were not successful. 
After methods were developed for the germi- 
nation of seed and for growing plants in the 
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Figure MO,—Whitebrush plants established from 
crowns dug from wild stands at Llano July 1963; 
photographed December 1963, Approximately 65 per- 
cent of the crowns were established in this planting. 

greenhouse, all plantings were made with 
seedlings grown in the greenhouse. Seedlings 
of this species attained heights of approxi- 
mately 5 ft. during the first growing season 
(fig. 4.11), 
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better methods of seedbed preparation and 
other agronomic practices are developed, it 
may be possible to seed this species directly 
In the future. Sufficient size of winged elm 
seedlings were attained to permit chemical 
evaluations the season following establishment 
(fig. 4,12). 

Figure 4,12,—Winged elm seedlings planted June 1963; 
photographed May 1964, 

Figure 4.11,—Wiiitebrush seedlings established from 
seedlings grown in greenhouse, planted May 1964; 
photographed October 1964, Over 95 percent of the 
plants were established in this planting. 

Winged Elm,—Winged elm seedlings were 
established in early May by transplanting 
seedlings grown from seed in the greenhouse. 
The small size of the seed precluded es- 
tablishment of uniform stands of this species 
in the nursery by direct feeding. However, if 

Yaupon.—Yaupon was established in the 
nursery from seedlings purchased from com- 
mercial nurseries in 1964 and 1965. This 
method was not satisfactory. In 1964, although 
seedlings were in excellent condition at the 
time of planting and weather condr-ions were 
favorable for establishment of plants, less 
than 5 percent of the transplants were es- 
tablished. In 1965, conditions for establish- 
ment of the plants were favorable and approxi- 
mately 15 percent of the plants were 
established. Yaupon seed has a 2-yr, dormancy 
period, and no method has yet been found to 
break this dormancy. 
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Evaluation of Herbicides and Herbicide Combinations 

New compounds became available each year 
and mixtures of certain compounds that showed 
promise as defoliants or herbicides in green- 
house evaluations were re-evaluated in the 
woody plant nursery. In 1964, only a limited 
number of suitable plants were available for 
evaluation studies. In 1965 and 1966 sufficient 
plants of each of the species were available 
to permit evaluation of all new chemicals or 
combinations of chemicals that were con- 
sidered worthy of evaluation. 

Tests in 1964 

An experiment was conducted in the nursery 
in 1964 to evaluate five herbicides for their 
defoliation and herbicidal properties on winged 
elm and to compare the responses of winged 
elm plants in the nursery with those in wild 
stands. The herbicides and rates of each 
were (1) the 2-ethylhexyl ester of 2,4,5-T at 
2 lb. per acre, (2) the potassium salt of 
picloram at 1 lb. per acre, (3) the dimethyl- 
amine salt of dicamba at 4 lb. per acre, 
(4) paraquat at 4 lb. per acre, and (5) the 
wettable powder of bromacil at 5 lb. per 
acre. All the herbicides were diluted with 
water and sprayed on the foliage of winged 
elm on May 13, 1964. 

Paraquat killed the leaves most rapidly, 
followed by 2,4,5-T and dicamba (table 4.2). 
Picloram and bromacil were not effective 
defoliants at 7 days. In general, the initial 
responses of plants in the nursery were com- 
parable to those of plants in wild stands. 
Nursery    plants    that   had   not   been   killed 

TABLE 4.2.--Percentage of defoliation and kill of winged 
elm obtained from foliar treatments with five herbicides 
on May 13, 1964 

Defoliation, 
7 days 

Kill 

I'.erbicide 
Fall 1964 

nursery wild   | 
Spring 
nursery 

nursery wild 1965 
wild 

Picloram 16      10 58 95 69 10 
2,4,5-T 45      53 7 LOO L2 13 
Dicamba 38      33 27 70 18 15 
parac.ua'^ 93      23 14 85 25 LO 
Bromao11 13        0 i a 18 B8 5 

refoliated in October, but field plants were 
still defoliated due to drought and possibly 
herbicide-induced dormancy. Approximately 
1 yr. after treatment, plants in the nursery 
had either refoliated or were in advanced 
stages of deterioration. The only changes 
from evaluations made the previous fall were 
small increases of the number of plants killed 
on plots treated with picloram, 2,4,5-T, para- 
quat, and dicamba, but a decrease on plots 
treated with bromacil. In wild stands there 
were marked reductions in the control obtained 
from all chemicals. Final evaluations made 
in the spring of 1965 showed good agreement 
between nursery and wild stands of winged elm 
treated with 2,4,5-T, paraquat, and dicamba. A 
much higher percentage of control of nursery 
plants than of wild stands was obtained with 
picloram and bromacil. This is probably due 
to the activity of these two herbicides in the 
soil. Irrigation water during the months follow- 
ing treatment would have leached these herbi- 
cides into the soil. 

From these data, it is evident that winged 
elm plants in the nursery give responses 
similar to those in wild stands when the 
herbicides were applied to the foliage. Both 
the initial response and the refoliation of 
plants in the nursery was more rapid than 
that of plants in wild stands. 

Tests in 1965 
Herbicides were applied as foliage sprays 

to Macartney rose, mesquite, greenbriar, live 
oak, and winged elm plants in 1965. Rates of 
2 and 8 lb. per acre were arbitrarily selected 
for all herbicides on all species. Amizine, 
pyriclor, and picloram were applied to mes- 
quite and live oak on June 17, 1965, but 
treatments then had to he discounted because 
of high wind. The remaining treatments were 
applied to all species on June 24 and 29, 1965. 
Evaluations of leaves killed were made 1 week 
after treatment and of plants killed in June 1966. 

Macartney Rose.—Picloram and mixtures 
containing picloram were the most effective 
herbicides applied to Macartney rose; how- 
ever, DSMA (both Anbar 160 and 529), po- 
tassium azide, pyriclor and paraquat: amitrole 
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were mere effective defoliants than picloram 
(table 4.3). 

Live Oak.—Picloram was the most ef- 
fective herbicide applied to live oak (table 4.3). 
The addition of pyriclor or amitrole did not 
enhance its activity. Despite the high per- 
centages of leaves killed by most herbicides, 
none gave satisfactory defoliation. The most 
effective was DSMA (Ansar 160)., Bromacil 
and paraquat: amitrole also gave relatively high 
defoliation after 4 wk. 

Mesquite.— Picloram alone and in combina- 
tions with other chemicals was the most ef- 
fective herbicide and the most persistent 
defoliant applied to mesquite. DSMA, sodium 
and potassium azides, and paraquat caused 
rapid defoliation of mesquite but regrowth 
occurred within 4 wk. on all plants treated 
with these compounds. Both rates of picloram 
and the highest rates of picloram:amitrole and 
Ansar 529 were the only herbicides that killed 
a significant number of plants. 

Greenbriar.—DSMA, sodium and potassium 
azides, and paraquat: amitrole killed the leaves 
of greenbriar quite rapidly, but no treatment 
prevented regrowth for as long as 4 wk. No 
rapid defoliant was found for greenbriar in 
this experiment. The picloram:amitrole com- 
bination at 8 lb. per acre killed all greenbriar 
and warrants further Investigation. 

Winged Elm.— Picloram alone and in combi- 
nation with pyriclor or amitrole was the most 
effective and persistent herbicide on winged 
elm. Bromacil at 8 lb. per acre killed all 
winged elm plants to which it was applied. 
Defoliation was most rapid after treatment with 
DSMA at 2 lb. per acre, but refollation oc- 
curred within 2 wk. on all plots. 

Tests in 1966 
Two new chemicals and several new formu- 

lations of picloram and phenoxy herbicides 
were available for evaluation in the nursery 

TABLK A.3.--Percentage of leaves and plants  killed of five species treated with thirteen herbicides  in June  19651 

Hertioide Rate Macartney rose Live oak Mesquite Greenbriar Winged elm 

TV.    r,««  n 

DRMA (Ansar 160) 2 
8 

70/0 
95/5 

60/0 

90/0 

90/7 

97/10 
67/13 

88/7 
90/0 

95/0 

DSMA 'Ansar 529) 2 
8 

70/0 
90/20 

56/0 

80/0 

53/57 

95/87 
67/10 

92/27 
50/0 
90/0 

Sodium azide 15 

20 

25 

60/0 

80/5 

90/5 

80/0 

60/0 
80/0 

72/0 

90/0 

90/0 

40/3 
40/3 

80/13 

70/0 

80/0 

fa0/0 

Potassium azide 15 

20 

25 

80/0 

60/0 
90/0 

70/0 
80/0 

70/0 

80/0 

85/0 

90/0 

90/0 

40/0 

60/0 

80/0 

60/0 

60/0 

Bromacil 2 
8 

10/0 

60/5 

67/67 

80/100 
20/0 
67/0 

8/0 
20/13 

80/30 

80/100 

Amizine 2 

8 

10/20 

20/40 
10/0 

23/0 
20/0 

27/0 

15/33 

13/0 

20/0 

10/0 

Pyriclor 2 
8 

80/0 
98/5 

27/0 
43/13 

82/3 
67/19 

30/2 
43/13 

50/0 
70/0 

Paraquat:ami trole (1:1) 2 
8 

95/1" 
98/. 

57/13 

73/20 
92/0 
98/12 

50/37 
92/10 

60/0 

80/0 

Picloram 2 
8 

.40/100 
50/100 

87/93 

100/100 

100/97 

100/100 
3/17 

16/90 

95/100 

100/100 

Pyriclor:picloram (2:1) 2 
8 

70/100 

98/100 

43/0 

75/100 
99/23 

100/63 
20/2 
43/3 

40/20 

96/100 

Picloram:amitrole (1:1) 2 
8 

40/100 

70/100 

43/7 

93/100 

sreentage of le 

96/60 

99/100 

aves killed 1 

5/43 

1Ü/1Ü0 

week after tr 

95/100 

98/100 

1 The figure to the left of t he slash mark represents the p ;atraent; that 

to the right, perc entage plants killed 11 raon ths after treatm ent. 
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in 1966. On June 15, greenbriar plants were 
treated with the 2-ethylhexyl ester of 2,4,5-T, 
plcloram, amitrole, plclorairuamltrole, Du- 
pont 767, and NIA 11092 at rates of 4 and 8 lb. 
per acre. Plcloram:amitrole was applied only 
at 8 lb. per acre. Live oak was treated with 
the ester of 2,4,5-T, plcloram, Dupont 767, 
NIA 11092, and bromacil at rates of 4 and 8 
lb. per acre on June 10. Loblolly pine was 
treated with the ester of 2,4,5-T, plcloram, 
Dupont 767, NIA 11092, bromacil, and paraquat 
at rates of 2 and 4 lb. per acre on June 15, 
1966. During the period of July 19 to 22, 1966, 
acid, ami. and ester formulations of 2,4,5-T 
were applied to winged elm, live cak, and 
mesquite. The acid and amine were experi- 
mental formulations that were emulslfiable in 
water or in oil-water carriers. The 2-ethyl- 
hexyl ester of 2,4,5-T was applied as a 
standard for comparison. Similar formula- 
tions of 2,4-D were applied to Macartney 
rose. We applied the compounds in water and 
in diesel oil-water (1:10 vol. per vol.) at a 
rate equivalent to 20 gal. per acre. The 
treatments applied in June were evaluated 2 
weeks and 3 mo. after treatment; the treatments 

applied  in  July  were  evaluated  6 wk. after 
treatment. 

Greenbriar.—The ester of 2,4,5-T was the 
most effective herbicide applied (table 4.4). 
NIA 11092 caused necrosis slowly in leaf 
tissues but the number of dead leaves and 
stems increased with time after treatment. 
The picloram:amitrole combination, which 
gave good control of greenbriar in 1965, 
gave only fair control in 1966. Final evalua- 
tions of control will be needed in 1967 before 
effectiveness of this treatment can be de- 
termined. 

Live Oak.—Plcloram killed the highest per- 
centage of leaves and bromacil the next 
highest (table 4.4). The emulslfiable acid and 
amine and ester formulations of 2,4,5-T did 
not differ in their toxicities to live oak 
(table 4.5). 

Loblolly Pine.—As in 1965, paraquat was 
the most toxic compound applied to loblolly 
pine (table 4.4), 

Winged Elm.—None of the 2,4,5-T formula- 
tions killed all leaves of winged elm (table 
4.5). However, considering the conditions 
at   the  time  of  treatment  and the  lateness 

TABLE 4.4.--Percentage of leaves killed on three plant species 

Herbicide Rate 
Greenbriar Live oak Loblolly pine1 

2 wk. 3 mo. 2 wk. 3 no. 2 wk. 3 mo. 

roent-  -   

Ester of 2,4,5-T 72 
H, 

99 
99 

82 
99 

80 
94 

8 
U 

27 
20 

Pioloram 4 
8 

32 60 
78 

IflO 
100 

10..; 
UX3 

40 
65 

45 
63 

Amitrole 4 
8 

25 
10 

47 -- 
--   — 

Pioloram;amitrole (1:1) 8 50 70 - — — - 

Dupont 767 4 
8 

5 
5 

23 
42 ,.. 91 

33 42 

HIH 11092 4 20 
25 

70 
88 

75 
78 

94 
63 

27 
21) 

33 
30 

Bromacil 4 
a — 

... 79 
86 

92 60 
27 

55 
50 

paraquat 2 
4 

— 
-- -- 

... 16 
100 

99 

ChecK u ü i ü 13 20 13 

'■  herbicides applied  to loblolly pine at 2 and 4 lb.  per acre. 
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TABLE A.5.--Percentage of dead leaves on four species treated with three herbicides 
applied In water and oil-water carrier 

Rate 

Species and kind of diluent1 

Herbicide Winged elm Live oak Mesquite Macartney rose 

W 0-W w  I 0-W W 0-W W 0-W 

Lb. per 
acre - - - . - . - . - - . . - - Percent - - - . - - . - - . 

2,.4.5-T: 
Acid 1 62 83 53 60 99 100   .. 

2 87 57 95 80 100 100 -- — 

Amine 1 75 92 73 73 93 100 __ ,_ 
2 90 95 92 94 98 100 -- -- 

Ester 1 87 43 60 60 97 100 .. —. 
2 CO 93 87 72 98 98 — — 

2.4-D: 
Acid 1 

2 
-~ 

— — — — 
-- 53 

80 
63 
90 

Amine 1 __ _„ __ ... _. __ 70 78 
2 -- — — — — — 83 81 

Eater 1 
2 — — — 

- — - 28 
63 

53 
86 

1 W = water; 0-W = oil-water. 

of the season, the results were surprisingly 
good. 

Mesquite.—All treatments killed 93 percent 
or more of the leaves (table 4.5) and little 
regrowth was evident on any of the plants 
in September. 

Macartney Rose.—When applied in the oil 
carriers, herbicides generally killed more of 
the leaves than when applied in water, but 
there were no substantial differences in results 
obtained with the different formulations of 
2,4-D (table 4.5). 

Live oak and huisache.—Picloram has been 
highly toxic to both live oak and huisache, 
and combinations of picloram and 2,4,5-T 
controlled these species in preliminary field 
experiments. Because amine salts of 2,4,5-T 
are less expensive and generally kill leaves 
of plants slower than does the ester of 2,4,5-T, 
a test was initiated in 1966 to compare the 
salts and esters of 2,4,5-T with a salt of 
picloram. 

We applied the potassium salt of picloram, 
triethylamine salt of 2,4,5-T, and 2-ethylhexyl 
ester of 2,4,5-T at rates of 2 and 4 lb. per 
acre to live oak on June 10 and to huisache 
on June 9. Also, we applied combinations of 

picloram plus ester of 2,4,5-T and picloram 
plus amine salts of 2,4,5-T at 1 plus 1 and 2 
plus 2 lb. per acre. Five plants were treated 
in each plot and four plots were treated with 
each treatment. We evaluated the percentage 
of dead leaves on each plot 2 wk. and 3 mo. 
after treatment. 

The combination of ester of 2,4,5-T and 
picloram provided the highest initial kills of 
live oak leaves. All treatments except the 
ester of 2,4,5-T and 2-lb. per acre rate 
of the amine salt of 2,4,5-T killed 90 
percent or more of the leaves after 3 
mo. (table 4.6). 

All treatments killed 90 percent or more 
of the leaves of huisache 2 wk. after 
treatment. However, refoliation occurred 3 
mo. after treatment on most of the plots 
treated with amine or ester of 2,4,5-T 
alone. 

Leaves of live oak were killed more rapidly 
with the combinations of picloram and 2,4,5-T 
than with either chemical applied alone at the 
lower rate. Suppression of regrowth was as 
effective as with equivalent rates of picloram. 
For huisache there was no advantage derived 
from mixing the two herbicides. 
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TABLE 4.6.—Percent dead leaves on live oalt and hulsaohe plants treated with picloram, 
amine and ester formulations of 2,i,5-T and combinations of pic1ora0 and 2,4,5-T 

Herbicide Rate 
Live oak 

2 wk. .1 mo. 

Huisache 

2 «k. 3 mo. 

LI. per acre - .... - - - Percent- - - - 

Picloram 2 
4 

54 
97 

99 
99 

1D0 
100 

100 
100 

Ester of 2,4,5-T 2 
4 

88 
90 

68 
69 

98 
99 

92 
97 

Amine of 2,4,5-T 2 
4 

89 
95 

79 
93 

92 
95 

52 
60 

Picloranuester of 2 4, 5- •T U LJ 2 
4 

95 
98 

100 
100 

100 
100 

99 
100 

Picloram:amine of 2 «■ 5- .? (1:1) 2 
4 

93 
96 

99 
99 

100 
100 

100 
99 

Check 0 10 8 0 0 

Influence of Volume and Type of Carrier on Herbicidal Effectiveness 

The volume and type of carrier in which 
herbicidal sprays are applied has been shown 
to influence the effectiveness of herbicidal 
sprays. Adequate volume is necessary to insure 
distribution of the herbicide over the plants 
to be treated. However, high volumes aire often 
expensive to apply and may reduce effective- 
ness of the herbicide because the capacity of 
the plants to retain the spray is exceeded. 

Foliage sprays for the control of woody 
plants often contain both diesel oil and water. 
For example, the recommended carriers for 
treatments on mesquite, post oak, and black- 
jack oak are diesel oil-water emulsions. 
Diesel oil is less volatile than water and, 
because it evaporates more slowly, oil-spray 
droplets are more likely to reach the plant 
in a hot, dry climate. However, the phytotoxic 
properties of diesel oil are well known. It has 
been suggested that diesel oil reduces the 
effectiveness of 2,4,5-T treatments because 
of the rapidity with which it kills leaves, 
thus, immobilizing the transport system of the 
leaves. If this is true, such a phenomenon 
should be most readily observed in an easily 
defoliated species such as mesquite. On the 
other hand, the lipoidal nature of diesel oil 
may cause it to act as a penetrating agent 
through its solvent action on the cuticular 
material of hard-to-kill leaves, such as live 
oak. Three tests were conducted in which the 

influence of volume and type of carrier were 
evaluated. 

In the first test, mesquite, live oak, and 
winged elm plants were treated with the 
2-ethylhexyl ester of 2,4,5-T; Macartney rose 
was treated with the 2-ethylhexyl ester of 
2,4-D; and whitebrush was treated with the 
butoxyethyl ester of MC PA on June 16, 1965. 
Rates of application were one-half lb. per 
acre on mesquite; 1 lb. per acre on white- 
brush; and 2 lb. per acre on live oak, winged 
elm, and Macartney rose. 

All herbicides were applied in an oil-water 
carrier (1:3) at volumes equivalent to 4, 20, 
and 100 gal. per acre with a three-nozzle 
hand boom attached to a 3-gal. compressed 
air sprayer. Size of the Teejet nozzle tips 
used for the 4, 20, and 100 vol. were 800067, 
8001, and 8015, respectively. Evaluations of 
percentages of leaves killed were made 1, 2, 
and 4 wk. after treatment, and evaluations 
of stems killed were made 5 and 13 mo. 
after treatment. 

Treatments applied at 20 gal. per acre were 
generally more effective than those applied at 4 
and 100 (table 4.7), but the differences were not 
great. The largest differences in stems killed 
were found in mesquite and winged elm; the 
smallest differences in whitebrush. 

The second test was initiated to determine 
if water, diesel oil, or a combination of the 
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TABLE <;.7.--Percentage of leaves and stems killed of five species treated with herbicides 
in three volumes of an oil-water carrier 

Species and 
herbicide Rate Volume 

Leaves Steroi- 

1 wk. 2 wk. 4 wk. 5 mo. 13 .1». 

Lb. per acre Gan. per acre     Percent     
Mesquite; 

2,4,5-T 1/2 4 70 S' 92 — 60 
20 64 gt> 100 -- 95 
100 46 77 96 — 70 

Live oak: 
2/,5-T 2 4 34 81 82 63 44 

20 62 92 94 74 67 
100 34 76 82 74 64 

Winged tlm: 
2,4,5-? 2 4 33 66 66 69 38 

20 82 95 97 82 83 
100 66 82 85 70 59 

Macartney rose: 
2,4-0 2 4 60 85 75 32 27 

20 68 98 % 60 46 
100 70 94 93 60 34 

Whitebrush: 
MCPA 1 4 78 83 79 81 55 

20 97 97 91 82 60 
100 92 95 90 82 62 

two was the most effective carrier of 2,4,5-T 
when applied for the defoliation and control 
of mesquite and live oak. 

Fifteen-month old mesquite and live oak 
plants were treated with the 2-ethylhexyl ester 
of 2,4,5-T at rates of one-half and 1 lb. per 
acre to mesquite and at rates of 1 and 2 lb. 
per acre to live oak. Water, diesel oil, and 
diese! oil-water emulsions at ratios of 1:3, 
1:9, and 1:18 wer3 used as carriers. Diesel 
oil was applied without herbicide. All treat- 
ments were applied at volumes equivalent 
to 20 gal. per acre on June 9, 1966, with a 
tractor-mounted, compressed air sprayer. 
Evaluations of dead leaves on the plants were 
made 3 wk. and 3 mo. after treatment. 

The evaluations are summarized in Table 
4.8. Both water and diesel oil were effective 
carriers of 2,4,5-T when applied to mesquite. 
The diesel oil-water carriers were less ef- 
fective than either water or diesel oil at the 
one-half lb. per acre herbicide rate. Emulsi- 
fication of the ester of 2,4,5-T was dependent 
upon the emulsifiers in the herbicide concen- 
trate* The spray emulsions were shaken during 
the spraying operation but the emulsion 
stability may not have been sufficient to permit 
transport of the emulsion from the spiay tank 
to the plant surfaces. That may account for the 

reduced effectiveness of the diesel oil-water 
carrier. 

Water sprays killed more leaves of live oak 
than diesel oil sprays at the 1 lb. per acre 
rate, when evaluated afte' 3 wk., but after 
3 mo. there was little difference. 

In the third test, ester of 2,4,5-T, amine 
salts of 2,4,5-T, and amine salts of 2,4-D 
were applied to liveoak, mesquite, whitebrush, 
and Macartney rose on August 6,1964. Mesquite 
and whitebrush plants were defoliated in ap- 
proximately 7 days, but whitebrush began 
refoliation within 28 days after treatment 
(table 4.9). Live oak and Macartney rose 
leaves were killed slowly. After 28 days the 
percentage of leaves killed was nearly equal 
for all species, ranging from 61 to 98 percent 
on live oak, 90 to 100 percent on mesquite, 
55 to 96 percent on whitebrush, and 94 to 99 
percent on Macartney rose. 

All treatments were e'aluated for control 
on May 7, 1965, (table 4.9). 2,4-D was more 
toxic to Macartney rose than 2,4,5-T. Applying 
2,4,5-T in diesel oil increased phytotoxicity 
to Macartney rose slightly, but other additives 
and carriers did not. 

Amine salts of 2,4-D were most toxic to 
whitebrush, but all treatments were relatively 
ineffective. 

54 



TABLE 4.8.—Percentage of dead leaves on mesquit« and live oaJi plants after aj-plication 
of 2,"4,5-1 in water, dlesel oil, and diesel oil-water carrier1 

Rate 

Carrier 

Species 
Water Diesel 

oil 

Diesel oil:water ratio 

1:3 1:9 1:18 

Lb.  per acre 

1/2 
1 
0 

3-weeJs evaluation: 
Mesquite 96 

100 
99 

100 
18 

18 
100 

38 
100 

74 
99 

0 8 -- — — ■v 

Live oak 1 
2 
0 

66 
85 

16 
90 
ID 

43 
40 

45 
79 

61 
sr 

0 9 — — — -- 
3-iiünth evaluation: 

Mesquite 3/a 
i 
0 

96 
91 

98 
100 

15 

15 
100 

IB 
98 

69 
99 

0 3 — — — -- 
Live oak 1 

2 
0 

48 
66 

42 
90 
40 

12 
42 

41 
62 

40 
58 

0 8 — — -- -- 
i Species not present on plots wh^re no percentage figure is shown. 

TABLE 4.9.--Percentage of leaves killed, defoliation, and control of four woody plant species treated with 2,4,5-T 
or 2,4-D in various carriers1 

Rate 

Leaves kllle^defoll ation2 Plants killed3 

Treatment Live 
oak 

Mesquite White- 
brush 

Macartney 
rose 

Live 
oak 

Mesquite 
White- 
brush 

Macartney 
rose 

Lb.   per acre     -  - - -Pert ent- - .  

a-ethylhexjrl ester of 2,4,5-T 2 63/23 94/91 55/55 97/18 17 88 6 55 
2-ethylhexyl ester of 2,4-5-T 2 +  1/10 82/U 94/92 80/80 99/28 11 69 6 54 

+ NH4SCN 
Dimethyl Trldecyl amine of 

2,4-D 
Ethomeen T/15 amine of 2,4-D 

'I 88/7 95/91 96/96 99/20 17 50 58 88 

2 6]/16 90/88 __ 92/20 33 __ __ 85 
Triethylamine of 2,4,5-T 2 80/28 98/96 90/9U 93/24 33 92 35 20 
Triethylamine of 2,4,5-T + 2 79/22 96/96 — 99/29 50 100   60 

5 percent propylene glycol 
Trlethylamine of 2,4,5-T + 2 93/8 97/94 — 99/14 25 86 .- 70 

5 percent glycerin 
2-ethylhexyl ester of 2,4,5-T 2 97/13 94/91 — 94/19 53 86 -- 29 

+ 5 percent CJ    in diesel oil 
Triethylamine of 2,4,5-T + 2 90/22 94/92 68/08 97/19 31 77 0 42 

5 percent hexaflouroacetone 
2-ethylhexyl ester of 2,4,5-T 2 98/8 100/96 62/62 96/50 58 100 33 76 

in diesel oil 

1 All treatments applied August 6, 1964, at 
"  Evaluations made 28 days after treatment. 

to the right represents defoliation. 
3  Evaluations made May 7, 1965. 

a volume of 30 gal. j«r acre. 
The figure to the left of the slash mark represents leaves killed; thjt 

Considering that treatments were ap- 
plied late in the spraying season, good 
control of mesquite was achieved with 
several 2,4,5-T treatments. The esters 
of 2,4,5-T applied in diesel oil gave 
the   most   effective   control.    The   2,4,5-T 

amine gave good control of mesquite, 
which is unusual for late season applica- 
tions. 

Control of live oak was poor and percentages 
of control achieved by all treatments were 
statistically similnr. 
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Influence of Additives on Effectiveness of Defoliants and Herbicides 

Previous studies have shown that the phyto- 
toxicity of certain herbicides to woody plants 
is enhanced by the addition of certain addi- 
tives, that is, emulsifiers, sticker-spreaders, 
and, in some cases. Inorganic salts. Three 
tests were conducted in the nursery to evaluate 
some of the more promising adtiitives to de- 
termine if they would increase the rapidity 
of defoliation or increase the duration of 
control of woody plants. Two tests were con- 
ducted in which the addition of ammonium 
thiocyanate to phenoxy herbicides was eval- 
uated and one test was conducted in which dif- 
ferent concentration of DMSO and a commercial 
surfactant were evaluated. 

In the first test, oil-water emulsions (1:3 
vol. per vol.) containing low volatile esters 
were applied at a volume of 20 gal. per acre 
to woody plants in the nursery on June 16, 
1965. The 2-ethylhexyl ester of 2,4,5-T was 
applied to mesquite, winged elm, and live oak 
at rates of one-half, 2, and 2 lb. per acre, 
respectively. The butoxyethyl ester of MC PA 
was applied to whitebrush at a rate of 1 lb. 
per acre. The 2-ethylhexyl ester of 2,4-D was 

applied to Macartney rose at 2 lb. per acre. 
Ammonium thiocyanate was added to one-half 
of the treatments applied to each species at a 
rate equivalent to 1 part ammonium thiocyanate 
to 20 parts of the herbicide (weight per weight). 
All treatments were applied with a 3-nozzle 
hand boom attached to a 3-gal. compressed 
air sprayer. Each treatment was replicated 
five times. Evaluations of leaves killed were 
made 1, 2, and 4 wk. after treatment, and 
evaluations of stems killed were made 12 mo. 
after treatment. 

Addition of ammonium thiocyanate did not 
influence the rapidity or number of leaves 
killed on any species (table 4.10). Likevise, the 
addition of ammonium thiocyanate caused no 
substantial differences in stems killed in 
mesquite, live oak, winged elm, or whitebrush. 
However, ammonium thiocyanate increased the 
control of Macartney rose by 20 percent when 
final evaluations were made 12 mo. after 
treatment. 

In the second test, dimethylamine salts of 
2,4-D and 2-ethylhexyl ester of 2,4-D were 
applied to Macartney rose plants at 2 lb. per 

TABLE A.10,—Percentage of leaves and Btema killed of five species treated with and 
without amnonlum thiocyanate added to oil-water emulsions of substituted phenoxy 
herbicides 

——-^—————————^^— 
Species and Rate 

Leaves Stems 

herbicide 1 wk. 2 wk. 4 wk. 12 mo. 

Lb. per acre  Per cent - - - - 
Mesquite: 
2A5-T 1/2 70 95 100 __ 
2,4,5-T + NH^SCN 1/2 70 94 98 — 

Live oak: 
2,4,5-T 2 69 91 95 35 
2,4,5-T + NH^SCN 2 66 90 96 40 

Macartney rose: 
2^-D 2 68 96 96 30 
2,4-D + NH^SCN 2 76 97 96 50 

Winged elm: 
2,4,5-T 2 70 90 93 40 
2,4,5-T + NH4SCN 2 68 85 92 40 

Whitebrush: 
MCPA 1 99 100 95 70 
MCPA + NH4SCN 1 99 100 99 80 
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acre, alone and In combination with 0.1 lb. 
per acre of ammonium thiocyanate, on May 9 
and 31 and June 29, 1966. The amine treat- 
ments were applied in water and the ester 
treatments in diesel oil-water (1:3) at volumes 
of 20 gal. per acre with the tractor-mounted 
sprayer. The percentage of dead leaves on 
plants in each plot were estimated 2 weeks 
after treatment and in early September. 

Evaluations of dead leaves on the plants 2 
weeks after treatment and in early leptemb«r 
are summarized in table 4.11. As was true 
in previous studies, there was no substantial 
difference in percentage of leaves killed when 
ammonium thiocyanate was added to the 2,4-D 
sprays. Regrowth on the plants will be evaluated 
on all plots in early spring aid summer of 
1967, and final evaluations will be made in 
1967 or 1968. 

The third test was conduced to compare 
the effects of different concentrations of DMSO 
and X-77 on the defoliant and herbicidal prop- 
erties of 2,4-D, 2,4,5-T, picloram, and para- 
quat. 

Fifteen-mont! old live oak and Macartney 
rose plants were used for all treatments. We 
treated live oak plants with the potassium 
salt of picloram, 2-ethyihexyl ester of 2,4,5-T, 
and paraquat each at 1 and 2 lb. per acre. 
Macartney rose plants were treated with the 
potassium salt of picloram at one-fourth and 
one-half lb. per acre, with the cimethylamine 

salt of 2,4-D and paraquat °ach at 1 and 2 
lb. per acre. DMSO or X-77 was added to the 
aqueous herbicidal sprays at rates of 0, 0.1, 
1.0, and 10 percent (vol. per vol.) of the spray 
volume. All treatments were applied at volumes 
equivalent to 20 gal. per acre with a tractor- 
mounted, compressed air sprayer. Live oak 
was treated on June 22 and 27, 1966, and 
Macartney rose on June 28 and 29. Evaluations 
of the percentage of ds^ad leaves on each plant 
were made at 2 wk. and at 2 mo. after treat- 
ment. Plants killed by the treatments will be 
determined in 1967. 

Generally, sprays containing X-77 were 
more effective than sprays containing DMSO 
on Macartney rose (table 4.12), As concentra- 
tion of surfactant increased, initial percentage 
of leaves killed increased slight1 Two months 
after treatment refoliation was very much in 
evidence on the plants treated with paraquat, 
but only small amounts of refoliation occurred 
on plants treated with picloram and 2,4-D. 

There were no consistent differences in 
leaves killed 2 wk. after treatment between 
plants treated with the two surfactants or 
between plants treated at the different sur- 
factant concentrations (table 4.13). The per- 
centage of dead leaves on live oak plants did 
not change between the 2-wk. and the 2-mo. 
evaluations except on the plants treated with 
2,4,5-T plus X-77. For the latter, refoliation 
was evident after 2 months. 

TABLE 4.11.—Percentage of dead leaves on Macartney rose plants treated with 2,4-D and 
2,4-D plus ammonium thiocyanate on three dates 

Herbic ide /late 

Date of application 

Kay 9 Kay 31 June 29 

2 wk. 17 wk. 2 wk. 15 wk. 2 wk. 10 wk. 

Lb. per acre  . - - -Percent - - , - - - 

Amlne of 2,4-D 2 93 96 87     73 65 35 
Amine of 2,4-D * NH4SCN 2 + 0.1 90 98 91     68 76 50 
Ester of 2,4-D 2 95 97 28      8 70 43 
Ester of 2,4-D + NH^SCN 2 + 0.1 91 98 34     10 75 43 
Check 0 0 0 0      0 0 0 
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TABLE 4.12.—Percertage of dead leaves on Maoartnay rose 
plants treated with herbicides plus X-77 or U«SC at four 
oonoentratlons 

Hate 
Surfactant 

'one en- 
tratlon 

Defoliation at specified 
tines after treatment 

HerbicIJ; X-77 also 

2  »k. 2 mo. 2 wk. 2 IB. 

Pioloram 

Lb. 
per acre 

V4 

1/2 

2,4-D 

Paraquat 

Percent 

35 

- Percent - - 

33 

.. . 

0.0 
0.1 35 38 35 35 
1.0 75 68 38 33 

10.0 81 71 50 30 
0.0 73 60 — — 
0.1 63 68 55 63 
1.0 78 83 69 71 

10.0 88 98 65 73 

0.0 84 87 mm mm 

0.1 76 75 65 61 
1.0 84 92 84 70 

10.0 87 84 83 71 
0.0 65 66 -- -- 
0.1 55 45 48 28 
1.0 70 48 43 30 

10.0 78 53 73 65 

0.0 84 43   ._ 
0.1 84 40 85 40 
1.0 86 43 84 38 

10.0 85 50 83 38 
0.0 79 23 -- .- 
0.1 83 43 68 30 
1.0 85 40 81 25 

10.Ü 86 43 78 40 

TABLE 4.13,—percentage of dead leuvea on live oak plants 
treated *ith herbicides plus X-77 or DMS0 at four con- 
centrations 

Herbicide aate 

Sur- 
fac- 
tant 

concen- 
tration 

Defoliation at specified 
times after treatment 

X-77 

2 wk. 2 mo. 

DMSO 

2 wit. 2 mo. 

Lb. 
yns  acre Percent - - - - - Percent - - - - - 

Picloram   1 0.0 90 90 89 93 
0.1 01 96 88 89 
1.0 94 100 93 97 

10.0 97 100 95 97 
2 0.0 91 96 91 96 

0.1 88 95 95 96 
1.0 94 99 95 66 

10.0 09 100 86 97 

2,4,5-T     1 0.0 73 43 81 58 
0.1 63 45 65 50 
1.0 53 33 76 53 

10.0 78 53 ^9 88 
2 0.0 73 43 t3 81 

o.x 63 45 S3 88 
1.0 53 33 84 94 

10.0 78 53 80 75 

Paraquat    1 0.0 79 88 79 70 
0.1 84 76 70 65 
1.0 76 70 «0 68 

10.0 89 88 £6 66 
2 0.0 88 83 86 86 

0.1 89 91 89 94 
1.0 89 90 89 90 

10.0 89 92 86 91 

Evaluation of Herbicides at Different Rates and Dates of Application 

Three tests were conducted in which chem- 
icals were evaluated at different rates and dates 
of application on woody plants in the nursery. 
In the first test, picloram was applied to 
mesquite, whitebrush, Macartney rose and 
winged elm; MC PA to whitebrush; and 2,4,5-T 
to mesquite and Macartney rose. Treatments 
were applied on May 13, June 3, and July 24, 
1964. All herbicides were applied at rates of 
one-fourth, 1, and 4 lb. per acre at each date. 
The percentage of defoliation and leaves killed 
was evaluated 7 days after treatment and final 
evaluation of plants killed was made on May 7, 
1965. 

Neither picloram nor 2,4,5-T was effective 
for defoliating Macartney rose, and picloram 
was not effective for defoliating winged elm 
(table 4.14). Both picloram and 2,4,5-T were 
relatively  ineffective  as  defoliants on mes- 

quite, but 2,4,5-T did provide 50 percent 
defoliation in 7 days at the 4-lb. per acre 
rate. MC PA was a more effective defoliant of 
whitebrush than was picloram. 

It is evident that picloram was more ef- 
fective than 2,4,5-T in controlling Macartney 
rose on all treatment dates and at all rates. 
The 1/4-lb-per-acre rate of picloram did not 
give satisfactory control of Macartney rose 
on any of the three dates. One pound per acre 
of picloram killed 75 percent or more on all 
dates, and 4 lb. per acre killed all of the 
Macartney rose on all dates. 

Picloram did not control winged elm at the 
1/4- and 1-lb-per-acre rates, but the 4-lb- 
per-acre rate gave satisfactory control. In 
general, 2,4,5-T gave slightly better control 
of mesquite than did picloram on all dates. 
Complete control  of  mesqulre was obtained 
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TABLE 4.U.--Percentage of defoliation and kill o£ 
at thret 

four woody plant npec 
rate« on three dates1 

les treated with plcloram, 2,4,5- T, or MCPA 

Speolee and 
Treated 5-13 -64 Treated 6-3- 64 Treated 7-24- 64 

chemical 1/4 lb. 1 lb. 4 lb. 1/4 lb. 1 lb. 4 lb. 1/4 lb. lib. 4 lb. 

per acre per acre per acre per acre per acre per acre per acre per acre per acre 

Per, 

Macartney roae: 
Plclorani 
2,4,5-T 

0/10 
0/5 

0/100 
0/40 

0/100 
0/78 

0/6 
0/0 

0/75 
0/2 

0/100 
0/79 

0/2 
0/0 

0/95 
0/4 

1/100 
0/86 

Wing_ed Elm: 
Picloram 0/0 0/56 5/100 0/0 1/69 4/94 4/0 9/34 5/100 

Mesqui te: 
Plcloram 
2,4,5-T 

50/19 
18/50 

29/75 
16/88 

21/100 
35/100 

26/6 
46/19 

10/33 
29/56 

16/100 
44/64 

2/12 
9/6 

20/38 
11/86 

16/88 
12/100 

Whltebrueh: 
Picloram 
MCPA 

0/0 
54/0 

6/19 
25/25 

15/92 
75/36 

0/0 
64/0 

5/12 
90/25 

19/77 

100/71 

10/0 
39/12 

12/0 
76/6 

44/22 
95/54 

1 The figure to the left of the slash mark represents the percentage of leaves defoliated after 7 days; that to 
the right represents the percentage kill after 1 yr. 

with both chemicals at the 4 lb. per acre rate 
in May. 

Neither plcloram nor MCPA gave satis- 
factory control of whltebrush at 1/4- and 
1-lb.per-acre rates. Piclora , applied at 41b. 
per acre on May 13, 1964, kii. d more white- 
brush plants than any other treatment in this 
experiment. Percentage control from picloram 
treatments decreased at later dates of applica- 
tion. Picloram was apparently more toxic to 
whltebrush than MCPA, but date of application 
seemed to be critical. Early treatment dates 
should be evaluated. 

The second test was conducted because 
results of field evaluations and preliminary 
studies in the woody plant nursery in 1964 
indicated the need for a more critical evalua- 
tion of the rates and dates of application of 
the more effective herbicides and certain 
mixtures of herbicides on woody plants. Not 
only would data from such a study be valuable 
in the formulation of control practices for 
individual species, but it should also be of value 
In understanding the periodicity of suscepti- 
bility to chemicals in other woody plants. 
Sufficient numbers of year-old plants of several 
woody species were available in the spring of 
1965 to initiate such a study. We evaluated the 
defoliant and herbicidal properties of five 
chemicals and three coniblnations of chemicals 
at selected rates and dates of application. 

The compounds evaluated wtre those con- 
sidered  to  be  most  promising for the par- 

ticular species, so not all herbicides were 
applied to all species. The chemicals used 
were 2-ethylhexyl ester of 2,4,5-T, potassium 
salt of picloram, paraquat, 80 percent wettable 
powder of bromacil, and dimethylamine salt 
of dicamba. Three rates of each chemical were 
applied to each species but the rates were 
varied depending upon species susceptibility. 
All treatments were applied in water at a rate 
of 20 gal. per acre. Evaluations of leaves 
killed and defoliation were made 1 wk. after 
treatment and in the fall of 1965. Only the 
evaluation of leaves killed is reported because 
they were correlated with and slightly higher 
than most of the defoliation values. The per- 
centage of kill was evaluated in June 1966. 

Mesquite 

Treatments with 2,4,5-T resulted in slowest 
leaf killing on all dates of application (table 
4.15). Date of application of 2,4,5-T did not 
cause large differences in numbers of stems 
killed. Picloram killed leaves rapidly and 
was relatively effective in preventing refolia- 
tion of mesquite on all dates. However, all 
plots treated in April showed some refoliation 
by late July. Picloram applied in June was 
more effective for killing stems than were 
applications in April and July. Paraquat alone 
and in combination with 2,4,5-T or plcloram 
killed mesquite leaves rapidly at all rates and 
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TABLE <;.15.--PeroentRge of mesqult« leaves and stems killed by spraying with 15 treatments on five dates 

Ide Rate 

Treatment dates 

Herbio 
Apri 1 16, 1965 April 30, 1965 June 8, 1965 June 30 , 1965 July 20, 1965 

1 
wk. 

H 
mo. 

14 ! 
mo. 

1 
wk. 

5j 
mo. 

u*1 
mo. 

1 
wk. 

17 
wk. 

12> 
mo. 

1 

wk. 
13 

wk. 
11^ 
mo. 

1 
wk. 

11 
wk. 

ll1 

mo. 

Lb. per 
acre 

1/2 
1 
2 

2,4,5-T 70 
72 
58 

43 
66 
37 

23 
44 
20 

57 
71 
81 

68 
68 
68 

50 
36 
55 

75 
84 
84 

48 
73 
91 

38 
42 
75 

68 
82 
84 

78 
65 
91 

60 
45 
75 

48 
58 
70 

88 
90 
97 

50 
58 
75 

Pioloram 1/2 
1 

82 
100 
100 

51 
50 
46 

29 
33 
40 

91 
98 
99 

65 
90 
87 

48 
55 
84 

96 
99 
100 

85 
93 
98 

75 
82 
95 

91 
91 
96 

79 
91 
95 

46 
78 
95 

91 
94 
98 

75 
85 
95 

48 
68 
84 

Paraquat 1/2 
1 
2 

100 
100 
100 

30 
61 
75 

25 
40 
43 

83 
92 
97 

57 
43 
43 

16 
17 
28 

94 
99 
100 

38 
45 
68 

12 
34 
43 

79 
92 
95 

30 
40 
50 

13 
13 
13 

88 
86 
96 

43 
40 
55 

18 
3 

27 

Paraquat: 
2,4,5.T (1:1) 

1/2 
1 
2 

100 
100 
100 

45 
58 
58 

33 
28 
45 

98 
100 
100 

45 
45 
48 

12 
16 
18 

97 
99 
98 

40 
43 
63 

20 
22 
35 

95 
97 
98 

40 
43 
65 

18 
18 
35 

95 
99 

103 

38 
45 
61 

20 
18 
35 

Paraquat: 
pioloram (1:1) 

1/2 
1 
2 

100 
100 
100 

65 
45 
71 

38 
33 
40 

98 
98 
99 

48 
50 
50 

12 
28 
20 

97 
99 

100 

50 
66 
81 

25 
32 
48 

76 
96 

100 

48 
53 
70 

20 
15 
33 

94 
96 
99 

50 
48 
73 

18 
25 
40 

1 Evaluations of steins killed made in June 1966. 

TABLE 4.16.—Percentage of leaves a.id stems of live oak lulled after spraying on 
three dates 

Treatment date and herbicide Rate 
Leaves 

1 wk. 4 wk. 

Stems 

16 wk. 14 mo. 

April 16, 1965: 
2,4,5-T 

Pioloram 

Bromacll;paraquat (1:1) 

June 8, 1965: 
2,4,5-T 

Pioloram 

Paraquat 

Broniacll:paraquat (1:1) 

September 8, 1965: 
2,4,5-T 

Pioloram 

Paraquat 

Dlcamba 

Bromae11:paraquat (1:1) 

Lb. per acre   Percent - - - 

2 68 20 __ 5 
4 89 35 -- 20 
2 80 58 -- 20 
4 65 95 mm 65 
4 100 35 mm 30 
8 99 71 — 45 

2 75 60 40 
4 75 .- 75 55 
2 94 — 99 75 
4 98 -- 100 100 
2 84 -. 78 30 
4 97 — 96 75 
4 97 -. 93 63 
8 99 — 100 95 

1 65 90 __ 30 
2 63 93 -- 38 
4 73 92 -. 60 
1 63 88 -- 60 
2 88 97 -- 88 
4 93 100 .- 100 
1 38 65 mm 40 
2 70 86 mm 65 
4 88 91 -. 89 
1 30 48 -- 20 
2 70 84 .. 35 
4 78 90 -- 80 
4 88 97 -. 94 
8 96 99 -- 100 
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dates. When paraquat was applied in combina- 
tion with picloram or 2,4,5-T, there was more 
rapid refoliation than when picloram or 2,4,5-T 
was applied alone. No treatment killed all 
mesquite plants. 

Live Oak 

The treatments applied on April 16, 1965 
were relatively ineffective for killirj live oak, 
but the 4-lb.-per-acre rateof picloram applied 
in June and September 1965 killed all live oak 
plants. Bromacil:paraquat killed 90 and 10U 
percent of the stems when treatments were 
made in June and September, respectively. 

Results of treatments applied to live oak 
on April 16, June 8, and September 8, 1965, 
are summarized in Table 4.16. leaf killing 
was slow with all treatments except those con- 
taining paraquat. Picloram and bromacil:para- 
quat killed leaves rapidly and prevented re- 
foliation of live oak when applied in June and 
September. 

Loblolly Pine 
No treatment gave rapid leaf kill of loblolly 

pine on April 16 (table 4.17). The most rapid 
acting treatment was paraquat at 4 lb. per 
acre, which killed 80 percent of the leaves 1 wk. 
after treatment. Treatments applied June 8, 
when air temperatures were higher, generally 

TABLE «1.17.. -Percentage of leaves and stems of loblolly pine killed after spraying on 
three dates 

Treatment date 
and herbicide Rate 

Leaves 

1 wk. K wk. 

Stems 

16 wk. 13 mo. 

April 16. 1965: 
2,4,5-T 

Picloram 

Paraquat 

Dicamba 

June 8, 1965: 
2,4,5-T 

Picloram 

Paraquat 

Dicamba 

September 3,  1965: 

Picloram 

Paraquat 

Dicamba 

Lb. per acre - - - . Percent - - - 

1 10 25 __ 15 
2 22 38   40 
A 18 38 __ 50 
1 18 40 _„ 20 
2 10 45 __ 55 
U 18 95 .. 98 
1 72 78 — 80 
2 72 73 ._ 63 
4 80 80 .. 67 
1 8 48 „ 10 
2 18 67 -- 35 
4 12 60 -- 55 

1 25 35 33 
2 12 .. 38 20 
K 16 -- 79 65 
1 21 .- 63 45 
2 22 — 95 95 
4 35   98 100 
1 98   100 100 
2 98 — 100 100 
4 100 .. 100 100 
1 50 -- 81 85 
2 52 .- 91 85 
4 50 — 98 100 

1 16 38 0 
2 20 43 .- 15 
4 ^0 53 _. 20 
1 21 23   10 
2 18 50 .- 50 
4 19 70 .- 85 
1 38 75 .. 25 
2 64 86   55 
4 75 93   90 
1 8 25   0 
2 21 28 _. 25 
4 11 60   65 
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killad more leaves than treatments made on the 
earlier date. Paraquat killed loblolly pine 
needles rapidly at all three rates. The other 
three compounds were slow acting. 

All compounds were most effective when 
applied in June. Paraquat gave complete 
control at all rates in June. Picloram at 
4 lb. per acre aico killed all stems. The in- 
fluence of date of application on paraquat 
activity was striking and is worthy of further 
investigation. 

Greenbriar 
Evaluations of treatments applied to green- 

briar plants on four dates are summarized 
in table 4.18. Because chemical control of 
greenbriar had been unsuccessful, relatively 
high rates of all five chemicals were applied. 
No chemical was effective for killing green- 
briar. Paraquat killed the tops rapidly, but 
regrowth occurred within 8 wk. Eight pounds 
of picloram applied on June 30 gave 61 percent 
control after 10 mo. 

Winged Elm 

Ev;. •"■ions of picloram, 2,4,5-T and para- 
quat trtatments applied to winged elm on 
April 25, June 8, and June 30, 1965, are 
summarized in table 4.19. Picloram was 
extremely effective in killing the leaves of 
winged elm, especially at the early dates. 
Paraquat and 2,4,5-T were less effect- 
ive. 

The third test was conducted to compare 
the phytotoxicities of 2,4-D, 2,4,5-T, and 
picloram at several rates and dates of appli- 
cation to Macartney rose, mesquite, and winged 
elm. These compounds are generally the most 
effective defoliants and herbicides on woody 
plants. 

Macartney rose plants, 15 mo. old, were 
treated with potassium salt of picloram, 
dlmethylamine salt of 2,4-D, and with a 1:3 
combination of picloarm:2,4-D at rates of one- 
half, 1, and 2 lb. per acre. Mesquite plants, 
15 mo. old, were treated with potassium salt 
of picloram, 2-ethylhexyl ester of 2,4,5-T, 
triethylamine salt of 2,4,5-T, 1:1 mixture of 

TABLE <i. 18.--Percentage of greenbriar leaves killed from treatments on four dates 

Rate 

Treatment dates 

Herbicide 
Aprl] 16, 1965 April 30, 1965 June 8, 1965 June 30, 1.965 

1 6 13 1 5,1 12a1 1 5 11 1 15 10J 
wk. mo. mo. wk. mo. mo. wk. mo. mo. wk. wk. mo. 

Percent 

0 2,-1,5-1 2 30 23 0 10 17 12 23 7 3 30 5 
4 20 18 0 20 25 10 22 78 0 12 48 8 
8 50 25 8 25 17 30 30 50 8 28 53 28 

Ptoloram 2 2 20 25 3 30 0 4 45 0 5 55 5 
4 18 35 5 8 28 0 11 63 3 14 65 8 
8 20 50 3 25 50 25 25 86 10 12 89 61 

Paraquat 2 90 15 0 31 23 25 82 25 25 42 35 8 
4 92 15 0 95 27 3 98 23 5 75 33 12 
8 95 18 0 86 28 5 99 20 3 85 40 18 

Branacll 2 12 IA 0 8 17 0 26 29 0 14 23 2 
4 5 18 0 3 28 0 18 25 0 5 45 0 
8 30 30 0 3 23 0 30 30 3 9 75 7 

2 10 20 0 10 25 0 15 33 0 11 40 0 
4 30 25 25 6 20 0 U 40 25 18 50 8 
e 28 28 0 16 30 0 45 62 5 32 65 10 
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TABLE A.19 Percentage of winged elm leaves killed after treatjnent on three dates 

Rate 

Treatment dates 

Herbicide April 25, 1965 June 8, 1965 June 30, 1965 

1 5^ 13 1 18 11* 1 15 11 
•k. mo. mo. wk. wk. mo wk wk. mo. 

Lb. per acre . - . . . . - . . . ... .Percent - - . .  

2.-1,5-7 1 30 ü 10 55 20 12 25 23 5 
2 32 0 15 50 35 45 48 35 0 
A 58 0 65 88 95 75 52 53 15 

Picloram I 48 100 100 78 91 70 35 81 40 
2 92 100 1ÜÜ 92 100 100 48 98 80 
4 92 100 100 93 100 100 65 100 100 

Paraquat 1 7: 0 20 8 10 35 20 0 
2 B8 0 10 74 IS 12 52 5 0 
4 95 0 10 86 28 35 68 28 0 

TABLE 4.20—Percentage of dead leaves on Macartney rose plants treated with picloram,  2,4.D,  and picloram:2,4-D 
combinations at three rates and four datej 

Rate 

Treatment dates 

Herbicide April 15, 1965 May 9, 1965 May 19 1965 May 31, 1965 

4 wk. 20 wk. 2 wk. 20 wk. 4 wk. 20 wk. 3 wk. 18 wk. 

Picloram 

2,4-D, Amine salt 

Picloram:2,4-D a:3) 

Lb. per acre 

1/2 99 98 
\ 100 100 
2 100 100 

1/2 79 52 
1 85 48 
2 97 95 

1/2 98 99 
1 •i 99 
2 U * > UM 

93 

- - - Percent 

100 83 88 
90 99 99 99 
88 100 100 100 

81 74 1 9 1 3 
87 90 88 81 
90 99 99 97 

7« 60 95 85 
> 95 99 99 
97 100 100 100 

89 90 
93 100 
96 100 

75 53 
87 63 
95 88 

75 58 
93 91 
97 99 

1 Low value due to error in application. 

picloram:amine salt of 2,4,5-T, and 1:1 mix- 
ture of picloram:ester of 2,4,5-T at one-half, 
1, and 2 lb. per acre. Winged elm plants, 12 
mo. old, were treated with potassium salt of 
picloram, 2-ethylhexylesters of 2,4,5~T, and a 
1:1 mixture of picloram:2,4,5-T of 1, 2, and 
3 lb. per acre. Treatments were applied in 
water at 20 gal. per acre with 0.5 percent 
(vol. per vol.) commercial surfactant (X-77) 
added. The tractor-mounted, compressed air 

sprayer was used to apply all treatments. 
Evaluations of the percentage of dead leaves 
on plants in each plot were made between 2 
or 4 wk. after treatment and in September 
1966. Effectiveness of the treatments in killing 
the plants will be determined in 1967. 

Picloram was more effective than 2,4-D 
in killing leaves at all rates on April 15 and 
May 9, but differences were small when plants 
were treated on May 19 and 31 (table 4.20). 
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TABLE 4.21.—Percentage of dead leaves on mesquite plantij treated with picloram,  amine, and ester formulations of 
2,^,5-T,  and plcloraiii:2,<i,5-T at three rates on four dates 

Rate 

Treatment Dates 

Herbicide May 10 1965 May 31 , 1965 June 29 , 1965 July 22, 1965 

2 wk. 4 mo. 4 wk. 3 mo. 2 wk. 2 mo. 2 mo. 

Lb. per acre . . . . - - Percent -   

Picloram V2 
1 
2 

% 
100 
100 

70 
95 
97 

39 
9S 
99 

95 
95 
99 

81 
85 
96 

95 
99 
98 

98 
100 
100 

2,A,5-T ester 1/2 
1 
2 

83 
95 
99 

% 
63 
75 

70 
87 
95 

7A 
65 
90 

85 
88 
91 

97 
99 
100 

93 
99 
100 

2,4,5-T amlne 1/2 
1 
2 

79 
99 
99 

75 
83 
83 

92 
98 
89 

66 
98 
94 

85 
91 
97 

97 
98 
99 

97 
100 
100 

Plcloram:2,4,5-T 
ester (l:i) 

1/2 
1 
2 

98 
100 
100 

83 
93 
100 

99 
100 
99 

98 
96 
96 

84 
92 
96 

99 
100 
99 

99 
98 

100 

Plcloram:2,4,5-T 
aiolne fltXJ 

1/2 
1 
2 

97 
99 

100 

73 
83 
96 

92 
89 
99 

93 
93 
99 

88 
93 
97 

% 
99 
99 

100 
99 
100 

Check 0 0 0 0 8 0 10 8 

Plants treated with 2,4-D had refoliated in 
September, but those treated with picloram 
did not. The sprays containing combinations of 
picloram and 2,4-D were nearly as effective 
as the picloram sprays. 

All of the herbicides killed a high percentage 
of the mesquite leaves, but the amine salt of 
2,4,5-T did not give high kills as consistently 
as the other herbicides (table 4,21). 

Winged elm leaves are not as easily killed 
by foliar sprays as mesqdite and the values 
for initial kill range from 41 to 88 percent 
(table 4.22). Picloram and 2,4,5-T initially 
killed about the same percentage of leaves, 
but there was greater refoliatlon on plants 
treated with 2.4,5-T. 

TABLE 4.22.—Percentage of dead leaves on winged elm 
planto treated with picloram, 2,4,5-T, and picloram: 
2,4,5-T at three rates on two dates 

Herbicide 

Treatment Dates 

Rate May 9, 1965 May 31, 1965 

2 wk. 4 mo. 3 wk. 3 mo. 

Lb. por 
acre - - . . - Percent - ■ _ _ - 

Picloram 1 48 73 41 75 
2 65 83 46 76 
3 74 85 53 86 

2,4,5-T 1 58 51 41 35 
2 63 40 46 68 
3 73 50 78 65 

Plcloram:2,4 5-T (1 1) 1 50 56 53 55 
2 76 70 59 72 
3 86 96 75 83 

Check 0 3 4 1 10 

Summary and Conclusions 

An irrigated woody plant nursery was es- 
tablished in 1963for the evaluation of chemicals 
as defoliants and herbicides. Eight species 
were established in the nursery. Methods for 
the propagation and culture of seven of the 
species were developed. Mesquite, huisache, 
and   live   oak   were   established   with   good 

success by direct seeding in late fall or early 
spring. Macartney rose and greenbriar were 
established with plants dug from wild stands 
and transplanted in the nursery in mid- or 
late-winter. Good stands of loblolly pine were 
established in the winter on well-drained soils 
from   seedlings obtained from a commercial 
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nursery, but yaupon seedlings obtained from a 
commercial nursery were not successfully 
established. Excellent standsof winged elm and 
whitebrush were established from seedlings 
grown from seed in the greenhouse and trans- 
planted to the nursery in early spring. 

A summary of the most effective chemicals 
found for the defoliation and control of seven 
woody specie in the nursery is contained in 
Table 4.23. "I .ie combination of chemicals are 
those which gave best control of the species. 

In general, results obtained with plants in 
the nursery agree with those obtained with 
plants in wild stands. The primary differences 
are the lower rates of application necessary 
to kill the plants in the nursery, the longer 
periods of time during which plants remain 
susceptible to chemicals in the irrigated 
nursery, and the rapidity with which plants 
refoliate in the irrigated nursery after sub- 
lethal applications of a chemical. 

The nursery has enabled us to evaluate many 
chemicals and combainations of chemicals as 

TABLE ii.Sa.—Best herbicides und herbioidal rombinatlons 
for defoliation and control of seven woody species grow- 
ing in tin irrigated nursery 

Rapid 
defoli- 
ation 

Long term control 

Species 
Herbicide Herbicldal 

combination 

Greenbriar DSMA 2,4,5-1 Picloram: amitrole 
Huisache Picloram Picloram PIci oram: DK.raquat 
Live oak ÜSMA Picloram Paraquattbromacil 
Loblolly pine Paraquat Paraquat .... 
Macartney rose DSMA Picloram Picloram:2,'i-D 
Mesquite DSMA J,*iS-I 2l'il5-T;plclcram 
Whitebrush MC PA Picloram .... 
Winged ebn DSMA Picloram Piclorem:2,4,5-T 

defoliants and herbicides during a 3-yr. period. 
The *■ eriments conducted in the nursery do 
not t jstitute for experiments on wild stands 
of woody plants when information for opera- 
tional recommendations is needed, but they 
do bridge the gap between primary screening 
of chemicals and large-scale field evalua- 
tions. 



CHAPTER 5 

EVALUATION OF HERBICIDES APPLIED TO SOILS 

There are basically two objectives for ap- 
plying herbicides to the soil. The first Is to 
kill the woody plants on an area but permit 
revegetatlon by grasses and herbs. Relatively 
low herblcldal rates or selective herbicides 
are used for that purpose. The second objoctlve 
is long-term sterilization of the soil to keep 
ii devoid of vegetation for long periods of time. 

High rates of nonselectlve herbicides are 
required for soil sterilization. Both types of 
applications were made in Texas and Puerto 
Rico on a wide variety of species and vegeta- 
tion types. The objectives of the work were to 
determine the effectiveness of the herbicides 
for killing woody plants and to determine the 
persistence of control. 

Soil Sterilization Studies in Texas 

Treatments, at soil sterilant rates, were 
made in Texas near Victoria, Refuglo, Llano, 
Carlos, and Livingston on duplicate square 
rod plots. This provided an appreciable range 
of climate and edaphic conditions, as well as 
vegetational differences. 

The dominant vegetation in the research site 
at Victoria, Tex,, was a thick stand of live oak. 
Herbaceous vegetation included little bluestem, 
brownseed paspalum, yellow indiangrass, 
threeawns, lovegrasses, grlsebach bristle- 
grass, bitter sneezeweed, and lindheimer 
croton. Soil at the Victoria site was a Katy, 
gravelly sandy loam. The average profile con- 
sists of a light brownish gray, gravelly, sandy 
loam surface layer about 20 in, thick with a pH 
of 5.5 and a gravel content of 10 to 30 percent. 
Subsoil is gray sandy clay with yellowish brown 
and red mottles centored around small iron 
concretions. The amount of sand increases with 
depth and a few calcium carbonate concre- 
tions occur at 54 to 60 in. in many places. 
Annual precipitation is 36 In, 

Hulsache and mesquite were the dominant 
woody species at the research site near 
Refuglo, Tex. Associated herbaceous vegeta- 
tion   included   rhodesgrass,  curly  mesquite. 
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bristlegrasses, little bluestem, lovegrasses, 
sandbur, various species of greenthread and 
paspalum, broomweeds, toadflax, sedges, bitter 
sneezeweed, and lindheimer croton. Soil at 
the Refuglo research site was a Miquel fine 
sandy loam, shallow phase. The average thick- 
ness of the surface soil was about 6 in. The 
subsoil was dense and only slowly permeable 
by percolating water. Annual precipitation is 
34 in. 

The dorriinant woody species at the research 
site near Llano, Tex,, was whitebrush. Other 
woody species included mesquite, Texas per- 
simnon, prickly pear, andtasajillo. The major 
perennial grasps in the area included sideoats 
grama, early mesquite, vine mesquite, and 
buffalopvass, A variety of herbs and annual 
graces were also present. The granite soils 
at the Llano site contain from 30-to 50-percent 
gravel. The surface soil is deep, with 18 to 24 
in, of a light brown, gravelly, loamy sand. The 
subsoil is a red, or yellow and gray, clay. The 
surface soil absorbs water well but the heavy 
subsoil takes it slowly. Annual rainfall 
averages 29 in, per year. 

The association of woody species at the 
research site near Carlos, Tex,, is dominated 
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by post oak, blackjack oak, and yaupon. As- 
sociated herbaceous species include little 
bluestem, bristlegrass, bitter sneezeweed, 
and various species of paspalum. Soil at the 
Carlos site is an Axtell fine sandy loam, 
shallow variant. The A horizon is a gray, fine 
sandy loam to a depth of 5 to 10 in. The dark, 
heavy clay of the B horizon causes a perched 
water table in rainy seasons, but the C 
horizon permits excessive sub-drainage. Con- 
sequently, the soil has characteristics of both 
a wet and a dry soil. Mean annual rainfall is 
39 in. 

There were a greater number of woody 
species at the research site near Livingston, 
Tex., than at the other research sites in 
Texas. Principal woody species included 
sumac, sassafras, American beech, Allegheny 
chinquapin, saw greenbriar, and sweetbay 
magnolia. Many species of herbs and grasses, 
together with the woody plants,  provide an 

extremely complex association. Dominant 
forage grasses include species of bluestem, 
dropseed, panicum, paspalum, muhly, love- 
grass, uniola, and indiangrass. Yankeeweed, 
greenbriar, and yaupon are common invaders. 
Soil at the Livingston site is Segno fine sand. The 
soil is deep and well drained. Plant nutrients 
are leached downward readily and the same 
could be expected for herbicides. Average an- 
nual rainfall is 48 in. 

Spring and fall applications were made on 
duplicate, square rod plots at all research 
sites. Fenuron, fenuron-TCA, monuron-TCA, 
BMM, and picloram were applied as granular 
or pelleted formulations. Sodium chlorate and 
sodium aisenite were mixed with sand ard 
broadcast over the plot area. BromacU, prome- 
tone, and erbon were applied in water with a 
hand-carried, boom sprayer. Rates of applica- 
tion and the results that were obtained are 
given in table 5.1. 

TABLE 5.1.—The number of months after treatment that 90 to 100 percent defoliation of woody species was maintained 
at five research sitef in Texas1 

Rate 

Number of months after treatment at-- 

Herbicide 
Victoria Refugio Llano Carlos Livingston 

Sum- 
mer 
appli- 
cation 

Fall 
appli- 
cation 

Sum- 
mer 
appli- 
cation 

Fall 
appli- 
cation 

Sum- 
mer 
appli- 
cation 

Fall 
appli- 
cation 

Sum- 
mer 

apnli- 
oation 

Fall 
appli- 
cation 

Sum- 1 

mer 
appli- 
cation 

Fall 
appli- 
cation 

Lb. 
per acre 

«1 
160 

Fenuron 24 
24 

20 
20 

24 
24 

20 
20 

3 
24 

0 
20 

27 
27 

21 
21 

5 
5 :: 

Bromaoil «0 
160 

24 
24 

20 
20 

24 
24 

20 
20 

24 
24 

20 
20 

27 
27 21 

5 
26 21 

Fenuron-TCii 40 
160 

24 
24 

20 
20 

24 
24 

20 
20 

0 
12 

0 
8 

27 
27 

21 5 
5 

— 

Monuron-TCA 35 
Wl 

24 
24 

20 
20 

24 
24 

20 
20 

0 
24 

Q 
20 

0 
0 

21 
21 

0 
5   

ati 392 
980 

24 
24 

20 
20 

24 
24 

20 
20 

24 
2«* 

20 
20 

27 
27 

21 
21 

0 
5 — 

Sodium chlorate 396 
990 

0 
0 

0 
20 

24 
0 

0 
0 

24 
24 

20 
20 

0 
0 

-- 0 
0 -- 

Sodium arsenite 371 
940 

24 
24 

20 
20 

0 
0 

20 
20 

12 8 
1 

6 
27 21 

0 
0 __ 

Picloram 10 
TO 

24 
24 20 

24 
24 

0 
20 

24 
24 

20 
20 

27 
27 

21 
21 

5 
5 

21 
21 

Prometone «0 
160 

16 
24 

20 
20 

24 
24 

20 
20 

24 
24 

20 
20 

27 
27 

21 26 
26 

Erbon 80 
160 

24 
24 

20 
20 

24 
24 

0 
0 

24 
12 

8 
8 

0 
6 21 

5 
5 -- 

1 Twenty or more months represent the  last observation;  control may extend for a  longer period.  Leas than 20 
indicates vegetative recovery by the time the  last observation was made. 
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Bromacil, erbon, prometone, and sodium 
arsenite were the only herbicides that gave 
an appreciable effect within 1 or 2 wk. after 
treatment. A longer period of time was re- 
quired for all other herbicides. 

The degree of control obtained from spring 
and fall treatments was about the same. 
Although only fragmentary data are available 
for fall treatments at the Livingston site, 
season of treatment did not appear to be any 
more important than atthe other sites. Broma- 
cil and prometone provided excellent control 
at the Livingston site regardless of time of 
treatment. 

The rates applied in this study were high 
and consequently there was little superiority 
of one herbicide over another. The most 
striking difference to be noted is that persist- 
ence of control was much shorter at Livingston 
than at any of the other research sites. This 
was no doubt due to higher rainfall and a 
more permeable soil. Only bromacil and 
prometone provided 90 percent or greater 
control at Livingston for the duration of the 
study. 

Fenuron controlled brush effectively at 
Victoria, Refugio, and Carlos with 40 lb. per 
rcre, and at all sites except Livingston with 
160 lb, per acre. Control of herbaceous 
vegetation at either of the two lates lasted 
about 1 yr. 

Bromacil was one of the most effective 
and persistent soil sterllants tested. The 160- 

pound-per-acre rate controlled most of the 
brush and herbaceous species at all locations 
for the duration of the experiment. Cacti were 
not affected. The 40-lb.-per-acre rate was 
equally effective at all Locations except Living- 
ston. Excellent grass and brush control at 
Llano and Refugio is shown Infigure 5.1. Curly 
mesqulte and vine mesquite were the first grass 
species to reenter treated plots. Some lateral 
movement of bromacil onto adjacent untreated 
areas was noted, particularly at Victoria, 
Carlos, and Llano. 

Fenuron-TCA was less effective at Llano 
than at other research sites. This herbicidal 
combination had no advantage over fenuron 
alone. 

Monuron-TCA gave results similar to 
Fenuron-TCA. 

BMM controlled brush for the duration of the 
experiment at all research sites except Living- 
ston. Herbaceous vegetation was usually con- 
trolled for 1 yr. or less. 

Sodium chlorate was generally less effective 
than other herbicides. However, it gave excel- 
lent control of whitebrush at Llano. The control 
of herbaceous vegetation varied, but results 
were poor in many cases. 

Sodium arsenite was especially effective for 
controlling live oak ?nd associated vegetation at 
Victoria, but it did not control the brush at 
Llano or Livingston. The initial control of her- 
baceous vegetation was often as good as with 
bromacil, but control was not as persistent. 

;$>«S 

■■•■ *MA 
/; 

&if «i" 

y&rf, 
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Figure 5,1,—Excellent grass and brush control obtained with 40 lb, peracre of bromacil at (A) Llano and (B) Refugio. 
Photos were taken 12 and 27 mo. after treatment, respectively. 
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The higher rate of picloram gave excellent 
brush control, but the control of herbaceous 
vegetation was not outstanding at any location. 
The lower rate of picloram did not control 
mesquite at the Refugio site nor did it control 
many of the native grasses. An excellent stand 
of little bluestem at the Victoria site, following 
a spring application, indicates that this species 
is quite tolerant to picloram. It is also possible 
that picloram had been leached beyond the root 
zone. It is highly soluble in water and highly 
mobile in the soil. 

Prometone, like hromacll, controlled brush 
at all five research sites. It was less effective 
than bromacll for controlling herbaceous 
vegetation, however. Common yellow wood- 
sorrel was one of the first species to in- 
vade the plot that had been treated with 
prometone. 

Erbon provided its best brush control at 
Victoria. Fall treatments at Refugio and Llano 
were poor, as were spring treatments at 
Carlos. Erbon seldom controlled the her- 
baceous vegetation for long periods. 

Brush Control Studies in Texas 

Additional studies were made to determine 
if lower rates of the herbicide would control 
the brush species in Texas. Some of the 
herbicides discussed previously were used, 
but at lower rates. No particular thought was 
given to long term sterilization of the soil, 
Fenuron and picloram were compared for the 
control of live oak at the Victoria site, and 
huisache and mesquite at the Refugio site. In 
addition, fenuron and picloram were compared 
with bromacll for the control of live oak at the 
Victoria site. Rates of the herbicides that were 

used, and the results that were obtained 4 mo. 
and 1 yr. after treatment, are shown in 
table 5.2. 

Fenuron at 10 lb. per acre gave good control 
of live oak and huisache, but was relatively inef- 
fective for the control of mesquite. Picloram 
also gave good control of live oak and huisache 
but again the effect on mesquite was negligible. 
Picloram at 5 lb. per acre was as effective or 
more effective than fenuron at 10 lb. per acre. 

Bromacll was tested only on live oak. Earlier 
tests had shown it to be effective for controlling 

TABLE 5.2,--Percentage defoliation of live 
fenuron, p 

sak, huisache,  and mesquite 
u'loram,  and bromacll to the 

( mo.  and 1 yr 
soil 

.  after treatments with 

Rate 

Defoliation of — 

Herbicide 
Live oak Huisache Mesquite 

^ mo. 
after 

treatment 

1 yr. 
after 

treatment 

■4 mo. 
after 

treatment 

1 yr. 
after 

treatment 

•i mo. 
ifter 

treatment 

1 yr. 
after 

treatment 

Fenuron 

Lb. per acre 

1 

----- Percent ------ 

20                                0 50 5 

2 78 80 50 30 20 5 
5 90 85 68 63 20 10 

10 92 95 93 98 20 ..8 

Picloram 1 __ _. 75 43 30 5 
2 88 68 68 55 95   
3 92 68 75 60 20 10 
U 92 i' 100 100 50 10 
5 94 90 WO 100 50 15 

10 98 98 100 100 — -- 

Bromacil 2 90 98 iii (M (M 
* 93 100 (M (l) 
8 97 100 i! (l) 

12 98 100 CM 
16 99 100 (M r) (M 
20 100 100 (M \\\ (M 
40 100 100 (M (M (M 

1 Not treated. 
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live oak but much less effective on other 
species. The data indicate that bromacll was 
more effective for the control of live oak than 
was picloram. For example, 2 lb. of bromacll 
resulted in 98 percent defoliation 1 year after 
treatment, while 10 lb, of picloram were 
necessary to provide 98-percent defoliation. 

Woody species are differentially susceptible 
to herbicides. If herbicides applied to the soil 
are to be used for the control of woody plants 
in an area having a high diversity of woody 
species, then high rates of the herbicide must 
be used to reduce the degree of differential 
susceptibility. 

Brush Control Studies in Puerto Rico 

Herblcidal applications were made to the 
soil In Puerto Rico to test their effectiveness 
for controlling woody species. The tests were 
conducted in a dry, deciduous thorn forest 
(Guanica), a semidecidu» us montane forest 
(Marlcao), and an evergreen rain forest (El 
Verde). Three replications of 60- by 80-ft. 
plots were treated at Guanica and El Verde. 
Only two replications were treated at Marlcao 
because of topographic limitations. The herbi- 
cides were applied as granular or pelleted 
formulations, or as liquid adsorbed on vermic- 
ulite. In all cases enough vermicullte was 
added so that the same amount of bulk material 
was applied to each plot. 

The Guanica site was located in the Guanica 
Commonwealth Forest at a latitude of IT^S'Sö" 
N and a longitude of 6605r21" W. The site was 
a flat, alluvial fill at an elevation of 195 
ft., surrounded by hills from 330 to 650ft. 

Soil at the Guanica site is Jacana clay, 20 to 
36 In. deep, with a permeability of 0.63 to 2.0 
in. per hour. The surface soil consists of an 
8-ln. layer of friable. Irregular-shaped granu- 
lar, alkaline, slightly plastic, brown clay or 
sllty clay. This layer gradually changes to 
dense medium plastic, alkaline, yellowish 
brown or light brown clay, 8 to 10 In. thick, 
which grades through disintegrated, rotten 
volcanic rock and rests on hard bedrock at a 
depth ranging from 15 to 40 In. depending on 
the slope. Bedrock was usually deeper at the 
sampling site because of alluvial deposition. 
Annual rainfall, extrapolated from surrounding 
gages. Is about 30 In., most of It falling from 
May through October, Prolonged droughts are 
common. 

Vegetation In the general area of the Guanica 
site Is a xerophytlc forest of shrubby trees 
10 ft.   or more high. Characteristic species 

Included ucar, zarcllla, burro prieto, almicigo, 
tea, and corchobobo. Various cacti emphasized 
'he xerophytlc nature of the area. The most 
impressive cactus was sebuc^n, which often 
reached a height of 25 ft. or more. The re- 
search site also contained a large number of 
campeche, which had been planted in 1924. At 
the time of treatment campeche and zarcllla 
comprised about 90 percent of the woody 
plants. Some caoba dominlcana was also 
present. Thirty-five woody species were re- 
ported for the Guanica site. 

The Marlcao reseach site Is located In the 
Marlcao Commonwealth Forest at a latitude 
of 18o09,23" N and a longitude of 66059145" W. 
Elevation is 2,300 ft. About one-half of the 
research site Is relatively flat; the remaining 
half drops sharply to the west-southwest with 
slopes up to 45°. 

Soil at the Marlcao site Is a Nlpe sllty 
clay derived from serpentine. It Is a laterltlc 
soil with silicon dioxide decreasing and alum- 
inum and Iron oxide Increasing with depth. Clay 
particles are grouped In clusters and do not have 
the plastic nature of other clays. Consequently, 
Nxpe clay Is excessively permeable and well- 
drained, making It well-aerated, but more 
droughty than would ordinarily be expected. 
Annual rainfall Is about 80 In. Most of the 
rainfall occurs from July through October. 

Maria was the dominant woody species at 
the Marlcao site. It comprised 18.6 percent 
of all woody stems greater than 3/4 Inch 
d.b.h. A total of 106 species were recorded 
on the site. 

The El Verde site is located in the Luquillo 
National Forest at a latitude of lfB17,40" N, 
and a longitude of 65O5r08" W. Elevation Is 
1,800 ft. The area Is on the northwest slope of 
the Luquillo Mountains and thus falls within 
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the rain shadow caused by the main mountain 
mass that intercepts the moisture-laden trade- 
winds. Annual rainfall is about 120 in., most 
of it falling from July through October. Ex- 
tended droughts in this area are unknown. 

Soil at the El Verde site is Los Guineos 
clay loam, characterized by a surface layer 
of medium plastic clay often underlain by a 
layer of mottled gray and rusty-brown plastic 
clay with poor internal drainage. Moisture 
retention in this soil is much higher than that 
in the Nipe clay found at Maricao. Roble was 
the dominant woody species, comprising 20.9 
percent of the woody stems in the research 
site. A total of 88 species were recorded for 
the area. A list of the common woody species 
is given in table 5.3. 

Picloram, rticamba, bromacil, prometone, 
diuron, and fenac were tested at rates of 3, 9, 
and 27 lb. per acre. The herbicides are repre- 
sentatives of six chemical families that have 
herbicidal properties. 

The percentages of defoliation at the three 
sites is shown in table 5.4. In general, the 
herbicides were most effective at Guanica (the 
driest site) and least effective at El Verde (the 
wettest site). Dicamba was the only exception 
in that it provided most control at El Verde 
and least control at Guanica. The most ef- 
fective herbicide at all three sites was 
picloram, Dicamba was only moderately ef- 
fective even at the highest rate. Bromacil and 
prometone gave very good control at Guanica, 
but poor control at Maricao and El Verde. 
Diuron ?nd fenac were ineffective at all 
research sites. 

This test indicated, in a relative way, the 
amounts of herbicides that must be applied to 
the soil in order to provide good woody plant 
control. The data show clearly that the amounts 
of herbicides must be increased for wetter 
areas. Only one herbicide, dicamba, provided 
a greater degree of control at wetter sites 
than at the dry site. When all herbicides are 
considered, the data suggest strongly that the 
amount of herbicide must be increased as 
rainfall increases. If that is not done, equiva- 
lent results will not be obtained. 

Another important consideration in wet trop- 
ical forests is that the root system of the 
trees does not extend deep into the soil. On 
the contrary, in a rain forest particularly, 
there is usually a mass of roots in the surface 

TABLE 5.3.—The most cannon woody species at the Guanica. 
Maricao,  and El Verde sites and their percentage can- 
posl^lon 

Number and 
Scientific name Common name percentage 

composition 

Guanica No. Percent 

Leucaena leucocephala Zarcilla 2,513 46.2 
Haematoxylon coaipechlanum Campeche 2,M6 45.0 
33 other species A79 8.8 

Total 5/38 100.0 

»farlcao 

Callophyllum oalaba Maria 199 18.6 
Casearla or Drypetes' 180 8.7 
Rapanea ferruglnea Mantequero 174 8.1 
Alsophlla aqulllna Helecho ISO 7.0 
Terebrarla reslnosa AqullOn 96 4.5 
Ocotea leucoxylon Laurel geo 95 «.4 
Mlccnla slntenlsii Caaasey 87 4.1 
Coccoloba sp. 67 3.1 
Llnoclera danlngenala Hueso bianco 67 3.1 
Hanallum sp. (Ä 1.0 
Coccoloba pubescens Moral6n 57 2.7 
k^rcia deflexa Cleneguillo 45 2.1 
l^rcla splendens Hoja menuda 41 I.') 
Comocladla glabra Carrasoo 35 1.6 
Cyathea arborea Helecho glgante 30 1.4 
91 other species 519 Mri 

Total 2,U2 99.9 

El Verde 

Tabebula heterophylla Roble 683 20.9 
Cyathea arborea Helecho glgante 352 10.8 
Cordla borlnquensls ttüieco 334 10.2 
Prestoea montana Palma de sierra 238 7.3 
Mloonia praslna Camaaey 201 6.2 
Casearla or Drypetes1 152 4.7 
Psychotrla berterlana Cachlmbo 136 4.2 
Inga faglfolla Guam£ 112 4.0 
Hyrcla deflexa Cleneguillo 93 2.8 
Dldymopanax mortotonl Yagruino macho H-, 2.6 
Ootoea leucoxylon Laurel geo 79 2.4 
77 other species 781 23.9 

Total 3,265 100.0 

1 Sterile specimens of these two genera wore Indistin- 
guishable. 

soil and very few roots, if any, in the deeper 
portions of the soil px'ofile. Such being the 
case, there is only a short time when roots 
can pick up the herbicide. After the herbicide 
is leached beyond the root zone, it is no longer 
available. Plants not killed by the initial 
amount of herbicide absorbed will recover. 
Such a situation is a decided contrast to what 
is often found for plants whose roots penetrate 
to a greater depth. Plants with a deep, root 
system may be defoliated quickly after appli- 
cation of a herbicide to the soil. Those plants 
often refolitne during a rainy season only to be 
defoliated again as the deeper roots pick up 
more of the herbicide. 
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TABLE 5.^.--Percentage of defoliation and plant kill of all arboreaoent species in 
Guanica,    Msrloao,  and El Verde sites approximately 2 years after application of soil- 
applied treatments 

Guan ca Mari oao El Verde 
Herbicide Rate 

Defoli- Plant Defoli- Plant Defoli- Plant 
ation kill ation kill ation kill 

Lb./acre - - - Percent - - - 

Picloram 3 70 57 32 21 24 23 
9 92 91 73 57 55 52 

27 99 99 93 89 79 69 

DIoamba 3 9 3 12 6 9 6 
9 13 2.Q -L^ 14 

27 22 9 50 41 52 52 

Bromacil 3 28 16 11 5 18 15 
9 92 78 29 21 24 22 

27 100 100 38 29 55 54 

Prometone 3 9 8 11 3 0 0 
9 62 56 13 5 10 9 

27 99 97 29 21 18 12 

Diuron 3 5 2 11 0 0 0 
9 15 11 5 1 3 2 

27 16 10 9 3 8 9 

Fenac 3 5 2 15 5 8 0 
9 28 20 11 2 4 2 

27 29 u 19 4 22 9 

Check 0 12 6 5 2 1 1 

There is little doubt that phytotoxlc levels 
of herbicides are soon leached below the root 
zone In an area having high rainfall. A series 
of pictures in figure 5,2 shows this graphically. 
The plot shown in figure 5.2 had been treated 
with 27 lb. per acre of picloram. Virtually all 
of the treas, and also the herbaceous vegeta- 
tion on the forest floor, had been killed by the 
treatment. One year after the treatment, how- 
ever, the forest floor was completely covered 
with species of grass, sedge, andlpomaea. Had 
phytotoxlc amounts of the herbicide been 
present in the upper layer of sou, such a dense 
cover of herbaceous vegetation 1 yr. after 
treatment would not have Leen possible. 

The studies that have been reported for Texas 
and Puerto Rico show that woody plants can be 
killed with herbicides applied to the soil. Soi! 
sterilization can be obtained for relatively long 
periods of time if enough herbicide is used and 
there is not too much rainfall. Some woody spe- 
cies will be killed by one herbicide but not with 
another. Complete woody plantcontrol in areas 
having a high species diversity can only be 
achieved if enough herbicide is applied to over- 
come the effects of differential species 
susceptibility. The necessary rate varies with 
herbicides, but could be as low as 10 lb. per 
acre in dry areas, and as much as 27 lb. per 
acre, or more, in extremely wet areas. 
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CHAPTER 6 

HERBICIDE RESIDUES IN SOIL 

The persistence of herbicides in soil may be 
desirable or undesirable depending on the 
purpose for which they are applied. In general, 
a low level of persistence is desirable when 
herbicides are applied to soil in cultivated 
crops. The crop grown at the time of herbi- 
cidal treatment may be resistant to the herbi- 
cide, but the succeeding crop, in a rotational 
scheme, may be susceptible. Thus, it is im- 
portant that the herbicide be inactivated in some 
way before the succeeding crop is planted. In 

other situations, persistence for long periods 
of time may be desirable. Industrial sites and 
roadways are examples of situations where 
total vegetation control for long periods is 
desirable. 

Our work on herbicide residues in soil 
involved the development of techniques for 
determining residue levels and an analysis 
of the persistence and movement of var- 
ious herbicides in soils in Puerto Rico and 
Texas. 

Residue Detection 

Biological and chemical methods for detect- 
ing herbicide residues in soil were already 
available for a large number of herbicides. The 
same was not always true for newer herbicides, 
so methods had to be developed. We were 
particularly interested in determining the 
residue levels of plcloram in soil because pic- 
loram is effective for the control of many woody 
species. A bioassay for picloram had been 
developed (5) but there were no chemical meth- 
ods of detection. 

Chemical Method 

The presence of three chlorine atoms and 
two nitrogen atoms in the picloram molecule 
indicated that it could be detected readily by a 
gas Chromatograph equipped with an electron 
capture detector. The reliability of gas 
chromatography for detecting picloram resi- 
dues In soil was determined by adding known 
amounts of picloram to the soil, extracting, 
and analyzing with a gas Chromatograph (6). 

Soil samples to which known amounts of 
picloram had been added were stirred for 2 
min. in 25 ml. of acetone acidified with 0.2 ml. 
of concentrated HC1 per 100 ml. of acetone. 
The addition of the acid was essential because 
it insures that any basic salts of picloram will 
be converted to the free acid and consequently 
be acetone-soluble. An excess of acid could 
conceiveably convert the amino group to a 
quaternary salt thus making the picloram 
molecule again Insoluable in acetone. 

The suspension of soil and acetone was 
suction-filtered through Whatman No. 1 filter 
paper and the volume of acetone determined. 
After evaporating the acetone to dryness on a 
steambath, 4 ml. of boron trlfluoride-methanol 
reagent were added, and the samples again 
heated until only a trace of methanol remained. 
The reagent was prepared following a previ- 
ously publiehed procedure and contained 125gr. 
of boron trifluoride per liter of methanol (l). 
After heating, the beaker was washed with 
10 ml. of water and 10 ml. of re-distilled 
hexane.  Both washings were thoroughly mixed 
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in a 50 ml, separatory funnel and the aqueous 
portion discarded. The content of methylated 
picloram in 1 microliter of the hexane portion 
wa i determined by gas chromatography. 

The gas Chromatograph used for the study 
was a Barber-Colman Model 5360 pesticide 
analyzer. A o-ft. spiral column was packed 
under vacuum with 80 to 100 mesh Chroma- 
sorb-W coated with-1.5 percent SE 30 oil. 
The column was heated 24 hours at a tem- 
perature of 250° C. before coupling to the 
detector. An electron capture detector con- 
taining radium 226 as the ionization source 
was employed. The pre-purlfiednitrogen, used 
as the carrier gas, was further purified by 
passing it through a molecular sieve filter. 
Samples were analyzed at injector, column, 
and detector temperatures of 295°, 210°, and 
240° C, respectively. Carrier gas flow rate 
was approximately 75 ml. per min. 

Standard and recovery curves are shown in 
figure 6.1. There was a linear relation between 
picloram content and peak height when the peak 
was between 20 and 80 percent of full-scale 

16 

H 

12 

TABLE 6.1.--The reliability of a ühromatographlo raetlic j 
of detecting picloram residues in soil 

10 

5     6 

| 
s. 

Coucentrati .n Concentration Ratio 

Added Foundl Addel/found 

P.p.m. P.p.m. 

0.075 0.06 0.80 
0.10 0.095 0.95 
0.30 0.34 l.W 
1.00 0.80 0.83 
1.50 1.68 1.12 

.0»    .075    I .15 .2 

Figure 6,1,—Standard and recovery curves for deter- 
mining picloram residues in soil. 

1 Expected recovery =96.2 + 19 percent with 95 percent 
confidence. 

deflection, A comparison of curves produced 
from equal concentrations of the methyl ester 
of picloram and picloram esterified with boron 
trlfluoride-methanol reagent indicates that the 
esterification is essentially complete. The 
recovery curve, however, indicates that the 
acetone extraction procedure was approxi- 
mately 75 percent effective in removing 
picloram from the soil. This coirection factor 
was used in making final calculations of 
picloram content in field plots. 

A check of the reliability of the method over 
a range of picloram concentrations is shown 
in table 6,1, The expected deviation between 
picloram added and picloram found was ap- 
proximately 20 percent. The lower limit of 
picloram detection was approximately 0,05 
p,p,m, when the sample size was 20 gr. It 
does not appear that increasing the sample 
size would increase sensitivity since the 
detection limits are set by interfering com- 
pounds In the procedure rather than the amount 
of picloram. 

Bioassay 

A susceptible plant can be used to determine 
herbicide residues in soil. The sensitivity of a 
test plant to a herbicide is measured by growth 
reactions that may vary from abnormal growth 
characteristics to plant death. Because equip- 
ment for chemical analysis was not available, 
the study of herbicide residues in Puerto 
Rican soils required developmentof a standard 
bioassay test. It was desirable to use a single- 
test species sensitive to all of the herbicides 
whose residue levels were studied. It was also 
desirable to have a test plant that was readily 
available, easily grown, and had growth char- 
acteristics suitable for bioassay studies. 
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For the bioassay of herbicide residues in 
the   soli,   a   standard  reference curve  was 
prepared   for   each   herbicide   to   permit a 
quantitative evaluation  of the residues. Cu- 
cumbers were used as the bioassay test plant. 

Cucumber plants were grown in beach sand 
for establishing the standard injury curve. The 
sand was thoroughly washed, steam-sterilized, 
and   dried.   Concentrations  of 0.001, 0.003, 
0.009,  0.027,  0.081,  0.243, 0.729, and 2.187 
p.p.m.  of bromacil, dicamba, diuron, fenac, 
picloram,  and promotone were added to the 
sand.   A 5,000-gr.   aliquot of the  sand 'vas 
weighed and placed on a plastic sheet. The 
correct   amount   of herbicide  in a uniform 
aliquot of distilled water was  added to the 
sand   and   thoroughly   mixed.   After mixing, 
the sand was equally divided into four, new, 
1-qt.   styrene cups that had been thoroughly 
washed.   The   concentration   series of each 
herbicide was set up separately, starting with 
the lowest concentration and finishing with 
the highest concentration. After the herbicides 
were   mixed   into the  sand,  the cups were 
placed   in the greenhouse  and planted with 
about 8 cucumber seeds (variety Puerto Rico 
39).   Extreme care was taken to avoid con- 
tamination.   Untreated   series   were   set up 
previous to any mixing of herbicides and iso- 
lated from the mixing area. 

Each sample was thinned to two plants per 
container approximately 7 days after planting. 
The cucumber plants were allowed to grow for 
28 days. Abnormal growth characteristics were 
recorded on a 10-point scale where zero 
equals no effect and 10 equals dead plants. The 
plant stems and leaves were harvested at the 
end of the 28-day period and the fresh weight 
recorded. Plant samples were then dried at 
50° C. for 48 hr. and the dry weight recorded. 
A standard injury curve for each herbicide 
was developed and the correlations between 
injury ratings and plant weights determined. 

Cucumbers germinated and emerged in all 
concentrations of all herbicides. Abnormal 
growth characteristics were not the same for 
all herbicides. Dicamba, picloram, and fenac 
caused the same general malformations to 
cucumber leaves. Pinched leaf margins, leaf 
rolling, and dark green venation were the 
most common reactions, and they increased 

in amount and severity as the herbicide con- 
centration increased. Fenac generally caused 
a shortening of the plant stem and leaf petioles, 
but dicamba and picloram caused an elongation. 
Bromacil caused some leaf rolling and stem 
elongation to cucumbers, but the most evident 
reaction was plant chlorosis and eventual death. 

Diuron  and prometone  did not cause sig- 
nificant leaf abnormalities. The typical reac- 
tion of cucumber to diuron was plant stunting, 
chlorosis,    and   eventual   death.   Prometone 
usually caused a mottled appearance on the 
leaves before chloroei? appeared. The severity 
of stunting and chlorosis, and the rapidity of 
death increased as the herbicide concentration 
increased.   Bromacil, prometone, and diuron 
at 2.187 p.p.m. caused cucumber seedlings to 
die within 6 to 8 days after emergence. 

The standard curves for injury rating of 
cucumbers resulting from bromacil, dicamba, 
diuron, fenac, picloram, and prometone are 
jhown in figure 6.2. It was assumed that the 
sand was an inert substrate with no adsorption 
of herbicide onto clay particles. All herbicides 
could be detected at concentrations of 0.009 
p.p.m. or less, 28 days after planting. All 
herbicides at 2.187 p.p.m, caused the cu- 
cumbers to die. Cucumbers were sensitive to 
all the herbicides used in this study, but the 
sensitivity varied among herbicides. Cucum- 
bers were extremely sensitive to bromacil and 
dicamba. Intermediate in sensitivity to diuron, 
prometone, and picloram, and least sensitive 
to fenac. 

Correlation coefficients for injury rating 
versus fresh weight and for fresh weight 
versus dry weight were significant at the 
1 -percent level of probability for all herbicides. 
The data for picloram are given In table 6,2. 
Even though the correlation between injury 
rating and fresh weight was statistically sig- 
nificant, the fresh weight of cucumber plants 
could not be used to detect small amounts of 
herbicide. Visual observations could easily 
detect herbicide concentrations that caused 
growth abnormalities to cucumber leaves, but 
did not influence fresh or dry weight. 

The cucumber bioassay was used to de- 
termine levels of herbicide residue in soils 
for subsequent studies that were made on a 
number of different soil types in Puerto Rico. 
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Figure 6,2,—Standard curves for known concentrations of several herbicides using cucumbers as the test plant. 
Injury ratings are based on a scale of 0 to 10; where 0 = no effect and 10 = dead plants. 

TABLE 6.2. — Injury ratings and fresh and dry weights of cucumbers grown 
for 28 days in sand containing known concentrutionfi of picloram 

lie lorani Injury 
rating^ 

Fresh Dry 
concentration weight weight 

P. 

0 

t-, a. ------- -Gruj 

23.7 0 1.7 
.001 0 25..; i. a 
.003 2 20.9 1.7 
.009 5 21.0 1.5 
.027 7 14.6 0.9 
.081 ■' 3.3 
.2^3 iU l.d, l .3 
.729 Ifl 0 0 

2.187 10 0 0 

1 Scale of 0 to 10 where 0 = no injury and 10 ■ dead plant. 
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Laboratory Studies 

Picloram is an effective herbicide used to 
control many species of woody plants. It has 
also shown promise for controlling small in- 
festations of deep-rooted perennial weeds in 
croplands. Because picloram is highly phy- 
totoxic to many plant species, knowledge of its 
persistence in soil was needed. 

Bioassay studies by Goring, Youngson, and 
Hamaker (3) indicated that the half-life of 
picloram in soils varies considerably and that 
losses range from 58 to 96 percent after 1 
yr. Similar studies indicated that picloram 
was dissipated faster at low rates than at high 
rates in three Ohio soils (4). After 15 mo., 
residues were greatest in the heavy-textured 
soil with the highest organic content. 

The information to be presented here con- 
cerns the effect of soil type, temperature, 
moisture, and light on the persistence and 
movement of picloram in soils (7). 

For the persistence studies Houston clay, 
Axtell sandy loam, and a commercial grade of 
sand were dried, and 1 kg. of each placed 
in a cylinder capped with a sieve. Excess 
water was added and afte1- 6 hr., the water 
was allowed to drain through the sieve. When 
drainage ceased, the soils were reweighedand 
the increased weight was used as the measure 
of the water required to bring the soils to field 
capacity. Picloram was applied as the po- 
tassium salt at rates of 0.25 and 1.00 p.p.m., 
or approximately 1/2 and 2 lb. per acre, 
respectively. After mixing, four replications of 
each soil were placed in plastic bags and water 
added to bring the soils to field capacity, or 
to 0.1 field capacity. Soils at both moisture 
levels were kept in small growth chambers 
at 40, 20O, or 380 c. Soils maintained at 
38° were weighed and watered twice weekly, 
weekly at 20°, and biweekly at 4° C. Samples 
were taken for residue determination 1, 3, 6, 
and 12 mo. after application of the herbicide. 
Each sample consisted of a 20-g. core taken 
through the depth of the soil. 

For the movement studies, six plastic pipes, 
8 cm. in diameter and 64 cm. long, were 
capped with screen wire and filled with each of 
the above soil types. The soil was moistened 
to facilitate packing and then allowed to dry 
for 2 wk. Three replications of each soil type 
were  moistened to field capacity, while the 

other three remained dry. One mg. of the 
potassium salt of picloram was applied uni- 
formly to the soil surface with a small mist 
atomizer. Vater, equivalent to 1 in. of rain, 
was dripped onto the soil over a period of 1 
hr. Samples were taken at various depths, 
1, 4, and 24 hr. after watering was completed. 
The 0 to 2.5 and 2.5 to 7.5 cm. depths were 
taken from vertical cores while samples from 
greater depths were taken from horizontal 
cores made through slits in the plastic pipes. 

For the photo decomposition studies, 1 mg. 
of picloram was spread evenly over the surface 
of an 8 cm. petrl dish or on soil placed within 
the petri dish. Four replications of each 
treatment were exposed to sunlight, ultraviolet 
light, and darkness. The source of ultraviolet 
light was a mineralight. Model R-51 lamp, 
which provided approximately 155//w. of short- 
wave ultraviolet radiation per centimeter. 
The picloram content was determined after 
48 and 168 hr. exposure to the various light 
conditions. 

The method of extraction of picloram resi- 
dues from the soil and its analysis by gas 
chromatography were described previously in 
this chapter. 

A detectable residue of picloram was present 
after 1 yr. at all temperature and moisture 
levels in all soils, even at the l/2-lb.-per- 
acre rate (table 6.3). As a check on the 
Chromatographie procedure, black valentine 
beans were planted In the soil not required 
for Chromatographie analysis. These tests 
also indicated the presence of picloram in all 
soils. 

Although present in all soils, picloram con- 
centrations were reduced to approximately 25 
and 15 percent, respectively, of the amount 
originally applied at the 1/2- and 2-lb.-per- 
acre rates. Picloram was more persistent 
after 1 yr. at 4° C. than at higher tempera- 
tures. Picloram was also more persistent In 
clay or sandy loam than in sand. 

More frequent waterings were required to 
maintain the desired moisture levels at the 
higher temperatures. Picloram leaches more 
readily from sand than from other soils, so 
it was possible that picloram was not being 
degraded faster, but was being leached to the 
bottom   of   the   plastic   bag.   To Investigate 
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TABLE 6.3—The efTects of temperature,  moisture,  and soil type on  the perslstenoe of pioloram applied at rates of 
0.25 and 1.0 (ig.  per g.  of soil 

Temperature Moisture1 

Time after treatment at two rates 

Soil type 1 mo. 3 10. i, mo. 1 irr. 

0.25 1.00 0.25 1.0C 0.25 1.00 0.25 1.00 

°C.    (££ . per g. 

Houston Clay * 1.0 
0.1 

0.14 
.18 

0.54 
.82 

0.12 
.12 

0.42 
.27 

0.08 
.08 

0.26 
.28 

0.08 
.10 

0.20 
.22 

?/■• 
0.1 

.18 

.22 
.42 
.82 

.14 

.14 
..... .09 

.03 
.30 .03 

.05 .20 

a 1.0 
0.1 

.16 

.14 
.33 
.90 

.03 

.08 
.44 
.44 

.03 
,0J 

.12 

.26 
.03 
.01 .3* 

Axtell Sandy Loam i. 1.0 
0.1 

.1C 

.12 
.42 
.93 

.10 .36 .09 
.14 

.32 

.44 
.12 
.11 

.24 

.24 

20 1.0 
■ .1 

.13 

.16 
.45 
.52 

.10 

.16 
.31 
.43 

.03 

.12 
.33 
.40 

. ■ V. 

.08 
.10 
.14 

38 1.0 
0.1 

.10 

.10 
.52 
.54 

.MS 

.14 
.40 
.41 

.OH 

.08 
.32 
.42 

.05 

.06 'I 
Sand t. 1.0 

0.1 
.12 
.21 

.44 

.54 
.07 
.10 

.14 

.36 
.06 .15 

.24 
.08 
.12 

.11 

.15 

20 1.0 
0.1 

.12 

.11 
.38 
.46 

.06 

.03 
.19 .04 

.04 
.17 .03 

.06 
.08 
.03 

38 1.0 
0.1 

.10 

.12 
.38 
.36 

.03 

.10 
-- 

.34 
.0'. .09 

.20 
.02 
.04 

.06 

.07 

1 Field capacity and 0.1 field capacity. 

TABLE 6.4.--The effect of soil and moisture content on downward movement of picloram after surface application of 
1 in. of water in 1 hr. to soil at field capacity and air dry 

Soil depth (inches) and moisture content before watering1" 

Soil type 
Time 

interval 0 to 1 1 bo 3 3 to 6 6 to 12 12 to 24 

FC AD FC AD FC AD FC AD FC AD 

Hours | : " " 1^6 • P -B.* " 

Sand 1 0.06 0.18 0.06 0.19 0.04 0.16 0.12 0.14 0.12 0.14 
4 .09 .10 .06 .11 .07 .09 .10 .09 .19 .09 
24 .06 .05 .07 .04 .03 .04 .05 .06 .13 .12 

Clay 1 .66 .95 .64 .82 .28 ;|) .06 (:) (2) ;i' 
4 .47 .97 .58 .63 .38 •) .08 » {2) (2) 
24 .61 .93 .55 .65 .40 {*) .07 (2) (2) (2) 

Sandy Loam 1 1.08 1.37 .81 .89 .46 .11 {2) (2) (2) (2) 
4 -- .93 — .87 — .31 — .05 .- .04 
24 .81 .92 .52 .68 .29 .14 .14 .06 .03 -- 

1 FC = Field capacity, AD = Air dry. 
2 None detectable. 

this possibility, each plastic bag was rinsed 
with 0,1 N sodium hydroxide after completion 
of the experiment. These rinsings contained 
the herbicide so we concluded that picloram 
is quite stable in soil and that leaching is 
an important means of dissipation. 

The effect of soil type and moisture content 
on downward movement of picloram following 

a   simulated rain of 
in table 6.4, After 1 
moved the picloram 
sand   at   both   field 
capacity.   After   24 
more   concentrated 
Picloram moved to a 
at 0.1  field capacity 

1 in, in 1 hr, is shown 
hr., simulated rain had 
at least 12 to 24 in. in 
capacity and 0,1 field 
hr,, the herbicide was 
at the lower depths, 
depth of only 2-1/2 in, 
and 6 to 12 in. at field 
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capacity in Houston clay. Movement in Axtel 
sandy loam was 6 to 12 in. at0.1 field capacity 
and 12 to 24 in. at field capacity. As a check 
on the reliability of the column technique, 
four 5- by 5-ft. field plots of clay soil were 
treated with 1 lb, per acre of picloram. Water, 
equivalent to 1 in. of rain, was applied in an 
hour, using a hand sprayer from which the 
nozzles had been removed but the screens left 
in place. After 24 hours, the picloram content 
was 0.95, 0.78, and 0,04 p.p.m. at 0 to I, 
1 to 3, and 3 to6 in., respectively. No picloram 
was detected below the 6-in, depth. This is in 
agreement with the movement demonstrated in 
the clay columns. 

Herbicides are often subjected to long 
periods of sunlight before being leached into 
the soil. Sunlight and ultraviolet light applied 
artificially are known to deactivate some 
herbicides. Picloram was deactivated more 
by ultraviolet light than by sunlight. However, 
the ultraviolet source was continuous over the 

entire test period. Chromatographie analyses 
indicated that 60 percent of 1 mg. of picloram 
applied to petri dishes was degraded by ultra- 
violet llgiit after 48 hr., whereas 35 percent 
was degraded by sunlight. After 1 wk.'s ex- 
posure, more than 90 percent was degraded by 
ultraviolet light and 65 percent by sunlight. 
Degradation from the soil surface was con- 
siderably slower. In soil, only 15 percent of 
the picloram was degraded by a week's sunlight. 
These studies were conducted In November 
so degradation by sunlight was probably near 
its minimum. To insure that picloram was 
being degraded by light, rather than volatilized, 
4 petri dishes containing 1 mg, of picloram 
were stored in a forced-air oven at 55° C, for 
a week. Less than 5 percent of the picloram 
was lost under these conditions. Since the 
temperature under the ultraviolet lamp was 
only 26° C, the loss of picloram Is apparently 
due to photo decomposition rather than volatili- 
zation. 

Field Studies 

Puerto Rico 

The persistence and movement in soil o* 
bromacll, dlcamba, diuron, fenac, picloram, 
and prometone were studied In three soil 
types in Puerto Rico. The herbicides were 
applied at rates of 3, 9, and 27 lb, per acre 
on three replications in a randomized block 
design (2), The herbicides were applied with a 
cyclone seeder as granules, pellets, wettable 
powders, or liquids adsorbed on vermiculite. 
Vermiculite was used as a carrier to provide 
additional bulk for all treatments. 

The soil type at the research site in the 
Guanica Commonwealth Forest Is Jacana clay. 
It Is an aluvlal soil normally less than 36 in. 
deep with very low permeability. Annual rain- 
fall at the Guanica site Is estimated at ap- 
proximately 30 In. and occurs largely from 
July to October. The recorded annual rainfall 
at the site for 1964 and 1965 wa* 27.88 and 
25.00 In., respectively. The soil type at the 
research site In the Marlcao Commonwealth 
Forest Is NIpe clay, an excessively per- 
meable,  well-drained,  lateritic soil derived 

from serpentine. Rainfall Is distributed 
throughout the year, but December to May is 
the driest period. The recorded annual rainfall 
at the site for 1964 and 1965 was 84.64 and 
109.88 in,, respectively. The soil type at the 
research site In Luqulllo National Forest is 
Los Guineos clay loam, a plastic clay with 
poor internal drainage. The annual rainfall is 
estimated to be over 10C in. The highest 
rainfall normally occurs from July to October, 
but droughts are unknown. The recorded annual 
rainfall near the site was 85,78 and 126.12 In, 
for 1964 and 1965, respectively. 

The soils at the three research sites were 
sampled 3,6, and 12 mo. after treatment. Dupli- 
cate soil samples were collected at random 
from depths of 0 to 6, 6 to 12, 12 to 24, 24 to 
36, and 36 to 48 In, Each of the soil depths was 
analyzed separately. In some cases, the soil 
was not 48 in, deep, so samples were collected 
to the maximum depth possible. The samples 
were placed directly in the 1-qt, styrenecups, 
then sealed, and transferred to the greenhouse 
where a bioassay was conducted. Thebioassay 
was described previously In this chapter. 
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Three months after application all the herbi- 
cides had moved downward in the soil to the 
36- to 48-in, depth. The bioassay data indicated 
that persistence of the herbicides in the soil 
1 yr, after treatment was in the order; 
fenac>prometone>picloram>diuron>broma- 
cil>dicamba. 

The persistence of the herbicides was gen- 
erally greatest in the driest area (Guanica), 
and least in the wettest area (Luquillo) 
(fig. 6.3). 

PICLORAM  RESIDUE 12 MONTHS 

GUANICA 

MARICAO 
LUOUIUO 

0005 

0001 
0-6 6-12 1724 24 S6 

SOIL DEPTH (INCHES) 

Figure 6,3,~Picloram residue at various depths in three 
forest areas of Puerto Rico 12 mo. after application. 

One year after application, the residue of 
picloram in plots treated with 27 lb, per acre 
remained at relatively high concentrations at 
all test sites. The presence of picloram in plots 
treated at 9 lb. per acre could be easily 
detected 1 yr. after treatment, but the concen- 
trations were about 10 times lower. 

Texas 

Picloram residues were also studied in two 
soil types in Texas. Field sites were selected 
in the Gulf Coast Prairie near Victoria and 
in the Post Oak Savannah near College Station. 
The soil at the Victoria site is a Katy gravelly 
sandy loam with a variable quantity of gravel 
in the lower profile. The average profile con- 
sists of a light brownish gray, gravelly sandy 
loam surface layer about 20 in. thick, having a 
pH of 5.5 and a gravel content of 10 to 30 
percent. The subsoil, or B horizon, is gray 
sandy clay with yellowish brown and red 
mottles centered around small iron concre- 
tions. It has a moderate to coarse blocky 
structure and a pH from 5.0 to 6.0. The 
amount of sand increases with depth and a few 
calcium carbonate concretions occur at 54 to 
60 in. in many places. 

The soil at the College Station site is an 
Axtell fine sandy loam, shallow variant. The 
A horizon is a gray fine sandy loam to a depth 
of 5 to 10 In. The dark heavy clay of the B 
horizon causes a perched water table in rainy 
seasons, but the stratified C horizon gives 
excessive sub-drainage. Consequently, the soil 
has characteristics of both a wet and dry soil. 

Picloram was rpplied at rates of 2 and 8 lb. 
per acre. The picloram was diluted with water 
and applied in a volume of 10 gal. per acre 
with a contourmatic boom sprayer positioned 
15 ft. above the brush vegetation. 

Soil samples were taken immediately, 1 day, 
and 2, 6, 12, 26, and 52 wk. after treatment. 
Samples taken immediately and 1 day after 
treatment were obtained from the surface 2 in. 
of soil. Samples were taken from four locations 
within a plot and mixed to form a composite 
sample. Two weeks after treatment, samples 
were taken from the soil surface and at the 
5- to 7-in. depth. Later samples were taken 
at the surface, 5 to 7, 11 to 13, and 23 to 25 
in. Care was taken to prevent contamination 
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TABLE 6.5.--Picloram residues  in txo Texas soils 

Soil type Rate Soil depth1 
Residues at specified times after treatment 

Immedi- 
ately 1 day wk. 6 wk. 12 wk. 2C wk. 52 wk. 

Axtell fine sandy loam 

Katy gravelly sandy loam 

Lb. per acre 

0 

In. 

1,6,12,2«; 0 0 0 

P.p.m.  - 

0 0 0 0 

2 1 1.00 0.89 0.06 0 0 0 0 
6 -- -- 0.13 0 0 0 0 

12,24 -- — — 0 0 0 (1 

B 1 2.02 1.54 0.16 0.06 0 0 0 
6 — -- 0.72 0.33 0 OS 0.05 0 

12 -- -- -- 0.18 0 16 0.06 0 
24 -- " -- 0.16 0 07 0.05 0 

0 1,6,12,24 0 0 0 0 Ü 0 0 

2 1 0.22 0.39 0.08 0.08 0 0 0 
6 -- -- 0.05 0 0 0 0 

12,24 — — — 0 0 0 0 

8 1 1.J8 1.30 0.25 0.24 0. a 0.05 0 
b .. -- 0.06 0.05 0. 12 0.07 0 

12 -- .- -- 0.06 0 06 0.11 0 
24 -- -- .- 0.05 0. 05 0.05 0 

1 Plus or minus 1 In. 

and mixing of soil samples. The soil samples 
were placed in airtight plastic bags, im- 
mediately frozen, and stored until analyses 
were made by gas chromatography. 

The residue data are shown in table 6.5. 
The picloram was applied in an aqueous 
solution from 15 ft. above the brush, so much 
of it was intercepted before reaching the soil. 
Assuming an acre furrow-slice weight of 2 
million lb., and a sampling depth of 2 in., 
data taken immediately after spraying indicate 
that approximately 25 percent of the picloram 
reached the soil surface at the College Station 
site, but only 10 percent reached the soil 
surface at the Victoria site. Variation of brush 
density is the most plausible explanation for 
the higher picloram content at College Station. 
The Victoria site was virtually covered with 
live oak while the mixed brush at College 
Station was quite scattered. 

The initial concentration of picloram was 
greater at the College? Station site, but its 
persistence in the surface soil was greater at 
the Victoria site. At College Station, no de- 
tectable residue was present in the surface 
soil after 12 wk. even at the 8-lb.-per-acre 
rate, and within 2 wk., most of the picloram 
had moved to a depth of 6 In. At Victoria, the 
concentration of picloram at 6 in. did not 
exceed that at the surface until the twelfth 
week,   and  a  detectable amount remained at 

the surface after 26 wk. at the 8-lb.-per-acre 
rate. Rainfall was apparently the principle 
factor regulating the movement of picloram. 
There were 8.8 in. of rain within 26 wk. after 
treatment at the Victoria site and 15.9 in. of 
rain during the same period at the College 
Station site. 

No detactable residue was present after 1 yr. 
at either location at any rate or depth. To 
insure that any within-plot variation would be 
detected, 25 samples from an 8-lb.-per-acre 
plot at College Station were analyzed indi- 
vidually. None of the samples had a detectable 
residue of picloram. As a further check, black 
valentine beans were planted in the soil not 
required for Chromatographie analysis. The 
beans developed normally in all plots. 

Puerto Rico and Texas 

A final study on picloram residues in soils 
of Puerto Rico and Texas was conducted at 
equivalent rates of picloram application. Rates 
of 1, 3, and 9 lb. per acre were applied to 
three soils in Puerto Rico and two soils in 
Texas. 

The soils in Puerto Rico were Nlpe clay, 
Fraternidad clay, and Catano sand. Nlpe clay 
is a well-drained, highly permeable soil with 
low  natural  fertility  and  is  found  in areas 
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that have more than 70 in, of annual rainfall. 
Fratemldad clay is a calcareous, poorly 
drained soil with medium fertility that is 
usually found in areas having less than 40 
inches of annual rainfall. Catano sand is an 
alkaline sand located on the coastline, a few 
feet above sea level. 

The two soils in Texas were a heavy clay 
and a sand. 

Soil samples in Puerto Rico were collected 
2, 6, 13, and 26 wk. after treatment at depths 
of 0 to 6, 6 to 12, 21 to 27, 33 to 39, and 45 to 
51 in. The samples were placed in 1-qt. styrene 
cups and transferred to the greenhouse for 
bioassay with cucumber plants. Subsamples 
were collected 3 and 6 mo. after treatment 
on plots that had been treated with 3 lb. per 
acre of picloram for analysis of residue levels 
by gas chromatography so that the Chroma- 
tographie and biossay techniques could be 
compared. The samples for Chromatographie 
analysis were frozen and then extracted and 
analyzed in accordance with procedures de- 
scribed previously. 

Soil samples in Texas were collected from 
the surface 2 in. immediately after treatment 
and also 6, 13, 26, and 39 wk. after treatment. 
Soil samples were taken at depths of 0 to 6, 
6 to 12, 12 to 24, 24 to 36, and 36 to 48 in. 
The soils were analyzed for picloram residues 
by gas chromatography. 

Picloram at the lower two rates disap- 
peared quite rapidly from the sandy soil in 
Texas (table 6.6). Picloram was detected to a 
depth of 24 to 36 in. 13 wk. after treatment, 
and to a depth of 36 to 48 in. 26 wk. after 
treatment for the 3-lb. rate. The residue 
levels were considerably higher for the 9-lb. 
rate, and when the last observation was made, 
picloram was distributed from 6 to 48 in. 
with the greatest amount being found in the 
36- to 48-in.level. 

Picloram was much less mobile in the clay 
soil of Texas. Thirty-nine weeks after treat- 
ment, the greatest residue level was found in 
the surface 0 to 6 in. of soil that had been 
treated with 9 lb. per acre of picloram. Small 
amounts of picloram had moved down to the 
36- to 48-in. level, however. 

The results in Puerto Rico pa railed those 
in Texas. Six mo. after treatment, the highest 
concentration of picloram was found in the 
Fratemidad clay, followed by the Nipe clay, 
which is well-drained, and then the Catano 
sand. The residual concentration of picloram 
remaining in the soil 6 mo. after applying 9 
lb. per acre of picloram ranged from 0.1 to 
0.7 p.p.m. in the Fratemidad clay, 0.05 to 
0.3 p.p.m. in the Nipe clay, and 0 to 0.001 in 
the Catano sand. 

Most of the research on the movement and 
persistence of herbicides in soil was done with 

TABLE 6.6.--Picloram residues In two Texas soils after application of 1, 3, and 9 lb. per acre 

Sample 
depth1 

Picloram Ir two soils at spe ;lfled wee ks after treatment2 

Picloram 
rate 

Clay Sand 

0 6 13 26 39 0 6 13 26 39 

Lb.  per acre In. -  -    Pi t-d -:—L 

1 0-6 
6-12 

12-24 
24-36 
36-48 

2.29 
0 
0 
0 
0 

0.15 
0 
0 
0 
0 

0.02 
0 
(J 

0 
t) 

0 
0 
0 
0 
0 

1.45 0.03 
0.01 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

3 0-6 
6-12 

12-24 
24-36 
36-48 

6.34 0.11 
0 
0 
0 
0 

0.67 
0 
0 
0 
0 

0.15 
0.04 
0 
0 
0 

0.03 
0.01 
0 
0 
0.01 

5.26 0.11 
0 
0 
0 
0 

0 
0.04 
0.07 
0.06 
0 

0.02 
0 
0.05 
0.08 
0.01 

0 
0 
0 
0.01 
0 

9 0-6 
6-12 

12-24 
24-36 
36-48 

20.15 4.09 
0.05 
0 
0 
0 

0.33 
0.13 
0.05 
0.03 
0 

0.22 
0.21 
0.08 
0.01 
0 

0.16 
0.06 
0.02 
0.01 
0.01 

20.37 0.19 
0.01 
0 
li 

0 

0.07 
0.12 
0.23 
0 
0 

0.03 
0.01 
0.05 
0.06 
0.06 

0 
0.08 
0.05 
0.13 
0.22 

The sanyle taken immtilately after trratment was only the surface 2 In. of soil. 
0 time wan immediately after treatment. 
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picloram. This was done advisedly, because it 
is known that the phenoxy herbicides are 
degraded rapidly in soils. Picloram is one of 
the best herbicides for defoliation and control 
of woody species, so its persistence and 
movement was of great Importance. The re- 
search that has been conducted in Texas and 
Puerto Rico indicates that picloram is leached 
through the soil profile rapidly in sand, but 
more slowly in a heavy clay soil. Picloram 
is degraded rapidly by ultraviolet light. Thus, 
applications to the soil surface that are 
not followed by rain to leach the herbicide 
into the soil, will lose much of their ef- 
fectiveness because of photo decomposi- 
tion. 

The data indicate that picloram will remain 
in the soil for relatively long periods of 
time. The rate of its disappearance from 
surface soils depends on the soil type and the 
amount of rainfall. There is little doubt that 
picloram applied at high rates to clay soils in 
areas having low rainfall would persist in 
phytotoxic quantities for long periods of time. 
We have evidence, however, (chapter 5) that 
revegetation occurred in the rain forest of 
Puerto Rico within 1 yr, after treatment with 
27 lb. per acre of picloram. Picloram was still 
present in the lower levels of the soil profile, 
but had been sufficiently dissipated in the upper 
layers, where plant roots were actively absorb- 
ing, so that it was no longer phytotoxic. 
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CHAPTER 7 

EVALUATION OF HERBICIDES APPLIED TO FOLIAGE 

The research reported in this chapter in- 
volves an evaluation of herbicides on a wide 
range of woody species in Texas and Puerto 
Rico. All of the treatments were applied to 
the foliage with several types of equip- 
ment. 

Treatments in Texas were made at five 
locations (fig. 3.4) on a variety of woody 
species. The species were selected because 
previous work had shown them to be relatively 
resistant to phenoxy herbicides. In addition, 
they represented many plant families and 
genera so that a broad array of taxonomic 
entities was involved. 

Reseaich sites in Texas were located at 
Llano, Refuglo, Victoria, Carlos, and Liv- 
ingston. A description of the vegetation at each 
of the sites is given in chapter 3. 

The treatments in Texas were applied with 
a contourmatic boom sprayer mounted on a 
3/4-ton truck. The boom has three sections, 
each of which can be positioned hydraulically 
from controls on the truck. Research sites 
where the contourmatic boom sprayer was 
used were selected on the basis of brush 
density and growth low enough to permit 
treatment. Truck mobility on the research 
sites was aided by bulldozing lanes through 
the brush. Plots were then established on each 
side of the lanes. A plot width of 22 ft. was 
used for all treatments because that width 
could be effectively treated with the two end 
sections of the boom. Length of the plot was 
limited only by the total area available at 
each research site. Most of the plots were 
95 ft. long, but some were as much as 200 
ft. long. The contourmatic boom sprayer is 
shown in operation at one of the sites in figure 
7.1. 

Treatments in Puerto Rico were made in the 
Moist Coastal and Lower Cordillera Forests 
near Mayaguez (fig. 3.1). Most of the applica- 
tions to guava were made with a portable 
compressed-air sprayer. For those treat- 
ments, volume per unit area could not be 
closely determined so the herbicidal rate was 
expressed in terms of pounds of herbicide 
per 100 gal. of spray solution. 

Some of the treatments on guava and camasey, 
and all reatments on mango and pomarrosa 
were m id* With the telescoping pole sprayer 
described in chapter 11. Those treatments 
were applied at a rate and volume expressed 
in terms of pounds and gallons, respectively, 
per acre. 

Research on vertical obscuration (chapter 10) 
showed that visibility of the ground from the 
air was not increased appreciably when the 
percentage of defoliation was less than 50 per- 
cent. That work was done in a Tropical Rain 
Forest having an upper canopy about 70 ft. 
above the ground. The effect of defoliation on 
vertical obscuration might be considerably 
different for a forest of shorter stature. 
However, in this chapter, acceptable per- 
centages of defoliation will be based on levels 
of defoliation that are necessary in a tall 
forest, regardless of the stature of woody 
species that were actually treated. 

For convenience of discussion, defoliation 
of 50 percent 1 or 2 wk. after treatment will 
be the minimum acceptable level. One year 
after treatment the minimum acceptable level 
of defoliation will be 70 percent. A lower 
percentage of defoliation at that time would 
mean that retreatment would soon be required 
to maintain a high level of vertical obscura- 
tion. 
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Figure 7.1.~The truck-mounted, contourmatic boom sprayer used for herbicidal treatments to the foliage in Texas. 

Treatments in Texas 

vVhitebrush 

Whitebrush occurs on about 6 million acres 
In the Edwards Plateau and the South Plains 
of Texas. It Is commonly associated with other 
woody species, such as mesqulte, Texas per- 
simmon, tasajillo, and several species of oak 
and pricklypear cactus. Whitebrush, a member 
of the Verbenaceae, was chosen as one of the 
test species because it is relatively resistant 
co 2,4-D and 2,4,5-T. It sprouts readily from 
stems and the basal crown after treatment. 

Whitebrush reaches a height of about 6 to 8 
ft. and produces an enlarged basal crown just 
below the soil surface. In the Edwards Plateau 
whitebrush begins leafing out in early April, 
attains full leaf and flower the first 2 wk. in 
May, and then produces seed and drops its 
leaves during the hot, dry period of July and 

August. The phonologic cycle is repeated in the 
fall with full flowering and leax production 
usually occurring during the first week of 
October. 

McCully (8) recommended 1.25 lb. per acre 
of an amine of MC PA in 1 gal. of diesel oil 
and enough water to make 8 gal. of solution 
per acre for the control of whitebrush. He 
defined the optimum period of susceptibility 
as occurring when leaves had reached full 
size and the plants were in full flower. The 
most consist». resulcs were obtained from 
fall treatments. 

The test site for the research on whitebrush 
was located in the Edwards Plateau near Llano, 
Tex. The research was directed primarily 
toward an evaluation of many different herbi- 
cides for their effectiveness in defoliating and 
killing whitebrush, and secondarily toward a 
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closer definition of the period of maximum 
susceptibility. 

Test No. 1.—Fourteen herbicides at various 
rates were applied to whitebrush on July 30, 
1963. A volume of 10 gal. per acre was applied 
on two plots for each treatment. 

The time of treatment fell within the period 
when whitebrush normally drops its leaves. 
No rain had fallen during rhe 3 wk. before 
treatment and none fell for 10 days afterward. 
The plants were in a semi-dormant state with 
only a few leaves present on most plants. 

Rapidity of defoliation could not be de- 
termined in this test because the plants had 
few leaves at the time of treatment. The first 
observation was made 8 wk. after treatment 
(table 7.1). The greatest herbicidal effect at 
this time was obtained from dicamba, 
2,3,6-TBA, the ester of MCPA, 2,4,5-T:di- 
camba, and the higher rates of 2,4-0:2,4,5-T. 
Short-term defoliation obtained with diquat, 
paraquat, isocil, bromacil, DEF, isocil:para- 
quat, and the lowest rates of 2,4-D;2,4,5-T 
and the amine of MCPA was not acceptable. 

Twenty-three weeks after treatment, the 
highest percentage of defoliation was obtained 
on plots treated with isocil and bromacil. The 
same was true 57 wk. after treatment, but 
isociltparp.quat and the highest rate of the 
ester of MCPA also proviaed acceptable de- 
foliation. The same relative results were still 
apparent 101 weeks after treatment. 

It is noteworthy that rapid defoliants such 
as diquat, paraquat, and DEF were particularly 
ineffective when treatments were made during 
the dormant season. 

Isocil and bromacil killed almost all of the 
grasses and broadleaved herbaceous weeds, 
but established plants of sideoats grama were 
not affected. Mesquite, Texas persimmon, and 
various species of cactus and oak were not 
affected by the isocil and bromacil treatments. 

Test No. 2.—Whitebrush was treated with 11 
herbicides on October 1, 1963. Various herbi- 
cidal rates were evaluated but volume was 
constant at 5 gal. per acre. Two plots were 
sprayed for each treatment. 

The leaves were full size and the plants in 
full flower at the time of spraying. About 1.3 
in. of rain had fallen from September 1 to 10, 
but the weather was then dry until October 24, 
when 0.6 in. of rain fell. Rains were good in 
November. 

TABLE 7.1.--The percentage defoliation of wh)„ebrush 
resulting from treatments with 1A herbicides on July 30, 
1963.  All treatments were applied In a volume of 10 gal. 
per acre with a tniok-mounted,  contourroatlc bocn sprayer 

Herbicide Rate 

Defox.   -Ion, weeks 
after treatment. 

23      57 LW 

Ub, 
per 
acre . . . -Perc ent - .  .  - 

Dlcanba 4 
8 

12 

60 
ao 
ao 

20 
20 
SO 

1 

5S 

0 
7 

Diquat s 20 0 2 10 

Paraquat t to 0 J 10 

Paraquat :dlcamba (1:1) a 70 JO u 10 

2,3,6-TBA 
t 

i." 

70 
70 
HO 

..11 

IM 
,. 

5 

61 

0 

49 

MCPA,   amine 4 
1 

u 
20 
50 
(, j 

0 

so 

S 
41 
59 

13 
37 
10 

MCPA, ester 
8 

12 

GO 
80 
80 

20 
so 
70 

16 15 
47 

2,4,5-T,  ester 4 
s 

1? 

50 
SO 
70 

10 
ao 
?0 

5 
it 
9 

12 
10 
27 

2,'i,5-T:dloBiiiba 1:1) 8 ao M 33 M 

2,4-0:2,-;,5-T (1 1) 4 
a 

12 

30 
80 

10 
40 
40 

2 
2* 
13 

19 
26 
2J 

Isocil 2.5 
5 

10 

0 
0 
u 

70 
10 

4 
7S 
98 

IS 
n 

100 

Isocil:paraquat 4:5) 9 20 70 IS 78 

Bromacil 2.5 
5 

10 

0 
0 

20 

SO 
(0 

BO 

19 
93 
96 

U 
45 
96 

DO a 0 0 1J 10 

Untreated check 0 0 0 6 10 

The amine of MCPA and dicamba:diquat 
caused the highest percentage of defoliation 
1 wk. after treatment (table 7.2). The ester 
of MCPA and two rates of 2,4-D were also 
effective. Four weeks after treatment, defolia- 
tion was acceptable on most of the plots. 
Bromacil:diquat and 2,4,5-T:diquat were not 
effective treatments. Fifty-three wk. arter 
treatment, defoliation greater than 70 percent 
was obtained on plots treated with one or 
more rates of dicamba, the ester of MCPA, 
picloram,   2,4-D:picloram,   and  2,4-D. Only 
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TABL" 7.2.—The percentage defoliation of whltebrush 
resulting from treatments with 11 herbicides on      *.ober 
1,   1963.  All treatment!! were applied in a volume jt   5 
gal.  per acre with a truck-mounted,  controumatlo boc J 
sprayer 

Herbicide Rate 

Defoliation, weeks 
after treatment 

27 53 

U). 
per 
acre ----- -Percent 

Dicamba 

Dioamba:diquat {A:l) 
(2:1) 
(1:1) 

Diquat 

MCPA,  amine 

MCPA,  ester 

Pioloram 

2,<;-D:ploloram (4:1) 

2,A,5-T 

2,4,5-T:diquat (1:1) 

2,4-D 

Brc<iiacll:diquat (5:4) 

Untreated check 

1 40 
4 20 
8 40 

5 20 
6 70 
8 70 

1 50 
4 50 
8 30 

1 60 
4 70 
8 70 

1 50 
4 60 
8 50 

1 20 
2 10 
4 0 

1 40 
2 30 
4 40 

30 
50 
40 

30 

60 
50 

40 

30 

60 
50 
(0 

i. 

80 
70 

40 
50 
M 

'i> 

83 
70 

90 
90 

100 

70 
40 
30 

80 
60 
80 

70 
90 
90 

40 

80 
100 
100 

40 

M 

50 
M 

a 
65 
,-M 

20 
49 
83 

94 
S3 
52 

80 55 
80 65 
60        42 

90 
80 
90 

85 
80 
90 

55 
60 
90 

75 
85 
80 

35 

65 
90 
90 

.'0 

All 

76 
56 
74 

65 
97 
98 

74 
37 
82 

53 
65 
12 

49 
89 
80 

ft 

8 

H) 

K) 

m 

39 
63 
47 

5 3        10 
10 1        26 
35 3        19 

33 
44 
40 

55 
51 
71 

80 
75 
78 

37 
56 
62 

3. 
J! 
20 

11 

50 
u 
49 

53 

16 

picloram provided an acceptable level of de- 
foliation 83 wk. after treatment. 

On the basis of short term defoliation, 
several herbicides provided acceptable re- 
sults. The relatively low activity of diquat 
was disappointing, however. On the basis of 
long-term defoliation, picloram was unques- 
tionably the most effective herbicide. Even 
1 lb. of picloram provided more defoliation 
than 8 lb. of other herbicides. 

Test No. 3.—Twelve herbicides were applied 
to whitebrush on May 11, 1964. The herbicides 
were evaluated at various rates but always 
in    a   constant   volume   of   10   gallons   per 

acre. Two plots were treated for each 
treatment. 

Leaves were full size and the plants in full 
flower ar the time of treatment. Soil moisture 
was adequate for plant growth. About 4 in, of 
rain fell in April and about 1 in, on May 9. 
After treatment 2 in. of rain was recorded 
between May 18 and June 7. 

Acceptable defoliation I wk. after treatment 
was obtained with all herbicides except broma- 
cll and the lowest rate of 2,4,5-T, Six of 
the herbicides had caused 90 percent or more 
defoliation (table 7.3). Although not shown on 
the table, most of the plants that had been 
treated with paraquat lost most of their 
leaves from 2 to 4 days after treatment. Thus, 

TABLE 7.3 The percentage defoliation of whitebrush 
resulting from treatments with 12 herbicides on May 11, 
1964. All treatments were applied in a volume of 10 
gal. per acre with   i truck-mounted,  contourmatic boon 
sprayer 

Herbicide Hate 
Defoliation, weeks 

after treatment 

21 50       101 

U). 
per 
acre    - - - - -Percent 

Paraquat 

Dicamba:paraquat (1:1) 

MCPA, amine 

MCPA:paraqust (1:1) 

Picloram 

Ploloram:paraquat (1:2) 

Brcmacll 

2,4-D 

2,4,5-T 

2,4-0:2,4,5-T (1:1) 

2,4,5-T:paraquat (1:1) 

2,4-D:pioloram (4:1) 

Untreated check 

0.25 
0.50 
1 
4 
8 

1 
4 
t 

50 40 
82 65 
95 45 
90 30 
92 55 

92 95 

75 90 
92 100 
92 100 

8 
7 
3 
3 
7 

30 

37 
H', 

90 100  41 

72 95 
70 100 
82 100 

90 100 

15 45 

60 60 
55 100 
60 100 

30 90 
70 95 
75 100 

50 100 
50 100 

92 75 

80 100 

5 5 

Hi 

92 
97 

H 

62 

17 
47 
76 

■M 
n 
13 

66 
69 

5 

88 

4 

5 
'■ 

0 
1 

17 

29 
76 
79 

78 
87 
98 

88 

42 

.■' 

42 
56 

16 
> 

14 

,'!' 
42 

5 

85 

0 

JO 
29 
29 
n 
44 

3' 

4" 

86 

35 

t) 
83 
98 

10 

41 

51 
42 
47 

M 
44 
54 

64 
43 

43 

91 

33 

88 



paraquat was the most rapid defoliant. Plants 
treated with paraquat refoliated rapidly, how- 
ever, and 21 wk. after treatment virtually 
complete recovery had occurred. 

Maximum defoliation was recorded 4 wk. 
after treatment for all herbicides except 
bromacil. Thereafter, whitebrush refoliated 
gradually on most of the plots. Fifty weeks 
after treatment, and at the end of the experi- 
mental period, only those plots treated with 
picloram, picloram:paraquat, and 2,4-D:pic- 
loram still had an acceptable percentage of 
defoliation. As was the case in the previous 
test, the highest percentage of whitebrush 
defoliation was obtained with piclornm. In 
addition, picloram was also most toxic to 
Texas persimmon and to the various species 
of cactus present on the plots. 

There is some suggestion that the rapidity 
of defoliation caused by picloram and 2,4,5-T 
was increased somewhat by the addition of 
paraquat, but the effect, if any, was slight. 
Long term defoliation was not affected by 
the addition of paraquat to various herbi- 
cides. 

Test No. 4.—Nine herbicides were applied 
to whitebrush on October?, 1964. The principle 
purpose of the study was to evaluate different 
ratios of MCPA:picloram and the effects of 
DMSO and ammonium thiocyanate as additives 
to MC PA, The herbicides were applied at a 
constant volume of 10 gal. per acre. Two 
plots were treated for each treatment. 

There were few differences between treat- 
ments for both the short term and long term 
effects (table 7.4). None of the herbicides 
provided acceptable defoliation 1 week after 
treatment, but all did after 4 wk. All treat- 
ments except the 1:1 ratio of MCPA:2,4,5-T 
provided acceptable defoliation 75 wk, after 
treatment and defoliation was greater than 90 
percent on all except three treatments. 

The high percentage of defoliation for treat- 
ments in this experiment indicates that white- 
brush was sprayed at a time when it was 
highly susceptible. Leaves were full size, 
plants in full flower, and there was excellent 
soil moisture at the time of treatment. About 
9,7 in. of rain fell between September 3 and 
October 7. About 3,4 in. of rain was recorded 
during the 3 wk. after treatment. 

Test No. 5.—Founeen herbicides, mostly 
combinations, were applied to whitebrush on 

TABLE 7.4,--The percentage defoliation of whitebrush re- 
;;ulting from treatments with nine herbicides on October 
7,   19W, All treatments were  applied in a volume of 10 
gal.    per acre with a truck-mounted,  oontounnatlc boom 
sprayer 

Defoliation, 

Herbicide Rate 
weeks after treatment 

i 4 48 75 

tb. 
per 
acre - - - Percent - - - - 

MCPA 1 20 99 ts 91 
2 20 1O0 >■■ 93 
4 K 100 91 92 

MCPA:picloram (1:2) 1.5 23 99 98 98 
(1:2) 3 20 100 1 ' 1!   | 100 
(1:1) 1 20 97 92 c. 
(1:1) 2 2J IL1 

■>, ).. 
(1:1) 4 25 " i. 99 
(1:3) 4 ." u» 100 100 
(2:1) 1.5 ,'"' II 97 i,. 

(2:1) i 23 100 97 97 
(J:l) 4 10 97 i. " 
(4:1) 

!.'- 25 KM i'. 96 

Picloram 1 17 I00 99 99 
2 10 95 99 100 
i 10 70 100 loo 
I 10 '■ 100 100 

2><i-D;picloram (4:1) 2.5 30 " 97 95 

MCPA:aniiionium thiocyanate 
(1:.025) 1.025 IS in 90 93 
(ll.OS) 1.05 20 99 83 86 
(1:1) 1.1 15 100 82 92 
(1:2) 1.2 20 100 86 92 

MCPA:[)MS0 (2: .01) 2.01 15 99 93 94 

2,4-D 2 20 1)0 93 93 

2,4-0:2,4,5-1 '1:1) 4 15 98 (1 N 

MCPA:2,4,5-T (1:1) 1 10 51 | 63 
(2:1) 1.5 25 1 0 90 94 

Untreated check ) 0 10 35 Oi 

May 11, 1965. Various rates, as well as the 
effect of diesel oil in the spray solution, were 
evaluated. Two plots were sprayed for each 
treatr ent with a truck-mounted contourmatic 
boom sprayer in a volume of 10 gal, per acre. 

The leaves were full size and plants in full 
flower at the time of treatment. There had 
been only 1 in. of rain in the 2 mo. preceding 
treatment, but about 3.1 in. fell in the week 
after treatment. An additional 2.1 in. fell wuhin 
1 mo. after treatment. 

It was felt that adequate information haci 
been developed on the rapidity of defoliation 
from various herbicides, so the plots in this 
test were not rated until 21 wk. after treat- 
ment (table 7.5). Most of the treatments pro- 
vided a higher percentage of defoliation. Only 



TABLE 7.5.--The percentage of whitebruah defoliation re- 
sulting from treatments with 14 herbicides on May 11, 
1965. All treatments were applied in a volume of 10 
gal.    per acre with a truck-mounted,  contourmatic boom 
sprayer 

Herbicide Rute Diesel 
oil 

Defoliation, 
weeks after 
treatment 

.'. 49 

11. 
per 
acre Gal. - - -Percent - - - 

UCPA 1 
2 
1 
2 

0 
0 
1 
1 

K 
96 
93 
9S 

92 
'. 

94 
94 

MCPAiummonium 
thlooyunate (2:1) L.3 Q 94 94 

MCPA:dlcamta (1:1) 2 0 10 89 

MCPA^.'i.S-T (2:1) 
(4:1) 

1.5 
2.5 

1 
1 

K 
83 

91 

UCPA:plclorain (1:1) 2 0 96 94 

2,4-0:2,4,5-1 (.1:1) 8 1 87 93 

2,4,5-T 0.5 l 65 30 

2,4,5-1:1118110011111 
thiocyunate (1:1) 1 l 33 30 

Picloram 0.5 
1 
2 
2 
3 
4 
6 

0 
0 
0 
1 
0 
0 
0 

94 
98 
99 

100 
100 
100 
100 

90 
98 
97 

100 
99 

JOO 
100 

Picloram: paraquat (4:1) 5 0 100 100 

Picloram: dlcamba (1:1) 2 0 97 100 

Pic loram: ammonluni 
thiooyanate (2:1) 1.5 0 98 98 

Pic loram: 2,4,5-T (4:1) 2.5 1 100 100 

Pic loram: ami troxe (1:2) 3 0 96 98 

Untreated check 0 " 32 26 

those plots treated with 2,4,5-T and 2,4,5-T: 
ammonlum thiocyanate failed to provide ac- 
ceptable defoliation 49 wk. after treatment. 
The remaining treatments gave such uniformly 
high defoliation that differences between treat- 
ments are not readily apparent. This test 
and the preceding one suggest that differences 
between treatments could probably be more 
easily defined if the spraying were done 
during a less than optimum period of suscepti- 
bility. 

Test No. 6.—Five herbicides were applied 
at various ratci to whitebrush on October 11, 

1965, Two plots were treated for each treat- 
ment at a constant volume of 10 gal. per acre. 

Leaves were full size and plants in full flower 
at the time of treatment. Information is not 
available regarding the availability of soil 
moisture but the whitebrush was in the proper 
phenologic stage for optimum susceptibility. 

The results obtained from the herbicides 
were again remarkably uniform between treat- 
ments (table 7,6). All except one of the herbi- 
cidal treatments caused 90 percent or more 
defoliation. The herbicidal effect was good 
even from so low a rate as 0,5 lb. per acre of 
picloram. 

Test No, 7.—The last foliage treatment on 
whitebrush was applied on May 20, 1966, In this 
test, the herbicidal rates were the same as 
those used in experiments on mixed brush in 
the Piney Woods of Texas and in the Rain 
Forest of Puerto Rico, The objective of the 
experiment was to compare promising herbi- 
cides with orange. Ideally, the herbicides used 
in this test would have been applied in volumes 
of 1.5, 3, and 6 gal. per acre of undiluted 
herbicide, as was done for the aerial tests in 
Puerto Rico and at Livingston, Tex, However, 
it was not possible to apply such low volumes 
with the contourmatic boom sprayer. Conse- 
quently, all treatments were applied it 6 gal. 

TABLE 7.6,—The percentage defoliation of whitebrush 
resulting from treatments with five herbicides on 
October 11,  1965.  All treatments were applied In a 
volume of 10 gal. per acre with a truck-mounted, 
oontou, matio boom sprayer 

Herbicide Rate Diesel 
oil 

Defoliation 27 
weeks after 

treatment 

a. 
per 
acre Gal. Percent 

Picloram 0,5 0 93 
0 100 
0 100 
1 100 
0 100 
0 103 

MCPA,  amine 0 ■M 

1 A,. 

0 92 

MCPA,  ester 1 1 90 

Picloram:MCPA (1:1) 2 0 100 

Picloram:paraquat (1:1) 4 0 100 

Untreated check 0 -- 25 

90 



per acre. For the lower volumes, the herbi- 
cides were diluted with either diesel oil or 
water depending on their solubility character- 
istics. The herbicides were applied on two 
plots, at a time when leaves were full size 
and the plants in full flower. 

The most rapid defoliation was obtained 
with paraquat (table 7.7). Two days after 
treatment more than 90 percent of the leaves 
had been killed and an average of 25 percent 
of the leaves had fallen from the plant. No 
other herbicide caused such a rapid plant 
response. One week after treatment, all herbi- 
cides had provided an acceptable level of 
defoliation. At the end of the experimental 
period, only the 3 lb. rate of paraquat failed 
to provide more than 70 percent defoliation. 

The effects of the herbicides on the vegeta- 
tion associated with whitebrush was essentially 
the same as that repofted in earlier tests. 
Paraquat caused very rapid desiccation and 
defoliation of grasses, broadleaved forbs, and 
other woody plants. Orange, picloram, and 
M-2993 did not defoliate the associated vege- 
tation as rapidly as did paraquat, but defolia- 
tion lasted for a longer period of time. 
Picloram was the only herbicide that caused 
severe injury to cactas. 

Discussion of treatments on whitebrush.— 
The most rapid defoliation was consistently 
obtained with diquat and paraquat. The dif- 
ferences  between these two herbicides were 

not great, but when all of the tests are 
considered, paraquat appears- to be slightly 
more phytotoxic. Neither of the herbicides 
provUed long term defoliation. Recovery 
usually started 2 or 3 mo. after treatment, 
and, at the end of a year, the effects of these 
herbicides were negligible. 

Picloram was consistently the most effective 
herbicide for providing long term defoliation. 
Even a rate as low as 0.5 lb. per acre caused 
a high percentage of defoliation. In addition to 
its effect on whitebrush, picloram was phy- 
totoxic to a wider range of herbaceous and 
woody species than any other herbicide. This 
is particularly true of the cactus species, 
which were not severely Injured by any herbi- 
cide except picloram. 

MCPA was the most effective of thephenoxy 
herbicides. A somewhat lower percentage of 
defoliation was obtained with 2,4-D, and 2,4,5-T 
was the poorest of the phenoxy herbicides that 
were tested. Even though MCPA caused as 
much defoliation as picloram in many cases, 
it did not provide as much bud suppression. 
Consequently, there was always a greater 
amount of lateral and basal sprout growth on 
plants that had been treated with MCPA than 
on those that had been treated with picloram. 

Bromacil and isocil at 10 lb. per acre 
provided good control of whitebrush and a 
number of other woody species. Their control 
of grasses was outstanding. 

TABLE 7.7.--The percentage defoliation of whitebrush resulting from treatments with  four herbicides on May 20,  1966. 
All treatments w-'re applied in a volume of 6 gal.    per acre with a truck-mounted,  contourmatic boom sprayer 

Treatment Diluent Defoliation weeks after treatment1 

Herbicide Rate Volume Water Diesel oil 2 7 13 27 96 

Lb. per acrf.- Gal. per acre Gal. Gnl^ - Percent 

Orange I.' 1.5 
'■■' 

6.0 

0 
0 
0 

4.5 
3.0 
0 

85/10 
70/0 
75/10 

100/95 
95/90 
98/90 

ion 
IOC 
100 

li NI 
100 
l; K 

100 

Paraquat 1 
• ■ 

1.5 
3.0 
6.0 

A.5 
3.0 
0 

0 
V. 
0 

93/25 
93/20 
93/30 

95/90 
98/93 

100/83 

l,w 1 
i!,l 
101 

83 
95 

100 

60 
80 
98 

Picloram 3 
>■ 

12 

1.5 

6.0 

4.5 
s. 

0 

i) 
0 
0 

40/0 
50/5 
35/0 

80/65 
95/90 
93/85 

100 
U t 
100 

li 0 
100 
100 

I'll- 
I id 
too 

M-2993 7.5 
15 
m 

1.5 
3.0 

0 
0 
0 

4.5 
1.0 

0 

35/0 
45/0 
65/10 

93/85 
95/88 
98/85 

10 
100 
100 

100 
100 
too 

U30 
100 
L0Q 

Untreated check 0 - -- -- 10/10 15/15 10 25 30 

1 Where double figures are given,  that to the left of the diagonal line represents defoliation plus dead  leaves 
still on the plant;  that to the right of the diagonal line represents defoliation only. Single figures represent de- 
foliation with no dead leaves  remaining on the plants. 
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Combinations of herbicides were not more 
effective than the better herbicides used alone. 
This does not mean, however, that herbicidal 
combinations are not useful. When the degree 
of control from a herbicide approaches 100 
percent, little can be done to improve it. The 
utility of herbicidal combinations for the defo- 
liation and control of whitebrush would have to 
be demonstrated with much lower rates than 
were used in the tests discussed in this chapter. 

The time of application for the control of 
whitebrush is extremely important. For ex- 
ample, 1 lb. per acre of MCPA was an ef- 
fective treatment if applied at a time when 
the leaves were full size, plants were in full 
flower, and there was adequate soil moisture 
for plant growth. Much higher rates had to be 
used at other times of the year when whitebrush 
was less susceptible. 

The period of maximum susceptibility wt s 
much longer for plcloram than for MCPA. 
Some applications of plcloram in February and 
April were highly effective, butthebest results 
were always obtained from treatments made in 
May and October. The greater timespan during 
which whitebrush can be controlled with 
plcloram is highly important. The same prin- 
ciple has been observed on other woody species 
in Texas and in Puerto Rico. Treating with a 
herbicide that can be applied over a wider 
range of time reduces the probability of making 
applications during n period when the woody 
plants are not in a stage of high susceptibility. 

In summary, paraquat was the most effective 
herbicide for rapid defoliation of whitebrush. 
Plcloram was most effective for long term 
defoliation for three important reasons: (1) It 
caused the highest percentage of defoliation, 
(2) it was the most phytotoxic herbicide tested 
on the entire vegetational complex, and (3) the 
period of time during which plants are sus- 
ceptible was greater for plcloram than for any 
other herbicide. 

Huisache and Mesquite 
Huisache and mesquite are leguminous spe- 

cies widely distributed in the drier portions 
of subtropical and tropical America. They 
invade grassland areas rapidly and once es- 
tablished are difficult to control. Huisache 
and mesquite were chosen as test species 
because they represent a plant family that is 

widely distributed throughout the world. They 
are quite easily defoliated by phenoxy herbi- 
cides, but a high potential for lateral and 
basal sprouting make them difficult to kill. 

Huisache was the species of primary in- 
terest. An effective method of extensive con- 
trol had never been developed even though it 
Is an aggressive invader and serious com- 
petitor on southwestern rangelands. The only 
recommended control measure for huisache 
was basal treatment of individual plants with 
2,4,5-T in diesel oil (I). 

A great deal of information was already 
available on the ecology and control of mesquite 
^1» 1» 1> —> 12)' Mesquite normally occurs with 
huisache, so data on its response were obtained 
to provide a wider range of information. 

The test site for hulsache-mesqulte was 
located In the Gulf Prairie near Refuglo, 
Tex. The herbicides were diluted in water and 
applied at a volume of 10 gal. per acre. 
Treatments for all tests were applied on 
duplicate plots at various times from October 
1963 to June 1966. Ratings of the treated 
plots were made at frequent intervals after 
treatment to determine both the short term 
and long term effects of the herbicides. 

Test No. 1.—The first test on the defoliation 
of hulsache-mesqulte was applied October 3, 
1963. Nineteen herbicides and herbicidal com- 
binations were tested at various rates. 

Paraquat, diquat, and all herbicidal com- 
binations that Included paraquat or diquat gave 
excellent defoliation of both huisache and 
mesquite within 1 wk. after treatment 
(table 7.8). Effective defoliation 1 wk, after 
treatment was also found on plots that were 
treated with plcloram and dicamba. 

Differences in the response of huisache and 
mesquite to herbicides became apparent 1 or 
2 yr. after treatment. Huisache appeared tobe 
somewhat more susceptible to the herbicides 
tested than did mesquite. Fifty-two weeks 
after treatment, 11 herbicides at one or more 
rates had provided defoliation of 70 percent 
or more on huisache, but only 7 herbicides 
had done so on mesquite. However, 104 wk. 
post-treatment, defoliation of 70 percent or 
more was recorded for one or more rates of 
four herbicides on huisache and five herbi- 
cides on mesquite. 

Plcloram,  bromacll, isocil, and picloram; 
diquat   were   most   effective  for  long  term 
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TABLK 7,8.--The percentage defoliation of hulsache and mesquite resulting from treatments with 19 herbicides on 
October 3, 1963. All treatments were applied in a volume of 10 gal, per acre with a truck-mounted, contourmatic 
boom sprayer 

i—      ■ —■ 

Rate 

Defoliation,  weeks after treatment 

Herbicide Hulsache Mesquite 

1 i, 26 52 104 1 4 26 52 1CK 

Paraquat 

Lb.  per acre 

- 
S 

100 
100 
100 

li 
i JO 
100 

< ) 
7« 
Hi 

40 
3(1 
70 

- - Percent - 

100 
10       3 00 
30        100 

80 
ii: 

80 

.... 
53 
73 

85 
25 
90 

65 
... 

Diquat H UM ux i « LOO li« 100 101 8i (8 90 

Picloram 

4 

li ■ 

HO 
90 

l.H 
i 1 
In. 

L00 
»5 
'■ 

11 f : 
,- 

1 1 

20 

l 10 

6< 
50 

L00 

10 i 
10( 

90 
53 
78 

53 
75 

i 

23 

2/,5-T 4 
* 

i: 
10 
30 

H( 
I 

100 

7S 
•3 
•3 

SO 
«0 
3(1 

0 
23 
L3 

40 
K 

... 

li»! 
80 

LOG 

75 
53 
70 

•  1 
40 
Jo 

0 
JO 

10 

a,«.D 4 

12 

la 
61 
50 

70 
10 

100 
a 
Hi 

15 
25 
53 

0 
'. 
0 

)0 
50 
60 

70 
70 

100 

53 
10 

70 

L0 
20 
40 

0 
*) 
0 

Dicamba 

i.1 

80 

10 

10 
1 « 
Id: 100 

< 1 
70 
93 

61 
50 

60 
90 

>■ 

100 
if li 
100 

60 
85 
65 

.0 
80 60 

bromac i 1 
5 

10 

0 
0 
■1 

70 
80 
* 

23 
35 

SS 
«3 
... 

15 
25 

it C 

20 
(0 
20 

30 
40 
70 

8 
L5 
5 

0 

50 

15 
20 
O0 

Isocil ' 20 a i ..-. 93 93 JO K 63 15 

2,3,6-TBA L2 *0 100 95 60 10 80 • 60 50 0 

DKF B .' 40 0 .'■■ s 50 0 35 5 

Paraquat:dicamba (1:1) 8 100 100 « 60 20 i' i I ' 80 ... •K 

Paraquat:2,4,5-7 (1:1) = 100 1 c M 80 10 100 80 70 ',(1 80 

Paraquat;bromacil (4:5) 9 100 90 v, 93 -- 10( 90 23 so -- 
2)4,5-T:ammonium thiocyanate  (8:1) 4.5 ;ii "' 90 .V: 0 30 70 40 20 10 

2/,5-T:DKF (1:2 12 ,,! rt( .... 25 25 60 70 .,5 23 10 

2,4,5-T:dlcamba 1:1) •> H( <;' 80 23 8o UX ... 6C 40 

Picloram:diquat 1:8) • 100 WO 100 100 Id. i 80 100 95 98 95 

Picloram-^,«;,?-? (1:4) i 
.1 

71 
100 

75 
100 

50 15 
25 

a 
100 

..8 
40 

IS 
70 

25 
JO 

Picloram^^-D (1:4) -. 90 l ■ ' 73 40 6Q L00 70 55 40 

Untreated check 0 0 20 3 23 0 7 i) 0 JO 0 

defoliation of hulsache. Paraquat, diquat, 
paraquatrdlcamba, pa raqua t:2,4,5-T, and 
picloram :dlquat were most effective for the 
control of mesquite. The long term effects of 
paraquat and diquat were S'irprislng. DEF 
was the poorest herbicide tested on both 
species. 

Test No.  2.—The second test Involving the 
evaluation of herbicides  for the  defoliation 

of hulsache and mesquite was applied on 
April 13, 1964. Eight herbicides were selected 
that had been effective in the first test. Ratings 
of the treated plots were made at Intervals 
after treatment to determine both the short 
term and long term effects of the herbicides. 

All of the herbicides provided good short 
term effects at one or more rates on both 
hulsache   and  mesquite (table 7.9).  The long 
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TABLE 7.9.--The percentage defoliation of hulsaohe and mesqulle resulting from treatments with eight herbicides on 
April 13,   196A.  All treatments were applied in a volume of 10 gal. per acre with a truck-mounted, contourmatic 
boom sprayer 

Rate 

Defoliation, weeks after treatirent 

Herbicide Huiaache Mesquite 

1 i. 26 52 104 1 4       '     2S 52 104 

Paraquat 

Lb. per acre 

4 100 99 33 40 

-  - Percent  -  - 

25            100 .■) 93 95 90 
fi M 87 33 40 33 ] 00 <j« 95 95 100 

Plcloram 1 >J LOO 15 20 Ifl M 100 80 60 40 
2 93 100 15 15 0 83 100 73 to 10 
4 100 100 45 ,.,-> .,'' « 1(H) 88 80 (■/- 

2,4,5-T 2 88 100 15 20 ..'0 100 100 ')■■' 93 ■)', 

4 20 100 IS 40 20 35 100 95 70 55 
8 58 100 45 ■.'■ Lfl 73 100 95 100 53 

Paraquat bromacil (4:5) 9 100 99 45 ft 55 100 u» 83 90 90 

Paraquat dicamba (1:1) 8 95 90 25 40 2a 95 99 97 93 85 

Paraquat 2,4,5-T (1:1) 8 100 100 40 30 55 100 100 98 98 95 

Paraquat .-picloran (1:1) 8 100 100 10 25 0 100 1X30 97 99 98 

2,4-0:2,4 ,5-T (1:1) 8 80 100 50 60 23 95 100 78 88 65 

Untreated check 0 0 0 0 0 5 0 0 0 0 5 

term effects were different from the results 
obtained In the first test In that rnesqulte 
was more susceptible to the herbicides than 
was hulsache. One year after treatment, ac- 
ceptable defoliation of hulsache was obtained 
only with paraquat:bromacll; acceptable de- 
foliation of mesquite was obtained with all 
treatments except the two lowest rates of 
plcloram. Both species had recovered some- 
what by the time of the 2 yr, rating, but the 
general response was the same. 

Both rates of paraquat provided excellent 
long term defoliation of mesquite but not of 
hulsache. In Test No, 1, the C- and 8-lb. 
rates of paraquat provided only moderately 
good long term defoliation of mesquite and 
poor defoliation of hulsache. 

Test No. 3.—The third test on the defoliation 
of hulsache and mesquite was applied on 
May 12, 1964, Four herbicides were evaluated 
at two rates. All plots except those treated 
with 4 lb. per acre of plcloram were retreated 
on May 29, 1965, 

All herbicides defoliated hulsache satis- 
factorily within 1 week after treatment 
(table 7,10). One year after treatment, the 
defoliation of hulsache was still high on plots 
treated with 4 lb. per acre of plcloram, but 

considerable regrowth had occurred on all 
other plots. The retreatments on hulsache 
again provided good short term defoliation, 
but none of the treatments except the higher 
rate of dicamba were more effective than the 
initial treatment. 

Acceptable short term defoliation of mes- 
quite was obtained with all herbicides except 
the lower rate of 2,4,5-T. Effectiveness per- 
sisted 52 wk. after treatment on all plots 
except those treated with the lower rates of 
paraquat, 2,4,5-T, and dicamba. Retreatments 
of mesquite were more effective than those on 
hulsache. Acceptable defoliation was obtained 
with all retreatments on mesquite and the 
long term effects were Improved. Fifty-two 
weeks after retreatment the lowest defoliation 
recorder was 80 percent. 

Test No. 4,—Seven herbicides were eval- 
uated for their effectiveness in defoliating 
hulsache and mesquite on July 14, 1964, The 
objectives of the test were to evaluate some- 
what lower rates than those used previously, 
and to extend the treatments to another season 
of the year. Ratings were made at periodic 
intervals after treatment. 

All herbicides except 2,4,5-T and broma- 
cil  defoliated  hulsache  rapidly  (table 7,11). 
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TABLE 7.10 The percentage defoliation of hulsaohe and mesqulte resulting from treatments with 
four herbicides on May 12,  1964.  All treatments were applied In a volume of 10 gal.  per acre with 
a truck-mounted contourmatic boon sprayer.  All plots except those treated with A lb.  per acre of 
plcloram were retreated on May 29,  1965 

Picloram 

2,4,5-1 

Dlcamba 

Untreated check 

Rate 

DefoUati on, weeks after treatment 

Herbicide Hui saohe Mesqulte 

1 4 26 52 1 4 26 52 

Treated May 12: U>. per acre . - . . . .  .  - ..... - - Percent . - .  . .  . ... 

Paraquat 51; 

I'll 85 
0 

20 
0 

L3 
100 
100 

1«) 
»3 

< 30 
80 

Plcloram LOO 
100 

ei 

100 
53 

L00 
43 
99 

70 
73 

L00 
100 

8") 
100 

80 
90 

2,4,5-T 65 
60 

73 
96 

13 
53 

13 
K 

V: 

70 
93 

100 
50 
90 

50 
70 

Dlcamba 9i 
100 

97 
100 

40 id 
63 

70 
70 

50 10 
95 

20 
70 

Untreated check 0 0 0 0 c 0 0 o 

Retreated May 29: 

Paraquat 1 
4 

83 
93 90 

13 
13 

10 
L3 

100 
! 00 

80 
98 

— 95 
ia 

LOO 93 43 55 9i 53 

1 60 .'.8 20 10 78 20 
■• 8'. 18 i '■ 23 83 55 

1 95 93 43 20 i!. 70 
4 100 84 85 '■ 90 90 

to 

8!) 

83 

80 
83 

TABLE 7.1,1.--The percentage defoliation of hulsache and mesqulte resulting from treatments with 
seven herbicides on July 14, 1964. All treatments were applied in a volume of 10 gal.  per acre 
with a truck-mounted, contourmatic boom sprayer 

Rate 

Defoliation, weeks after treatment 

Herbicide Hulsach» Mesquite 

1 4 13 52 1 4 13 52 

Paraqu .•, 

Diquat 

Plcloram 

2,4,5-T 

Dlcamba 

Bromacll 

Picloram;diquat  (1: 

Untreated check 

Lb. per acre 

o.: 
2 

0.5 
2 

0.3 
2 

2 

in 

4.5 

0 

I! 
13 

IS 

5 
L5 

35 

-Percent- 

ID 
5 

h 21 

99 
99 

LOG 

■r 

83 

UX 

V 

50 

10 
}0 

40 

LCX 0 40 to 81 80 40) 20 
ia L00 93 81 9l 99 93 ., 

20 55 13 26 20 70 M 40 
30 '■. 

... c 60 97 85 /,i! 

L00 L00 90 60 9< 98 70 1 

35 70 ■■<, L00 !') 70 4! to 

98 65 23 1- UX LOO 70 Z 

0 0 0 0 u 0 0 0 
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However, plots treated with paraquat and diquat 
refoliated very rapidly, so that 4 wk. after 
treatment there was only a low percentage 
of defoliation. One year a^Jter treatment, 
bromacil was the most effective herbicide 
followed by picloram at 2 lb, per acre. De- 
foliation was less than 70 percent for all 
other treatments. 

High levels of mesquite defoliation were re- 
corded on all plots except those treated with 
bromacil and the lower rate of 2,4,5-T. The high 
Initial defoliation was shcrt-lived, however. 
Fifty-two weeks after treatment, defoliation 
was less than 70 percent on all plots. 

The addition of diquat to picloram did not 
increase defoliation of hulsache. One year 
after treatment 0,5 pound of picloram per acre 
had caused 30 percent defoliation of hulsache, 
whereas the same rate of picloram in the 
picloram:diquat combination caused only 15 
percent defoliation. On the other hand, the 
percentages of mesquite defoliation for 
picloram and picloram:dlquat were the same 
1 yr, after treatment. Paraquat and diquat 
used alone did not result in the good long 
term defoliation that was evident in earlier 
tests. 

Test No, 5,—Five herbicides were evaluated 
for their effectiveness in defoliating hulsache 
and mesquite on October 29, 1964. 

All of the herbicides provided a high per- 
centage defoliation of hulsache 1 wk, after 
treatment (table 7,12), The plants on most 
plots recovered rapidly, however, so that 52 
wk. after treatment 2 lb, per acre of picloram 
was the only treatment that provided accept- 
able defoliation. 

On mesquite, all treatments except 2,4,5-T 
and the low rate of picloram provided a high 
percentage of defoliation 1 wk. after treatment. 
Plants on all of the plots recovered extensively, 
however. One year after treatment, the plots 
that had been treated with picloram had 
recovered completely, and the percentage of 
defoliation on other plots was far below an 
acceptable standard. 

None of the treatments in this test were as 
effective as those applied in October 1963. 
The 1964 treatments were applied almost a 
month later in the year than those applied in 
1963, which may have influenced the results. 
All of the reasons for the differences between 
the 2 years are not evident, however. 

Test No, 6,—Five herbicides were evaluated 
in the sixth test for the defoliation of hulsache 
and mesquite. The treatments were applied 
May 29, 1965, 

All of the herbicides provided a high per- 
centage of defoliation of hulsache 1 wk, after 
treatment. Recovery occurr^ on most of the 
plots, however, so that 1 yr, after treatment, 
only picloram and picloram:2,4,5-T at 2 lb, 
per acre provided an acceptable percentage 
of defoliation. 

The initial response of mesquite was similar 
to that of hulsache (table 7.13), One year after 
treatment only 2,4,5-T and the lower rate of 
picloram failed to provide an acceptable level 
of defoliation. In this test, the addition of 
paraquat to picloram gave a higher percentage 
of mesquite control than did picloram alone, 
but an opposite effect was evident on hulsache. 
Similar results were obtained from treat- 
ments made in July 1964. 

Test No. 7.—Picloram at 1, 2, and 3 lb, per 
acre, 2,4,5-T at 2 lb, per acre, and picloram: 
2,4,5-T (1:1) at 2 lb, per acre were evaluated 
on hulsache and mesquite on June 15, 1966, The 
initial x-esponse from these herbicides was 
essentially the same as that reported for 
earlier treatments. Since the long term effects 
are not yet available, the tabular summation 
of the data is not given. 

Discussion of treatments on hulsache and 
mesquite,—We tested 21 herbicides for their 
effectiveness in defoliating hulsache and mes- 
quite. The herbicides were applied at rates 
ranging from 1/2 to 12 lb, per acre on seven 
dates starting in October 1963 and ending in 
June 1966, Ratings were made 1, 4, 13, 26, 
52, and 104 wk. after treatment. 

Most of the herbicides defoliated hulsache 
quite rapidly, Bromacil, isocil, DEF, 2,4-D, 
and 2,4,5-T were the only herbicides that did 
not cause a high percentage of defoliation 1 
wk, after treatment. Good long term defolia- 
tion was obtained with many herbicides in- 
cluding the 2- and 4-lb, per acre rates of 
picloram, one treatment with 8 lb, of diquat, 
10 lb, of bromacil, 5 lb, of isocil, a picloram: 
diquat combination, and a paraquat:bromacil 
combination, Picloram was the best overall 
herbicide in terms of rapidity of defoliation 
and long term defoliation. About 2 lb, per acre 
was needed to give a lasting effect, Hulsache 
appeared  to  be  more susceptible from May 
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TABLE 7.12.—The percentage defoliation of huieache and mesqulte resulting frgm treatments with five 
herbicides on October 29, 19W. All treatments were applied in a volume of 10 gal. per acre with a 
truck-mounted,  contoumatic boom sprayer 

Rate 

Defoliation, weeks after treatment 

Herbicide Huisache Mesquite 

1 4 26 52 1 4 26 52 

Ifel per acre   - - Percent - -   -  -  -  -   

Paraquat 2 S9 99 » in L00 M 10 20 

Dlquat 8 100 L00 83 55 LOO 99 50 40 

Pioloram 1 100 IOC 90 60 U 97 15 0 
2 100 1CX1 99 >)', 91 LOO r. 0 

2,4,5-T 2 70 .,■, M .,(! 45 .,'. 15 40 

Plcloram:paraquat  (1:1) 2 100 L0C 94 40 100 u» L0 r> 

Untreated check 0 0 0 0 0 0 0 0 u 

TABLE 7.13—The percentage defoliation of huisache and mesquite resulting from treatments with five 
herbicides on May 29,  1965.  All treatments were applied in a volume of 10 gal.  per acre with a 
truck-mounted,  oontourmatic boom sprayer 

Rate 

Defoliation , weeks after treatment 

Herbicide Huisache Mesqui te 

1 4 26 52 1 4 26 52 

Lb. per acre 

2 

it 

Paraquat 93 65 25 5 L00 ■ __ 95 

Picloram 1 99 98 60 73 93 68 .. 35 
2 100 100 95 95 95 93 — sa 

2,4,5.T 2 85 93 15 25 73 50 -- 50 

Picloram:paraquat (l:i) 2 99 95 55 20 100 100 -- 80 

Plcloram:2,4,5-T ( 1:1) 2 100 100 99 93 H 98 -- 90 

Untreated check 0 0 40 0 5 0 8 -- 5 

through  October;  treatments  made  in April 
were definitely less effective, 

Mesquite was defoliated most rapidly by 
picloram, paraquat, and diquat, and by com- 
binations containing any one of the three 
herbicides. Rapidity of defoliation did not 
appear to be related to the time of treatment. 
Good long term defoliation was obtained with 
2,4,5-T, some of the picloram treatments, 
some of the paraquat treatments, and some 
combinations containing any two of the three 
herHcides mentioned above. Mesquite is known 
to be susceptible to 2,4,5-T if applications are 
made at the proper stage of development. The 
period of maximum susceptibility to 2,4,5-T 
occurs in the spring about 40 to 90 days after 

the trees have leafed out. It is extremely 
interesting to see that paraquat provided long 
term defoliation when treatments were made in 
April, May, and October, Mesquite is the only 
species that responded to paraquat so well, 
but some kill of live oak and yaupon was also 
obtained with high rates of paraquat. 

Yaupon, Winged Elm, and Oak 
Species 

Yaupon, winged elm, and oaks are a common 
association in the Post Oak Savannah. The 
three species, which are representatives of 
three plant families, are relatively resistant 
to most herbicides. Thus, the association is a 
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good one in which to work because herbicides 
effective for controlling these three species 
would also be expected to be effective on many 
other woody species. 

Post oak and blackjack oak are the dominant 
species in the Post Oak Savannah. They com- 
monly grow to height of 40 ft. and are fre- 
quently taller. They are distributed on about 
8 million acres in the Post Oak Savannah and 
also occur in the East and West Cross Tim- 
bers. 

The control of post oak and blackjack oak 
has received considerable attention over a span 
of many years. Acceptable control can be 
obtained with broadcast "ppUcations of herbi- 
cides to the foliage or to the soil, and with 
single-stem treatments. Elwell (3) recom- 
mended aerial treatments in Oklahoma with 2 
lb. per acre of 2,4,5-T in consecutive years. 
A similar recommendation was made in 
Texas (I). Treatments were most effective 
when applications were made shortly after the 
leaves had reached full size. That period 
usually occurs from May 15 to July 15 in 
Oklahoma and probably a little earlier in the 
central portions of Texas. Poor control was 
obtained from applications made when the 
leaves were less than full size, or as late as 
August or September. 

The oak species can also be controlled with 
fenuron applied to the soil as a pelleted formu- 
lation (2). Good control was obtained with 41b. 
of the active ingredient per acre. The effective- 
ness of fenuron was great ^n sandy soils 
than on heavy loam or clay soils. 

Winged elm occurs as a sub-dominant in the 
Post Oak Savannah of Texas on approximately 
2.5 million acres of rangeland. It is widely 
distributed throughout the southern part of 
the Eastern Deciduous Forest and Tall Grass 
Prairie. It reaches a stature of 4C ft, or 
more and forms a portion Oi the upper canopy, 
together with post and blackjack oak. 

Winged elm is a difficult species to control. 
The recommended foliage treatments for the 
control of post oak and blackjack oak have little 
effect on winged elm. Basal treatments on 
individual stems are effective but are time 
consuming and costly. 

Yaupon is a common understory species in 
the Post Oak Savannah. It may reach a height 
of 65 ft. but is usually shorter. Darrow and 
McCully (2) found it was less susceptible to 

fenuron than the oaks. Little work had been 
done on the control of this species by foliage 
application of herbicides, so there was no 
recommended method of control. 

The principle test site for the oak-winged 
elm-yaupon association was near Carlos, Tex. 
Some work, particularly on winged elm, was 
also done near Edge, Tex. 

During the course of the study, applications 
were made on duplicate plots in July 1963; 
October 1963; April, June, and October 1964, 
and in May 1965. The treated plots were rated 
at intervals of 1, 4, 26, 52, and 104 wk. after 
treatment whenever possible. Some of the 
rating dates fell within the winter period when 
the plants were normally defoliated, so an 
estimate of the defoliation caused by the 
herbicides was not possible. 

Test No. 1.—The first test was applied in 
July 1963. Eleven herbicides were evaluated 
for their effectiveness in defoliating the test 
species. 

Paraquat was the only herbicide that caused 
more than 50 percent defoliation 1 wk. after 
treatment, but 4 wk. post-treatment defoliation 
exceeded 50 percent on most of the plots 
(table 7.14). The most effective long term 
defoliants were isocil, bromacil, and para- 
quattisocil. Paraquat enhanced the activity 
of isocil for both short term and long term 
effects, but did not enhance the long term 
activity of 2,4,5-T and it appeared to be in- 
hibitory for the short term effect. 

Winged elm was defoliated most rapidly 
by paraquat and paraquatrisccil, and the highest 
rate of 2,4,5-T. None gave effective long 
term defoliation. Two years after treatment, 
10 lb. per acre of bromacil had provided a 
defoliation of only 25 percent. All other treat- 
ments were even less effective. 

Acceptable defoliation of oak 1 wk. after 
treatment was obtained with paraquatrisocil 
and the highest rates of paraquat and 
2,3,6-TBA. One and two years after treatment 
only 10 lb. per acre of isocil and bromacil 
were effective. All other treatments were 
decidedly inferior. 

Test No. 2.—Six herbicides were evaluated 
in October 1963 for their effectiveness in 
defoliating yaupon, winged elm, and oak 
species. The treatments were applied just 
before the start of the dormant season so the 
rapidity of defoliation could not be observed. 
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TABLE V.W.--The percentage defoliation of yaupon, winged elm, and oak apeoiet resulliig from treatments with 11 
herbicides in July 1963. All herbicides were applied in a volume of 10 gal. per acre with a truck-mounted, 
contourmatic boom sprayer 

Rate 

Defoliation, weeks after treatment 

Herbicide Yaupon Winged elm Oaks 

1 4 26 52 ICA 1 4 26 52 104. 1 A 26 52   104 

2,3,6-TBA 

Dlcamba 

Diquat 

Paraquat 

Isocil 

Brcmacil 

2,4-D:2,4,5-T (1:1) 

2,4,5-T:dioamba (1:1) 

Dioamba:paraquat (1:1) 

Paraquat:isocil (<V:5) 

Lb. per acre 

4 a . ) 55 J3 J5 

-  Percen'. 

85      - L8 0 )8 70 25 5 
R 15 63 ., i 45 l',. 63 -- 20 13 15 63 -. SO L8 

L2 15 74 -- 70 45 50 S5 30 -- J w Ho " 20 3 

< 8 )3 .. •v. 18 25 63 __ 20 0 20 40 __ 10 3 
s 15 53 -- 35 15 25 ■■" -- 20 10 20 53 -- 15 5 

12 a 50 — 63 4 1 M 70 — 30 1) ■.'.1 38 -- 20 8 

4 0 63 „ 50 .'.•' 15 85 __ 15 0 15 63 >_ 10 5 
R 3 t/j .- 75 60 15 85 -- 20 10 15 .,'; -- 55 rt 

12 15 74 — 78 58 25 ^s -- 40 20 15 74 -- — L3 

2 15 27 .. 78 J 25 48 __ i ) J 25 18 __ 10 3 
4 27 63 __ -_ 10 ((> -- L5 I 3R M -- 20 3 
a <H 51 -- -- 8 38 18 — 10 0 w 55 -- 0 0 

.- 2 .iH .. 15 3 45 45 __ 10 0 3rt hi __ 10 0 

/. 51 w .. 25 8 ci 63 ... 10 3 50 (,-, -- 10 0 

9 51 74 -- 40 13 63 85 — 10 0 60 85 — 20 ) 

.'■■ 0 (,1 ., ..,' 55 0 15 mm 20 5 4 85 __ 50 25 
5 0 63   ^. a:. I* 18 — 10 J 10 83 -- 40 a 

1 ) 0 63 — ' 95 c 85 — .1" 8 11 ^ -- ' 70 

2.5 0 (,.i .. 43 8 10 63 mm 10 8 10 gj mm 10 0 
5 0 63 _- 63 60 10 63 -. 20 3 4 85 — sa 8 

1 0 63 -- 94 93 0 63 — t,, 25 4 85 — H3 75 

4 15 63 __ 45 10 25 85 _. 15 8 10 mm 20 H 
8 10 70 _• 50 45 25 85   15 5 15 85 -- 20 5 

1? 15 70 — 68 45 25 $j -- ■v: 13 17 70 -- 35 3 

8 10 70 - 65 65 2-J 85 ... 35 10 13 80 - U) 

8 t» 63 - 65 22 45 85 - 10 '; 38 HS - 15 3 

9 45 63 __ 95 98 ■ < 70 __ 11 5 63 HS -_ 40 30 

A defoliation of 80 percent was recorded 
on plots treated with dicamba I yr. after 
treatment (table 7.15). Two years after treat- 
ment, defoliation was only 60 percent. The 
other treatments on yaupon and all of the 
treatments on winged elm anu "be oak species 
were ineffective. October is unquc '.ionably a 
poor season for treating these species. 

Test No. 3.—Eleven herbicides were eval- 
uated in April 1964 for their effectiveness in 
defoliating yaunon, winged elm, and various 
species of oak. 

Paraquat and any combination of herbicides 
that included paraquat defoliated yaupon most 
effectively (table 7.16). Yaupon on most of the 
plots recovered quite rapidly, however. One 
year after treatment, defoliation greater than 

70 percent was recorded for plots treated 
with one or more rates of 2,4,5-T, bromacil, 
picloram, paraquat:bromacil, and paraquat: 
picloram. Two years after treatment, defolia- 
tion greater than 70 percent was obtained only 
on plots treated with bromacil, paraquat: 
picloram, and the highest rate of picloram. 

Only the 2 lb. rate of 2,4,5-T provided an 
acceptable degree of defoliation of winged 
elm 1 wk. after treatment. One year after 
treatment, plots treated with 2 lb. of 2,4,5-T 
and 8 lb. of picloram and paraquat-.picloram 
had 100 percent defoliation. All other treat- 
ments were much less effective. Two years 
after treatment, the only plots still having 100 
percent defoliation were those treated with 
8 lb. per acre of picloram. 

99 



TABU] 7.15.--The percentage defoliation of yaupon,  winged elm,  and oak species resulting from 
treatments with six herbicides in October I9bi. All herbicides were applied in a volume of 10 
gal.  per acre with a truck-mounted,  contourraatie boom sprayer 

Rate 

Defoliation, weeks after treatment 

Herbicide Yaupon Winged elm Oaks 

26 M UM 26 52 UK 26 52 IM 

2,4,5-t 

Lb. per 

8 

acre 

88 b8 38 18 

Dicamba 8 88 80 60 35 

Paraquat 8 63 45 15 20 

2,'i,5-T:paraquat (1:2) 12 - - 13 - 

Dii-amba: paraquat (111) 8 - 40 22 - 

Paraquat;broraaci] (*S5) 9 -- 63 45   

Percent 

» i 

15 a 
20 u 
- 2C 

40 •> 

20 5 

TABLE 7.16.--The percentage defoliation of 
herbicides in April 1%";. All herbicides 
tounnatic boom sprayer 

yaupon, winged elm, and oak species resulting from treatmentj witu 11 
were applied In a volume of 10 gal. per acre with a truck-mounted, con- 

Rate 

Defcliation, weeks after treatment 

Herbicide Yaupon Winged elm Oaks 

1 4 26   52 104 1 4 26 52 104 1 4 26 52 104 

Lb. per acre - - - - - - - - - - - - - - - - - Percent - - - - - - - - - - - - - - - - - - 

2,4,5-T 2 10 73 91 83 46 53 55 80 100 60 5 58 89 100 90 
8 5 88 83 48 29 23 93 70 13 20 5 88 84 53 30 

Fenuron 5 3 43 43 3 0 5 35 50 0 - 0 65 80 13 0 

Dicamba 4 63 75 60 25 15 35 35 70 10 5 98 50 59 25 20 

Bromacil S 5 65 90 90 70 0 55 95 5 0 10 58 72 85 15 

Paraquat 4 83 85 55 23 10 23 30 48 10 5 18 X 59 18 5 
8 79 75 64 40 10 33 55 56 13 -- 60 70 75 45 15 

Picloram 1 0 25 38 8 5 0 45 20 0 0 5 15 39 8 10 
4 3 54 80 50 40 10 95 89 33 25 3 75 92 50 40 
8 8 73 98 100 100 28 95 97 100 100 15 78 97 95 95 

2,4-0:2,4,5 -T (ill) 8 5 93 82 58 48 30 90 65 23 10 13 85 78 68 20 

2,4,5-T:paraquat (1:2) 12 78 87 65 38 25 35 74 62 9 7 65 75 75 11 10 

Dicamba:paraquat (1:1) 8 78 75 77 45 15 15 50 53 20 5 60 60 74 35 10 

Paraquat;bromaci] f4:5) 9 78 85 83 70 55 40 33 53 30 20 80 75 78 88 60 

Paraquat:picloram (1:1) 8 73 93 97 100 100 35 60 99 1O0 - 68 88 97 100 100 

The oak species were defoliated rapidly by 
the higher rate of paraquat and all combina- 
tions containing paraquat. One year after 
treatment, one or more rates of 2,4,5-T, 
bromacil, picloram, paraquat:bromacll, and 
paraquatrplcloram had provided defoliation of 
oak greater than 70 percent. Two years after 
treatment,   however, only 2,4,5-T, picloram, 

100 

and paraquat:picloram could still be listed in 
thai- category. The paraquat:picloramcombina- 
tion was particularly effective. 

Test No. 4.—A duplicate of the April 1964 
experiment was applied in June 1964. Identical 
herbicides and rates of applications were used. 

In tnis tect acceptable defoliation of yaupon 
within I wk. after treatment was obtained with 



one or more rates of 2,4,5,-T, paraquat, 
2,4f5-T:paraquat, dicamba-.paraquat, and par- 
aquat:bromacil (table 7.17). One year after 
treatment, defoliation of 70 percent or more 
was obtained with 2,4,5-Tf paraquat:bromacil, 
and paraquat:picloram. Two years after treat- 
ment, only those plots treated with paraquat: 
picloram still had a defoliation exceeding 70 
percent. 

Winged elm responded more rapidly to most 
of the herbicides in the June test than !n the 
April test. One year after treatment, acceptable 
defoliation was obtained only on plots treated 
with paraquat-.plcloram. Two years after treat- 
.nent, the highest rate of picloram was effec- 
tive, but defoliation was not recorded on plots 
treated with paraquattpicloram. 

Defoliation of the oak species also took place 
slowly. Only five of the treatments provided 
acceptable defoliation 1 wk. after treatment. 
One year after treatment, 2,4,5-T and para- 
quat:plcloram were the only effective herbi- 
cides. The same relationship still held 2 yr. 
after treatment. 

Test No. 5.--Five herbicides that had shown 

and oak species were tested again In October 
1964. 

The highest percent of defoliation 1 wk, after 
treatment was obtained with paraquat, bur that 
was only 33 percent (table 7.18). Bromacil 
and the two higher rates of picloram were the 
best treatments 1 yr. after treatment. Two 
years after treatment, the highest rate of 
picloram was unquestionably the most effective 
herbicide, but the results obtained with 
bromacil and the 5-lb, rate of picloram were 
also acceptable. 

Acceptable Initial defoliation of winged elm 
was obtained with all herbicides In this test, 
but that obtained with paraquat was particu- 
larly good. Only fragmentary data are available 
for subsequent ratings, but bromacil and the 
highest rate of picloram were acceptable 
treatments at the end of 2 yr. 

The rapidity of defoliation of the oak species 
was not determined. The only acceptable 
treatment for the defoliation of these species 
1 and 2 yr. after treatment was the highest 
rate of picloram. 

Test No. 6,—The last treatments onyaupon. 
promise for the control of yaupon, wingedelrn,       winged elm, and the oak species were applied 

TABLE 7.17.--The percentage defoliation of yaupon, wingea 
herbicides in June 1964, AH herbicides were applied in 
oontourmatlc boom sprayer 

eta,  and oak species resulting from treatments with 
a volume of 10 gal. per acre with a truck-mounted, 

11 

Rate 

Defoliation, wet ks after treatment 

Herbicide Yaupon Winged elm Oaks 

1 A 26 52 104 1 4 26 52 104 1 4 26 52 104 

Lb. per acre - - -  - - . . - . -   Perc |nt - . . . . . . - - - 

2,*,J.l 2 
8 

10 
65 

80 
93 -- 

78 
83 

42 
40 

65 
60 

85 
100 .- 

13 
20 

15 
10 

5 
60 

58 
83 -- 

83 
78 80 

Fenuron 5 20 60 -- 3 5 25 70 - -- -- 38 85 -- 3 5 

Dicamba 4 10 85 — 35 u 60 85 -- 15 5 15 70 - i 10 

Bromacil 5 10 88 -- 13 27 43 80 -- 3 5 33 87 -- 5 '. 

Paraquat 4 
8 

70 
X 

83 
78 

-- 18 
20 

5 
15 

23 
ss 

60 
80 

-- 
3   

83 
78 -- 

15 
1 1 

10 
5 

Picloram 1 
4 
8 

13 
18 
13 

80 
80 
82 

-- 
ii 
sa 35 

(A 50 

19 
86 
89 

-- 
10 
58 
50 

5 
S 

5 
4J 

13 

75 

3, 
-- 

JO 
48 
65 

20 
25 
60 

2,<i-D:2,<i,5-T (1:1) 8 25 90 - 55 27 33 93 -- 20 5 15 88 - 98 20 

2,4,5-T:paraquat (1:2) 12 67 n -- 65 40 47 95 -- 17 ■I 55 84 -- ',3 25 

Dicamba:paraqnat (111) 8 55 85 -- H U) 60 es -- 13 0 60 85 -- 33 4 

Paraquat •.bromacil (4:5) 9 83 85 -- rtf 40 50 87 -- 23 16 70 70 -- 50 15 

Faraquat:plclcram (1:1) 8 *5 85 - 93 85 45 85 -- 100 -- 35 80 -- 78 85 
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TABLE 7.18.—The percentage defoliation of yaupon, »Inged elm, and oak species resulting from treat-raenls with five 
herbicides In October 1964. All herbicides »ere applied In a volume of 10 gal. per acre with a truck-mounted, 
contourmatlc boom sprayer 

Rate 

Defoliation, weeks after treatmert 

Herbicide Yaupon Winged elm Oaks 

1 4 26 52 104 1 4 26 52 104 1 4 26 52 104 

Lb.  per acre -  -  - -  -  - -  -  - - - - -  -  - - - - - - - 
2,4,5-T 2 l 10 40 20 5 73 .. 

8 ■> 73 78 f,i 10 60 -- 
Dicamba 2 5 20 LO 8 11) 60 .. 

8 i) 40 M 28 35 63 — 
Bromaoll 5 3 45 70 93 75 50 -- 

Paraquat 8 13 hi 23 10 J 93 -- 

Ploloram 2 0 20 as L8 10 ,„ „ 

5 i 45 70 83 70 55 .- 
8 Ü 75 M 100 100 7S   

Percent .................... 

8 --   5    .... 20 g 5 
10 5   5    --   -- 40 18 5 

10    5  23 10 
10     25 20 20 

8 25  70    —   — 25 45 30 

3     15 8 0 

0 0   0    .... 23 15 15 
70 50  45    ..   -. 68 58 50 
100 80  70    —   -. 78 100 100 

TABLE 7.19.-.The percentage defoliation of yaupon, winged elm, and oak species resulting from treatment with four 
herbicides In May 1965. «11 herbicides were applied In a volume of 10 gal. per acre with a truok-irounted, 

contourmatlc boom sprayer 

Hate 

Defoliation, weeks after treatment 

Herbicide Ytiupon Winged elm O^ks 

1 4 26 52 1 4 26 52 1 4 26 52 

Paraquat 

Lb.   ivr acre 

68 
73 

55 
63 

-- U) 
20 

48 
M 

- percent 

33      — 
35      — 

m 
20 

»3 
70 

68 
73 

- 10 
3 

Plclorairi 70 
10 

78 
»3 -- 

70 
.ill! 

45 
69 

63 
100 

-- 60 
too 

55 
13 

70 
93 

-- X 
100 

2,4-D:2,4,5.T (1:1) 33 88 — 60 iS Mt -- 15 a 88 - 50 

Paraquat: picloram (1:1) 
(2:1) 6 

43 
78 

98 
98 

-- 100 
100 

45 
83 100 -- 

ii.X 48 
88 - 

90 
ii 0 

in May 1965. Four herbicides were tested that 
had given good results in previous treat- 
ments. 

The initial and long term effects on yaupon 
were essentially the same as in previous 
treatments (table 7.19). Picloram and paraquat: 
picloram provided excellent con rol 1 yr. after 
treatment. 

The same herbicides that were effective for 
the defoliation of yaupon were also most ef- 
fective on winged elm and the oak species. 
The spring treatment date is most desirable 
for all the woody species in this vegetational 
association. 

Discussion of treatments on yaupon, winged 
elm, and oak species.—The best short term 
defoliation of yaupon was obtained from treat- 

ments made during the spring and summer 
seasons. Paraquat and combinations of herbi- 
cides including paraquat were most effective 
for that purpose. The best long term defoliation 
occurred on plots treated with picloram, 
paraquat:picloram, or bromacil. The percent- 
age of defoliation was low on plots treated 
with other herbicides and the plants recovered 
rapidly. Long term defoliation of yaupon was 
best obtained with 8 lb. qf picloram. However, 
the amount of the picloram could be reduced if 
paraquat was added to the spray solution. A 
1:1 ratio of paraquat:picloram at 81b. per acre 
was as good as 8 lb. per acre of picloram 
used alone. A 2:1 ratio ofparaquat:plcloramat 
6 lb. per acre was just as effective as a 1:1 
ratio at 8 lb. per acre. 
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Acceptable defoliation of winged elm 1 wk. 
after treatment was obtained with most herbi- 
cides on one date or another. The highest 
percentages of Initial defoliation were obtained 
from treatments made in October. Picloram 
and paraquat:picloram provided the best long 
term effects. At least 8 lb, per acre of either 
herbicide was necessary to provide high de- 
foliation for extended periods. Winged elm is 
probably the most resistant species in Texas 
on which herbicides were evaluated. 

The most rapid defoliation of oak species 
was obtained with paraquat or herbicidal 
combinations containing paraquat, Picloram 
and paraquat:picloram gave the best long term 
effects. Eight pounds per acre was necessary 
to maintain good control 2 yr, after treatment. 
Other herbicides were considerably less ef- 
fective. 

Herbicides for the control of all woody 
species in the yaupon-winged elm-oak associa- 
tion must be applied at relatively high rates 
for effective control. Eight pounds per acre of 
picloram, 8 lb, of a 1:1 ratio of paraquat: 
picloram, and 6 lb, of a 2:1 ratio of paraquat: 
picloram all gave good control of the woody 
plants in this vegetational association. The 
paraquat:picloram combination is preferred 
because plants defoliate more rapidly and less 
herbicide is needed. The addition of paraquat 
to picloram also reduces the cost of the treat- 
ment since paraquat costs only about three- 
fourths as much as does picloram. 

All of the woody species discussed in this 
section were most susceptible to the herbicides 
when applied during the spring or summer. 
October treatments were much less effective. 

The treatments made in April and June 
1964 provide valuable data on the effect of 
adding paraquat to other herbicides. In those 
tests, paraquat was added to 2,4,5-T, dicamba, 
bromacil, and picloram. The results obtained 
on the two treatment dates, in terms of long- 
term defoliation, were in close agreement. 
The activity of 2,1,5-T was not affected or 
was slightly reduced by the addition of para- 
quat. The same was true of dicamba. The 
activity of bromacil and picloram, on the 
other hand, was enhanced by the addition of 
paraquat. It may be remembered that paraquat 
did not enhance the activity of picloram on 
whitebrush and the same was true on live 
oak   and  huisache.   Whether  the  differential 

effects are due to inherent characteristics 
of the chemicals or to plant species is not 
known. 

Live oak 

Live oak is an evergreen species that ranges 
from a low-growing shrub to massive trees. 
It occurs on several million acres of range- 
lands In Texas. Live oak has the potential 
for rapid invasion of grazing lands, where it 
forms dense thickets with a concurrent de- 
crease in the amount of grass. Live oak 
makes most of its growth during the spring 
season when there is enough rainfall to provide 
adequate soil moisture for plant growth. 

A method of control for live oak had not 
been developed when the ARPA project was 
initiated. A few exploratory tests indicated 
the species was difficult to control with herbi- 
cides and mechanical methods would be 
extremely expensive. Individual plant treat- 
ments with 2,4,5-T applied to frills, stumps, 
or stem bases were recommended Q), but such 
a treatment would be too expensive and time- 
consuming for extensive operations. 

The test site for herbicidal treatments to 
live oak was near Victoria, Tex. 

Live oak was treated in August and October 
1963; April, May, July, August, and October 
1964; and in June 1965. All treatments were 
applied with a contourmatic boom sprayer 
mounted on a 3/4-ton truck. Plots treated in 
August 1963 were 22 by 200 ft., but the size 
of the plots for all later treatments was 22 by 
95 ft. Two replications were used in a ran- 
domized block design. 

Most of the herbicides were applied in a 
volume of 10 gal. per acre with water as the 
diluent. Herbicides formulated as wettable 
powders were applied in a volume of 20 gal. 
per acre. 

The treated plots were rated at periodic 
intervals after treament. The percentage of 
defoliation was visually estimated for each 
plot and averaged to provide a treatment mean. 

Test No. 1.—Fifteen herbicides were eval- 
uated for their effectiveness in defoliating 
live oak on August 24, 1964. 

Acceptable percentages of defoliation 1 week 
after treatment were obtained with five herbi- 
cides (table 7.20).  Paraquat and dlquat were 
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TABLE 7.2Ü.--The percentage defoliation of live oai 
resulting froia treatments with 15 herbicides applied 
August 12,   19&3,  and retreatments of the same plots on 
August 24,   196<4.  All treatments were applied in u volume 
of ID gal.   per acre, with a truok-mouiited, oontourmatlc 
boom sprayer 

Defoliation weeks 

Herbicide Rate 
after trea tment 

1 4 26 52 104 

Lb. 
per 
acre - - -  -Parciint - - -  -  - 

Paraquat 2 eo 60 70 a 18 
4 70 80 90 40 -- 
8 60 70 Kl u D 

Diquat 2 50 50 60 8 30 
4 60 40 65 Li 20 
8 70 70 65 3 20 

2,4,5-1 4 40 70 100 55 __ 
8 30 70 95 68 33 

12 40 70 100 78 28 

Dicamba 4 20 50 85 58   
8 20 50 80 40 13 

12 30 60 100 60 40 

Bromacil 2.5 0 60 IDC 35 20 
5 20 60 100 95 88 

10 0 80 100 100 100 

Isocil 2.5 20 60 95 34 37 
5 20 80 100 90 95 

1Ü 10 60 100 99 IDO 

Fenuron 5 0 40 65 5 3 

2,3,6-TBA 4 20 50 45 25 3 
8 20 30 20 10 3 

12 40 50 75 58 18 

DEF 0 10 20 5 5 0 
.. 20 30 45 15 13 
t 10 50 15 10 5 

Paraquat: dicamba 11:1) 

paraquat: bromuoll (4:5) 

2,4,5-,;dioamba (1:1) 

60      SO      95      78 

60      80    100      85      — 

60      80    JDO      73      33 

2,4,5-T:ammonium 
thiooyanate (8: 1) 

4.5 40 60 95 55 13 

2,4,5-T:D£F (1:1) 8 20 50 90 70 33 

2,4,5-T:2,4-D (1:1) 4 
3 

12 

10 
20 
40 

60 
60 
80 

80 
95 

100 

40 
M 
73 

20 
35 

Untreated check 0 0 10 5 0 3 

Rptreatments 
Paraquat 4 68 97 99 80 25 

2,4,5-T 4 38 94 97 70 40 

Dioamba 4 10 73 >3 5S 35 

Paraquat: dicamba ( i. 1) 4 65 M i) S3 70 

Paraquat: bromacil (4i5) 4.5 85 1.1 IflO 95 75 

2,4,5-T:2,4-D (l: i) 4 33 93 97 70 30 

effective. The maximum defoliation occurred 
almost Invariably 26 wk, after treatment. 
Thereafter, the plants refoliated to a greater 
or lesser degree on most of the plots. Maxi- 
mum defoliation was maintained for a year or 
more on only a few plots. 

Only the two higher rates of bromacil and 
isocil provided more than 70 percent defoliation 
at the end of the 2-yr. period. The next best 
treatment was 2,4,5-T:2,4-Dbutthepercentage 
of defoliation at the end of 2 yr. had been 
reduced to 35 percent. 

The response of live oak plants on plots 
that were retreated in August 1964 was es- 
sentially the same as that obtained for the 
initial treatments (table 7.20). Maximum 
defoliation was again recorded 6 mo. after 
treatment, after which recovery occurred to a 
greater or lesser degree. Two years after 
retreatment, defoliation of 70 percent or more 
was recorded only for paraquat:dicamba and 
paraquat :bromacil. 

Test No. 2.—Eleven herbicides were eval- 
uated for their effectiveness in defoliating 
live oak on October 31, 1963. Some of the 
plots were retreated October 29, 1964, 

Paraquat and some combinations containing 
paraquat were the only treatments providing 
50 percent or more defoliation 1 wk. after 
treatment (table 7.21). 

Maximum defoliation was obtained 26 wk. 
after treatment for all herbicides except 
bromacil, which reached its peak 52 wk. 
after treatment. Thereafter, the percentage 
of defoliation decreased or remained at about 
the same level, depending on the effectiveness 
of the herbicide. Two years after treatment, 
one or more rates of picloram, dicamba, 
bromacil, and picloram:2,4-D provided more 
than 70 percent defoliation. 

The initial response of plants on plots that 
were retreated on October 29, 196-*, was 
essentially the same as for the first treat- 
ments, A defoliation of 100 percent was 
recorded for paraquat:bromacil 1 week after 
treatment, but the plants on those plots had 
been completely defoliated before retreatment. 
Maximum defoliation from these retreatments 
was recorded 4 wk, after treatment on all plots 
except those treated with dicamba. Refoliation 
had occurred at the end of the 2-yr. period 
to the extent that only the plots treated with 
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TABLü 7.21.--The perountage defoliation of live oak 
resulting from treatnents with 11 herbicides upplied 
October 31,   1963,   and retreatffients of the same plots on 
October 29,   1964.  oil treatments; were applied in a 
voiumu of UJ gal.  per acre with a truclc-mounted con- 
tourmatio boom sprayer 

Herbicide Rute 

Defoliation, weeks 
after treatment 

26      52    1Ü4 

Oct. 31,   1963: 

Paraquat 

2,-4,5-1 

Piolor'im 

Dicamba 

Bromacil 

paraquat; dicainba( 1:4) 
(1:2) 
(1:1) 

Paraquat: bromacil 
(4:5) 

2,4,5-T:paraquat( 1:1) 

2,4,5-T:picloraji<4:l) 

2,4,5-T:D£F(i:l) 
(1:2) 

Pioloram:2,4-D(l:4) 

Lb.  per 
acre 

1 
4 

1 
.;■ 

a 

j 
4 
e 

i 
/, 
a 

. .s 
5 

10 

J 
6 
8 

- - - -Percent 

40 50     90 
60 70      95 
70 80    100 

25 
2S 
SJ 

10 

2(J 

0 
20 
20 

20 
30 

40 0 — 
83 40 — 
93      30      10 

ID 40 80 43 — 
0 60 95 95 88 
0      70    1D0    100      98 

1Ü 
0 

20 

20 

TO 

33 
80 

■' 20 
48      - 
93      75 

10 20 10 40 10 
10 50 30 95 90 
0      30      53    100      98 

30 
50 
40 

50 
60 

•3 
97 

33 

Li. 
23 
23 

I 
12 

60      80      98    100 

40      80      93      20 

0      20      55        6 

ID      40      73      25 
20      50      25      15 

a 
LC 

90 20      60      90      83 
20      80    100      78      55 

paraquat:bromacil had an acceptable level of 
defoliation. 

Test No. 3.—Eight herbicides were evaluated 
for their effectiveness in defoliating live oak 
on April 14, 1964. This test was intended to 
extend the range of seasonal applications with 

herbicides that appeared promising from pre- 
vious experiments. 

Most of the herbicides provided acceptable 
defoliation 1 week after treatment (table 7.22). 
Paraquatrdicamba and the two lower rates of 
2,4,5-T were obvious exceptions. Maximum 
defoliation was recorded 4 wk. after treatment 
for all herbicides except the lowest rate of 
2,4,5-T. Thereafter, refoliation occurred to a 
greater or lesser degree depending on the 
effectiveness of the herbicides. At the end of 
the 2-yr. period the highest percentage of 
defoliation was obtained on plots treated with 
8 pounds per acre of picloram, but no treat- 
ment caused 70 percent defoliation or greater. 

The percentage of defoliation 1 wk. after 
treatment was generally greater in this test 
than for those reported previously, but de- 
foliation after 2 yr. was lower. April does 
not appear to be a good season of treatment 
for long term defoliation of live oak. 

Test No. 4.—Four of the most promising 
herbicides were evaluated on May 12, 1964. 
All of the plots were retreated with identical 
rates on June 17, 1965. Data for 2 yr. post- 
treatment are not given because all of the 
plots were retreated. 

TABI.E 7.22.--The percentage of defoliation of live oak 
resulting froir treatments with eight herbicides applied 
April 14,  1964.  All treatments were applied in a volume 
of 10 gal. per acre with a truck-mounted,  contourmatic 
boom sprayer 

Untreated check 0 0 0 0 0 0 

Retreated Oct. 29, 1964: 

4 70 90 88 33 13 Paraquat 

2,4,5-T 1 10 S3 
BO 

10 10 
K 

5 
U 

Picloram i 55 B3 70 » U Paraquat 

Dicamba 4 SO 73 33 18 
Picloram 

Paraquat: 
(4:5) 

bromaci L 4.5 IflO iOU JOO IflO 100 

Untreated check 0 5 0 0 0 5 2,4,5-T 

Herbicide Rate 
Defoliation,   weeks 

after treatment 

26      52     104 

Paraquat;dicamba (1:1) 

Paraquat:bromacil (4:5) 

2,4,5-T:paraquat (1:1) 

2,4,5-T:2,4-D (1:1) 

Picloram:paraquat (1:1) 

Untreated check 

Lb.  per 
acre Percent - 

4 53 68 10 15 3 
? 73 83 15 20 3 

2 43 75 23 10 a 
4 68 100 83 (« so 
a 70 100 '*.. n 60 

4 35 63 65 4 10 
a i>' 98 53 55 8 

L2 . I L00 1 5 40 15 

p 35 83 45 25 5 

- 83 i 10 70 45 43 

80 97 65 40 28 

70 99 68 40 13 

85 100 55 55 18 

5 41 0 0 0 
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None of the herbicides provided an ac- 
ceptable level of defoliation within 1 wk, after 
treatment (table 7.23), The highest defoliation 
recorded (45 percent) was obtained with 4 lb. 
per acre of paraquat. Maximum defoliation 
was obtained 4 wk. after treatment with 
paraquat and 26 wk. after treatment with all 
other herbicides. At the end of a year only 
picloram provided a level of defoliation greater 
than 70 percent. 

The initial defoliation resulting from re- 
treatments was somewhat greater than that 
from the first treatments, but that occurred 
only because some of the plants were partly 
defoliated at the time of retreatment. Maximum 
defoliation was again recorded 1 mo. after 
treatment for paraquat and 26 wk. after 
treatment for all other herbicides. One year 
after retreatment, both rates of picloram and 
the 4 lb. rates of 2,4,5-T and paraquat had 
provided dei'oliation greater than 70 percent. 
It is interesting to note that two, 4-lb. treat- 
ments with 2,4,5-T were no more effective 
than a single 4-lb. treatment with picloram. 
Actually, the level of defoliation on plots 
initially treated with 4 lb. of picloram was so 
high that there was little, if any, effect from 
the second treatment. 

Test No. 5.—Ten herbicides, effective in 
previous treatments, were evaluated for their 

TABLE 7.23 The perdenuge of defoliation of live oak 
reaultlng from treataenta »1th four herblcldee applied 
May 12, 19M| and retreatraents of the same plots on June 17, 
1965.  All treatjnenta were applied In a volume of 10 gal. 
per acre with a truck-mounted, contoumatic bocm r-"ajer 

Herbicide Hate 
Defoliation, weeks 

after treatment 

1 4 26 52 

Maj 12.   1964: 
Lb.  per 
acre 

45 

Per 

60 

ent 

IS 
45 

Paraquat 1 10 
M 

Wcloram 1 5 
11 

•n 
H 

83 73 

S.O-T i 
4 

9 
13 

M 
t 63 

30 
• 

Dlcamba 1 11 
3 

23 
ao 

ir, 
90 

15 
45 

Untreated check 0 0 5 o S 

Retreated June 17,  1965; 

Paraquat 1 
4 

4u 
• * 

73 ■■'. 

75 

Picloram 1 
4 

68 
i) H 

85 
90 

.11 
ti 

»,*,»-» 1 
4 

10 
45 

75 
85 

n 
M 

v, 
83 

Dlcamba 1 
4 13 

70 
73 

H 

Untreated check 0 0 0 0 0 

effectiveness in defoliating live oak on July 13, 
1964. 

Paraquat and paraquat:dicamba provided a 
defoliation of 78 percent 1 wk. after treatment 
(table 7.24), Defoliation resulting from several 
other treatments also surpassed the minimum 
standard of 50 percent. Maximum defoliation 
was recorded 4 wk. after treatment for 
paraquat:plcloram and 26 weeks after treat- 
ment for all other herbicides. 

Refoliation was high on all plots. Two years 
after treatment, only bromacil maintained 
defoliation at more than 70 percent. The ef- 
fective rate of bromacil cannot be as low as 
5 lb. per acre, however. It may be noted that 
whereas 10 lb. of bromacil caused a defoliation 
of 100 percent, 5 lb. of bromacil combined 
with 4 lb. of paraquat produced a defoliation 
of only 55 percent 2 years after treatment. 
There was no Indication in this test that the 
addition of paraquat to picloram, 2,4,5-T, 
dicamba, or bromacil increased the effective- 
ness of those herbicides. 

Test No. 6.--We treated live oak again on 
October 29, 1964 to provide additional infor- 
mation   on   five   herbicides  that had  shown 

TABLE 7.2^ The percentage of defoliation of live oak 
resulting from treatments with 10 herbicides applied 
July 13, 196^. All treatments were applied in a volume 
of 10 gal. per acre with a truck-mounted, oontourmatic 
boom sprayer 

Defoliation weeks 

HcrMMrto 
aftei treatment 

1 /, 26 52 104 

Lb.   per 
acre 

78 go 

Perce it - 

61 

.  .  - 

Paraquat ! 25 

Picloran •( 55 m i' gj 63 

2,4,5-T 8 ■■ t <t 98 75 K) 

2,4-D 8 60 73 M n 45 

Dicamba 3 25 n i. '.3 20 

Bromacil U 1 94 KM 100 10' 

Paraquat pioloraff (1:1) s S3 •)<: 78 58 15 

Paraquat 2,4,5-T (1:1) a M 7J 93 73 IS 

Paraquat dlcamba (1:1) 8 78 93 97 78 6S 

Paraquat bromacil (4:5) 9 41 98 )'■ 85 55 

Untreated check 0 0 0 0 0 0 
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promise for long term defoliation of live oak. 
Paraquat was not used in this test. 

None of the herbicides proviced an appre- 
ciable defoliation 1 wk. after treatment 
(table 7,25), Maximum defoliation was usually 
recorded 26 wk after treatment, although the 
higher rate of 2,4,5-T:bromacil produced max- 
imum defoliation 4 wk, after treatment. At the 
end of the 2 yr. period, the higher rate of 
picloram and both rates of bromacil provided 
a high percentage of defoliation. It is interest- 
ing to note that the percentage of defoliation 
obtained with 2 lb, of picloram was somewhat 
higher when 0,5 percent DMSO was added to 
the spray solution. DMSO is known to enhance 
the absorption and translocation of many 
chemicals. 

Test No, 7,—Treatments for the last test on 
the defoliation of live oak were applied on 
June 17, 1965. Twelve herbicides that had 
shown promise in earliertests were evaluated. 

Only four herbicides provided an acceptable 
level of defoliation within 1 wk, after treatment 
(table 7,26), This Is somewhat surprising 
because high rates of paraquat and herbicidal 
combinations including paraquat were used. 
The highest percentage of defoliation 1 wk, after 
treatment was obtained on plots treated with 
picloram:2,4,5-T. 

Maximum defoliation occurred either 4 or 26 
wk, after treatment. Some recovery occurred 
thereafter, but many of the plots had an 
acceptable level of defoliation 1 yr, after 
treatment, 

DMSO was again added to picloram in this 
experiment. The percentage of defoliation was 
significantly greater on plots where DMSO 
was used. Actually, 2 lb. of picloram, to 
which 0,5 percent DMSO had been added, was 
just as effective as 4 lb, of picloram without 
the DMSO, 

Discussion of treatments on live oak, — 
Paraquat was usually the best herbicide for 
rapid defoliation of live oak. The rates that 
were used were probably too low to obtain 
consistently good short term defoliation. 
Paraquat was used in seven tests at a rate of 
4 lb. per acre. In only one of those tests did 
defoliation 1 wk. after treatment reach the 
70-percent level. In three of five tests at a 
rate of 8 lb. per acre, the percentage of 
defoliation 1 wk. after treatment equalled or 
exceeded  70  percent. If paraquat were used 

TABLE 7.25.--The percentage defollatlor. of live oak 
resulting from treatments with five herbicides applied 
October 29,  196^.  All treatments were applied In a 
volume of 10 gal.  per acre with a truck-mounted, 
contourmatlc boom sprayer 

Defol iation, weeks 

Herbicide Rate after treatment 

1 4 26 52 104 

Lb.   per 
acre „  _ . . Percent - -  .  . 

Picloram +0.5 percent 
DMSO 2 3 97 9fl gg .,! 

Picloram 2 3 83 94 83 JO 
8 20 'ii, L00 100 100 

2,4,5-T 2 0 25 IS ."■ 0 
g 3 ... « 78 35 

Dicamba .' 3 60 8S 45 .") 
■! 0 97 r, 7S 40 

Bromaoll 5 0 IS IS 95 95 
L0 0 40 w too 100 

Untreated check U 0 0 0 0 0 

TABLE 7.26.--The percentage defoliation of live oak 
resulting from treatments with 12 herbicides applied 
June 17,  1965.  All treatments were applied in a volume 
of 10 gal. per acre with a truck-mounted,  contourmatlc 
boom sprayer 

Herbicide Rate 
Defoliation,  weeks 

after treatment 

26 

Lb.  per 
acre Perceni 

52 

Paraquat 4 55 ' 90 63 
8 45 38 88 60 

Picloram +0.5 percent DMSO 2 10 r. 97 93 

Picloram 2 10 " 83 50 
4 45 LO 99 93 

■ 45 l 0 LOO 100 

Dicamba 4 5S 99 94 70 
8 15 10 80 45 

2,4,5-T 4 .'* 97 93 73 
8 JO 90 Si 55 

Bromacil 4 20 79 .). 58 
•> 20 68 ÜK! )iK 

Paraquat:picloram (1:1) >l 40 99 97 9S 

Paraquat:dicamba  (1:1) 8 35 98 95 <' 

Paraquat:2,4,5-T (1:1) B SO •.', 97 83 

Paraquat bromacil  (1:1) a 40 1: 93 83 

Picloram :bromacU  (1:2) < 40 99 90 u 
Picloram:2,4,5-T (1:1) a 65 100 100 98 

Untreated check ■•i 0 L0 0 0 
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for the defoliation of live oak, a rate higher 
than 8 lb. per acre would provide acceptable 
short term defoliation, 

Picloram and bromacil were the best herbi- 
cides for long term defoliation of live oak. 
The choice of either picloram or bromacil 
for the control of live oak would depend not 
so much on effectiveness of the herbicides 
as on other factors, such as, cost of the 
treatment, suitability for the type of spray 
equipment available, and the effect on 
associated vegetation. Picloram would be more 
effective on associatedwoody species, whereas 
bromacil would be more effective for the con- 
trol of associated grasses, 

Picloram was used in four of the tests for 
the control of live oak. One year after treat- 
ment, defoliation was only 60 percent for one 
of those treatments, but more than 90 percent 
for the other three treatments. Eight pounds 
of picloram was used in five tests. A defoliation 
of 85 percent was recorded in one test, 93 
percent in another, and 100 percent in the 
other three. 

Bromacil was used in three tests at a rate 
of 5 lb. per acre. In each case defoliation 
was 95 percent 1 yr. after treatment. Bromacil 
at 10 lb. per acre was evaluated in f've tests. 
In each case, defoliation was 100 percent 
1 yr. after treatment. Thus, both picloram 
and bromacil are effective herbicides for the 
defoliation and control of live oak. The decision 
on which of the herbicides to use would 
depend on the specific objectives of the user. 

Additional information was obtained in the 
course of this study on the effect of paraquat 
when added to picloram, dicamba, bromacil, 
and 2,4,5-T. Paraquat did not enhance the 
effectiveness of picloarm at any time. The 
effectiveness of bromacil and 2,4,5-T was 
reduced in one test, but had no effect In 
another, and was enhanced in the third. The 
effectiveness of dicamba was enhanced by the 
addition of paraquat in all of the three tests 
where the combination was evaluated. These 
results are far different from those obtained on 
the three species in the Post Oak Savannah. 

Mixed Hardwoods 

The mixed hardwoods of the Piney Woods of 
Texas are a relatively complex association of 
woody species.  The treatments were made in 

an area where the mature oak-pine had been 
cut and subsequently invaded by woody species 
such as sumac, saw greenbriar, sassafras, 
Allegheny chinquapin, tupelo, American beech, 
and sweetbay magnolia. Other woody species 
were also pres» nt, but those listed were most 
common. 

Most of the species are deciduous. Growth 
and development start in the spring period 
when rising temperatures interrupt winter 
dormancy. Rainfall at this time of the year is 
adequate for good plant growth. 

The treatments on mixed hardwoods were 
made at various seasons of the year starting 
in August 1963 and continuing through August 
1965. Applications were made with a con- 
tourmatlc boom sprayer mounted on a 3/4-ton 
pickup. Two plots, 22 by 200 ft., were sprayed 
for each treatment. All of the treatments 
were applied in a volume of 10 gal. per 
acre. 

Test No. 1.—The first test on defoliation 
and control of mixed hardwood species in the 
Piney Woods was applied August 28, 1963. 
Sixteen herbicides and herbicidal combinations 
were evaluated. 

Diquat, paraquat, and combinations contain- 
ing paraquat were the only herbicides that 
provided greater than 50 percent defoliation 
1 wk. after treatment (table 7.27), One month 
after treatment, one or more rates of all 
herbicides except DEF and fenuron had pro- 
vided a defoliation of 50 percent or more, 

Dicamba was the best of the herbicides eval- 
uated in this test for the long term defoliation 
of mixed hardwoods. The difference in defolia- 
tion between plots treated with 4 and 8 lb, per 
acre of dicamba was not significant. Poor 
control, on a long term basis, was obtained 
with 2,4,5-1 and 2,4,5-T:2,4-D was no better. 
The addition of ammonium thiocyanate to 
2,4,5-T increased the effect somewhat, Herbi- 
cidal combinations that Included paraquat 
produced variable results. The addition of 
paraquat reduced the activity of dicamba, but 
did not affect 2,4,5-T and bromacil. 

Test No, 2,--Ei^ht herbicides were eval- 
uated for their effectiveness in defoliating 
mixed hardwoods on April 22, 1964. Objectives 
of the study were to determine which herbi- 
cides were most effective for rapid defoliation 
and which were most effective for long term 
defoliation. 
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TABLE 7.27.--The percentage of defoliation of mixed brush 
in the Piney Woods resulting from treatments with 16 
herbicides applied August 28, 1963. Al. treatments were 
applied in a volume of 10 gal. per acre with a truck- 
mounted, contourmatic boom sprayer 

Herbicide Rat« 
Defoliation, weeks 

after treatment 

Dicamba 

Dlquat 

Paraquat 

2,3,6-TBA 

2^,5-T 

laocll 

Bromacll 

Fenuron 

Dloamta^^jS-T (1:1) 

Dicamba;paraquat  (1:1) 

Paraquat:2,4,5-T (1:1) 

Paraquat :bro«nacll (1:1) 

2,«,5-T:2,A-D (1:1) 

2,-4,5-1: ammonium 
thlocyanate (8:1) 

2,A,5'1'.Dtr (1:1) 

Untreated check 

Lb.  per 
acre 

8 
1? 

i 
4 

4 
g 

L2 

8 
L2 

5 

2.5 
5 

10 

■) 

8 
1. 

4.S 

28 
2( 
26 

74 
66 
66 

it 
62 
76 

26 
28 
n 

28 

28 

14 
L2 

14 

I,. 

12 
24 

10 

20 

66 

68 

62 

24 
22 
10 

24 

Percent 

64 
72 
68 

93 
60 
II 

M 

■,'2 

34 
44 

M 

52 
SO 
66 

28 

5 
40 

52     104 

65 
60 
70 

68 10 5 
68 10 5 
74      20      15 

5 0 
15 15 
15 10 

20 5 
20 15 
30 15 

70 65 40 
76 40 30 
74 35 20 

0 0 0 
36 0 5 

0 0 5 

5 
30 

0 0 
15 5 
55 40 

5 5 

76 60 50 

70 25 10 

80 80 95 

70 10 5 

66 65 25 
64 30 20 
70 45 50 

68 70 40 

40      72      30      15 

8        0        5        0 

One week after treatment, acceptable de- 
foliation was obtained with paraquat and 
combinations containing paraquat (table 7.28). 
There was rapid recovery, however, on all 
plots where plants were defoliated rapidly. 
Paraquat:picloram was the only herbicide that 
provided rapid defoliation and also good long 
term defoliation. Two years after treatment. 

TABLE 7.28.--The percentage defoliation of mixed brush in 
the Piney .Voods resulting from treatment;; with eight 
herbicides applied April 22,  1964. All trentments were 
upplied In a volurae of 10 gal. per acre with a truck- 
mounted,  contourmatic boom sprayer 

Herbicide Kate 

Defoliation,  weeks 
after treatment 

.'. 52   I 1U4 

Paraquat 

2,4/,-T 

Plcloram 

Dicamba :paraquat   (1:1) 

Paraquat:2,4,5-T  (1:1) 

Puraquat:bromacil  (1:1) 

2,4,5-T;2,4-D  (1:1) 

Paraquat:picloram (1:1) 

Untreated check 

Lb.  per 
acre 

4 '. 71 20 20 R 

1 hi 60 10 10 0 

4 23 $8 85 «) 20 
a 17 • V' '.I '.' 

L2 30 '■■ 60 60 

4 26 • ■ 90 ', 71 
'! i ' 82 ■r 10 1 V 

8 ... 74 40 50 5 

8 '■■ 35 45 L5 0 

8 57 60 50 5 ' 

L2 28 87 '", 75 »5 

8 66 !•' 95 •' " 

0 5 .' 0 0 0 

the best defoliation occurred on plots treated 
with picloram and withparaquat:picloram. 

The addition of paraquat to spray solutions 
decreased the long term activity of 2,4,5-T. 
Two years after .reatment, defoliation of plots 
treated with 4 lb. per acre of 2,4,5-T was 
20 percent. When paraquat was added to the 
same rate of 2,4,5-T, the defoliation at the 
end of 2 yr, was zero. Paraquat seemed to 
enhance the activity of picloram, on the other 
hand. Two years after treatment, plots treated 
with 4 lb. per acre of picloram had a defolia- 
tion of 70 percent as opposed to 88 percent 
for the paraquat:picloram combination. 

Test No. 3.—Ten herbicides were evaluated 
for their effectiveness in defoliating mixed 
hardwoods on July 9, 1964. Essentially the 
same herbicides were used as in the previous 
experiment, but dicamba and bromacll at rates 
of 5 and 10 lb, per acre were added to provide 
a direct comparison with the herbicidal combi- 
nations of which dicambs and bromacll were a 
part. 

As was the case in the previous test, 
acceptable defoliation 1 wk. after treatment 
was obtained with paraquat and all combina- 
tions containing paraquat (table 7,29), Refolia- 
tlon occurred rapidly on most of the treated 
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TABLE 7.29.--The percentage defoliation of mixed brush in 
the Pincy Woods resul' ' ng from treatments with ten 
herbicldeü applied July 9,  1964. All treatments were 
applied  in a volume of 10 gal.  per acv« with a truck- 
mounted, contourmatic boom sprayer 

Herbicide Rate 

Defoliation,   weekti 
aftür treatment 

W     UM 

Paraquat 

2,4,9-1 

Picloram 

Dicamba 

Bromac i1 

Dicamba:paraquat Cl: 1) 

Paraquat: 2,4,5-T (1: 1) 

Paraquat: bromac i (1 :1) 

Paraquat; picloram (1:1) 

2,4,5-T:: ,4-D [1 1) 

Untreatud check 

Lb.   per 
acre 

4 

4 
8 

12 

4 
8 

5 

10 

8 

-  - -  -Percent- 

S9 63 

38 
31 
34      78 

64 
83 

12 

0 

38 
24 

19 

33 

60 

64 

71 

69 

46 

7 

67 
71 

51 

65 

40      20 
70      40 

55      60 
70      75 

10 

65 

67      15 

80      45 

73 

81 

71 

11 

15 

50 

60 

0 

0 

45 

0 

15 

10 

15 

55 

0 

plots, however. Two yr. after treatment, only 
the 8 lb. rate of picloram provided an ac- 
ceptable level of defoliation. 

In this test paraquat reduced the activity of 
picloram and bromacil, but had no effect on 
dicamba or 2,4,5-T. This Is in contrast to 
the situation in Test No. 2, where paraquat 
reduced the effectiveness of 2,4,5-T but en- 
hanced the effectiveness of picloram. The 
reasons for the differences between the two 
treatment dates are not known. 

Test No. 4.—Four herbicides were evaluated 
on four different treatment dates in 1965. One 
of the treatments, 2,4,5-T:2,4-D, was the 
control against Wiiich other herbicides were 
evaluated. Picloram and pich ram:paraquat 
were included in the test because previous work 
had shown them to be the most effective 
herbicides for the control of the mixed brush 
in the Piney Woods of Texas. A combination 
of three herbicides, 2,4,5-T:picloram:para- 
quat, was added to this test to determine if 
the three-way combination would control a 
broadt r spectrum of brush species than other 
herbicides or combinations. 

The primary purpose of this test was to 
evaluate the herbicides on the basis of their 
effectiveness in providing long term defolia- 
tion of mixed brush. Defoliation data taken 1 and 
4 wk. after treatment are not given because 
the results were similar to what had been 
obtained in earlier tests. 

The data indicate clearly that picloram, or 
any combination including picloram, is more 
effective for the defoliation and control of 
mixed brush than is 2,4,5-T:2,4-D(table 7.30). 
Picloram at 2 lb. per acre was more effective 
than 2,4,5-T:2,4-D at 8 lb. per acre. The 
three-way combination appeared to be more 
effective than any other treatment. Better 
results were obtained from spring treatments 
than from summer treatments. 

Discussion of treatments on mixed hard- 
woods.—When the results of all treatments 
are combined, it is clear that the best herbi- 
cide in terms of long term defoliation is 
picloram. Combinations containing picloram 
were also effective. Dicamba gave reasonably 
feood defoliation in one test but was far be- 
low the performance of picloram in all other 
teats. 

Paraquat and diquat were the best herbicides 
tested for rapid defoliation of mixed brush in 
the Piney Woods. There was very little dif- 
ference between the performance levels of 
the two herbicides and since the reaction of 
the plant species to them was so similar, only 

TABLE 7.30.--The percentage of defoliation of mixea brush 
1 yr.  after treatment resulting from treitments on four 
dates in 1965.  All  treatments were applied in a voluue 
of ID gal.  per acre with a truck-mounted,   contourmatic 
boom sprayer 

Herbicide Hate 

Defoliation 1 yr. 
treatment in 1965 

after 
on— 

20 
May 
26 

Aug. 
2 

"Ug. 
30 

Lb. per 
-Pert 

55 
90 

Picloram 2 
4 

40 
60 

60 
65 

60 
65 

Picloram: paraquat (1:2) 
(1:1) 

6 
8 92 

75 
50 

55 
65 

65 
75 

2,4,5-T:2,4-D (1:1) 8 25 35 65 30 

2,4,5-T: picloram: paraquat 
(1:1:1) 
(1:1:2) 

6 
8 

- 92 
60 

90 
80 

75 
50 
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paraquat was used in most of the tests, Herbi- 
cidal combinations that included paraquat also 
usually gave more rapid defoliation of the mixed 
brush than did the companion herbicide used 
alone. 

No constant effect was noted for the addition 
of paraquat to other herbicides. The activity 
of dicamba, 2,4,5-T, and bromacil was re- 
duced or unaffected by paraquat. When para- 
quat was added to picloram, the activity of 
picloram was enhanced in three cases, not 
affected in one case, and reduced in two cases. 
There have also been cases with other plant 
species when the addition of paraquat reduced 
the effectiveness of picloram, cases in which 
the effect of picloram was not affected, and 

still other cases in which the effect of picloram 
was enhanced. The reaction does not appear to 
be related to a plant species nor does it 
appear to be related to the season of treatment. 
Before the combination of picloram with para- 
quat can be generally recommended, additional 
work needs to be done. The addition of para- 
quat to another herbicide is desirable because 
both rapid and long term defoliation are 
possible. Experience has shown, however, that 
the reaction is variable and cannot be predicted. 

Mixed brush of the Piney Woods is most 
susceptible in the spring. That period ties in 
well with phenologic development. The most 
susceptible period occurs at the expected time 
as discussed in chapter 9. 

Treatments in Puerto 

Guava 

Guava has a pan-tropical distribution. It is 
resistant to most herbicides so it is a good 
test species in that a herbicide that will control 
guava will probably also control many other 
tropical species. Most of the applications on 
guava were made with a portable, compressed- 
air sprayer. A high volume of spray solution 
per plant was used for these treatments. 
Spraying was continued until most of the leaves 
were wet. The heroicidal concentration for 
these tests was expressed in terms of acid 
equivalent per 100 gal. of spray solution. 
Water was used as the diluent in all the tests. 

Applications were also made with a telescop- 
ing pole sprayer on four treatment dates. The 
design and operation of the telescoping pole 
sprayer is described in chapter U.Herblcldal 
concentration for the treatments made with the 
telescoping pole sprayer are expressed in 
terms of pounds per acre. 

A randomized block experimental design 
was used for all treatments made with the 
portable, compressed-air sprayer. Twenty 
plants were sprayed for each treatment. For 
the purpose of analysis, each plant was con- 
sld i. la replication. Unreplicated plots were 
used ■ the telescoping pole treatments, ^nd 
five or six plants were marked on each of the 
plots from which data were obtained. 

Test No. 1.—Thirteen herbicides were eval- 
uated for their effectiveness in defoliating 
guava in October 1963. The 9-lb. rate of 
diquat and the 18-lb. rate of butynediol were 
the only treatments that resulted in mc re 
than 50-percent defoliation 1 wk. after treat- 
ment (table 7.31), Refoliation occurred rapidly 
and, 1 yr, after treatment, the percentage of 
defoliation was extremely low. Of the herbi- 
cides evaluated in this test, diquat, paraquat, 
folex, and butynediol are rapid defoliants, 
Folex was the least effective of the four and 
none of them provided long term defoliation. 
The percentage of defoliation for all of these 
herbicides 1 yr. after treatment was essen- 
tially zero. 

Defoliation exceeding 70 percent 1 yr. after 
treatment was obtained only with 18 lb. of 
2,4-D and 2 lb. of 2,4,5-T, Plots treated 
with picloram and dicamba refoliated rapidly 
between the 26- and 52-week observations. 

Test No, 2,—Eleven herbicides were eval- 
uated from treatments made in December 
1963, Most of the herbicides usea in the first 
test were again used in this test to get a better 
idea of their performance in a different season 
of the year. Amitrole-T and diuron were 
dropped from the test program on guava 
because they were obviously ineffective. Isocil 
was also deleted because its activity was very 
similar to bromacil and thus, there was no 
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TABLE 7.31.—The percentage defoliation of guavu resultinf 
from treatments »ith 13 herbicides applied in October 
1963.  Wetting sprays were applied with a portable, 
compressed-air sprayer 

Herbicide Hate 

Defoliation,  weeks 
after treatment 

1 4 26 52 

Lb.  per 
100 gal. .  . -  Percent1- . . 

a,4-Di3>4,9-I (1:1) 2 
6 

18 

0 
Q 

0 

28/19 
51/25 
42/26 

22 
33 
35 

7 
13 
15 

2,4-D 2 
6 

18 

0 
0 
0 

53/36 
76/32 
77/35 

28 
67 
10 

1 
24 
83 

2,4,5-T 2 
6 

18 

0 
0 
0 

77/35 
66/41 
84/56 

10 
31 
59 

83 
11 
4 

Pioloram 1 
3 
9 

0 
0 
0 

16/14 
45/38 
70/46 

10 
51 
85 

0 
35 
65 

Dicamba 1 
3 
9 

0 
0 
0 

10/10 
27/20 
58/30 

13 
49 
94 

4 
I 

63 

Amitrole-T 2 
6 

18 

0 
0 
0 

10/10 
10/10 
10/10 

1 
0 
0 

0 
0 
0 

Bromaoil 2 
6 

2 6 
8 

0 
0 
2 
0 

1/1 
21/16 
43/41 
W/13 

1 
10 
6 

70 

0 
4 
0 
2 

Isocil 2 
6 

2 6 
18 

0 
0 

11 
0 

Vi 
13/L3 
18/18 
10/30 

10 
0 
2 

10 

2 
0 
0 
0 

Diuron 2 
6 

2 6 
18 

0 
0 
6 
0 

3/3 
9/9 

26/26 
19/18 

6 
4 

10 
8 

1 
0 
5 
0 

Diquat 1 
3 

2 3 
9 

0 
13 
ID 
82 

13/13 
37/37 
12/L? 
85/81 

6 
0 
1 
8 

0 
0 
0 
7 

Paraquat 1 
3 

2 3 
9 

0 
13 
37 
20 

11/11 
43/43 
46/46 
58/58 

8 
4 
2 
2 

0 
0 
0 
0 

Folex 2 
6 ' 

18 

0 
0 
0 

0 
4/4 
5/5 

0 
18 
0 

0 
1 
0 

Butynediol 2 
6 

18 

0 
0 

64 

0 
10/10 
70/70 

9 
2 
5 

0 
0 
0 

1 Where double figures are given, that left of the diag- 
onal line represents desiccation plus defoliation; that to 
the right represents defoliation. Single figures represent 
defoliation only. 

2 Surfactant X-77 added at 1 percent. 

reason for continuing with two herbicides 
having similar chemical structure. 

One of the objectlveb of this test was to 
determine Influence of a b-irfactant on herbi- 
cidal activity. The surfactant used for that 
purpose was X-77. 

Diquat, to which X-77 was added, was the 
only herbicide evaluated in the second test that 
gave satisfactory defoliation within 1 wk. after 
treatment (table 7.32), The surfactant definitely 
Increased the activity obtained from dicamba, 
diquat, and paraquat, but did not have an ap- 
preciable effect on other herbicides with which 
it was used. 

One year after treatment, two or more rates 
of picloram and dicamba were the only herbi- 
cides that provided acceptable defoliation. The 
activity obtained from picloram was much 
greater in this test than in the first test. The 
cause of the increased activity is no doubt due 
to the addition of an antifoam agent to the 
picloram solution. The first samples of 
picloram did not contain an antifoam agent 
in the formulated product and consequently, 
a great deal of foaming was encountered. 
Subsequent samples of picloram did contain 
an antifoam agent so that problem was re- 
solved. 

Even though the surfactant did increase the 
activity of diquat and paraquat, it did not 
serve to extend the period of defoliation that 
is normally obtained with those herbicides. One 
year after treatment, plants that had been 
treated with diquat and paraquat had re- 
covered almost completely. 

It is of Interest to note thatölb. of dicamba, 
to which X-77 had been added, was Just as 
effective as 18 lb. of dicamba to which no 
surfactant had been added. The experience 
gained in this test, and previous experiences 
as well, suggests that the addition of a sur- 
factant to a herbicidal spray solution will 
often enhance the effectiveness of herbicides. 
There are some cases in which a surfactant 
reduces the effectiveness of a herbicide (6, 7). 
Enough is known about the surfactant-herbicide 
interaction, however, to safely say that if the 
surfactant and the herbicide are compatible. 
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TABLE 7.32.--The percentage defoliation of guava resulting 
from treatments with 11 herbicides applied in December 
1963.  Wetting sprays were applied with a portable, 
compressed-air sprayer 

Defoliation , weeks 

Herbic Ue Rate after treatment 

1 4 26 52 

Lb. per 
100 gal_. 

i 
6 

18 

n« ,„„.,, 1 

2,4-0:2,4,5-1 (1:1) 0 

0 
ü 

27/15 
46/24 
66/28 

15   3 
35  12 
53  24 

2,4-D 2 
< 

18 

0 
0 
0 

34/18 
47/24 
67/23 

22   7 
31  17 
62  41 

2,4,5-T 2 
6 
18 

0 
0 
0 

27/16 
60/43 
66/35 

10   2 
23   7 
65  44 

Picloram . 
6 
I« 

0 
0 

16/1 

67/33 
77/33 
93/29 

8J 

100 

70 
-/. 

LOG 

Dicamba 

Bromacil 

Diquat 

Paraquat 

Folex 

Butynediol 

DEF 

in 
218 

18 
2 18 

28/22 
27/17 
61/38 
64/34 
80/40 

16 
JO 

U 
33 

80  63 
88  87 
" 

86/34 100 

0   22/22  11 
0   24/24  16 

8] 
97 

6   26/12 38/38   0   0 
2 6    55/16 70/63  15   2 
18   40/14 64/57  10   2 

1 Where double figures are given, that left of the diag- 
onal line represents desiccation jilus defoliation; that 
to the right represents defoliation. Single figures repre- 
sent defoliation only. 

2 Surfactant X-77 added at 1 percent. 

the herbicldal effect will be enhanced more 
often than reduced. 

Test No. 3.—Five herbicides were evaluated 
from treatments made in March 1964. Picloram 
and dicamba were included in the tests because 
they were the most promising of the long term 
defoliants. Diquat and paraquat were included 
in the test because they were the most promis- 
ing of the rapid defoliants. All of the herbicides 
were compared with 2,4-D:2,4,5-T, which was 
used as  the control. An additional objective 

of the study was to obtain more information on 
the effects of a surfactant added to picloram, 
diquat, and paraquat. 

Both diquat and paraquat p^ovided sutis- 
f«cr.ory levels of defoliation 1 wk. after treat- 
ment (table 7.33). The enhanced defoliation 
obtained with X-77 was not great, but it was 
consistent. As was the case in the previous 
test, the addition of X-77 to diquat and para- 
quat did not increase the period of time during 
which defoliation of guava was maintained. 
Almost complete recovery had occurred within 
6 mo. after treatment. 

The addition to picloram of an antifoam agent, 
X-77, sepaiately and both materials together, 
produced some interesting results. One week 

TABLE 7.33.--The percentage defoliation of guava resulting 
from treatments with five herbicides applied in March 
1964. Wetting sprays were applied with u portable, 
compressed-air sprayer 

Herbicide Rate 

Defoliation, weeks 
after treatment 

26      52 

2,4-D:2,4,5-T (1:1) 
6 0 

27/7 
18/7 

13/13 

45/42 
22/21 

0 

11 
0 

0 
2 
0 

Picloram 

18 
2 18 

0 
0 

43/43 
35/35 

2 
0 

0 
0 

18 
2 18 

0 

30/12 

37/37 
47/47 

0 
3 

0 
0 

18 
2 18 

0 
0 

31/31 
28/28 

0 
2 

0 

0 

Dicamba 

Piquat 

Paraquat 

Lb. per 
100 gal. - - - - -Percent - - 

2 0 90/73 11 4 
( 0 94/43 29 10 

i a 0 98/42 47 23 

28/12 87/30 37 25 
l ! 0 94/58 67 53 
4 2 47/20 89/73 46 .'0 
■ . 51/24 93/63 85 76 

0 96/31 94 90 
* 6 52/17 96/48 87 77 

2 18 63/14 97/36 93 90 
3 18 0 88/31 100 L00 
* 18 63/13 97/47 '.,, ., 

,' 0 76/59 33 ( 
6 0 89/51 69 50 
L8 0 97/73 47 41 

.' 67/24 92/92 0 0 
3 2 74/29 96/89 < i) 

6 82/23 93/86 4 0 
3 6 85/16 96/91 7 1 

18 89/25 97/95 9 4 
3 18 94/22 98/89 13 4 

2 49/43 75/75 Q 2 
61/61 82/82 1 0 

- 89/88 95/95 1 u 
88 84 96/96 2 0 

18 94/81 98/98 3 0 
3 18 95/72 96/93 1 0 

,/hore double figures are given, that left of the diag- 
onal line represents desiccation plus defoliation; that to 
the right represents defoliation. Single figures represent 
defoliation only. 

2 1 percent antifoam agent added. 
3 1 percent X-77 added. 
* 1 percent each of antifoam and X-77 added, 
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after treatment, there was no defoliation re- 
corded for plants treated with plcloram to 
which X-77 had been added. Some defoliation 
was recorded on all plots treated with plcloram 
to which an antlfoam agent had been added, 
however. When both antlfoam and X-77 were 
added to plcloram, the results 1 wk. after 
treatment were essentially the same as on 
plots where only the antlfoam had been added. 
One year after treatment, the results were 
quite different. At this time, the best results 
were obtained on plots treated with plcloram 
to which X-77 had been added. Once again, the 
results obtained with the addition of an antlfoam 
or both an antlfoam and X-77 were about the 
same, but the levels of defoliation were con- 
siderably lower than on plots where only X-77 
was used. The data emphasize the importance 
of adding surfactant to a herblcldal solution, 
but suggest caution on the kinds of surfactants 
that are used. These data are in agreement 
with other work that has been done regarding 
the Influence of surfactants in herbicldal so- 
lutions. 

Dlquat and paraquat were the most effective 
herbicides for rapid defoliation. Plcloram was 
the best herbicide for long term defoliation. 
Dicamba and 2,4-D:2,4,5-T were less effective 
than plcloram for both initial and long term 
defoliation. 

Test No. 4.—Eleven herbicides were eval- 
uated from applications made in June 1964. 
The principal purpose of this test was to 
evaluate combinations of herbicides and com- 
pare their effectiveness with single herbicides. 
Previous work had shown that the addition of 
the surfactant X-77 did not reduce herblcldal 
effectiveness and In most cases enhanced It. 
Consequently, in this test and in all future 
tests, the addition of 1 percent X-77 became 
standard practice. 

None of the herbicides evaluated in this 
test provided rapid defoliation (table 7.34). One 
month after treatment, bromacilrparaquat was 
the only herbicide that provided an acceptable 
level of defoliation. The same relationship 
carried through until the end of the study 
period 1 yr. after treatment. At that time 
bromacihparaquat was still the most effective 
herbicide, but the level of defoliation was far 
below an acceptable standard. 

Bromacil was the only herbicide whose 
activity was enhanced by the addition of para- 

TABLE 7.J4.--The percentage defoliation of guava resulting 
from treatments with 11 luerblcldes applied in June 1964. 
letting sprays were applied witti a portable, compressed- 
air sprayer 

Defoliation, «eeks 

Rate 
after treatment 

1 4 2b 52 

Lb. per 
LOO pa. _ _ - Percent1- - - 

2,4-0:2,4,5-7 (1:1) i 0 53/33 61 35 

Plcloram 2 J 19/19 19 10 

Dicamba • 0 23/22 30 25 

Bromacil l ' 1) 44/43 25 15 

2,4-0:2,4,5-1:paraquat 
(3:3:4) 

10 0 58/34 50 32 

Plcloram:paraquat (1:2) C I) 30/29 ;■■• i',. 

Dicamba:paraquat (3:2) LO 0 27/27 40 21 

Bromncll:paraquat (9:2) .'.' 0 84/84 40 40 

Plcloram: dicamba: paraquat 
U:l:l) 

6 
12 0 

25/25 
24/13 

41 29 
47 39 

Plcloram: bromuc i 1: paraquat 
(1:1:1) 

6 0 25/24 15  5 

Dicamba: bromacil: paraquat 
(ma) 

6 0 17/16 3  2 

1 Where double figures are given, that left of the 
diagonal line represents desiccation plus defoliation; 
that to the right represents defoliation. Single figures 
represent defoliation only. 

quat. The levels of defoliation 1 yr. after 
treatment Indicate that plcloram, dicamba, 
and 2,4-D:2,4f5-T were not Influenced by the 
addition of paraquat. Rapidify of defoliation 
was quite another matter. Ordinarily, con- 
siderable defoliation is obtained 1 wk. after 
treatment from an application of 4 lb. of 
paraquat. In this test, however, no defoliation 
was recorded 1 wk. after treatment for those 
treatments where 2,4-D:2,4,5-T, plcloram, 
dicamba, and bromacil were combined with 
paraquat. Thus, one may conclude that the 
four herbicides were antagonistic to paraquat. 
Paraquat did not reduce the effectiveness of 
2,4-D:2,4,5-T, plcloram, or dicamba and en- 
hanced the activity of bromacil. 

Reduced activity of paraquat was also no- 
ticeable for three-way combinations. Long 
term defoliation of guava by the three-way 
combinations was certainly not enhanced 
There is some suggestion that the herbicides 
were antagonistic to each other. 
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Test No. 5.—The last three treatment dates 
for which a portable, compressed-air sprayer 
was used to evaluate herbicides in defoliating 
guava are combined for ease of discussion. 
The treatment dates were December 1964, 
and May and August 1965, 

There are several interesting aspects of 
these studies (table 7.35). The treatments 
made in December 1965 show that there was 
no difference between 4, 5, and 6 lb. of 
picloram. Previous tests had shown that 2 lb. 
of picloram was inadequate for effective con- 
trol, whereas 6 lb. always gave effective 
control. This test showed that 41b. of picloram 
was Just as effective as was 6 lb. The coded 
material, GS-14260 was not effective and was 
nor used in any subsequent tests. 

TABLE 7.35.--The percentage defoliation of guava resulting 
from treatments in December 1964 and  in May and August 
1965.  A wetting spray was applied with a portable, 
compressed-air sprayer 

Treatment date 
Rate 

Defoliation, weelts 
after treatment 

and herbicide 1 26 52 

Lb.  per 
100 gal. Percent1 

December 1964: 
Picloram 4 

5 
1 

0 
0 
0 

52/25 
46/27 
64/31 

86 
39 
p.. 

95 

os-wzeo 2 
•■ 

18 

0 
0 
0 

8 
13 

0 
1 
1 

0 

45 

May 1965: 
Picloram 6 0 3£/20 75 95 

2,4-D:2,4,5-T (1:1) > 0 63/33 72 1 1 

Banvel K 6 I) 
Q 

38/16 
59/24 

62 36 

Pyriclor 2 

18 

0 
0 
0 

23/23 
79/79 
95/95 

10 
it' 

3 
U 
V 

August 1965; 
2,4-D:2,4,5-T (1:1) i 0 43/12 /, i 29 

Pyriclor 18 21/9 33/30 15 • 

Paraquat If! 27/11 32/26 3 1 

Pyriclor:picloram (3:1) 24 43/11 59/42 46 ii 

PyrIclor:paraquat (1:1) 12 ü 18, 18 5 5 

Pyriolor:paraquat: 
picloram (1:1:1) 

18 0 41/33 :•' 13 

1  Where double figures are given,  that left of the 
diagonal line representa desiccation plus defoliation; 
that to the right represents defoliation. Single figures 
represent defoliation only. 

The applications made in May 1965 show 
that picloram was again the most effective 
herbicide for long term defoliation of guava. 
Banvel K was less effective than the equivalent 
rates of 2,4-D:2,4,5-T. Pyriclor was expected 
to provide a rapid defoliation, but did not do so 
in this rest. A rate of 6 or 18 lb. gave effective 
defoliation 1 mo, after treatment, but con- 
siderable recovery took place and the defolia- 
tion 1 yr. after treatment was less than satis- 
factory. 

Additional combinations were used in treat- 
ments made in August 1965. Pyriclor a^d 
paraquat were about equally effective in this 
test, but the level of defoliation achieved 1 wk. 
and 4 wk. after treatment was not satisfactory. 
Pyriclor and paraquat were apparently mu- 
tually antagonistic when combined. They did not 
provide any defoliation 1 wk. after treatment, 
and the highest effect obtained 4 wk. after 
treatment was still very low. The same was 
true for the three-way combination of 
pyriclor:paraquat;picloram. 

This test provides additional information 
suggesting that the use of combinations is 
fraught with difficulties and the reaction of 
the plants cannot be predicted. 

Test No. 6.—Treatments were made on 
guava with a telescoplng-pole sprayer on three 
treatment dates in 1966. The purpose of these 
tests was to compare orange with other herbi- 
cides that had shown promise for the control 
of guava and other tropical woody species. 
All of the materials were applied in a volume 
of 10 gal. per acre. Water was used as the 
diluent for all herbicides except orange and 
M-2993 for which acetone was used because 
the materials would not emulsify in water. 

The first treatment applied in May 1966 
showed that the most rapid defoHation was 
obtained with orange, but the highest ultimate 
defoliation was obtained with 30 lb, per acre 
of M-2993 (table 7.36). It is of particular 
interest to note that 24 lb. per acre of orange 
was no more effective than a mixture of 
orange:picloram which contained 16 lb. of 
orange and 2 lb. of picloram. In addition, 8 lb. 
of orange and 4 lb. of picloram, for a total of 
12 lb. per acre, was just as effective as 24 lb. 
ol orange. The test suggests strongly that the 
addition of picloram to the phenoxy herbicides 
will result in greater herblcidal effectiveness. 
The  latest  data available for this test were 
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TABLE 7.36.--The percentage defoliation of guavu resulting 
from treatments in May, August, and October 1966. All 
treatments were applied in a volume '•f 10 gal. per acre 
with a telescoFlng-pole sprayer 

Treatment date 
and herbicide 

Rate 

Defoliation,  neeks 
after treatment 

U      26 

May 1966: 
i'icloram 

Lb. per 
100 gal. 

6 
.'2 

1.0 

I/O 

Percent1- - 

15/15  53 
17/10  35 

53 
55 

2,^-D:2,4,5 T (1:1) 24 32/2 90/38 93 53 

Paraquat 12 12/0 32/21 .V 16 

M-2993 IS 
)0 

17/0 
31/6 

72/34 
98/36 

80 
100 

54 
92 

Orange 24 55/5 82/38 '.■ 70 

Paraquat:pi lorum (1:1) 13 6/0 27/25 77 50 

0range;plcloram (2:1) 
(8:1) 

L2 
Lfl 

30/0 
19/0 

66/20 
92/2'. 

95 73 
77 

August 1966: 
Plclcram 6 

L2 
i/o 83/61 

97/77 
93 

ilK) 
LOO 
LOO 

Orange 24 50/4 95/84 ■,') " 

M-2993 
10 

8/0 
26/14 

32/57 
89/66 

89 

Paraquat:pic loram (1:1) 12 58/10 100/73 100 100 

Orange;picloram (2:1) 12 22/2 70/51 77 79 

October 1966: 
Picloram 6 17/6 93/54 99 (8 

Orange 24 60/16 92/36 .<, (') 

M-2993 7.5 
15 

7/0 
17/6 

87/46 
89/41 97 (2) 

M-3U0 7.5 
10 
15 

11/2 
8/0 
13/3 

95/56 
94/29 
96/38 

97 
■)■ 

99 
(?) 
(2) 

1 Urtiere double figures are given, that left of the 
diagonal line represents desiccation plus defoliation;  that 
to the right represents defoliation. Single figures rep- 
resent defoliation only. 

2 Ho data. 

taken 26 wk. after treatment. The plots will be 
rated again 1 yr. after treatment to determine 
whether the long term effects correspond with 
what was obtained at the latest reading now 
available. 

The second test with the ielescoping-pole 
sprayer on guava was applied in August 1966, 
In this test, orange and paraquatrpicloram 
provided about the same level of defoliation 1 
wk, after treatment but the effects were not 
satisfactory (table 7,36), The latest available 
ratings were taken 13 wk. after treament. At 

that time, the herbicidal effect from picloram, 
orange, M-2993, and paraquatrpicloram was 
essentially the same. The level of defoliation 
was lower, however, for the combination of 
orange :plcloram. 

The last treatment using the telescoplng-pole 
sprayer on guava was applied In October 1966, 
Orange provided the highest percentage of 
defoliation 1 wk. after treatment (table 7.36), 
Thirteen weeks after treatment, there was no 
significant difference between the four herbi- 
cides. It is of Interest to note, however, that a 
higher herbicidal rate was used for orange 
than for the other three herbicides. Even so, 
the levels of defoliation 13 wk. after treatment 
were essentially the same. 

Discussion of treatments on guava.—Diquat 
and paraquat were the most effective herbi- 
cides for rapid defoliation of guava. Other 
materials manufactured and sold as defoliants 
(DEF, folex, butynedlol) were much less ef- 
fective. The activity of diquat fsnd paraquat 
was enhanced by the addition of X-77. The 
Increased activity was often small, but always 
consistent. The surfactant was particularly 
beneficial when added to low rates of diquat 
and paraquat. 

Picloram was the most effective herbicide 
for long term defoliation of guava. Dicamba 
and 2,4-D were effective in a few tests, but 
they were not consistently effective as was 
picloram. Herbicidal combinations were less 
effective than picloram used alone. 

The best season of treatment varied depend- 
ing on whether rapid or long term defoliation 
was the desired objective (11 and chapter 9). 
Treatments made during the February-April 
period resulted In a high Initial defoliation, 
but plants recovered rapidly between 1 and 6 
mo. after treatment. There was additional 
recovery between the6-mo. and 1-yr. observa- 
tions so that the ultimate effect was negligible. 
Treatments applied during the May-September 
period caused the lowest initial defoliation, 
but gave the highest ultimate defoliation and 
kill. The effects of the October-January treat- 
ments were intermediate between the other 
two. 

High initial defoliation ofguava is associated 
with the dry season when flowering and fruit 
set occur. High long term defoliation Is 
associated with a period of high rainfall and 
maximum foliar development. 
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The research on guava emphasized the 
importance of surfactants for enhancing herbi- 
cidal activity. Surfactants were particularly 
effective when used with water-soluble herbi- 
cides such as diquat, paraquat, and dicamba. 
However, the surfactant to be used must be 
selected with care. Research has been reported 
in which a particular surfactant inhibited the 
activity of a herbicide. For general use, X-77 
Is known to enhance the activity of many 
herbicides and is likely to reduce the activity 
of none. 

Sufficient time has not yet elapsed to de- 
termine the effects of herbicides that were 
compared with orange. Short term observations 
suggest that orange is a rapid defoliant and 
its activity will not be surpassed by many 
herbicides. Six-month data from treatments 
made in May 1966 suggest that herbicidal 
solutions containing picloram will provide 
better long term effects than will orange. 

Mango 

Treatments were applied on mango with 
a telescoping-pole sprayer in N wember 1965 
and May 1966 in a volume of 10 gal. per acre. 
Water was used as the diluent in most cases. 
Acetone was used as a diluent for orange 
and M-2993. Mango is another cosmopolitan 
species and little was known of its reaction 
to herbicides. 

No herbicide gave a satisfactory defoliation 
of mango within 1 wk. after treatment 
(table 7.37). One year after treatment, 100 
percent defoliation was obtained with both 6- 
and 12-lb. per acre rates of picloram, which 
was unquestionably the most effective herbi- 
cide, Paraquat:plcloram resulted In 78 percent 
defoliation 1 yr. after treatment, but the 6 lb. 
of the picloram used In the combination with 
paraquat were not as effective as 6 lb. of 
picloram used alone. 

The second treatment on mango was applied 
In May 1966. Once a?aln no herbicide provided 
satisfactory defoliation within 1 wk. after 
treatment. The latest data that are available 
were taken 26 wk. after treatment and at that 
time, picloram and paraquat:plcloram were 
the most effective herbicides. In this case, 
paraquat did not appear to reduce the activity 
of picloram, but not enough time has yet 
elapsed to be certain of the long term results. 

TABLE 7.37.--The percentage defoliation of mango resulting 
from treatments made November 1965 and May 1966. All 
treatments were applied in a volume of 10 gal. per acre 
with a telescoping-pole sprayer 

Treatment date Rate 

Defoliation, wetKt; 
after treatment 

1 A 26 52 

November 1965: 
Lb. per 
acre - - - - Percent1 . - - - 

Picloram 1/U  9/0 
0/0 15/3 

98/29 
100/62 

100 
100 

2,4-D:2,<l,5-T (1:1) 18 33/0 58/9 60/27 33 

Paraquat i 20/0 75/33 '/ ' 32 

IVrlolor 9 3/0  3/3 1/1 3 

Paraquat :picloram (1:1 12 18/0 75/25 62/58 78 

Fi-riolor:picloram (l:l! 12 6/0 18/6 60/52 53 

May 1966: 

(S) 
(2) 

Picloram 6 
L2 

0/0  2/0 
2/0 A/0 

100/85 
100/67 

Orange 24 15/0 52/2 88/57 (2) 

M-2993 10 A/O 27/0 73/30 (2) 

Paraquat:picloram (1:1) 12 30/0 72/8 100/83 i2) 
1 Where double figures are given, that left of the diag- 

onal line represents desiccation plus defoHatlon; that 
to the right represents defoliation. Single figures repre- 
sent defoliation only. 

2 No data. 

It  seems  that picloram is superior to both 
orange and M-2993. 

Pomarrosa 

Treatments were applied with a telescoping- 
pole sprayer for the defoliation and control 
of pomarrosa in December 1965 and May 1966. 
The herbicides used were those that had shown 
promise for the control of other woody species. 
All of the treatments were made with a 
telescoping-pole sprayer in a volume of 10 
gal. per acre with water as the diluent in most 
cases. Acetone was used as the diluent for 
orange and M-2993 because these herbicides 
were not emulslflable In water. 

None of the herbicides applied in December 
1965 caused a high percentage of defoliation 
within 1 wk. after treatment (table 7.38). One 
year after treatment, effective defoliation 
was obtained with picloram and combinations 
containing picloram. Paraquat, pyriclor, and 
2,4-0:2,4,5-T were not effective. 
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TABLE 7.38.--The percentage defoliation of pomarrosa 
resulting from treatments made December 1965 and May 
1966.  All  treatments were applied In a volume of 10 
gal. per acre with a telescoplng-pole sprayer 

Treatment date 
and herbicide Rate 

Defoliation, weete 
after treatment 

26 

Lb.  per 
acre 

52 

Percent     - 

December 1965: 

Plcloram 
12 

L/O 
i/0 

77/25 
52/15 

87/72 
57/52 

90 
83 

2,4JI:2,*,5-T (1:1) IB I/O 82/15 75/50 47 

Paraquat i 22/0 33/22 18/12 35 

Fyrlclor i 7/0 15/9 27/27 iO 

Paraquat:picloram (1:1) 12 12/0 88/25 92/32 97 

IVriclor:plclorain (1:1) 12 2/0 45/10 72/52 M 

May  1966: 

Picloram 6 
12 

I/O 
2/0 

53/7 
65/15 

77/77 
91/91 

(») 
(») 

Orange ."• 5/0 67/15 60/60 ... 

M-2993 15 
tu 

o/c 
5/3 

58/15 
75/22 

67/57 
87/80 

Paraquat:picloram (1:1) 12 7/0 93/22 92/75 (2) 
Orange:plcloram (2:1) 12 0/0 70/17 77/70 (2) 
1 Where double figures are given,  that left of  the 

diagonal line represents desiccation plus defoliation; 
that to the right  represents defoliation.  Single figures 
represent defoliation only. 

2 No data. 

Defoliation 1 wk. after treatment resulting 
from treatments made In May 1966 were also 
low. The latest ratings available were made 
26 wk. after treatment. At that time, there 
were no clear-cut differences between treat- 
ments, but there seemed to be some advantage 
for the higher rates of picloram and M-2993. 
Orange at 24 pounds per acre was no more 
effective than lower rates of M-2993 and 
orange :picloram, 

Camasey 
Treatments were made on camasey with the 

telescoping-pole sprayer in August and October 
1966. All herbicides were applied in a volume 
of 10 gal. per acre with water as the diluent, 
except for orange and M-2993 for which acetone 
was used as the diluent. Herbicides that were 
evaluated included picloram, orange, M-2993, 
M-3140, paraquatrpicloram, and orange; 
picloram. 

The data from these tests are not included 
in the report. The latest ratings available 
were taken 3 mo. after treatment and at that 
time there was virtually no difference between 
treatment. All of the herbicides had resulted 
in a defoliation of 85 percent or more. Addi- 
tional information on the reaction of camasey 
to various herbicides can be obtained in 
chapter 8 under the discussion of aerial 
treatments. 

Summary of Foliage Treatments 

The results obtained on the species dis- 
cussed in this chapter were surprisingly 
similar in terms of the most effective herbi- 
cide« for either short term or long term 
defoliation. When speaking of rapid defoliation, 
diquat and paraquat were consistently superior. 
Several herbicides provided acceptable short 
term defoliation of huisache and mesquite and 
combinations including paraquat were effective 
on yaupon. But in the main, where rapid 
defoliation of a species was obtained, paraquat 
or diquat were among the most effective 
herbicides. Other chemicals that act spe- 
cifically as defoliants did not give good results. 
Included in that class are DEF, folex, and 
butynediol. 

Effective long term defoliation cannot be 
discussed without indicating the general su- 
periority of picloram. Bromacil was effective 
for defoliating whitebrush, yaupon, and live 
oak, but it was not more effective than picloram. 

The broad spectrum of woody species 
susceptible to picloram makes it the single, 
most important herbicide for woody plant 
control. A few species tolerate high rates 
of picloram, but many species tolerate high 
rates of other herbicides. Thus, the use 
of picloram is particularly appropriate for 
the defoliation of forest types characterized 
by high species diversity. Such forest types 
are frequently found in tropical environ- 
ments. 
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Greater suppression of lateral and basal 
dormant buds is an added advantage of picloram. 
Numerous weed scientists have observed a 
greater degree of sprouting after treatment 
with phenoxy herbicides than after treatment 
with picloram. Susceptibility to picloram of a 
wide array of woody species, equivalent control 
with lower rates, and greater bud suppres- 
sion combine to make picloram the best 
single herbicide available for woody plant 
control. 

Where rapid defoliation is important, 
picloram is less effective than orange. Another 
disadvantage of picloram is its persistence in 
soil (chapter 6). The persistence of picloram 
in soil is a severe limitation on its use in 
cultivated crops. There is evidence, however, 
indicating that it is rapidly leached from sandy 
soils, so the planting of shallow-rooted crops 
following treatment with picloram may be 
possible. 

Picloram has a low acute oral toxicity. 
The LD50 values for rabbits, mice, guinea 
pigs, chicks, and rats range from approxi- 
mately 2 (for rabbits) to 8.2 g. per kg. of 
body weight (for rats). The chronic toxicity 
of picloram is also low. Ninety-day feeding 
tests on rats indicated that a level of 1,000 
p.p.m. in the diet caused no observable ad- 
verse effects as judged by the usual chemical 
and pachological tests. Levels of 3,000 p.p,m. 
resulted in modest effects on the liver. The 
results of long term feeding tests of picloram 
are not yet available. 

The effects of herblcidal combinations were 
varied among species. The most desirable 
combination is one that would provide both 
rapid and long term defoliation. For that 
purpose paraquat:picloram was an obvious 
choice. In actuality, paraquatrpicloram was 
effective  on  the yaupon-winged elm-oak as- 

sociation, the mixed hardwoods of the Texas 
Piney Woods, mango, and pomarroso, but was 
not effective on whitebrush, hüls iche-mesquite, 
live oak, and guava. It is not possible to 
predict on what species or under what condi- 
tions paraquatrplcloram will be effective. 

Combinations of picloram with phenoxy 
herbicides, such as M-2993 and M-3140, were 
evaluated relatively late in the program, so 
we do not yet have adequate data on their 
performance. Preliminary data suggest th . 
both M-2993 and M-3140 are better herbicides 
than the phenoxy compounds alone. Additional 
data are given in chapter 8. 

The use of surfactants can enhance herbl- 
cidal activity markedly; particularly of herbi- 
cides that are water soluble. In that regard, 
X-77 improved the level of defoliation obtained 
with diquat, paraquat, dicamba, and picloram. 
The efficacy of surfactants for oil-soluble 
herbicides is not so well demonstrated. How- 
ever, all commercial oil-soluble formulations 
contain surfactants and their usefulness is not 
open to serious question. Certainly, they do not 
reduce herblcidal activity. 

The date of treatment is an important variable 
in woody plant control, A species that is highly 
resistant to a herbicide at one time may be 
susceptible to the same herbicide at another 
time. Woody plants are most susceptible to 
phenoxy herbicides when treated immediately 
after a period of active leaf development and 
twig elongation. Susceptibility to picloram 
extends over a longer period than for the 
phenoxy herbicides. When treatments cannot be 
made at the proper time, the date of applica- 
tion is better made too late than too early. 
The concept of seasonal susceptibility applies 
not only to woody plants in temperate zones, 
but also to those in tropical areas where rain- 
fall is seasonal. 
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CHAPTER 8 

DEFOLIATION OF TROPICAL AND SUBTROPICAL FORESTS 
BY AERIAL APPLICATION OF HERBICIDES 

Tb use of aircraft in agriculture and 
forestry is a standard practice in much of 
the world. Herbicides and other pesticides, 
as well as seeds and fertilizers, have been 
applied aerially in a wide array of solid and 
liquid formulations. Herbicidal treatments are 
commonly made on cropland, ditchbanks, utility 
rights-of-way, grazing lands, and forests for 
the control of vegetation ranging in growth 
form from prostrate herbs to large trees. 
The taxonomic diversity of the vegetation is 
even mere outstanding than growth form. If 
an effective treatment exists for the chemical 
control of a plant species, that treatment can 
be applied from aircraft. 

Many types of aircraft are used for aerial 
application of herbicides. Helicopters and 
small, single-engine airplanes are used for 
most of the agricultural work. When large 
acreages are treated, larger single-engine 
aircraft such as the TBM, or multi-engine 
aircraft are commonly used. The type of 
aircraft to be used is dictated by the require- 
ments of the job, rather than effectiveness 
of the application. 

A unique advantage of aerial application is 
that large areas can be treated in a short 
time. Moreover, growth form of the vegetation 
is not a limiting factor, anc topography poses 
less of a problem for aircraft than for ground 
equipment. 

Aerial treatments in Texas were applied 
on winged elm, live oak, oak-pine, and on 
mixed brush in the Gulf Prairie (fig. 3.6). 

Aerial treatments in Puerto Rico were made 
on three sites in the Moist Coastal Forest, 
two sites in the Upper Cordillera, and three 
sites in the Evergreen Rain Forest of the Lower 
Luquillo Vegetative Zone (fig. 3.3). 

The objectives of the treatments in both 
Texas and Puerto Rico were (1) to evaluate 
different rates of a number of herbicides for 
their effectiveness in defoliating and killing 
woody plants and (2) to compare the most 
promising herbicides with orange or purple. 
The results were evaluated for rapid defolia- 
tion and the length of time that control was 
maintained. The treatments in Texas were 
made with fixed-wing aircraft; those in Puerto 
Rico with a helicopter. 

Treatments in Texas 

Live Oak, Gulf Prairie 

Several experiments were conducted in- 
volving aerial application of herbicides for the 
defoliation and control of live oak. Treatments 
for the first experiment were made on May 14, 
1964. A fixed-wing aircraft was used to spray 
5-acre plots 160 ft. wide and 1,320 ft. long. 
There were four, 40-ft. swaths for each plot. 
Sllvex,   2,4,5-T,   picloram, and a mixture of 

2,4,5-T and dichloroprop were tested at various 
rates. The phenoxy herbicides were applied in 
an oil-in-water emulsion. Picloram was ap- 
plied in water. Volume for each of the treat- 
ments was 7 gal. per acre. 

Plots treated with i and 2 lb. per acre of 
the four herbicides were retreated with 
the same herbicides in May 1965. Plots 
treated with 8 lb. per acre were not re- 
treated. 
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The percentages of defoliation, 1 and 2 yr. 
after the Initial treatment, show clearly that 
picloram was the most effective herbicide 
(table 8.1). One pound of picloram caused 
greater defoliation than 2 lb. of the other 
herbicides or 8 lb. applied In a single treat- 
ment. One yr. after the retreatment, the per- 
centages of defoliation for both rates of 
picloram were more than 90 percent. 

Silvex was the poorest of the herbicides 
tested for the control of live oak. Eight 
pounds per acre provided 71 percent defolia- 
tion 1 yr. after treatment, but at the end of 
2 yr., only 50 percent defoliation. Initial 
treatments of 1 and 2 lb. per acre, plus a 
retreatment 1 yr. later at the same rate, was 
as effective as a single 8-lb. application. 

The results obtained with 2,4,5-T and 
2,4,5-T:dichloroprop were intermediate be- 
tween those obtained with silvex and picloram. 
It is of interest to note that the second treat- 
ment with the phenoxy herbicides did not 
Increase the percentage of defoliation ap- 
preciably. The second treatment with picloram, 
on the contrary, Increased defoliation about 
20 percent. 

The second experiment for the defoliation 
and control of live oak involved treatments 
applied in July and November 1965. Picloram, 
2,4,5-T, and picloram:2,4,5-T were applied to 
test their relative effectiveness and to gain 
some insight into seasonal susceptibility. Five- 
acre plots were used for the July treatments 

TABLE 8.1.—Percentage of defoliation resulting from 
aerial applications1 of herbicides to live oak 

and 8-acre plots for the November treatments. 
Two replications in a randomized block design 
were treated on both dates. Ratings of the 
plots were made in August 1966. 

Picloiam was the most effective herbicide 
(table 8.2). A fall treatment V/lth 4 lb. of 
picloram resulted in a high level of defoliation 
and only a small percentage of the plants had 
regrowth. The results obtained with 2,4,5-T 
were markedly different. One year after the 
July treatment, 2,4,5-T defoliated 75 percent 
of the tree8> but 93 percent of the plants 
resprouted. The fall treatment with 2,4,5-T 
resulted in a defoliation of only 43 percent and 
100 percent of the plants resprouted. The 
combination of picloram and 2,4,5-T was 
intermediate between the other two herbicides. 
Defoliation was about the same as that obtained 
with an equivalent rate of picloram, but more 
of the trees had regrowth. 

The percentage of trees with regrowth 
(table 8.2) is an important statistic. This 
experiment and others show that the amount 
and the rapidity of regrowth on many plante 
are greater when treated with phenoxy herbi- 
cides such as 2,4,5-T, than when treated with 
picloram. Thus, woody species may be equally 
Fuscepüble to picloram and 2,4,5-T in terms 
of defoliation, but less regrowth on plants 
treated with picloram prolongs the period of 
effective control. 

The data from this experiment and the pre- 
ceding one suggest that live oak is more 
susceptible to 2,4,5-T during the summer than 
in   May   or   November.  Picloram,  the best 

H< irblo de Rate 
Defoliation In— TABLE 8.2.—Percentage of defoliation and percent! 

trees with regromth in August of the year after 
and November 1965 aerial applications of herblc 
live oak 

ige of 

May 1965 May 1966 
Jul^ 
tdes to 

chloroprop 

Lb per acre 

1 
2 

s 8 

1 
2 

2 8 

1 
2 

2 8 

1 
2 

- - -Perc 

33 
46 
71 

65 
55 
61 

56 
71 
66 

75 
79 

ant  

45 
50 
50 

65 
68 
60 

63 
68 
50 

93 
98 

Silvex 
Herbicide Rate 

Defoliation 
after 

treatment in— 

Regrowth after 
treatment in— 

2,^,5-1 
July Nov. July Nov. 

2,4,5-T:dl 
(111) 

Picloram 

Picloram 

2,4,5-T 

Picloram: 
2,4,5-T (1:1) 

Lb. 
per 
acre 

1 
2 
4 

2 

4 

73 
88 
92 

75 

82 

- - Per 

62 
94 
95 

43 

94 

96 
66 
61 

93 

85 

96 
61 
19 

1 Treatments made in 
2 lb. per acre were re 
1965. 

2 Not retreated. 

Mi 

tn 
»y 1964. Plots 
sated with the 

treated w 
aame rate! 

th 1 and 
! in May 

100 

47 
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TABLK 8.3.--Perctntage c." aeslcoation and defoliation resulting from aerial applior'ion to live oak in November 1966 

Herbicide Volume 
Carrier 

Water Diesel Oil 

DesicnatJon and defcliation1 at— 

1 wk. 2 wk. 4 wk. 5 wk. 

M-3151 

Gal. per acre Gal. per acre Gal per acre 

26/0 95/62 

^rcent - - 

98/80 80 

Picloram, K salt ' 1.0 
3 1.0 

4.0 
4.0 

- 18/0 
19/0 

90/25 
90/25 

94/82 
95/78 

91 
85 

Pioloram, isooctylester 1.0 -- 4,0 14/0 93/27 96/68 n 
M-3140 1.3 

8,0 
3.0 
1.5 

-- 

0.5 

29/0 
29/0 
46/0 
19/0 

88/15 
99/8 
85/45 
94/31 

95/78 
95/78 
99/62 
96/80 

70 
72 
82 
77 

M-3060 2.0 2.25 0.75 21/0 90/22 95/50 84 

1 The figure to the left of the slash mark represents the percentage of leaves desiccated and defoliated; that to 
the right represents the percentage of defoliation. Single figures represent defoliation only. 

2 Surfaoant X-77 added at 0.5 percent. 
3 Surfacan DMS0 added at 0.5 percent. 

herbicide for the control of live oak, was not 
affected as greatly by season of treatment as 
was 2,4,5-T. The problem of seasonal suscep- 
tibility will be discussed in greater detail at 
the end of this chapter. 

The final test for the defoliation and control 
of live oak by aerial application was made in 
November 1966. The objectives were (1) to 
compare two formulations of picloram w?,th 
combinations of picloram and phenoxy herbi- 
cides, and (2) to test the effect of different 
carriers and surfactants. Ratings were made 
1, 2, and 4 wk. after treatment. Additional 
ratings will be made in the summer of 
1967. 

Only data for initial defoliation are available 
now (table 8.3). A slight advantage was shown 
for the 3 gal. per acre vol. of M-3140 for 
observations that were made 1 and 2 wk. after 
treatment. Four weeks after treatment the 
defoliation obtained with M-3140 was lower 
than that obtained with most of the other 
herbicides. 

Huisache and Mesquite, Gulf Prairie 

An area near Campbellton, which contained 
a mixture of huisache and a number of other 
woody species, was sprayed by aircraft on 
October 14, 1965. The 4-acre plots were 200 
ft. wide and 840 ft. long, providing for five 
swaths on  each  plot.  Two replications in a 

randomized block design were treated with a 
fixed-wing aircraft flying about 10 ft. above 
the brush. 

Extensive defoliation of most species was 
evident 3 wk. and 6 mo. after treatment. The 
earlier evaluations were cursory, but detailed 
evaluations were made in the fall of 1966 
(table 8.4). As was the case for most of the 
foliage treatments, picloram was the best 
herbicide. Picloram at 2 lb. per acre was as 
good as, or better than, 2 lb. per acre of 
2,4,5-T on all species except persimmon. A 
combination of 1 lb. of picloram and 1 lb. 
of 2,4,5-T per acre provided slightly greater 
defoliation than did 1 lb. of picloram alone, 
but about the same as did 2 lb. of picloram. 
Yucca was the only species completely re- 
sistant to all of the herbicides tested. 

Winged Elm, Post Oak Savannah 

Aerial treatments were made in May 1965 
to plots lying within an oak-winged elm asso- 
ciation. The area had been sprayed with 
2,4,5-T for post oak control in 1961 and 1962. 
Control of the oak was very good, but winged 
elm had been virtually unaffected. Winged elm 
trees on the plots ranged from 6 ft. to about 
40 ft. Treatments were made on duplicate 
5-acre plots with a fixed-wing aircraft. Plots 
were 200 ft. wide and 1,100 ft. long which 
permitted five 40-ft. swaths. Picloram in two 
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TABLE 8.4.— Percentage of defoliation of 15 weed and brush species 1 yr.  after 
October XA    1965,  aerial application 

s 

Defoliation 1 yr after trea'-ment with- - 

Specie 
2,4,5-T 
ester 
(2 lb. 

Ploloram 
(1 lb. 

Pioloram 
(2 lb. 

Picloram 
(3 lb. 

Ploloram: 
2,4,5-T 

ester Cl:l) 
per per 

acre) 
per 
acre) 

per 
acre) (2 lb. 

acre) per acre) 

Agarito 33 50 
Blackbrush 88 85 99                       100 98 
Catolaw   73 100 
Granjeno 83 94 96                          99 100 
Hog-plum 27 45 96                          98 97 
Huiaaohe 80 77 90                       100 100 
Live oak — 60 40 __ 
Lotebush 23 46 48                         65 49 
Mesquite 50 55 100 98 
PerEiixon 51 29 44                         98 73 
Prickly pear 83 96 97                       100 100 
Tasajlllo — -- 100 100 
Whi tebrush 43 97 100                         95 90 
Wolfberry 25 57 52                           59 67 
Yucoa 0 0 0                             0 -- 

. applica TABLE 8.5.—Tlie percentage of defoliation and kill of winged elm resulting from May 1965 aeria] tions 
of pic lorani and 2,4,5 -T; data »ere collected in August 1966 

Herbicide Rate Carrier 
i 

Total volume Defoliation1 Kill 

Lb. per acre Gal. per acre      - - - Percent .  .  . 

Picloram 2 Norbak2 

Water 
4.0 
4.0 

99a 
97a 

98a 
94a b 

Woloram 1 Norbak2 4.0 
6.5 

93a b 
91a b 

84a b c 
84a b o 

Picloram 1 Water 4,0 88a b 77    b c d 
6.5 81 b 68        c d 

Picloram 1/2 Water 4.0 ta b 66 d 

2,^,5-1 2 Diesel oil-water 4.0 59 0 14 e 
6.5 58 c 30 e 

1 Treatment means are ranked by IXincan's multiple range test at the 5-percent level. 
2 A particulating agent manufactured by Dow Chemical Company. 

carriers was compared with 2,4,5-T in an oil- 
water emulsion. The emulsion used with 
2,4,5-T always contained 1 gal. of diesel oil 
per acre. 

The aerial treatments were evaluated In 
August 1966, two full growing seasons after 
application (table 8.5). Picloram was the most 
effective herbicide In terms of both defoliation 
and the percentage of kill. Even one-half lb. 

of picloram per acre killed more plants than 
did 2 lb. of 2,4,5-T. 

There were no differences between water 
and the particulating agent as carriers, or 
between volumes of 4.0 and 6.5 gal. per 
acre. 

Other studies showed winged elm to be most 
susceptible lo picloram when treatments were 
made within 60 days after the plants were in 
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full leaf. The highest kill was obtained con- 
sistently with applications made just after the 
plants were fully leafed out or within a period 
of 30 days thereafter. In contrast, winged elm 
was relatively more susceptible to 2,4,5-T 
and dicamba when treatments were made 
about 45 to 60 days after the plants were leafed 
out. 

Mixed Hardwoods, Piney Woods 

Aerial applications were made to mixed 
hardwoods near Livingston, Tex. in May 1966. 
The purpose of these tests was to compare 
three rates of promising herbicides with three 
rates of orange. The herbicides were applied 
undiluted at 1.5, 3.0, and 6.0 gal. per acre. 

Data on defoliation were collected 1, 2, 4, 
and 13 wk. after treatment (table 8.6). Paraquat 
was the only herbicide that did not provide at 
least 90 percent defoliation after 13 wk. A 
heavy rain that occurred about 2 hr. after the 
application of the higher rates of paraquat 
may be the reason for the poor results obtained 

TABLE 8.6.—Percentage defoliation resulting from May 1966 
treatments on mixed hardwoods near Livingston, Tex. 

Treatment, 
per acre 

Defolla tlon after treatment at— 
Herbicide 

1 wk. 2 wk. |.... 13 wk. 

Gal. Lb. . . . Percent . . - . . . 

Paraquat 1,5 3 50 50 50 20 
3.0 6 30 30 40 40 
6.0 12 30 30 40 20 

M-2993 1.5 7.5 10 20 40 95 
2.0 15 10 30 50 95 
6.0 30 20 35 bU 95 

Plcloram 1.5 3 10 2Ü 30 90 
3.0 6 10 20 40 95 
6.0 12 10 35 60 95 

Orange 1.5 12 10 30 50 90 
3.0 24 20 40 60 95 
6.0 48 20 40 70 95 

with thin herbicide. Normally one would expect 
6 gal. per acre of paraquat to provide a high 
degree of defoliation. There was some indica- 
tion, however, that paraquat was not mobile 
within the plant because the tops of trees were 
dead, but the lower branches remained green. 
This may indicate that paraquat is less effective 
at low volumes than are systemic herbicides 
such as picloram or 2,4,5-T. Onlv paraquat 
caused appreciable defoliation within a 1-wic. 
period. At the end of 4 wk., defoliation was 
somewhat better on plots treated with orange, 
but results were also good with M-2993 and 
picloram. At the end of the 13-wk. period, 
all of the herbicies except paraquat had pro- 
vided 90 or 95 percent defoliation. 

At this point in time, it is not possible to 
demonstrate a definite advantage for any of ehe 
herbicides. The rates used in this test were 
higher than would be required for control, par- 
ticularly the rates of orange and M-2993. It 
Is interesting to note that 1.5 gal. per acre of 
picloram (3 lb.) resulted in a level of defolia- 
tion equivalent to that obtained with 1.5 gal. 
(24 lb.) of orange (fig. 8.1). 

It Is surprising to see that only a low level 
of defoliation was obtained with orange within 
a 2 wk. period. A number of tests In Puerto 
Rico and also In Southeast Asia Indicate that 
orange is a very rapid defoliant. In this test 
the low level of defoliation may be an ex- 
pression of the oak species which formed the 
dominant part of the forest canopy. Oak 
species. In general, are notoriously slow in 
defoliating. Even leaves that have been com- 
pletely desiccated remain on the plant for long 
periods unless high winds, rainfall, or tome 
other disturbance causes them to drop. 

The plots treated In this test will be evalu- 
ated again In the spring and summer of 1967 
so that the comparative long term effects 
of the herbicides can be properly evalu- 
ated. 
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Figure 8.1,~The defoliation of mixed hardwoods obtained 6 mo, after treatment with 1.5 gal, per 
acre volumes of (^) plcloram and (B) orange. 
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Treatments in Puerto Rico 

Eight different aerial treatments were made 
in Puerto Rico during 1965 and 1966. These 
included common bamboo, a semievergreen 
forest, and camasey, in the moist coastal 
vegetative zone; a palma de sierra forest and 
a semievergreen forest in the Upper Cordillera; 
and three sires in a rain forest in he Lower 
Luquillo Zone. Thus, aerial treatments were 
made in a variety ofvegetative types occurring 
in a variety of climatic and edaphic environ- 
ments. The variety involved in the treatments 
permits a broader assessment of the overall 
effectiveness of aerial treatmen s than would 
have been possible if treatmeme had been 
made in only one location. 

Common Bamboo, Moist Coastal 
Zone 

Common bamboo located along a stream 
a short distance south of Mayaguez, was 
treated on May 6, 1965. The treatments were 
made with a helicopter calibrated to deliver 
10 gal. per acre. Picloram, 2,4-D:2,4,5-T 
(1:1), dalapon:amitrole-T (2:1), and bromacil: 
paraquat (2:1) were applied to 75 by 100 ft. 
plots. There were two, 35 ft. swaths on each 

plot and the helicopter flew as close to the 
bamboo as was possible. 

Picloram and 2,4-D:2,4,5-T were completely 
ineffective at all rates (table 8.7). Bromacil: 
paraquat caused a little defoliation 3 wk. after 
treatment, but 17 wk. after treatment recovery 
was complete. Dalapon^mitrole-T was the only 
herbicide that provided appreciable defoliation. 
Six pounds per acre of this combination pro- 
vided reasonably good desiccation and defolia- 
tion 17 wk. after treatment and the effect was 
greater 26 wk. after treatment. Considerable 
recovery had occurred 52 wk. after treatment 
on the plot treated with 6 lb. per acre, but 
additional defoliation had occur d on plants 
treated with 18 lb. per acre. 

The results obtained in these tests were not 
encouraging. Even though most of the topgrowth 
was killed, regrowth had started a year after 
treatment (fig. 8.2). During the next growing 
season, additional regrowth and new culms 
would be expected to form a thicket as im- 
penetrable as before treatment. The bamboos 
are difficult to kill with herbicides, although 
there is a good deal of differential suscepd- 
bility between species. Earlier work in Puerto 
Rico   showed   common  bamboo  to be  more 

TABLE 8.7. -The percentage of desiccation and defoliation resulting from May 6, 1965, aerial 
Hppllcatlons of several herbicides on common bamboo 

Herbicide Rate 

Desiccation and defoliation1 at specified 
times after treatment 

1 wk. 3 wk. 6 wk. 17 wk. 26 wk. 52 wk. 

li,.  per acre 

2 
6 

18 

• - - PH 

Picloram 0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

2,4-D:2,A,5-T (1:1) 2 
6 

13 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Bramaolliparaquat (2:1) 2 
6 
18 

0 
0 
0 

3/0 
0 

13/3 

0 
2/0 
Vo 

0 
0 
0 

0 
0 
0 

0 
0 
0 

DaliJpon:amltrole-T (2:1) 2 
6 

18 

0 
0 
0 

7/0 
5/0 
7/0 

5/0 
6/0 
5/0 

0 
61/0 
63/5 

0 
70/23 
70/27 

0 
32/10 
73/43 

Check - 0 0 0 0 0 0 

! The figure to the left of the slash nark represents the percentage of leaves desiccated and 
defoliated; that to the right represents the percentage of defoliation. Single figures represents 
defoliation only. 
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Figure 8.2.—The appearance of common bamboo: A, 
Before and.B, a year after treatment with 181b. 
per acre of dalapon:amltrole-T (2:1). 

resistant   than   any   other   bamboo   species 
tested (2). 

We have no knowledge of whether bamboo 
might be more susceptible during another 
season of the year. New culms of bamboo are 
initiated and make their growth during the 
summer months. It is during this period that 
the maximum amount of herbicidal absorption 
would be expected. The herbicide would have 

to be translocated to the roots, however, to 
kill the plants. This latter point is true 
regardless of the season of application, because 
the amount of regrowth resulting from cutting 
is about the same, regardless of what month 
the cutting is done (9). Species that are 
vigorous sprouters are usually difficult to 
control and bamboo is no exception. It should 
be rememberru, however, that common bam- 
boo is one of the most resistant species. 
Other species, such as Dendrocalamus strictus 
and Sinocalamus oldhami are quite susceptible. 

Semievergreen Forest, Moist 
Coastal Zone 

Treatments were made in a semievergreen 
forest near Lake Guajataca. Treatments were 
made with a helicopter calibrated to deliver 
10 gal. per acre. The 1-acre plots were 175 
ft. wide and 149 ft. long permitting 
five swaths for each plot. Picloram, di- 
camba, 2,4-D:2,4,5-T (1:1), and paraquat, fol- 
lowed 1 wk. later with picloram pellets, were 
evaluated on two replications in a randomized 
block design. Water was used as a diluent for 
all treatments. Each plot was treated at a 
volume of 10 gal. per acre. 

Plots were evaluated by estimating the per- 
centage of desiccation and defoliation on marked 
trees within a belt transect located diagonally 
across each plot. The same trees were used 
for each rating. 

The combination of paraquat and picloram 
pellets was made with the thought that paraquat 
would provide very rapid defoliation, and that 
the picloram pellets would prevent the regrowth 
that normally follows treatments with paraquat. 
In that way it would be possible to have both 
rapid defoliation and long term defoliation. 

Paraquat provided the most rapid defoliation. 
One week after treatment, 15 percent of the 
leaves were defoliated and an additional 45 
percent were completely desiccated. That level 
of defoliation and desiccation provided a 
striking change in the aerial aspect of the 
vegetation. Prior to treatment, the canopy was 
closed; 1 wk. after treatment the ground was 
clearly visible in many places. 

Fifty-two weeks after treatment the highest 
percentage of defoliation was obtained with 
18 lb. per acre of picloram (table 8.8). A high 
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TABLE 8.8.—The percentage of desiccation and defoliation reaulting from aerial application of herbicides on a 
semievergreen forest near lake üuajataoa in the moist coastal zone 

Herbicide Rate 
DesiooE tlon and defoliation1 at specified times after treatment 

1 wjj. 2 wk. 4 wk. 13 wk. 26 wk. 52 wk. 

Lb. per acre Percent - - - 

Picloram 6 
18 

29/10 
27/9 

41/19 
43/14 

49/36 
55/30 

63 
67 

67 
76 

61 
83 

Paraquat + pioloram-pellets 18 + 10 60/15 75/23 81/50 77 79 79 

Dicaraba 6 
18 

7/1 
23/1 

17/6 
13/19 

24/14 
55/29 

27 
65 

23 
77 

21 
75 

2,4-D:2,4,5-T (1:1) 6 
18 

25/1 
10/3 

27/11 
19/7 

33/21 
30/7 

45 
45 

45 
54 

37 
49 

1 The figure to the left of  the slask ma'k represents the percentage of leaves desiccated and defoliated;   that to 
the right represents the percentage of defoliation.  Single figures represent defoliation only. 

level of defoliation was also obtained with 
dicamba and the paraquat: picloram-pellet 
combination. The 2,4-D:2,4,5-T combination 
was much less effective. Six pounds per acre 
of picloram gave better control than did 18 lb. 
per acre of 2,4-D:2,4,5-T. 

The results of this test indicate i t air-to- 
ground obscuration is decreased markedly by 
desiccation of the leaves even though the level 
of defoliation is still quite low. The data in 
table 8.8 suggest that rapid reductions of 
air-to-ground obscuration might better be 
predicated on desiccation of leaves rather than 
defoliation. Desiccation and defoliation are two 
separate processes. Desiccation involves only 
a withdrawal of water from leaf tissue which 
results in the destruction of chlorophyll and a 
shrinkage of the total leaf area. Defoliation, 
on the other hand, does not occur until after 
the formation of an abcission layer which 
weakens the petiole and causes the leaf to drop 
off. Defoliation usually requires more time 
than does desiccation. Thus, wher marked 
reductions of obscuration are desired within 
a period of several days or, at best, within 6 
or 7 hr., desiccation is a much more logical 
objective than is defoliation. 

Camasey, Moist Coastal Forest 

A dense stand of camasey near Mayaguez 
was treated on July 14, 1965. Several species 
of camasey were present but Miconia prasina 
was most common. The treatments were made 
with a helicopter calibrated to deliver 10 gal. 

per acre. Because the plots were located on 
steep slopes, the height of the helicopter 
while spraying was not constant. Maximum 
height above ihe vegetation did not exceed 30 
ft., however; and, in most cases, it was not 
over 10 ft. Because only a limited area was 
available, single replications of 70 by 100 ft. 
plots were treated. Picloram, dicamba, 
2,4-D;2,4,5-T, paraquat, paraquat:picloram- 
pellets, pyriclor, and pyriclor;picloram-pel- 
lets were tested for the defoliation and control 
of camasey. Water was used as a diluent and 
all herbicides except the picloram pellets 
were applied at 10 gal. per acre. 

The desiccating effect from both paraquat 
and pyriclor was rapid. Within 2 days after 
treatment, 50 percent of the leaves had been 
desiccated from a treatment of 12 lb. of 
paraquat (table 8.9). The combined desicca- 
tion-defoliation resulting from a treatment 
with 12 lb. of pyriclor was 38 percent 2 days 
after treatment. It is of interest to note that 
20 percent of the leaves on the plot treated 
with 12 lb. of pyriclor had defoliated within 
the 2-day period. This was the most rapid 
defoliation obtained from an aerial application. 
One week after treatment desiccation and 
defoliation had improved considerably and the 
percentage of defoliation obtained with 12 lb. 
of pyriclor was still better than any other 
herbicide. Two weeks after treatment paraquat 
and pyriclor were about equal In effectiveness 
and some defoliation had occurred on plots 
treated with other herbicides. Four weeks after 
treatment the highest percentage of defoliation 
was recorded for the plot treated with 18 lb. 
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TABLE 8.9.--The percentage of 
herbl 

deslooation and defoliation resulting from July 14,  1965,  aerial application of 
cides on camasey at specified intervals after treatment 

herbicide Rate 
Desiccation and defoliation1  of specified times after treatment 

2 day            1 »k. 
i 

2 wk. 4 *k. 13 WK. 26 wk. 52 wk. 

lb.  per acre -Percent-  - 

Plcloram 6 
13 

0 
0 

24/3 
3/0 

52/13 
24/3 

72/61 
90/83 

81 
93 

87 
100 

79 
100 

Paraquat + picloram pellets 6 + 10 22/0 59/17 55/28 67/56 54 39 20 

Paraquat 12 50/0 74/17 85/48 90/78 45 19 4 

Pyriolor + picloram pellets 6 + 10 36/0 63/14 66/35 75/68 40 19 4 

Pyriolor 12 38/20 76/38 84/54 73/70 6 0 0 

Dicamba 6 
18 

0 
0 

38/9 
11/0 

44/22 
7/0 

52/41 
27/14 

52 
35 

72 
20 

51 
12 

2,4-0:2,4,5-T  (1:1) 6 
18 

0 
0 

8/1 
14/1 

30/18 
26/5 

37/20 
26/18 

58 
36 

77 
54 

34 
44 

The figure to the left of the slash mark represents  the percentage of leaves desiccated and defoliated;  that to 
the right represents the percentage of defoliation.  Single figures represent defoliation only. 

of picloram. Subsequent observations, at longer 
intervals after treatment, demonstrated the 
clear superiority of picloram over the other 
herbicides. Regrowth occurred rapidly on plots 
treated with paraquat and pyriclor and 52 wk. 
after treatment the effect was only negligible. 
At the end of the observational period, 18 lb. 
of 2,4-D:2,4,5-T was roughly equivalent to 6 lb. 
of picloram. Dicamba was less effective. 

Picloram pellets applied to plots treated 
with paraquat and pyriclor did not increase 
die duration of defoliation in this test. The 
plots were treated in July, which is a period 
of high rainfall. It must be assumed that the 
picloram contained in the pellets was rapidly 
leached beyond the root zone and, conse- 
quently, was not available for absorption when 
regrowth started. 

The appearance of a portion of the camasey 
area that had been treated is shown in 
figure 8.3. The dense canopy of camasey 
before treatment, especially on plots 2 and 4, 
completely obscured the ground level. Plot 
Nos. 1 and 3 were treated with 6 and 18 lb. 
per acre of 2,4-D:2,4,5-T, respectively. It is 
quite apparent that the level of defoliation 
was still low but markers identifying plots 
are clearly visible. Plot No. 2 was treated 
with 12 lb. of paraquat and plot No. 4 was 
treated with 18 lb. of picloram. Both of 
those plots contained a closed canopy of 
camasey  before  treatment.   At  the time the 

photos were taken, identification markers 
lying on the ground were clearly visible. 
Although the level of defoliation for the two 
plots was about the same 1 mo. after treatment, 
there is already some regrowth appearing on 
the plot that had been treated with paraquat. 
At the end of the observational period, the 
canopy was again entirely closed on the plot 
that had been treated with paraquat, but all of 
the camasey on the plot treated with picloram 
was dead. 

Palma de Sierra, Upper Cordillera 
An almost pure stand of palma de sierra 

is found on the Toro Negro commonwealth 
forest in the central part of the island. Aerial 
treatments were made in that forest on May 12, 
1965. The spraying was done with a helicopter 
calibrated to deliver 10 gal. per acre. Height 
of spraying was generally within 10 ft. of the 
treetops. Single replications of 70 by 100 ft. 
plots were treated with picloram, dicamba, 
2,4-D:2,4,5-T, and paraquat:bromacil. 

Picloram and dicamba were the only 
herbicides that effectively defoliated palma de 
sierra (table 8.10). However, 6 lb. of picloram 
was more effective than 18 lb. of dicamba. 
The 18-lb. rate of 2,4-D:2,4,5-T resulted in 
52 percent defoliation, but the lower rates 
provided only a negligible effect. All rates of 
paraquat:bromacil were ineffective. 
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TABLE 8.10.--The percentage of defoliation resulting from 
aerial application of herbicides on palraa de sierra, 
May L2,  1965 

Defoliation at specified 

Herbicide 

time after treatment 

Rate 
4 13 26 52 

wk. »k. wk. wk. 

Lb. 
per 
acre - - - - - Percent - - 

Pioloram 2 0 0 4 4 
6 0 100 100 100 

ia 80 100 100 100 

Paraquat:broniacil (2:1) 2 0 0 9 6 
6 0 0 4 12 

18 0 0 3 2 

Dicamba 2 0 0 6 6 
6 0 0 4 5 

18 0 48 80 80 

2,4-0:2,4,5-1 (1:1) 2 0 0 3 12 
6 0 0 7 12 

18 0 26 52 52 

Palma de sierra in this te nnd in others 
as well, was not defoliated as dly as were 
other hroadleaved species. There was no 
noticeable effect 2 wk. after treatment, and 
only the highest rate of picloram resulted in 
defoliation 1 mo. after treatment. Three months 
after u, ttment, however, both 6 and 18 lu. 
per acre of picloram had provided 100-percent 
defoliation. Reaction from the other herbicides 
was even slower. 

Palma de sierra was the only palm species 
present to any extent in all of our aerial 
spray tests. A few individuals of palma real 
were present in some other studies. Both of 
these species were defoliated slowly. Although 
we suspect that other palm species would also 
be defoliated slowly, we cannot safely 
extrapolate beyond our experience with these 
two species. 

picloram, M ^993, 2,4-D:picloram (4:1)», and 
purple:piclorai< 2:1). The 6-gal. per acre 
treatment was applied by passing over the 
same swath twice at a calibrated rate of 3 gal. 
per acre. Ratings were made by estimating 
the pe-centage of desiccation and defoliation 
on marked trees within a diagonal transect. 
Each rating was made from the same set of 
trees. 

All of the herbicides except purple were 
formulated products. A formulated product 
contains surfactants that usually increase 
herbicidal effectiveness (6). Assuming equ~l 
effectiveness of the active ingredients of two 
herbicides, the formulated product would be 
expected to provide better results. 

Long term defoliation data are not yet 
available for this test. The short term de- 
foliation data (table 8.11) are interesting in 
that the combination of 2,4-D:picloramat6gal. 
per acre was no more effective than 3 gal. 
of picloram and considerably less effective 
than either purple or M-2993. Other evidence 
from both Puerto Rico and Texas supports 
the conclusion that 2,4-D:plcloram is not as 
effective as equivalent rates of picloram, 
2,4,5-T, or 2,4-D:2,4,5-T. Unfortunately, a plot 
that was to have been treated with 3 gal. of 
undiluted M-2993 could not be used because of 
equipment failure while the plot was being 
sprayed. 

The difference among herbicides is even 
more striking than suggested in the data given 
in table 8.11. The photos shown in figure 8.4 
were taken 4 mo. after treatment and show 
the defoliation that was obtained with 3 gal. 
of purple, 6 gal. of M-2993, and 6 gal. of 
2,4-D:picloram. It is clear that 2,4-D:picloram 
was much less effective than were the other 
two herbicides. 

Semievergreen Forest, Upper 
Cordillera 

Another aerial application was made in a 
mixed semievergreen forest of the Upper 
Cordillera. The treatments were made in 
August 1966 with a helicopter calibrated to 
deliver 3 gal. per acre with a swath width 
of 35 ft. Single replications of 3-acre plots 
(175  by   745  ft.)  were  treated  with  purple. 

Evergreen Rain Forest, Lower 
Luquillo Vegetative Zone 

Three separate tests were conducted in the 
Jimenez section of the Luquillo National 
Forest. The vegetation type was the same in 
all cases. Although the objectives of these 
three tests were the same, different herbicides. 

Sold as "Tordonl01"byDow Chemical Company. 
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TABLE 8.11.--The percentage of desiccation and defoliation resulting from five 
herbicides applied as low-volume aerial sprays on a mixed semievergreen forest 

Herbicide 
Treatment 
per acre 

Desiccation ind defoliation1 at 
specified U ;s after treatment 

1 wk.  2 wk.  4 wk. 13 wk. 26 wk 

Gal. Lb.     Percent - - - 
M-2993 6 30 0/0 26/8 67/50 80/79 83 

Purple 1 24 0/0 30/8 63/48 73/71 61 

2,'i-D:plcloram (4:1) 6 13 0/0 35/15 57/37 53/47 52 

Picloram 3 6 Q/U 29/19 43/38 51/^0 48 

Purple:piclorara (2:1) 3 i,; 0/0 36/14 44/32 52/48 57 

The figure to the left of the slash mark represents the percentage of leaves 
desiccated and defoliated;  that to the right represents the percentage of defolia- 
tion. Single figures represent defoliation only. 

Figure 8.4,—The appearance of plots in a semiever- 
green forest 4 mo. after treatment with A, 3 gal, 
per acre of undiluted purple; B, 6 gal. per acre of 
undiluted M-2993; and C, 6 gal. per acre of undlk-.ted 
2,4-D:picloram. 
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rates, and volumes were tested. Consequently, 
each of the tests will be discussed separately. 

Test No. 1.—Test No. 1 was applied 
October 14, 1965. The applications were made 
with a helicopter calibrated for delivering 10 
gal. per acre. Two replications of 1-acre 
plots (175 by 249 ft.) were treated with 
2,4-D:2,4,5-T, picloram, paraquat, paraquat: 
picloram, pyriclor: picloram, paraquat: 
picloram pellets, and pyriclor: picloram pel- 
lets. 

The treatments were applied under extremely 
adverse conditions. Rain was falling when the 
helicopter arrived and spraying was started 
soon after the rain stopped. In several in- 
stances a light rain shower started as the 
last swath for a treatment was being sprayed 
or shortly thereafter. When rain interrupted, 
we suspended the spraying until dripping from 
the leaves stopped. Thus, treatments were 
made immediately before and shortly after 
light showers. There was virtually no wind and 
the relative humidity was at, or near, 100 
percent all day. This test represents a con- 
dition in which wind and relative humidity 
were optimum for aerial applications, but the 
intermittent rainfall was considered to be 
suboptimum. 

Evaluations were made by estimating the 
percentage of desiccation and defoliation of 
marked trees in a belt transect located diag- 
onally across each plot. All trees within the 
tranbect greater than 1 in. d.b.h. were marked 

so that the trees from which ratings were 
made were representative of the species 
diversity in the plot as a whole. Ratings were 
made from the same trees on each observation 
date. 

The best herbicide in this test, in terms 
of both initial and long term defoliation, was 
paraquat:picloram (table 8.12). Other treat- 
ments that provided 70 percent or greater 
defoliation 1 yr. after treatment were picloram 
at 6 and 12 lb. per acre; pyriclor + picloram 
pellets at9 + 101b. per acre; and 2,4-D:2,4,5-T 
(1:1) at 18 lb. per acre. Observations of the 
plots were also made 1 and 2 days after 
treatment, but they are not shown in table 
8.12 because there was no effect, or at very 
best, a very slight effect on the second day. 

Maximum defoliation occurred within 6 mo. 
after treatment. Little regrowth was evident 
in the next 6 mo. except for the plots treated 
with paraquat. 

Test No. 2.—The second test was applied 
in the Jimenez area of the Luquillo National 
Forest on April 1, 1966. Treatments were 
made with a helicopter calibrated to deliver 
either 1.5 or 3 gal. per acre on a swath width 
of 35 ft. Six gal. per acre were applied by 
spraying twice over each swath on a plot at 
a calibration of 3 gal. per acre. Duplicate 
1-acre plots were treated with undiluted 
orange, picloram, M-2993, and paraquat. 

The treatments were evaluated by estimating 
the percentage of desiccation and defoliation 

TABLE 8.12.--The percentage of deelooallon and defoliation resulting from aeria 
on rain forest vegetation at specified Intervals after 

L application of seven herbicides 
treatment 

Herbicide Rate 

Desiccation and defoliation1 at specified times 
after treatment 

1 wk. 2 wk. i,  wk. 13 wk. 26 wk. 52 wk. 

S^-D^^.S-T (1:1) 

Lb. per acre 

18 2/0 17/4 

- - - - Percent- - - - 

66/45     75/73 71 70 

Picloram 6 
12 

2/1 
5/1 

U/5 
35/13 

55/41 
61/48 

77/74 
79/74 

79 
75 

79 
76 

Paraquat 6 15/5 29/13 43/38 40/39 39 27 

Paraquat:picloram (1:1) 12 28/11 53/19 78/63 90/85 89 87 

Pyriclor:picloram (1:1) 12 19/7 25/12 49/35 61/55 69 69 

Paraquat + picloram pellets 9 + 10 19/11 31/19 50/37 49/49 49 57 

Pyriclor + picloram pallets 9+10 11/3 37/22 65/57 63/62 71 71 

1 The figure to the left of the slash mark represents the percentage of leaves desiccated and defoliated; thnt to 
the right represents the percentage of defoliation. Single figures represent defoliation only. 
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of trees greater than 1 in. d.b.h. in a belt 
transect located diagonally across each plot. 
The trees were representative of species 
diversity in the plot as a whole and they 
were marked so that the same set of trees 
was used for each rating. 

Some desiccation was noted 2 days after 
treatment, but the effect was not great enough 
to be recorded. Or week after treatment 
the percentage of desiccation was greatest on 
the plot treated with 6 gal. of paraquat 
(table 8.13). Tlie percentage of desiccation 
and defoliation obtained from 3 gal. of paraquat 
was approximately equal to that obtained from 
6 gal. of orange. Maximum defoliation from 
paraquat was obtained 4 wk. after treatment, 
but maximum defoliation from the other herbi- 
cides was not obtained until 13 wk. after 
treatment. It is of interest to note that the 
reduction of defoliation between 13 and 26 wk. 
after treatment with the 6-gal. volumes was 
20 percent for orange, 7 percent forpicloram, 
and 4 percent for M-2993. That is indicative 
of the greater bud suppression obtained with 
picloram. The regrowth of woody species fol- 
lowing treatment with herbicides was always 
greater when treatments v ere made with 
phenoxy herbicides than when treated with 
picloram. For this reason picloram ie a much 
more effective herbicide for long term de- 
foliation. 

The greater bud suppression obtained with 
picloram is particularly evident in the rating 
made 1 yr. after treatment. Considerable re- 
foliation had occurred on plots treated with 
orange, but only slight refoliation occurred on 
those treated with picloram and M-2993. The 
12-lb. rate of picloram was the only treatment 
with which defoliation was maintained above 70 
percent 1 yr. after treatment. 

Defoliation greater than 70 percent reduced 
obscuration enough so that the ground could be 
seen easily. The height of the canopy in this for- 
est was about 70 ft. and tree density was high. 

Test No. 3.—The third test in the rain forest 
of the Luquillo National Forest was applied 
October 13, 1 ^6. The same type of equipment 
and procedu, > were used as in Test No. 2, 
except that single 3-acre plots were used 
instead of two replicates of 1-acre plots. 
Undiluted orange, picloram, M-2993, and 
M-3140 were evaluated. Climatic conditions 
were ideal when the treatments were applied, 
but rain occurred about 3 hr. later. An esti- 
mated 2 in. of rain fell during the 24 hr. 
after treatment. 

Surprisingly, the most rapid defoliation was 
obtained with picloram (table 8.14). This is in 
contrast to other treatments where a more 
rapid response was usually obtained with 
orange. Picloram and M-2993 were most ef- 
fective 13 wk. after treatment and the same 

TABLE 8.13.--The percentage of desiccation and defoliation resultini; from four herbicides applied as low-volume 
aerial sprays on rain forest vegetation 

Herbicide 

Treatment 

Gallon 
per acre 

Pound 
per acre 

Desiccation m d defoliation1 at specified times after treatment 

1 wk. 2 wk. u »k. 13 wk. 26 wk. 52 wk. 

Orange 1.5 
3.0 
6.0 

12 
24 
AS 

9/3 
19/8 
28/10 

53/23 
73/32 
79/37 

69/61 
89/73 
89/75 

79 
»2 
•■ 

71 
55 
61 

Picloram 1.5 
3.0 
6.0 

3 
6 

12 

8/0 
8/0 
19/9 

24/W 
51/21 
51/22 

70/52 
78/66 

29 
80 
83 

27 
60 
■■• 

30 
55 
75 

M-2993 1.5 
3.0 
6.0 

7.5 
15 
30 

7/3 
3/0 
7/0 

25/14 
25/5 
38/13 

42/39 
39/32 
62/45 

V 
42 
77 

40 
... 
73 

1 

Paraquat 1.5 
3.0 
6.0 

3 
6 

12 

15/9 
29/13 
38/23 

25/18 
51/29 
53/35 

27/25 
68/63 
60/56 

19 
'■1 

43 
41 
15 

10 
31 
17 

1 The figure to the left of the slash mark repn  nts the percentage of leaves desiccated and defoliated; 
the right represents the percentage of defoliation. Single figures represent defoliation only. 
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TABLE 8.W.—The percentage of dealocation and defoliation resulting fron six herbicides applied as low- 
volume aerial spray on rain forest vegetation 

Treatment Desiccation and defoliation1 at specified 
times after treatment 

Herbicide Gallon 

per acre 
Pound 

per acre 1 wk. 2 wk. 4 wk. 13 wk. 26 wk. 

. - B»roent - 

M-3U0 1.5 7.5 0/0 6A V3 6/6 11/11 

M-3W0 + Diesel oil (1:1) 7.5 0/0 27/13 50/41 53/48 60/58 

M-3U0 15 0/0 28/15 49/47 72/68 80/78 

Plcloram 6 15/6 46/26 75/60 88/84 89/85 

M-2993 15 1/0 35/17 70/52 86/79 91/86 

Orange 24 3/1 35/20 61/46 68/62 77/75 

1 The figure to the left of the slash mark represents the percentage of leaves desiccated and defoliated; that to 
the right represents the percentage of defoliation. Single figures represent defoliation only. 

was true 26 wk. after treatment. Three gal- 
lons of orange and 3 gallons of M-3140 were 
approximately equal in effectiveness. It is of 
extreme interest to note that M-3140 at 1.5 
gal. per acre resulted in only a very low 
defoliation. When 1.5 gal. of M-3140 were 
combined with 1.5 gal. of diesel oil, however, 
the percentage of defoliation was markedly 
increased. This suggests the possibility that a 
volume of 1.5 gal. per acre is too low to be 
effective, but that the same amount of herbicide 
applied in the volume of 3 gal. per acre, 
does a reasonably good job of defoliation,; 
However, additional research is needed to 
clarify the point. Volumes of 1.5 gal. per acre 

of other herbicides provided more defoliation 
in Test No. 2 than in Test No. 3. Other factors 
may have been confounding the results in this 
test. It is also of interest to note that 6 pounds 
of plcloram were more effective than 24 
pounds of orange in this test. 

Figure 8.5 shows the defoliation and the 
consequent reduction in the level of obscura- 
tion 1 mo. after treatment for a plot treated 
with 3 gal. per acre of orange. Plot defoliation 
at that time was only 46 percent with an 
additional 15 percent of the leaves desiccated. 
It is clear that air-to-ground visibility is not 
greatly improved when defoliation is less than 
50 percent. 

Discussion of Aerial Applications 

There are a number of considerations that 
apply to all of the aerial tests that were made. 
It is important that these considerations be 
discussed 10 that the results from the indi- 
vidual tests can be interpreted in terms of a 
broad background knowledge in aerial spraying, 
rather than within the confines of individual 
experiments. Some of these considerations 
have been discussed in publications by many 
authors; other considerations have been pub- 
lished a few times; and still other considera- 
tions, well known by people experienced in the 
aerial application of herbicides, have not yet 
been published. 
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The height at which an aircraft is flying 
when herbicides are applied has an important 
bearing on the defoliation and control of 
the vegetation that is ultimately obtained. 
Hyder {A) found that much better control of 
big sagebrush was obtained when an aircraft 
was flying 10 ft. above the brush than when 
flying 50 ft. above the brush. In like manner 
Tschirley (10) showei. that significantly greater 
control of mesquite was obtained when appli- 
cations were made from treetop level as 
opposed to 50 ft. above treetop level. 

Evaporation, spray drift, and air turbulence 
are probably the most important factors that 
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Figure 8.5.~The defoliation (46 percent) obtained 1 mo. after treatment with 3 gal. per acre of orange. 

cause differential effectiveness when flying 
at different heights. Evaporation is particularly 
important when aqueous spray solutions are 
applied in a dry climate. For example, a 150 fi 
droplet of water in an environment of 50 per- 
cent relative humidity and 77° F.hasalifespan 
of about 32 sec. and falls at a rate of 1.5 ft. 
per second. Evaporation decreases the size 
of the droplet and slows the rate of the fall. 
If a 150 /i droplet of water is released from 
50 ft. above treetop level, it would not reach 
even the tops of the trees before evaporation 
caused its disappearance. 

Drift is also an important factor influenced 
by the height from which at. aircraft is spray- 
ing (8). For example, a 200 ß droplet would 
drift 9 ft. while falling 20 ft. in a lateral airflow 
of 1 mile per hour. A 150 |i droplet would drift 
21 ft. while falling 14 fr, and at that time the 
droplet would have disappeared (fig. 8.6). 

Many fine droplets (200 fi or less) are 
formed when a liquid is released from air- 
craft. Since fine droplets are influenced so 
markedly by evapoaration and drift, the higher 
an aircraft flies, the less probability there is 

of a droplet reaching the vegetation. A steadily 
decreasing percentage of defoliation is prob- 
ably an unvoidable consequence of increasing 
height of spray applications. All of the aerial 
treatments in Puerto Rico and Texas were ap- 
plied near treetop level. Had applications been 
made at greater heights, the levels of defolia- 
tion reported probably would have been lower. 

Droplet size is vitally important from the 
standpoint of evaporation and drift. Concern 
about droplet size should not overshadow the 
importance of droplet distribution, however. 
The number of droplets deposited per square 
inch of leaf surface has a striking effect on the 
response of plants to herbicides. Behrens (JJ 
found that the effectiveness of 2,4,5-T in- 
creased greatly as the number of droplets 
increased from 9 to 72 (per square inch), while 
the amount of 2,4,5-T remained constant. A 
further increase of number of droplets did not 
increase effectiveness. It is important, there- 
fore, to bear in mind that plants and the physical 
environment are both important variables. 
One cannot be emphasized at the expense of 
ancther. 
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Figure  8.6.—Evaluation  of water spray  drift in a  I   mile per hour wind,   77°  F. 
cent relative humidity (8). 

and  50 per- 

Air turbulence resulting from low-flying 
aircraft is an important factor *. providing 
distribution of a spray solution throughout a 
vegetative profile. When all droplets are falling 
in a straight line, most of them will be inter- 
cepted by the upper portions of a forest canopy. 
Turbulence from the aircraft will help to 
distribute the dropkrs throughout the canopy. 

The type of aircraft used to dispense spray 
solutions are not important on level 'erraln. 
In rolling, hilly country or in mountains better 
results will be obtained from smaller aircraft 
siinpiy because they can follow the contour 
more closely and thus the height of flying will 
not be so variable. If large aircraft must b: 
used in mountainous topography, an increased 
volume and a larger droplet size may com- 
pensate for the greater distance of droplet 
fall. Without such compensation the degree of 
defoliation and control may be reduced. 

A great deal of work in temperate zones 
has shown that a woody species is susceptible 
to a given herbicide during one season of the 
year, but may be quite tolerant to the same 

herbicide if applied in a different season of the 
year (3, 5, 7, 11). The season of greatest 
susceptibility is usually defined in terms of a 
calendar date, or the stage of growth of the 
species to be controlled, or of associated vege- 
tation. Research on guava, which was reported 
in chapter 7, showed that tropical species are 
also more susceptible during some seasons 
than others. Woody plants are almost invariably 
most susceptible to herbicides Immediately 
after a periodof rapid growth. For example, the 
most susceptible period for mesquite is defined 
as occurring when leaves have reached full 
size but have not yet hardened off, and terminal 
twig elongation has stopped. Maximum translo- 
cation to the roots will occur at this time. 
Deciduous or semideciduous woody species, 
regardless of where they grow, can be expected 
to exhibit differential seasonal susceptibility, 
because they will have a period of rapid foliar 
development. The situation is quite different in 
a tropical evergreen rain forest where neither 
moisture nor temperature limit plant growth 
during  any part of the year. Although there 
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may be small peaks of seasonal susceptibility 
among the species found in a tropical rain 
forest, the effect would not be as pronounced as 
it is for deciduous and semideciduous spe- 
cies. 

The herbicidal rates necessary for the de- 
foliation of woody plants in tropl-.al Puerto 
Rico were much higher than those needed in 
subtropical Texas. The difference is not due 
to latitude nor to the species themselves. It is 
much more probable that woody plants in a wet 
environment are more tolerant of herbicides 
than those in a dry environment. Although initial 
defoliation may be equally good in wet and dry 
areas, the woody plants in wet areas have a 
greater potential for recovery than do those in 
dry areas. Another possible reason for higher 
rates being necessary in a wet environment, 
such as a tropical rain forest, is chat species 
diversity is extremely high. Woody plant control 
in arid or semiarid areas is usually directed 
against one or a few species and control 
measures are geared to account for the relative 
susceptibility of those few species. In a rain 
forest, on the other hand, there are many 
species. Some will be susceptible and others 
will be resistant to a given herbicide. The rate 
of herbicide must be based on the most re- 
sistant species. 

Higher herbicidal rates may be neces- 
sary in wet environments because there is a 
greater vegetative blomass. The biomass of a 
tropical rain forest is much greater than that of 
a stand of live oak, for example. Assuming an 
even distribution of droplets throughout a forest 
canopy, and a minimum droplet density of 72 per 
sq. in., a greater biomass would necessarily 
acquire a greater volume of spray application. 

Many weed scientists have observed that 
picloram provides greater bud suppression 
than do the phenoxy herbicides. This is an im- 
portant consideration because many woody 
species are vigorous sprouters. Any herbicide 
that will reduce the amount of sprouting will be 
distinctly advantageous. Even though some spe- 
cies of woody plants are resistant to picloram, 
it has a broader spectrum of activity, in terms 
of both species and season of application, than 
do the phenoxy herbicides. The advantages of 
broader spectrum of activity, greater bud sup- 
pression, and greater seasonal latitude make 
picloram a highly desirable herbicide. 

Combinations of paraquat and picloram have 
given both good and poor results in Puerto Rico 
and in Texas. Tests on guava in Puerto Rico 
showed that the activity of picloram was not en- 
hanced by rhe addition of paraquat and the rapid 
defoliation normally obtained with paraquat was 
lacking. In aerial tests on rain forest vege- 
tation, however, paraquat:picloram was more 
effective than picloram alone and there was no 
reduction in the rapidity of defoliation. Tests in 
Texas showed that paraquat enhanced the ac- 
tivity of picloram In a mixed brush type in 
eastern Texas, and also In an oak-yaupon as- 
sociation near Carlos, Tex. On the contrary, 
paraquat reduced the effectiveness of picloram 
when applied to whltebrush or a huisache- 
mesquite association. The reasons for the di- 
verse effects obtained with paraquat: picloram 
combinations are not known. 

There is no one best herbicide that would 
satisfy all the possible requirements. The 
control of grass usually requires a different 
herbicide than does the control of woody plants. 
Rapid defoliation requires a different herbicide 
than does loiig term defoliation. If a single 
species Is to be controlled, herbicides must be 
evaluated to determine which Is most effective. 
The research experience in Puerto Rico and 
in Texas indicates quite cleanly that picloram 
affects a greater number of species than do the 
other herbicides Included In the test program. 
Picloram also provides control for a longer 
period. Therefore, picloram would be the best 
herbicide for use In areas that have a high 
species diversity and where long term control 
Is desirable. Paraquat would be most desirable 
In situations requiring rapid defoliation with no 
thought being given to long term control. If both 
rapidity of defoliation and long term control are 
Important requirements, a combination of 
paraquat and picloram should be considered, 
but there may be specific vegetatlonal associa- 
tions that will not be responsive. The work that 
has been conducted under this project has been 
limited almost entirely to the defoliation and 
control of woody plants. The control of grasses 
has been given very little attention. Incidental 
observations suggest, however, that bromacil 
Is a likely candidate for the long term control 
of grass species, paraquat for rapid but short 
term control, and bromacil:paraquat for rapid 
and long term control. 
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CHAPTER 9 

EFFECT OF ENVIRONMENT ON DATE OF HERBICIDAL TREATMENT 

The seasonal susceptibility of woody plants 
to herbicides has been established in published 
literature. There is no longer any question 
but that the effectiveness of herbicides applied 
to the foliage of woody plants in temperate 
zones is markedly influenced by the season 
in which treatments are made. In most cases, 
however, the period of maximum susceptibility 
cannot be defined on so broad a basis as 
season. The period of maximum susceptibility 
is frequently of short duration. Various in- 
vestigators have defined that period on the 
basis of climatic events; availability of soil 
moisture; phenologic development of the woody 
species Itself or of associated vegetation; or 
by a calendar date based on the number 
of days after a specific phenologic stage— 
usually the beginning of leaf development in 
the spring. 

The validity of the concept of seasonal sus- 
ceptibility is emphasized by its applicability 
to many woody species growing in a variety of 
climatic and edaphic environments. A good 
example Is afforded by three varieties of 
mesqulte that are geographically distributed 
from the semlarid areas of Arizona and New 
Mexico to the Southern Great Plains of Texas. 
The precise definitions of the period of maxi- 
mum susceptibility vary from State to State, 
but all are predicated on phenologic develop- 
ment either directly or indirectly (3, 9, 10). 
The most effective control with 2,4,5-T is ob- 
tained at a time when leaves have reached 
full size and terminal twig elongation has 
stopped. 

Post oak and blackjack oak are most sus- 
ceptible if treated during a period of active 
growth after the leaves are full size (1). Big 
sagebrush  is  a relatively susceptible woody 

species but it, too, is seasonally susceptible. 
The effective spraying season begins when the 
first new leaves are as large as old leaves 
carried overwinter, or when Sandberg blue- 
grass has headsemergingfrom the leaf sheaths 
(4). Rabbitbrush is most susceptible If treated 
after new twig growth exceeds 3 in. in length 
and when large bunch grasses are heading out. 
Earlier applications kill the active growing 
tissues but allow lateral and basal sprouting. 
Effectiveness of the herbicides drops as soil 
moisture is depleted in the surface 10 in. (4). 
The control of chamise is most effective when 
treatments are made in the spring before soil 
moisture has been greatly reduced (5). 

Many other examples of the seasonal sus- 
ceptibility of woody species to herbicides could 
be given. However, the general conclusions 
would be the same as for the examples cited 
above. The important point illustrated by the 
examples is the recurrence of similar pheno- 
logic and soil moisture conditions as require- 
ments for defining the period of maximum 
susceptibility. Leaves that are full size, the 
cessation of terminal growth, and soil moisture 
adequate for plant development are factors 
that have become commonplace for defining 
the period of maximum susceptibility. It is 
important to remember, however, that most of 
the published literature on seasonal suscepti- 
bility has been limited to the response of woody 
plants to phenoxy herbicides. Much less is 
known about the reaction of woody plants to 
other herbicides. In addition, the research on 
seasonal susceptibility has been done in tem- 
perate rather than tropical zones. The work to 
be reported in this chapter extends our infor- 
mation to tropical areas and to herbicides 
other than those of the phenoxy group. 
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Winged Elm 

Picloram, dlcamba, and 2,4,5-T were ap- 
plied at 2-wk. intervals to small plants of 
winged elm. The herbicides were diluted in 
water and applied at a volume of 20 gal. per 
acre with a portable, compressed air sprayer 
equipped with a three-nozzle boom. Each treat- 
ment was applied to 15 plants located at random 
in three-plant groups. 

The results of the study (table 9.1) show 
clearly that winged elm is seasonally sus- 
ceptiblec For dlcamba and 2,4,5-T, the per- 
centage of defoliation increased gradually, 
reaching a peak with the treatment on May 15. 
The percentage of defoliation decreased grad- 
ually for treatments made after that date. 
Picloram was about equally effective from 
April 1 through June 1, but the percentage 
of defoliation decreased markedly after the 
June 1 date. 

Winged elm appears to have the same period 
of susceptibility to dlcamba and 2,4,5-T, but 
the period of maximum susceptibility to 
picloram is much broader. Early treatments 
with picloram caused a high percentage of de- 
foliation, whereas the effect from dlcamba and 
2,4,5-T was negligible. It is not clear at this 
time whether winged elm is susceptible earlier 
in  the  season to picloram than to the other 

two herbicides, or whether the period of 
maximum susceptibility to picloram is simply 
broader. The data do show that winged elm is 
seasonally susceptible and that the period of 
maximum susceptibility is not the same for all 
herbicides. 

TABLE 9.1.--The percentage of defoliation of winged elm 
resulting from treatments with p5cloreai, dlcamba,  and 
2,4,5-T.  Treatments were applied in 1965 and evaluated 
in July 1966 

Treatment Rate 
Defoliation after treatment with-- 

date Picloram Dlcamba 2,4,5-T 

Lb. per 
acre - Percent - 

Apr. 1 1 
2 

95 
100 

10 
26 

16 
27 

Apr. 15 1 
2 

9'. 
100 

18 
22 

28 
61 

May 1 1 
2 

80 
96 

15 
21 

43 
49 

May 15 1 
2 

93 
92 

35 
55 

71 
88 

June 1 1 
2 

85 
93 

25 
29 

32 
64 

June 15 1 
2 

41 
67 

16 
25 

23 
30 

Yaupon 

Yaupon was treated with 2 pounds per acre 
of picloram, dlcamba, and 2,4,5-T at 15-day 
intervals beginning October 1, 1964, and con- 
tinuing through July 1, 1965. The herbicides 
were diluted with water and applied at a volume 
of 20 gal. per acre. The treatments were made 
with a portable, compressed-air sprayer 
equipped with a three-nozzle boom. Fifteen 
plants in randomly located three-plant groups 
were sprayed for each treatment. 

The data obtained in this study are similar 
to those obtained in the experiment on winged 
elm. The pattern of susceptibility was es- 
sentially the same for dlcamba and 2,4,5-T. 

Maximum susceptibility to picloram occurred 
earlier in the season and extended over a longer 
period of time (table 9.2). Picloram was also 
the most effective herbicide, followed by 
2,4,5-T and dlcamba. 

The results obtained from tho experiments 
on winged elm and yaupon add two more tem- 
perate zone species to the list of those known 
to exhibit seasonal susceptibility. Of greater 
importance is the fact that the period of 
maximum susceptibility to picloram occurs 
earlier and extends over a longer period of 
time than for either 2,4,5-T or dlcamba. This 
fact has  important practical considerations. 
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TABLE 9.2.---The percentage de.'ollatton of yaupon resulting from treatments with 2 lb.  per acre of pioloram, dioamba, 
and 2,4,5-T.  Treatments were made at 15-day intervals  from October 1,  1964,  to July 1,  1965.  Treatments were 
evaluated in July 1966 

Treatment Defoliation after treatment with— Treatment 
date 

Defoliation after treatment with-- 

date 
Pioloram Dlcamba 2,4,5-T Pioloram Dicamba 2,4,5-T 

- rercent - - - - Percent - - 

Oct. 1 22 19 30 Mar. 1 83 29 42 
15 16 10 21 15 96 29 46 

Nov. 1 32 18 34 Apr. 1 89 32 54 
13 46 36 41 15 90 28 40 

Dec. 1 55 18 37 May 1 78 25 63 
15 78 12 31 15 86 62 72 

Jan. 15 51 15 26 June 1 
15 

63 
55 

46 
39 

74 
73 

Feb. 1 29 14 32 
15 61 14 29 July 1 89 46 73 

Guava 

The research conducted on the seasonal sus- 
ceptibility of guava is important because it ex- 
tends our knowledge to a woody plant growing 
in a tropical environment, where temperature 
does not limit plant growth. Guava is a native 
of tropical America but now has a pan-tropical 
distribution because of its introduction Into 
other tropical areas throughout the world. It 
is normally evergreen in tropic&l areas but 
may lose some of its leaves during dry 
periods. 

Treatments for this study were made in a 
small pasture near Mayaguez. Mean annual 
rainfall for the test site is about 77 in. May 
through October are the months of highest 
rainfall with the monthly average being more 
than 8 in. November through April are drier 
with monthly averages of less than 6 in. 
January is the driest month with an average 
rainfall of 1.90 in. 

Temperature and relative humidity are quite 
constant throughout the year. Mean tempera- 
tures taken from the Federal Experiment 
Station at Mayaguez range from 74.4° in 
January to 79.6° F. in August. Diurnal fluctua- 
tion is much greater than the average annual 
fluctuation. Relative humidity is high through- 
out the year. Observations made daily at 0800 
during 1964 showed a range from 75 to 90 
percent relative humidity. 

The principle herbicide used in this study 
was   2,4-0:2,4,5-T  (1:1).  Applications  were 

made at approximately 2-wk. intervals at 
a rate of 6 lb. per hundred gallons. Water 
was used as the carrier in all treatments. 
No additional surfactants were added to the 
spray solution. 

Treatments were made with a portable, 
compressed-air sprayer. A wetting spray at 
30 lb. per square inch was applied to 20 
plants on each treatment date. Treatments 
were made between 0800 and 0900 except when 
there was a heavy dew. Except for the first 
few dates, all treatments were made by the 
same man. 

Picloram and dicamba were also used in this 
experiment, but treatments were made at less 
frequent intervals than with 2,4-D:2,4l5-T. 
Both picloram and dicamba were applied at the 
same rate and with the same equipment as 
was used for 2,4-D:2,4,5-T. 

Ratings were made 2 wk., 1 mo., 6 mo., 
and 1 yr. after treatment. An estimate of per- 
centage of leaves killed was made for each of 
the 20 plants. The mean percentage of leaves 
killed actually represents a combination of 
percentage defoliation and dead leaves that had 
not yet abscised. 

The results of the treatments with 2,4-0: 
2,4,5-T (table 9.3) show that a rapid initial 
defoliat'on was almost always followed by 
rapid recovery. When initial defoliation oc- 
curred more slowly, however, the ultimate 
effect was usually better. 
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"IABLE 9.3.--The pernenlage defoliation of guava at 
intervals after treatment »1th 2,'l-D:2,'l,5-T applied 
at 6 lb.  per 100 gal.  as a wetting spray with a 
portable compressed air sprayer 

Treatment 
date 

Defoliation, lijne after treatment 

2 wk 1 mo. 6 mo. 1 yr. 

Percent - 
196i ~~~' 

Oct. 22 63 69 53 15 
Nov. 19 39 54 46 19 
Deo. 2 26 75 27 15 
Dec. 16 

1964 

25 65 30 31 

Jan. 3 51 93 a b 35 20 
Jan. 13 3C 95 a b 47 15 
Feb. 3 59 98 a b 36 15 
Feb. 17 78 a b 97 a b 38 15 
Mar. 2 74 a b 97 a b 22 11 
Mar. 17 83 a 99 a 17 9 
Apr. 1 66 90 b 18 9 
Apr. 13 69 95 a b 40 21 
May i 42 90 b 72 a b 56 
May 18 36 75 39 19 
June 1 40 77 70 a b 45 a 
June 15 25 48 34 16 
June 29 36 63 78 a 04 a 
July 13 31 46 57 b 43  b 
Aug. 3 66 61 55 b 36 
Aug. 17 74 a b 77 39 37 
Sept. u CO 67 68 a b 48 a b 
Oct. 6 24 67 56 b 28 
Oct. 19 2C. 63 70 a b 43  b 
Nov. 2 31 72 59 b 43  b 

1 Any two means having one or more letters In coramon are 
not significantly different.  Any two mea is not having let- 
ters in oocmon are signifloently different at the 5-percent 
level. Significance is shown only for the high defoliation 
percentages  to show clearly that the defoliation pattern 
is dependent on season of treatment. 

The interaction ot initial and ultimate de- 
foliation with seasons of application is shown 
graphically In figure 9.1. The mean defoliation 
resulting from treatments made during the 
periods of February-April, May-September, 
and October-January show that there are 
three distinctly different defoliation patterns. 
Treatments applied during the February-April 
period resulted in a high initial defoliation 
but the plants recovered rapidly between 1 and 
6 mo. after treatment. Additional recovery 
occurred between the 6-mo. and 1-yr. obser- 
vations, so that the ultimate effect was 
negligible. Treatments applied during the May- 
September period caused the lowest initial 
defoliation, but gave the highest ultimate de- 
foliation. The effects of the October-January 
treatments were intermediate between the 
other two. 

Defoliadon patterns can j,e associated with 
rainfall and the rainfall can in turn be asso- 
ciated  with  the growth pattern of guava ^8). 

Figure 9.1,—The interrelationship between seasons ol 
herbicide application and defoliation of guava. Data 
for the three periods are averages of all treatments 
during a period. 

Rainfall data are given in table 9.4. A compari- 
son of table 9.4 with figure 9.1 shows that high 
initial defoliation was associated with a period 
of low rainfall and the highest ultimate de- 
foliation was associated with the period of 
highest rainfall. The ultimate percentage of 
defoliation was correlated with rainfüll during 
the 3-wk. period preceding treatment 
(r = 0.70). Since r x 100 is roughly indicative 
of the amount of change in defoliation that is 
attributable to rainfall, the correlation coef- 
ficient tells us that only about 50 percent of 
the increased defoliation was due to increased 
rainfall. The stage of growth at which guava 
was treated is also an important factor. 

Flowering and fruiting of guava vjccur during 
the dry season, principally in February and 
March, but some flowering may occur as late 
as June. Terminal twig elongation and new 
leaf development occur during the first part 
of the rainy season, usually stopping by mid- 
summer. Thus, the period of maximum sus- 
ceptibility to 2.4-D:2,4,5-T is coincident with 
a period of high rainfall and maximum foliar 
development. Defoliation is less dependent on 
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TABLE 9.4.--Monthly rainfall at Mayaguez,   Puerto Rico, 
during the period covered by this study and the 
iongterm monthly rainfall 

Month Year 

Rainfall during 
study period 

Monthly Mean for 
period2 

Rainfall, 
long term means 

TABLE 9.5.--Seasonal response of guava to 2,4-0:2,"4,5-1 
compared with the seasonal response to dicamba and 
plcloram. Concentration was 6 lb. per 100 gal. for all 
herbicides 

Monthly3 Period 

Treatmen". 
period 

Time 
after 
treat- 
ment1 

Defoliation after 
treatment with— 

2,4-D:2,4,5-T Dicamba Plcloram 

- -  . - Percent - - - .  
Oct. 1963 5.45 8.50 

Feb.  to April 2 wk. 72 79 86 

Nov. 

Deo. 

1963 

1963 

6.68 

2.24 
3.78 

5.63 

2.60 
4.66 

1 mo. 
6 mo. 
1 yr. 

96 
29 
13 

8') 
<  i 

SO 

99 

81 

Jan. 1964 .76 1.90 May to Sept. 2 wk. 
1 mo. 
6 mo. 
1 yr. 

46 
<" 
J7 
.; ) 

23 
>:, 
29 

24 

Feb. 1964 1.63 1.64 79 
99 

Mar. 1964 ..', i 3.44 3.50 3.27 
Oct.   to Jan. 2 wk. 35 24 42 

Apr. 1964 11.62 4.68 1 mo. 
6 mo. 
1 yr. 

73 
47 
25 

63 

79 

VI 
99 

May 1964 

1964 

3.26 

9.33 

8.45 

8.78 

95 

Jane 
1  There were from one to 

for dicamba and plcloram. 
six treatments within a period 

July 1964 7.26 8.72 9.60 9.60 

Aug. 1964 8.38 10.08 the intermediate ranges. Thus, it seems that 
Sept. 1964 6.63 11.07 the pattern of response is approxlma tely the 
Oct. 1964 10.29 

Nov. 1964 1.24 

Dec.      1964      .46 

Data taken from Mayaguez Station through April 1964; 
subsequent data taken from rain gage on the study site. 

2 The periods correspond to those used In figure 9.1. 
3 All data taken from the Mayaguez Station. 

rainfall during thelater part of the rainy season 
when there are few, if any, new leaves. De- 
foliation percentages resulting from treat- 
ments on October 19 and November 2, 1964, 
were not so high as those resulting from 
treatments earlier in the rainy season, even 
though there were 10.29 in. of rainfall in 
October 1964. 

The initial reaction of guava to d'camba and 
picloram was generally the same as for 
2,4-D:2,4,5-T (table 9.5). The highest initial 
defoliation was obtained during the February- 
April period, but recovery was also greatest 
from treatments made during that period. The 
amount of recovery was not so great for 
dicamba and picloram as it was for 2,4-D; 
2,4,5-T. In contrast to 2,4-D:2,4,5-T, the 
period of greatest susceptibility to dicamba 
and picloram (based on defoliation 1 yr. after 
treatment) was October to January. During this 
period initial de'oliation percentages were in 

same for the three herbicides insofar as 
initial defoliation is concerned. The period of 
maximum susceptibill ly occurred later in the 
season for dicamba. Maximum susceptibility of 
guava to picloram occurred during a longer 
period than for either of the other two herbi- 
cides tested. 

The pattern of seasonal jusceptibility of 
guava was found to be essentially the same as 
that for woody species growing in temperate 
zones. Guava is most susceptible to phenoxy 
herbicides when treatments are made at the 
end of a period of active terminal growth. In 
addition, the period of maximum susceptibility 
of guava coincided with the period when there 
■vas adequate soil moisture for growth. As was 
the case with winged elm and yaupon, guava 
was susceptible to picloram over a longer 
period of time than when 2,4-D:2,4,5-T was 
used as the herbicide. 

It is reasonable toassume that other tropical 
species growing in an area that has seasonal 
rainfall would react similarly to guava. 
Phenoxy herbicides are known to be trans- 
located with photosynthate. The direction of 
carbohydrate flow is upward in the plant 
during periods when new leaves are being 
developed and terminal elongation is taking 
place. Since the phenoxy herbicides are trans- 
located with the carbohydrates, the herbicide 
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would be concentmed in the new leaves and in 
the new terminal growth and consequently, a 
high initial defoliation would be expected. Much 
of the herbicide would be lost when the leaves 
dropped. After the lepves have reached full size 
and terminal growth has stopped, however, the 
direction of carbohydrate flow is toward the 
base of the plants. Now the herbicide would be 
translocated away from the newly developing 
leaves and terminal twigs into the stems and 
roots. The net effect would be a lower concen- 
tration of herbicides in the leaves and terminal 
twigs and a correspondingly greater concentra- 
tion in the stem and root. Rapid defoliation would 
not be expected. Subsequent redistribution of 
herbicide would ultimately lead to a higher per- 
centage of defoliation and a greater number of 
plants killed. 

The reasons for the longer periods of sus- 
ceptibility of woody plants to picloram than to 
phenoxy herbicides are unclear. Studies have 
shown that picloram is absorbed more rapidly 
and in greater quantities than is 2,4,5-T (2). 
It is also known that picloram is translocated 
more readily than 2,4,5-T, particularly toward 
the basal portions of the plant (6). Picloram 
appears to be both phloem and xylem-mobile 
whereas 2,4,5-T is only phloem-mobile. Thus, 
the translocation of phenoxy herbicides toward 
the basal portions of the plant would occur 
only when mass flow of the photosynthate 
was moving in that direction. Picloram, on 
the other hand, would be translocated to the 
basal portions of the plant regardless of the 
direction of photosynthate flow. The bidirec- 
tional  flow  of picloram results in slow, but 

progressively greater, defoliation and excel- 
lent suppression of lateral and basal buds. 
The dependence of 2,4,5-T on transport with 
photosynthate restricts the period during which 
it can be most effective. In addition, some of the 
picloram applied as a foliage spray will reach 
the soil. Picloram is more persistent in soil 
than is 2,4,5-T and thus would be available to 
the plant by soil absorption. 

The concept of seasonal susceptibility prob- 
ably does not extend to a tropical rain forest 
where neither temperature nor moisture limit 
plant growth during any season of the year. 
Radial growth and the fall and replacement of 
leaves occur at a fairly uniform rate through- 
out the year (7). The absence of periods during 
which the trees have a relatively greater 
growth activity prevents the timing of treat- 
ment with a phenoxy herbicide to coincide with 
the downward flow of photosynthate. Thus, it 
is reasonable to expect that the degree of 
susceptibility of rain forest species would 
not vary greatly throughout a year. Additional 
research would be needed to substantiate the 
expected lack of seasonal susceptibility of 
rain forest species. 

The data presented in this chapter showed 
that guava growing in a tropical climate char- 
acterized by seasonal rainfall exhibits a 
seasonal susceptibility similar to that of woody 
species growing in temperate zones. Other 
woody species growing in an environment 
similar to that of guava could be expected to 
react in a similar manner. Marked seasonal 
variations in susceptibility would not be ex- 
pected in a tropical rain forest. 
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CHAPTER 10 

THE EFFECT OF DEFOLIATION ON HORIZONTAL AND VERTICAL 
OBSCURATION BY VEGETATION 

The ARPA defoliation project- was initiated 
because of the belief that defoliation of a 
tropical forest would improve both hoiizontal 
and vertical visibility. Some work had been done 
on visibility in a horizontal plane in a number 
of forest types, but visibility had never been 
related to defoliation. It was important, there- 
fore, to study the relationship between visibility 
and the progressive defoliation caused by 
chemical herbicides. 

This report is limited to a discussion of 
the effects of vegetation on visibility as it 
relates to military requirements. A review of 
the literature shows that the first work was 
done by the UJS;^?my Quartermaster Research 
and Developmlnt Command at the request of 
the General Staff (10). That study emphasiied 
the continuous variability of vegetation ana the 
consequent difficulty of classifying vegetation 
for the purpose of relating it to visibility. 
Drummond and Lackey used Kuchler's vegeta- 
tion classification (U), but recognized its 
limitations. Drummond and Lackey proposed 
the term "continuous visibility," defining it 
as, "...the greatest distance to which a quiet, 
erect, stationary man can be kept in constant 
view as the observer goes away from him ...," 
Their standard visibility object was a green 
cylinder 6 feet in height and 1.5 feet in 
diameter. 

The work of Drummond and Lackey in the 
deciduous and coniferous forests of the United 
States was extended by Anstey (1) to a tropical 
deciduous forest in Panama. The difference 
between temperate and tropical forests was 
recognized by Anstey when he said tnat, 
"... Most of the obstruction to visibility in a 
tropical deciduous forest is due to under- 
growth, vines, epiphytes, and exposed buttress 
roots or    fallen trees...." Anstey's visibility 

target was a man dressed in the standard 
U.S. Army utility uniform including tropical 
boots and a standard field cap. In one test the 
observer was positioned and asked to search 
for a moving visibility target. In the second 
test, the target was stationary and had to be 
spotted by the moving observer. The moving 
target could always be spotted at a greater 
distance than could the stationary target. 
Anstey also noted that a professional hunter 
with many years experience in a similar 
environment was able to locate the stationary 
target at a greater distance than could the 
regular observer. 

In 1963 the U.S. Army Corps of Engineers 
also started to work on the problem of visi- 
bility (14). They used a moving target es- 
sentially similar to the method described by 
Anctey (I), 

In 1964 the Natick Laboratories brought 
together the results of field observations from 
eight widely scattered vegetation types, ranging 
from tropical forests in Panama to the sub- 
arctic coniferous forests of Canada (2). This 
publication marked a change in methodology 
for the Natick Laboratories. While they had 
formerly used a green cylinder or a man in 
a green uniform, they now used a white disc 
and proposed its use as a standard for measur- 
ing visibility in vegetation. The recommended 
disc was 30 cm. in diameter and painted dull 
white. 

The use of a white disc in preference to a 
man or cylinder garbed in green represents 
a basic change in thinking about the many 
problems associated with a concept so broadly 
definable as is visibility. The use of a green- 
garbed target incorporates the element of 
camouflage and introduces the probability of 
prior  experience  being  a distinct advantage 
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for target perception. An experienced hunter 
accustomed to locating game in a given environ- 
ment would be expected to locate a camou- 
flaged target sooner than someone who was 
inexperienced in that environment. A white 
disc, on the othv hand, contrasts with the 
green foliage and can be seen equally well 
by the experienced and the inexperienced. 
Thus, the white disc would be more a measure 
of the degree of obscuration of vegetation, 
whereas the recognition of a camouflaged 
target would be more a mattsr of detection 
or discernment of a target that blends In with 
the environment. 

In 1964 the U.S. Army Tropic Test Center 
published the first in a series of papers on 
"Jungle Vision" (4). The objective of their 
first study was to determine the detectability 
of uniformed human targets in a semideciduous 
tropical forest during the dry season. They 
established a range of visual detection 
thresholds from 45 to 75 ft., depending on the 
particular site in the semideciduous forest. 
A detection threshold was defined as the 
distance at which 50 percent of the targets 
were detected. 

The second report by the Tropic Test Center 
(5) also had the detection of uniformed human 
targets as its objective and the same pro- 
cedures were used. The second test extended 
the work from a semideciduous forest during 
the dry season to an evergreen rain forest 
during the wet season. The detection thresholds 
for the two forests did not differ significantly, 
but target detection between 65 and 100 ft. was 
much more difficult in the evergreen forest 
than in the semideciduous forest. Dobbins jmd 
Cast also found a statistically significant 
relationship between detection thresholds and 
illumination levels. The range of illumination 
in the rain forest was from 4 to 17 ft.-c. 

The third jungle vision report (6) was con- 
cerned with determining whether there were 
sufficient changes in rain forest vegetation 
during the dry season to enable soldiers to 
detect uniformed human targets more readily 
than during the wet season. The same method- 
ology was used as in their previous work. The 
authors concluded that there were no signifi- 
cant differences in target detectability between 
the two seasons in spite of higher levels of 
illumination, observable vegetation changes, 
and a severe dry season. 

The next report by the Tropic Test Center (7) 
continued the work with camouflageu targets. 
In this test nonmagnifying yellow lenses were 
tested to determine if they would increase the 
probability of target detection. The tests were 
made in three sites of an evergreen rain forest 
during the dry season and compared with 
earlier tests at the same sites. Target de- 
tectability was decreased rather than increased 
by using the yellow lenses. 

Dobbins and Kindick (8) next tested yellow, 
red, and dichroic nonmagnifying lenses in two 
sites of a semideciduous tropical forest 
during the wet season. None of the lenses 
improved target detectability as measured by 
50 percent detection thresholds. 

The latest publication by the Tropic Test 
Center on problems associated with vis- 
ibility (9) had as its objectives a comparison 
of human targets with several standard visi- 
bility objects, and an evaluation of the ef- 
fectiveness of one U.S. Army camouflage 
pattern in reducing visual detection. The work 
was done on two sites in an evergreen forest. 
The targets that were compared were 
(1) human in an olive drab uniform, (2) olive 
drab silhouette (in the shape of a man), 
(3) camouflaged silhouette, (4) olive drab cyl- 
inder 6 by 2,5 ft., (5) a single white disc 
30 cm. in diameter and 1.55 m. above the 
ground, and (6) a double white disc, the lower 
one 49 cm. in diameter and 0.4 m. above the 
ground, the upper one 30 cm. in diameter and 
2 m. above the ground. The double white disc 
was most easily detectable, followed by the 
three olive drab targets that were equally 
detectable, the single disc, and the camouflaged 
silhouette. 

The lack of comparable detectability between 
the olive drab targets and the white discs is 
to be expected simply on the basis of the 
differences between a color that blends with 
the vegetation and one that contrasts with the 
vegetation. The fact that the double disc pro- 
vided the highest detectability and the single 
disc provided the next to the lowest detecta- 
bility is doubtless a function of size of the 
detectable objects. Total area of the double 
disc was 2,593 sq. cm., whereas the total area 
of the single, 30-cm. disc was only 707 sq. 
cm. Thus, not only was the blending vs. 
contrasting color important, but also the size 
of the target to be detected. 
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The Iherature that has been reviewed shows 
that the specific objective to be studied within 
the general concept of "visibility" must be 
closely defined if there is to be a comparison 
of the work of different individuals in diiferent 
areas. Moreover, the techniques for a specific 
objective must be similar or it will never be 
possible to assess comparability. 

Visibility may be defined as the degree or 
extent to which something is visible (recog- 
nizable), or as a measure of the ability of 
radiant energy to evoke a visual sensation. 
The first definition refers principally to visual 
perception that may be Influenced by such 
atmospheric conditions as cloudiness, dust, 
rain, and so on. The second definition refers 
to the Influence of radiant energy In the visible 
portion of the spectrum on visual perception. 
Neither definition fits the mental concept of 
"visibility" in vegetation of varying stature 
and density. 

Even when the term "visibility" Is confined 
within a vegetation frame of reference, it still 
evokes different Inferences In the minds of 
different Individuals. Someone Interested In the 
detection of a camouflaged target will certainly 
think in different terms than one who is in- 
terested in the deteciion of a contrasting target. 
Both approaches have merit and Information 
about them should be developed. But there 
should be a terminology that prohibits two 
individuals with different objectives from using 
the same word to describe what they are 
testing. 

A number of terms have been used In the 
research  that has been done on visibility In 

different vegetation types. It should be borne 
in mind, however, that all the work has been 
done on visibility In a horizontal plane. There 
has not been an attempt to assess visibility 
In terms of what an observer on the ground 
can see when looking toward the sky. Neither 
has there been an attempt to assess the visl- 
blllry of an object on the ground by an aerial 
observer. 

The terms "continuous visibility" (10) and 
"detection threshold" (4) have been defined. The 
Tropic Test Center also used the term "de- 
tection time," which is the time needed to 
detect a target at a given distance within a 
180° field of view. Visibility and horizontal 
visibility have been used generically without 
precise definition by everyone who has been 
concerned with the problem. 

A new term, "obscuration," was suggested 
by the Waterways Experiment Station (15) and 
recommended by the authors In their 1964 
Annual Report. The new term differs from 
previous terms in that It expresses quantita- 
tively how much of a target is obscured by 
vegetation. Obscuration thus becomes a 
measure of the amount of obscuring vegetation 
between observer and target. Obscuration, for 
both horizontal and vertical plane-., will 
be used in preference to visibility in this re- 
port. 

The objectives of this study were to de- 
termine the effect of defoliation on horizontal 
and vertical obscuration, and to compwre two 
systems for measuring horizontal obscuration 
and two methods for measuring vertical ob- 
scuration. 

Materials and Methods 

The research site was located In the Luqulllo 
National Forest on the northwest slope of the 
Luqulllo mountains. Elevation was 540 m., 
topography steep. The forest was classified 
as lower montane rain forest (3) and occurred 
In the tabonuco type (16). The immaturity of 
the forest was indicated by the absence of large 
tabonuco and the scarcity of small tabonuco, 
which come In under the shade of an established 

canopy. The general level of the canopy was 
about 60 ft. Many small trees formed an under- 
story layer 10 to 50 ft. high. Tree density 
was 2.2 per 100 sq. ft. Tschirley and 
Dowler (13) gave a detailed taxonomlc and 
physical description of the area. 

Nine, 60- by 80-ft. plots were treated with 
a pelleted formulation of plcloram on 
February 9, 1965. Rates of plcloram were used 

150 



that previous experience indicated would pro- 
vide a defoliation gradient from 0 to 100 percent. 
The herbicide was applied with a cyclone hand 
seeder. 

Two methods were tested for the quantitative 
measurement of horizontal obscuration. The 
methods were similar and used the same 
control points so that direct comparisons could 
be made on the basis of accuracy, time required 
for measurement, and the correlation with the 
percentage of defoliation. A plot diagram 
showing rhe essential features for measure- 
ment of horizontal obscuration is shown in 
figure 10.1. The observation point for both 
methods was the center of the plot, marked by 
a length of l-ln. pipe. Target locations were 
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Figure 10.1.—Plot diagram showing the obstrvstlon 
point and target locations for measuring horizontal 
obscuration. 

at  the ends of 40-ft. radii located 45° from 
the long axis of the plots. 

The dot-count method was suggested by 
Waterways Experiment Station. The target 
was composed of three, 30-cm. discs fastened 
to a staff. The centers of the discs were 0.4, 
1.2, and 1.95 m. above the ground. There were 
25 brightly colored thumbtacks randomly lo- 
cated oil each disc. Each dlec v/as fastened to 
the staff in such a way that It was free to spin. 
In practice the target was placed in the desired 
location and each disc was given a spin so that 
location of the dots was, theoretically, never 
the same. The observer counted the number of 
visible dots on each disc through a monocular 
mounted on the pipe in the center of the plot. 
The monocular was about 5 ft. above the 
ground. Data were recorded on prepared sheets 
so that all essential information was included 
and the possibility of error was reduced. 

The second method used for quantitatively 
measuring horizontal obscuration was called 
the stereo-square method. The obscuration 
target was composed of three, 30- by 30-cm. 
units fastened to a staff. The centers of the 
squares were 0.4, 1.2, and 1,95 m. above the 
ground—the same as for the dot-count method. 
Each of the square units was subdivided Into 
25 alternating, black and white, 6 by 6 cm. 
squares. In practice the target was placed in 
the desired location and photos were taken 
from the plot center with a 4 by 5 Graflex. 
Two photos were taken (4 in. horizontal camera 
displacement) so that the number of visible 
squares could be counted stereoscoplcally. 
When more than half of a square could be seen 
It was counted as visible; when less than half 
could be seen the square was not counted. 
The observation point and target locations 
were the same as for the dot-count method 
(fig. 10.1). 

One method of assessing vertical obscura- 
tion made use of the principle and equipment 
devised by Odum (1J2). This method Is based 
on an increasing attenuation of light reaching 
the forest floor by an increasing density of 
the forest canopy. The ratio of light above the 

1 
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canopy  to  that  at  the forest floor is called 
optical density (OD) and is expressed as, 

OD Loi« 17 

where L = light above the forest canopy, and 
L* - lighi at the forest floor. 

Solar cells manufactured by International 
Rectifiers (Model B2M) were used for the 
measurement of OD. The solar cells have a 
ISCf angle of acceptance and are sensitive in 
the visible and infra-red portions of the 
spectrum. 

One of the solar cells was raised above the 
forest canopy in a central location. The second 
solar cell, measuring the incidence of light 
at the forest floor, was held about 2 feet 
above the ground at 61 locations on each plot. 
The arrangement of locations is shown in 
figure 10.1. Stakes were placed at 5 foot in- 
tervals on each of the eight radii so that 
subsequent OD measurements could be made 
from the same location. 

The second method for measuring vertical 
obscuration made use of photographic tech- 
niques. Photos w« re taken from plot centers 
with a camera equipped with an 8 mm. "fish- 
eye" lens. The "fisheye" has a 180° angle of 
acceptance which results in a circu'ar photo. 
Photos were taken on black and white panchro- 
matic film. Exposures were made on the basis 
of illumination from the sky with a Pentax 1/21 
exposure meter, which has a 1° angle of ac- 
ceptance. After developing the 35 mm. panchro- 
matic film, negatives were enlarged to 170 mm. 
in diameter and transposed as positives to a 
high-contrast kodalith. 

The final positives, on which vegetation was 
opaque and unobstructed sky was transparent, 
were analyzed visually and by percentage of 
light transmission. Obscuration was deter- 
mined within an included angle of 140° .Visual 
examination of the positives was made by using 

an acetate overlay divided into three sectors 
of equal area for each of eight arcs. The 
percentage obscuration was estimated for 
each sector, summed, and divided by 24 
to give the percentage obscuration for each 
photo. 

The equipment used for measuring vertical 
obscuration by the percentage of light trans- 
mission included (1) a light table, (2) a black 
mask to screen out any light except that 
coming through a 140 mm. diameter circle 
that represented an included angle of 140°, 
(3) a photo tube, (4) a photo multiplier with an 
indicating dial, (5) a voltage regulator, and 
(6) a rheostat. The photomultlplier, having an 
integral voltage regulator, was hooked directly 
to a 110 v. line. A voltage regulator and a 
rheostat were placed between the 110 v. line 
and the light table. The voltage regulator 
was necessary to provide a light source of 
constant intensity. The rheostat was used to 
vary light intensity during zeroing of the 
photomultlplier. 

The photomultlplier and light table were 
warmed up for about 30 min. before any 
measurements were made. A transparent sheet 
of kodalith was then placed on the light table 
and covered with the black mask so that the 
only light reaching the phototube came from 
a circle representing a 140 included angle. 
By varying light intensity on the light table, 
and adjusting the internal compensating mech- 
anism of the photomultlplier, the instrument 
was calibrated for 100 percent transmission. 
A sheet of opaque paper was then put on the 
light table and the instrument was adjusted 
for zero transmission. The same procedure 
was repeated one or more times until the 
instrument gave constant readings of zero 
and 100 percent. Canopy positives were then 
placed on the light table, masked for a 140° 
included angle, and the percentage of light 
transmission read directly from the indicating 
dial on the photomultlplier. 
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Results and Discussion 

Horizontal Obscuration 

Comparison of dot-count and stereo-square- 
count methods.—The comparison of dot-count 
and stereo-square-count methods was made 
by correlation and regression analyses. Anal- 
yses were made for each of the three levels 
and for all levels combined. Four readings for 
each of 10 plots on 8 calendar dates made a 
total of 320 observations for each analysis. 

The correlation coefficients for individual 
levels were low, ranging from 0.024 through 
0.21 to 0.32 fox the top, middle, and bottom 
levels, respectively. When all levels were 
combined, however, the correlation coefficient 
was 0.80. 

There are several reasons for the poor 
correlations for individual levels in the two 
methods. The area of the 30-cm. disc used 
for the dot-count was 70.5 sq. cm., but the 
combined area of the 25 thumbtack heads was 
only about 24 sq. cm. The area of the 30-cm. 
square used in the stereo-square-count method 
was 900 sq. cm. and all of it was used for 
assessing visibility. In addition, the random 
location of tacks might lead to their being 
grouped in a small target area. In that case 
a single leaf near the observer could obscure 
all or many of the tacks and lead to a high 
obscuration value. Percentage obscuration for 
the dot-count was, in fact, always higher than 
for the stereo-square-count. And as defolia- 
tion increased (fewer obscuring leaves) the 
spread between obscuration percentages for the 
two methods increased. Thus, it seoms clear 
that a single leaf can have a greater Influence 
on the results obtained with the dot-count 
method than with the stereo-square method. 
The magnitude of the effect of a single leaf 
would be reduced if there were a regular grid 
pattern of tack location rather than a random 
pattern that permits grouping of tacks. 

Another reason for poor correlation between 
individual levels of the two methods is leaf 
movement caused by wind. Although the time 
required to count the 25 dots was not measured, 
5 sec. probably represents an average time. 
Leaf movement during the time needed for 
counting dots would alternately cover and un- 
cover dots, making an accurate count extremely 
difficult. The photographic record obtained 
from the stereo-square method is obtained in 
a fraction of a second—photos were never 
taken at a shutter speed slower than 1/25 
sec. The only human bias involved in the 
stereo-square-count method was determining 
whether more or less than half of a square 
was obscured. Granting that bias, the repro- 
ducibility of results would still be greater 
for the stereo-square-count than for the 
dot-count. 

Much less time was required for obtaining 
results with the dot-count than with the stereo- 
square method. A two-man team could make 
the dot-count on 10 plots in 2 hr. Three hours 
were needed for a three-man team to take 
stereo-ppir photographs on the same 10 plots. 
The film then had to be developed and printed, 
and counts made from the finished prints. 
Assuming 1 man-hour for developing and 
printing and 0.75 man-hour for counting 
squares, 10.75 man-hours were needed to 
obtain obscuration data on 10 plots. Only 4 
man-hours were required for the dot-count. 

The stereo-square method is considered 
to provide more reliable data than does the 
dot-count. In addition, the stereo-square 
method has the advantage of a photographic 
record that gives someone unfamiliar with the 
area an appreciation of the vegetational struc- 
ture that is not possible with the dot-count. 
The dot-count is clearly superior from the 
standpoint of time required to obtain data, 
however. 
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Effect of defoliation on horizontal obscura- 
tion.—The effect of defoliation on obscuration 
was actually great» r than expected. Obscura- 
tion data for both methods were analyzed 
separately. The mean obscuration calculated 
from the four target locations on a plot were 
plotted against percentage defoliation for the 
same plot. Linear regressions for both methods 
are shown in figure 10.2. A higher correlation 
coefficient was obtained with the stereo-square 
method (-0.67) than with the dot-count (-0.61). 

Previous discussion has shown that the 
stereo-square method provides more reliable 
data than does the dot-count. Consequently, 
future liscussion of the relationship between 
defoliat.on and horizontal obscuration will be 
basod only on the stereo-square method. 

The relationship between defoliation and 
horizontal obscuration is Influenced markedly 
by the amount of obscuring foliage present 
before treatment. If a target happens to be 
located so that only a small portion, or none of 
it, can be seen before treatment, defoliation 
has a striking effect on the number of squares 
that can be seen. On the contrary, a target 
visible before treatment is still visible after 

treatment, so the effect of defoliation on 
obscuration is nil. The two situations are 
apparent in the series of photos in figured 
10.3 to 10.6, inclusive. The pictures represent 
a chronologic sequence for each of 4 radii on 
a plot. Obviously, more than one target loca- 
tion is necessary to obtain a mean obscuration 
value that is correlated with defoliation. No 
work has been done to determine the number 
of target locations, beyond which there would 
be no Improvement of correlation between 
obscuration and defoliation. 

An analysis of the relationship between the 
three target levels and the degree of defolia- 
tion is interesting. Correlation coefficients 
for the top, center, and bottom levels were 
-0.69, -0.52, and -0.34, respectively. The 
lower values for the lower target levels are 
interpreted to mean that obscuration near the 
ground is principally a function of stem basal 
area or of low-growing ground cover that does 
not enter into the estimated defoliation. Far- 
ther above the ground the stems are smaller 
and there are more leaves. Defoliation of the 
leaves would naturally result in a higher 
correlation coefficient. 
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Vertical Obscuration 

Comparison of canopy photos and optical 
density.—The comparison of canopy photos 
and optical density had to be made to provide 
meaningful data for optical density in terms 
of   its  relationship  to  vertical  obscuration. 

Optical density (OD) is defined as log10   —,. 

Thus, the more light that penetrates to the 
forest floor, the lower is the OD value. Although 
OD can be related directly to the amount of 
light penetrating a forest canopy, OD in itself 
is meaningless in term? of obscuration. 

Data were plotted to show the relationship 
between OD and percentage of obscuration as 
determined from canopy potographs. Corre- 
lation coefficients were calculated for 1, 9, 
17, and 25 OD measurements on a plot. The 
resultant values of r were 0.46, 0.59, 0.63 
and 0.63, respectively. Since the value of x 
did not increase when more than 17 OD 
measurements per plot were used, about 20 OD 
measurements can be considered adequate to 
provide data that correlate well with per- 
centage obscuration measured from a single 
canopy photo. 

The mean OD corresponding to a given 
percentage obscuration can be determined 
from linear regression (figure 10n7). The line 
of regression extends only from 10 to 90 
percent obscuration. The regression would not 
be linear below 10 percent obscuration because 
the incident light above the forest canopy and 
at the forest floor would be the same if there 
were no obscuration. The quotient of the light 
ratio would be one, and the log l0 would be zero. 
In like manner, the regression would not remain 
linear for 100 percent obscuration. With no inci- 

dent light at the forest floor, OD = Loplü    (T =0. 

Relationship between vertical obscuration 
and defoliation.—There is a good relationship 
between vertical obscuration and defoliation 
(fig. 10.8). One might expect that, knowing the 

percentage of obscuration before treatment 
with herbicides, it would be possible to predict 
the percentage of defoliation necessary to 
reduce obscuration to a given Lvel. Such a 
prediction is not possible from ehe data ob- 
tained in this study, however. Variables that 
affect the degree of obscuration are (1) the 
number of stems per unit area, (2) relative 
density of foliage, (3) height of the vegetation, 
and (4) basal area of the stems. A predictive 
equation is not possible unless all variables 
are taken into consideration. 

An example of the variables affecting ob- 
scuration is shown by a pair of canopy photos— 
one taken before treatment, the second three 
months after treatment (fig. 10.9). Obscuration 
was extremely high before treatment and most 
of the obscuration was a result of dense foliage. 
Three months after treatment, defoliation had 
revealed enough of the area so that the relative 
number of stems and their size was evident. 
One can readily observe that the high stem den- 
sity at the bottom of the picture caused more 
obscuration than the low stem density at the 
top of the picture. Also, the large stem at 
the top and the third stem to its right were 
the same distance from the lens, but the larger 
stem caused much more obscuration. Height of 
the vegetation is an important variable simply 
because an oblique line of sight through a forest 
canopy is longer for taller trees. The line of 
sight through trees at an angle 45° above 
horizontal would be 71 ft. for a 50-ft. canopy 
and 142 ft. for • 100-ft. canopy. Thus, the 
decreased obscuration resulting from de- 
foliation (fig. 10.8) in this study cannot be 
extrapolated to other forests. Rough approx- 
imations could be made but the approxima- 
tions would not have the validity of supporting 
data. 

Vertical obscuration from the air to the 
ground is also influenced by the degree of 
defoliation. The degree of defoliation is, how- 
ever, highly dependent on the angle of sight. 
Targets  lying on the ground may be clearly 
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visible when one is directly overhead, invisible 
when viewed from one oblique angle, and visible 
when viewed from another oblique angle. An 
example of decreased air-to-ground obscura- 
tion is shown in figure 10.10. An analysis of 
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Figure 10.7.—Linear regression and 95 percent confi- 
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many aerial photographs indicated that, for this 
forest, the minimum defoliation that will reduce 
obscuration to the point where most of the 
ground is visible is about 50 percent. Even 
then, the same ground area will be more or 
less visible depending on the angle and direc- 
tion from which it is viewed. 
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Figure 10.9.--Canopy photos taken with an 8-mm. "fisheye" lens  before treatment (A) and 3 mo. after treatment 
with 6 lb, per acre of picloram (B), 
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Summary 

The study directed toward assessing the 
degree of horizontal and vertical obscuration 
showed that defoliation has a definite, measur- 
able effect on how much of a stationary target 
can be seen. The relationship between defolia- 
tion   and  obscuration  is  linear and  can  be 

expressed by linear regression. Air-to- 
ground obscuration is greatly reduced by 
50 percent or more defoliation. The degree 
of obscuration is dependent on the angle 
and direction of sight, and the height of vege- 
tation. 
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CHAPTER 11 

HERBICIDE APPLICATION, PENETRATION AND DISTRIBUTION 
THROUGH FOREST CANOPIES 

The engineering phases of the ARPA project 
involved the fabrication of specialized equip- 
ment for herbicide application and a study of 
factors affecting the penetration and distribu- 
tion of spray solutions through multistoried 
forest canopies. The latter objective is inti- 
mately associated with herbicidal ef- 
fectiveness. A herbicidal spray solution that 
is intercepted by the upper story of vegetation 
will have no effect on lower stories. The 
factors affecting spray penetration and spatial 
distribution include (1) the density of vegeta- 
tion, (2) mean droplet diameter, (3) evaporation, 
(4) horizontal air currents resulting in drift 
away from the target area, and (5) vertical 
air movement caused by warm, expanding air 
rising from a soil surface whose temperature 
is higher than the air. 

No herbicide can be effective unless it is 
delivered to the vegetation to be controlled. The 
problems associated with herbicide delivery 
are complex and not amenable to simple 
solution. In general, the farther the distance 
from delivery origin to target, the greater 
is the possibility of misapplication. Spraying 
with ground equipment, where the delivery 
origin is close to the target, does not present 
great problems. But spraying from aircraft, 
either fixed-wing or helicopter, introduces 
a complex set of variables whose interactions 
are seemingly infinite. Thus, the study of 
spray delivery to the intended target is a 
vital aspect of the broader concept of her- 
bicidal efficacy. 

Equipment Development 

Several pieces of specialized equipment 
were needed for various phases of the overall 
research effort. This equipment could not be 
purchased and so had to be fabricated from 
component parts. 

Telescoping-Pole Sprayer 

The treatment of large trees for the purpose 
of herbicidal evaluation was an immediate 
problem in Puerto Rico. The island is heavily 
inhabited so areas of sufficient size for aerial 
treatment were not readily available. Cutover 
pasture lands containing relatively low-growing 
woody plants were available, but the invading 
brush  was  composed of only a few species. 

Confining herbicidal evaluation to a few woody 
species would have been a serious detriment 
to studying herbicidal effectiveness on a broad 
taxonomic base. Trees in an established second 
growth forest were too tall for effective treat- 
ment by conventional methods from the 
ground. 

The requirements for a system ihat could 
be used to spray individual large trees were: 
(1) portability, (2) light enough to permit man- 
handling in areas inaccessible to vehicles, 
(3) capable of spraying tre^s up to a 40-ft. 
height,or shorter trees, and (4) provide rela- 
tively even spray distribution. 

We purchased a pneumatically operated 
aluminum mast composed of six telescoping 
sections. The length of the nested mast was 
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12 ft. and the extended length 50 ft. Each of 
the sections was keyed so that rotation of the 
bottom section also rotated the upper sections. 
The mast was mounted on a swivel base, so 
it could be positioned at any angle and held In 
place by guy lines, attached to a collar within 
which the mast rotated. 

The design of the telescoping-pole sprayer 
called for a spraying system, attached to the 
top of the mast, that would treat a circular 
plot by rotation of the entire mast from the 
ground. The first spraying system was a boom 
consisting of two, 10-ft. sections of 3/4-in. 
aluminum pipe hinged so that each section 
could be folded along the mast (fig, 11.1). The 
mast was raised through a tree with the booms 
folded. The booms were then extended to a 
horizontal position (fig. 11.2)l)y means of arms 
activated by an air cylinder. The boom was 
equipped with 12 diaphragm nozzles of in- 
creasing size from center to end at 20-in. 
intervals so that approximately equal spray 
coverage was obtained throughout the plot 
radius. 

A circular plot is unusual for research on 
spraying and equipment had not been developed 
to resolve the problems of such a technique. 
While rotating the mast, the end of the 10-ft. 
boom section would travel five times as far 
as would a point on the boom 2ft. from center. 
Thus, spray delivery from nozzles would have 
to be progressively greater with increasing 
distance from center. Nozzle sizes were avail- 
able that permitted a relatively even spray 
distribution throughout the plot radius. 

The weight of the spraying system shown 
in fig. 11.2 was about 45 lb., so manhandling 
was not difficult. A plot with a diameter of 
20 ft. could be treated with the system. Spray 
material was delivered to the boom by air 
pressure from a supply tank on the ground. 
The air supply was provided by a small portable 
compressor on air-supply tanks. The boom was 
calibrated to deliver 10 gal, per acre wnenthe 
mast was rotated 180° in 3 sec. 

The system was operable but had several 
disadvantages. (I) The mast extended to 50 ft. 
but the folded booms hung down 10 ft, so a 
40-ft, tall tree was the highest that could be 
treated. Many trees we vanted to treat were 
taller than 40 ft. (2) The booms, nozzles, air 
cylinder for raising the booms, and spray 
solution  put a lot of weight at the top of the 

Figure   11,1,—-Telescoplng-pole  sprayer nested, with 
booms folded along the mast. 

Figure 11.2.—Telescoplng-pole sprayer extended with 
booms in horizontal position ready for spraying. 

mast. This caused considerable sway when the 
mast was rotated, and al«o put a strain on 
the mast that could cause early breakdown. 
(3) The inboard nozzles would start to spray 
earlier than the outboard as the boom filled, 
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thus causing uneven spray application. (4) Plot 
diameter was only 20 ft. Most of the trees 
we wanted to treat had crowns more than 20 
ft. In diameter. (5) When spraying was com- 
pleted and booms folded, spray solution re- 
maining in the boom would drip from nozzles 
as the mast was lowered. (6) The booms were 
a constant, potential source of breakdown be- 
cause of snagging on limbs as the mast was 
lowered. 

The disadvantages of the boom were suf- 
ficiently serious to cause consideration of a 
system that would treat larger trees with less 
potential for breakdown. Such a system would 
be advantageous even though evenness of 
spray distribution was sacrificed to some ex- 
tent. 

A new system was developed that alleviated 
or eliminated the disadvantages of the boom 
and rozzle c>dtem. We purchased a Boomjet' 
spray unit Jnd modified it to even out spray 

i Spraying Systems Company, Inc. 

distribution throughout the radius of a circular 
plot. The Boomjet required much less equip- 
ment at the top of the mast and was not as 
susceptible to breakdown as was the boom. The 
obvious disadvantage of the Boomjet was less 
even spray distribution. 

Any system that sprays a relatively wide 
swath from a central point delivers small 
droplets at the center and increasingly larger 
droplets at greater distances from center. In 
our case, the problem was compounded by the 
requirement of a circular plot. To provide 
greater spray delivery toward the periphery 
of the plot, the Boomjet was modified to con- 
tain two OC-06 tips; four 0508 HE tips; and 
two 0006 tips (fig. 11.3), This system sprays 
a circular area 40 ft. in diameter as the rr.ast 
Is rotated 180°. The 180° arc Is controlled 
by a limit switch, mounted at the base of the 
mast, that automatically activates a solenoid 
valve as the mast is rotated. Air pressure to 
the supply tank is supplied from a pressure- 
regulated tank on the ground. 

Figure 11.3.—Modified Boomjet: A, Face view and B, side  view,  (a) OC-06  tip,  (b) 0508  HE tips, (c) 0006 tip, 
(d) solenoid   valve,   (e)  spray  supply  container, (f) 1/4-lnch air supply hose, and (g) nested mast. 
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The Boomjet was calibrated to deliver 10 
gal. per acre at a pressure of 31 p.s.i. when 
the mast was rotated 180° in 3.5 sec. 

Spray distribution patterns of the boom and 
nozzle and Boomjet systems were compared. 
Kromekote cards and aluminum plates, each 
4 by 5 in., were placed at 2-ft. intervals from 
center along four radii extending 24 ft. from 
the mast. A 1-percent solution of nlgrosine 
dye in water was used for comparing spray 
distribution of the two systems. The dye 
solution on kromekote cards was 'ntended for 
a permanent record that could be used for 
visual comparisons. The dye collected on 
aluminum plates was washed off and analyzed 
colorimetrically to determine the volume of 
spray deposition. Analyses were made with a 
Bausch and Lomb Spectronic 20 colorimeter at 
540 mfj. 

Both systems deposited more spray near the 
center of the circular plot than at the periphery 
(fig. 11.4). Actual output for the boom and 
nozzle was near calculated output from 2 to 9 ft. 
along the radii and dropped off sharply for 
greater distances. Actual output for the 
Doomjet was near calculated output from 8 to 
13 ft. along the radii, and then decreased 
steadily :o 1.2 gal. per acre 20 ft. from center. 

Droplet size for the boom and nozzle system 
waG fairly uniform throughout the 10-ft. radius. 
With   the   Boomjet,   mean  droplet  size  was 
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tained with Boomjet and boom and nozzle spraying 
systems mounted on a telescoping mast. Sample cards 
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similar to that of the boom and nozzle for the 
first 8 ft., but rose sharply for the 10- to 
20-ft. portion of the radius. Beyond 10 ft., 
the mean droplet diameter was slightly more 
than 700 /i, with a corrc ^ponding drop in num- 
ber of droplets per unit .irea. 

Although spray distribution from the 
Boomjet, in terms of droplet size and amount 
of spray deposited, was not as uniform as 
with the boom and nozzle system, the practical 
advantages of the Boomjet far outweighed the 
disadvantages. Advantages of ün; Boomjet In- 
clude (1) a 40-ft. circular plot can be treated 
instead of 20-ft., (2) the Boomjet is lighter, 
easier to transport, and less susceptible to 
mechanical damage, (3) a 47-ft.-tall tree can 
be treated whereas 40 ft. was maximum for 
the boom and nozzle system, (4) drip was elim- 
inated while the mast was lowered through a 
tree, and (5) less weight at the top of the mast 
resulted in less mast sway. 

In practice, the telescoping-pole r-prayer is 
transported to the field on a Jeep (fig. 11.5). 
If the trees to be sprayed are on flat terrain, 
the jeep can be backed under a tree, the mast 
extended, and spraying accomplished without 
taking the system off the jeep. Terrain was 
always steep in Puerto Rico, however, so the 
telescoping pole had to be manhandled. The 
mast was carried to the tree to be sprayed. 
The swivel base was placed in location and 
steel pins driven into the ground to hold it in 
place. The spray supply tank and air-hose 
were   then   attached  to  the  spray  unit,  the 

Figure  11,5.—TeleLcoping-pole  sprayer mounted  on 
jeep for transport to and from field plots. 
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mast raised to a vertical position and guyed 
with nylon rope. The mast was extended 
through the tree to the desired height and 
the solenoid valve connected to a 12-v. battery 
through a limit switch. The mast was then 
rotated through an arc of about 240° at a 
uniform rate, during which time the limit 
switch turned the solenoid valve on and off 
so that each half of the Boomjet sprayed an 
arc of 180°. The mast is then lowered and 
moved to the next tree. About 30 min. are 
required for each tree, including moving and 
setup time. 

Laboratory Sprayer 

A laboratory sprayer was needed for rapid 
and precise treatmentof plants grown in green- 
house and growth chamber. Knapsack sprayers 
were not satisfactory because the application 
rate v/as not always uniform and because of 
contamination of laboratory and greenhouse 
areas. Consequently, a laboratory sprayer was 
designed which had the following features: 
(1) A spray chamber and drain pan to confine 
and remove excess herbicidal spray, (2) an 
activated charcoal air-filter system to prevent 
contamination by fumes, (3) a variable-speed 
spray cart (0 to 5 m,p,h,) mounted on an 
overhead track, and (4) a variable .leight, plant 
supponing tray. One or several potted plants 
up to 4 ft, in height could be treated at one 
time with single or repeated applications. The 
rate of application was controlled by nozzle 
speed, nozzle size, and spray pressure. Op- 
eration and cleaning procedures were simple. 

An enclosed spray booth 4 ft, wide, 9 ft, 
high, and 16 ft, long was constructed (fig, 11.6), 
The frame consisted primarily of 2 by 2 in, 
ornamental steel tubing. A drain pan sloped 
from the ends of the spray booth toward the 
center. The center section of the drain pan 
(4 by 6 ft.) was recessed for a plant supporting 
tray consisting of a steel tubing frame covered 
with expanded metal. The plant support tray 
could be raised and lowered by a cable lift to 
adjust the distance below the spray nozzle from 
2 to 6 ft, 

A spray cart carried the spray nozzle and 
herbicide container the length of the spray 
booth (fig. 11,7), The cart frame was con- 
structed of 5/16-in, thick aluminum plate and 

Figure   11,6,—Enclosed    laboratory   sprayer   for 
potted plants. 

Figure   11,7.—Spray   cart   assembly   mounted   on 
overhead track. 

1 by 1 in, lightweight steel tubing. Four 3-in, 
diameter nylon rollers supported the plate on 
an overhead track, '."he spray cart was pro- 
pelled along the track by a mechanical linkage 
to a No, 50 steel roller chain carried on two 
60-tooth sprockets located at either end of the 
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track. The mechanical linkage consisted of a 
1-1/2 in. diameter roller bearing fastened to 
an attachment link in the chain. The bearing 
operated in a vertical groove on the spray 
cart and carried the cart back and forth 
across the spray booth as the roller chain 
was driven continuously in one direction. The 
chain was driven by 1/2 hp. variable speed 
drive unit. The speed of the cart was con- 
trolled by a small hand wheel located on the 
front of the spray booth. A mechanical counter 
attached to the hand wheel shaft was calibrated 
to indicate cart speed in m.p.h. and ft. per 
sec. All exposed steel surfaces were painted 
with a chemically resistant epoxy resin. 

The sprayer consisted of a 1-qt. pressurized 
spray can, an electric solenoid operating valve, 
a pressure gage, and a nozzle. Air pressure 
was supplied through a flexible rubber hose. 
A small glass bottle containing the herbicide 

'ution was placed inside the pressurized 
spray can {fig, 11.8). The liquid inlet tube 
extended to the bottom of the bottle, permitting 
nearly all the material in the bottle to be 
sprayed. The entire spray system was flushed 

Figure  ll,8.~Replacement  of pressurized .-an con- 
taining glass herbicide container. 

with clean water or solvent by attaching a 
hose to the end of the liquid inlet tube after 
the pressurized and herbicide containers were 
removed. Subsequently, the cleaning solution 
was removed from the spray system by an 
airhose attached to the same liquid inlet 
tube. The entire spray unit on the cart could 
be raised or lowered by adjustable brackets. 
Rate of application was readily calculated 
from the nozzle delivery rate and cart speed. 
Potted plants could also be sprayed when the 
spray cart was stationary. 

The spray booth sides were enclosed with 
3/16-in. thick transparent plastic panels to 
confine the spray particles. Two 5-ft. high by 
3-ft. wide sliding doors provided access to the 
plant supporting tray, sprayer unit, and In- 
terior of the booth. In addition, two 3-ft, 
wide by 2-ft. high doors belcw the larger 
doors could be opened to provide a large 
opening for placing large plants into the booth. 
An exhaust fan was installed under one end of 
the drain pan to draw air containing herbicide 
particles out of the booth through a louvered 
opening in the drain pan and force it through 
an activated charcoal filter system. Clean air 
entered the booth from the top. The exhaust 
fan was operated as soon as spray droplets 
were deposited after each spraying operation. 
An automatic-reset interval timer was used to 
assure that adequate time was allowed for air 
in the booth to be replaced with clean air. 
This system was very effective for preventing 
herbicide contamination. 

Manual or automatic control of the spray 
cart and solenoid valve was provided on a 
control panel on the front of the booth. Trip 
blocks attached to the drive chain activated 
a snap switch to provide automatic cart and 
spray valve operation. The automatic spraying 
distance was varied by repositioning the trip 
blocks. Air pressure for spraying was adjusted 
with a pressure regulator at the control panel. 
An air valve for turning air into the pressur- 
ized spray container also released air pressure 
from the container when in the off position. 

Droplet Producing Devices 
Information concerning the drop-size dis- 

tribution of sprays is often obtained by collect- 
ing dyed spray samples on paper. The spray 
droplets create colored spots on the sampling 
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surface and are then measured and counted. 
In order to predict the size of the spray 
droplet which created a particular spot on the 
sampling surface, the relationship between 
droplet size and spot size must be known. This 
relationship is termed the spread factor. 
Since spread factors vary for different sizes 
of spray droplets, different types of sampling 
material, and different types of spray ma- 
terials, information on the type of sampling 
surface and spray material used must be 
available for a range of droplet sizes suf- 
ficiently large to include the droplets in the 
spray being studied. A device or devices were 
required that would produce uniformly sized 
droplets having known diameters. Droplets 
produced could then be deposited on sampling 
surfaces and spread factors obtained. Spread 
factors were needed for droplets ranging in 
diameter from approximately 15 to 5,000 II. 

Several investigators had constructed vibra- 
tory devices for producing droplets of uniform 
size, ranging from 6 to 400 ^ in diameter. 
These devices consisted of vibrating reeds or 
blades with pointed or needle-shaped tips that 
passed through a drop or small quantity of 
liquid clinging to a capillary or other liquid 
feed unit. The reed or blade was made to 
vibrate in tune with alternating current passing 
through an electromagnet, which caused the 
pointed end of the reed or blade to pass through 
the liquid drop held on the feeding device. 
Drops of uniform size were dislodged. A 60- 
cycle current caused the reed to vibrate at 
120 vibrations per second, thus dislodging 
120 drops per second. 

A rotary device for producing a stream of 
uniform drops had also been developed to pro- 
duce uniform drops with diameters, ranging 
from 50 to 700 /i. This device consists essen- 
tially of a horizontally rotating blado passing 
through a stabilized liquid mass held in a 
specially constructed liquid feed unit by liquid 
surface tension. As the rotating blade passes 
through the liquid, it dislodges a steady stream 
of uniform sized droplets. The rate of droplet 
production is controlled by varying the r.p.m. 
of the rotating blade. The size of the droplets 
produced is controlled by both blade speed and 
blade shape, 

Vibratory droplet production device.—A 
vibratory apparatus was constructed for pro- 
ducing   uniformly  sized  droplets   (fig.   11.9). 

Figure 11,9.—Vibratory droplet production device. 

This device consisted of an electromagnet and 
a short length of hacksaw blade with a needle 
attached to its end. The electromagnet was 
powered with 110 v., 60 c, a.c. current, 
which caused the blade to vibrate at twice the 
current frequency. The needle pierced a liquid 
droplet held in a feeding device constructed 
of aluminum. This device, similar to others 
reported in the literature, produced single 
streams of water droplets ranging in size from 
100 to approximately 380 ß  in diameter. 

To obtain accurate measurements of actual 
drop diameters, photographs were taken of the 
droplets immediately after they were formed. 
An extension tube was constructed and attached 
to a 4 by 5 in, prer.s camera to permit photo- 
graph'- with a 5X magnification. The droplets 
were photographed while falling through the air. 
An electronic stroboscope provided a high- 
speed light source to stop the motion ot the 
droplets on film. Polaroid packet film was used 
so the photographic results could be seen 
immediately. When the droplet producing 
device was adjusted to provide the drop size 
desired, a photograph was made and at the 
same time, droplets were collected on spray 
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Figure   11.10.—Press   camera   with   extension   tube 
and strobe light. 

Figure   11.11.— Water droplets  (ormed  with the  vi- 
bratory unit (3,5X). 

sampling cards for use in spread factor 
determination. Figure 11.10 shows the camera 
and strobe light and figure 11.11 is a 3.5X 
magnification photograph of a stream of drop- 
lets being produced by the vibratory unit. 

Rotary droplet production device.—A rotary 
droplet producing device was constructed by 
using a small variable speed drive unit to turn 
a rotating spindle to which a small stainless 
steel blade was attached (fig. 11.12). Stainless 
steel blades approximately 1/4-in. wide, 1-1/4 
in. long, and 0.024-in. thick, clamped to the 
end of the 1/2-in. shaft, were rotated at speeds 
ranging from 450 to 4,700 r.p.m. The tips of 
the blades were filed and ground into special 
shapes and the speed of blade rotation varied to 
produce different diameter droplets. The tech- 
nique used to obtain spread factors was to 
adjust the drop producing device and liquid 
control rate so that a steady stream of uniform 
diameter drops was produced. The droplet 
diameters were measured photographically as 
explained for the vibratory unit. Uniform 
diameter water droplets ranging from 200 to 
950 ft were produced with the rotary device. 

Other droplet production methods.—Streams 
of uniform diameter water drops were also 
produced by flow through a hypodermic needle 
modulated with a minature 8 to 20 v. a.c. 
electromagnetic    reciprocating   pump   (f g. 

11.13). Hypodermic needles with sizes ranging 
from No. 30 to No, 18 were attached directly 
to the output side of the pump. Water pressures 
ranging up to 24 p.s.i. were applied to the inlet 
side of the pump. Droplet size and the rate of 
droplet production was regulated by varying the 
water pressure, needle size, and pump speed. 
Power for the pump was supplied by an audio 
amplifii r driven with an audio signal generator. 
Drop diameters produced ranged from ap- 
proximately 500 fi using a 30-gage needle with 
24 p.s.i. and a pump speed of 540 c. per 
sec, to approximately 1,800/i using an 18-gage 
needle with 6 in. of water pressure and a 
pump speed of 110 c. per sec. 

Brief attempts to produce streams of uniform 
drops of thickened spray material by the 
methods mentioned previously were un- 
successful. Uniform drops of thickened sprays, 
ranging from 900 to 3,000 M in diameter 
for Invert emulsions and 1,800 to 4,600/i for 
particulated spray material, were obtained by 
forcing the material through small pipettes. 
Various combinations of liquid pressure and 
pipette size were used to obtain different drop 
diameters. Carmine 2B dye was added to the 
liquid and a suitable number of drops collected 
on both kromekote spot card paper and on 
mylar sheets. Actual drop diameters were 
determined by counting the drops on the mylar 
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and then determining the total volume by 
colorimetric techniques. The diameter was 
then calculated from the volume per drop. 

Figure 11.12.—Rotary droplet production device show- 
ing spindle, blade, and liquid holder. 

Figure 11,13,—Minature reciprocating pump for modu- 
lating jet stream from needle to form unlforr, water 
drops. 

Manual Drop Measuring and Counting Instrument 

One technique for obtaining drop-size dis- 
tributions from photographs and spot cards is 
to count and record the number of drops or 
spots in size classes or increments of a 
selected width. Frequency distribution graphs 
may then be plotted and various median and 
mean diameters and standard deviations ob- 
tained. Methods of m, asuring and counting 
drops or spots have ranged from slow laborious 
measurements with low-power microscopes 
equipped with measuring reticles to high-speed 
electronic scanning devices, such as the flying- 
spot-particle-analyzer'. Samples analyzed with 
the flying-spot-panicle-analyzer must be in 
the form of 35 mm. transparencies which 
provide a high degree of contrast between the 
spot being measured and the background. The 
drop images must also have well-defined edges 
in order to obtain satisfactory counts. 

Negatives of spray drops in free flight in 
the low-speed wind tunnel did not provide suf- 
ficient contrast or sharply defined drop edges 

2 Airborne  Instruments  Laboratory, Deer Park, I..I, 
N.Y. 

required for analysis with the flying-spot- 
particle-analyzer. A technique for measuring 
and counting drops from wind tunnel studies 
was therefore needed. Also, since the flying- 
spot-particle-analyzer was not readily avail- 
able for use, equipment was needed for analyz- 
ing spot cards where the number of samples 
was limited. Therefore, a manually operated 
drop measuring and counting instrument was 
constructed. 

Figure 11.14 shows the general arrangement 
of the equipment. Droplet photographs and spot 
cards were magnified with a micro-projector 
to obtain either 10X or 20X images on the 
ground-glass screen. Transmitted light was 
used for transparencies and reflected light for 
spot cards. The images were placed in size 
classes by adjusting a sat of specially con- 
structed calipers mounteu on a switchbox to the 
image diameters and pressing a pushbutton 
switch. This process was repeated for each 
spot counted. Adjustmentof the spacing between 
the arms of the caliper caused a ronry 
selector switch to make contact with one of 
30  poles  which  were  in turn  wired  to  30, 
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Figure   11.14.—Manual  drop measuring and counting 
equipment. 

4-dlgit, manual-reset, electric counters. 
Pressing the pushbutton switch completed the 
circuit to a single counter causing a count to 
be registered. The rotary switch was con- 
nected to the calipei arms through small spur 
gears and a rack and pinion system (figs. 
11.15, A and B). The gear sizes were selected 
so  that  changing  the  rotary switch position 

one increment caused a caliper arm movement 
of exactly 1 mm. In addition to the rotary 
switch and caliper measuring and counting 
system, separate pushbutton switches were 
provided to register counts on the 10 counters 
corresponding to the 10 smallest size classes. 
This permitted direct registering of drops or 
spots measured visually with the aid of grid- 
lines on the ground-glass screen. 

The drop measuring and counting In jtrument 
was used to obtain drop-size dlstribi.tions from 
several thousand spot cards collected during 
spray distribution and spray penetration 
studies. It was also used to obtain the drop-size 
distribution from negatives of spray drop for- 
mations in the low-speed wind tunnel. Although 
manual drop measurement with this device was 
time consurring, it was much faster than many 
other mam al methods. It also satisfied the 
need for a measuring technique for those 
samples which could not be analyzed with 
the flylng-spot-particle-analyzer. Both the 
flying-spot-particle-analyzer and the manual 
instrument were used to evaluate spot cards 
from the study concerning spray penetra- 
tion through post oak and yaupon foliage can- 
opier 

Figure   11.15.—Top view of drop measuring instrument showing A, Rotary switch and B, caliper adjuftment. 

Timed-interval Photographic Equipment 

An important criterion in selecting a herbi- 
cide and its time of application could be the 
length of time required to obtain plant response. 
A photographic apparatus for making closeup 

color photographs of plants at preselected 
timed intervals was needed to study the speed 
of response of potted plants to various herbi- 
cidal treatments. The requirements for such a 
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device Included thu it be capable of making pho- 
tographs of either one, or more than one, plant 
at a time so that either single or multiple treat- 
ments could be studied. Additional require- 
ments were that operation be automatic and that 
the time-interval between photographs be easily 
varied from a few minutes to several hours. 

A S5 mm. camera with an electric motor 
drive for advancing the film was used to 
provide automatic camera operation. Closeup 
attachments were used to obtain reproduction 
ratios greater than those possible with the 
50 mm. f-2 lens alone. Two closeup attachment 
lenses and two extension rings could be used 
individually or in combinations to provide 
reproduction ratios up to approximately 1;1.2. 
An extension bellows provided reproduction 
ratios of 1:1 to approximately 3.5:1 (3.5X 
magnification). The camera could also be used 
to provide timed-interval photomicrographs. If 
necessary. An electronic flash unit with a 
1/1000-second flash duration provided light for 
the photographs. This unit was recharged on 
110 v, a.c. and kept in a fully charged condition 
by leaving it plugged in during a series of 
exposures. After the flash occurred, the unit 
regained its fully charged state in approxi- 
mately 10 seconds. 

A 36-inch diameter turntable was con- 
structed to support from one to six potted 
plants and to permit photographs of more than 
one plant within a short period of time. In 
operation, the camera was mounted on a tripod 
and adjusted to focus on a single plant on the 
turntable (fig. 11,16). A timeclock caused the 
turntable to rotate one complete revolution at 
preselected timed intervals. As th turntable 
rotated, six trip blocks located on the turn- 
table shaft, operated a microswltch once for 
each 60 of table rotation. The microswltch 
controlled the motor-driven camera Causing 
six exposures to be taken. The six plants were 
positioned at approximately 60 intervals 
around the turntable so that they were in focus 
and properly framed as the exposures were 
made. If less than six plants were to be 
photographed, some of the trip blocks were 
removed so that the microswltch was operated 
and exposures made only for turntable posi- 
tions containing plants. The turntable was 
driven with a 2 r.p.m, motor through a set of 
spur gears which reduced the turntable's speed 
to approximately 0,62 r,p,m. (fig, 11,17) 

Figure 11,16.—Timed-interval photographic equipment 
and turntable. 

Figure 11,17,—Turntable drive unit and switches for 
controlling table operation and actuating camera. 

Reproduction ratios were limited when using 
the turntable since increasing the reproduction 
ratio decreased the depth of focus and focusing 
became very critical, A slight movement of the 
object, toward or away from the camera, 
resulted in the object being blurred or perhaps 
completely out of focus. Reproduction ratios 
of 1:1,23 were used when photographing leaves 
of single plants, although normal plant move- 
ment, such as drooping or closing of the 
leaves, -lecessltated periodic refocusing, A 
reproduction ratio of 1:5,5 was used success- 
fully with the turntable. 

174 



Figure 11.18,—Mesquite tertiary leaflets photographed with the timed-interval device: _A, immediately after treat- 
ment with  100 p.p.m.  paraquat and B, the same leaflet 18 hours later. 

The control circuit for providing the timed- 
interval photographs included a series-repeat- 
ing timer with a 60-minute lial cycle. This 
timer, which provided a minimum on- or off- 
interval of 60 sec. through the use of 60 
tilting trippers, was used to increment a 
21-pole stepping switch. The poles on the 
stepping switch wen wired to the contacts of 
a 21-position selector switch. This combina- 
tion provided numerous timed-interval possi- 
bilities ranging from 1 min. to 21 hr. for 
single plant photographs and from 2 min. to 
21 hr. for turntable photographs. One minute 
turntable intervals were not possible since the 
turntable speed was only 0.62 r.p.m. A nor- 
mally open, 2-second delay, time-delay relay 
was used to reset the stepping switch for single 
plant photographs and a cam operated snap 
switch was used for resetting after one com- 

plete revolution when taking photographs of 
plants on the turntable. Another snap switch, 
operated on a slightly longer cam, was 
used to move the turntable an additional 
short distance to assure that the reset- 
ting snap switch opened before the table 
stopoed. 

Photographs made with the timed-interval 
apparatus indicated that operation was satis- 
factory, provided proper care was exercised 
in adjustment and operation. Periodic re- 
focusing was necessary due to normal plant 
movement when high reproduction ratios (short 
depth of focus) were used. Figure 11.18, A, 
is a print made from a colored slide of 
mesquite tertiary leaflets immediately after 
treatment with 100 p.p.m. of paraquat solution 
and figure 11.18, B the same leaflet 18 hr. 
later. 

Spray Formation in Airstreams 

The control of droplet size from both aerial 
and ground applications is highly important in 
the application of liquid herbicides. Small 
droplets are subject to evaporation and to drift 
by even the mildest air movements. Drift 
reduces the rate of intended treatment on the 
target area and also may result in damage to 
susceptible crops located downwind from the 
treatment area. 

The concern about drift has led to the use of 
thickened spray materials that produce larger 
drops and lessen the probability of drift. 
Unfortunately, not all of the small droplets are 
eliminated by thickening the sprav solution. 
Moreover, large droplets are undesirable if 
they are so large that the number of droplets 
per square inch on leaf surfaces is reduced 
to less than about 72, 
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This study was designed to investigate the 
factors affecting atomization of aerially ap- 
plied sprays. The principle variables to be 
studied included airspeed, physical properties 
of the spray material, physical dimensions 
and shape of the nozzle or other atomizing 
device, angle of introduction of spray into the 
airstream, and nozzle pressure. The research 
was conducted in a small, low-speed wind 
tunnel where a single spray nozzle could be 
observed and aerial spraying speeds simulated. 
All the variables to be investigated could be 
easily controlled in the wind tunnel. 

Equipment Used in Tests 

Wind lunnel.—The wind tunnel had a 12by 12 
by 36 in, long horizontal test section. Walls 
of the test section were made of 1/2 in. thick 
transparent plastic tc permit observation of 
spray formation. Air was drawn through the 
tunnel with a centrifugal fan powered by a 
3,600 r.p.m., 25-hp. electric motor (fig. 11.19). 
Air velocity in the test section could be varied 
from 0 to 125 m.p.h. by regulating the air 
discharging from the centrifugal fan with a 
sliding gate. Air velocity in the tunnel was 
measured indirectly by measuring the static 
pressure in the intake air nozzle and con verting 
to velocity by use of the Bernoulli equation. 
For standard air, the velocity in feet per 
minute is 4005 V^ VP, where VP is the velocity 
pressure in inches of water. Velocity pressure 
was assumed equal to static pressure since the 
nozzle coefficient, for practical purposes, 
was unity. 

Spray system.—A diaphragm-cutoff spray 
nozzle was attached to a removable door in 
the top panel of the test section (fig. 11.20). 
Nozzle angle was varied by means of a swivel 
connector. Spray liquid was fed to the nozzle 
from a 10-gal. pressurized paint container. 
Spraying pressure was varied by regulating the 
liquid pressure in the spray line above the 
wind tunnel. The air pressure on the liquid 
container was also regulated. This pressure 
system was used successfully for spraying 
conventional water and dye solutions, water 
particulated with Norbak (a polymeric par- 
ticulating agent), water thickened with Dacagin 
(a pseudoplastic spray gel agent), and water 
thickened with Vistik (a high-viscosity hydrox- 
yethyl cellulose). 

Figure  11,19,—Low-speed wind tunnel used in spray 
formation studies. 

Figure 11.20,—Diaphragm type of spray nozzle posi- 
tioned In wind tunnel test section. 

A No. 4664 diaphragm-cutoff teejet nozzle 
body with a D10 orifice and No. 45 core was 
used most commonly. In addition, exploratory 
studies were made with a perforated metal 
plate in the nozzle body instead of the con- 
ventional orifice and core. Perforated plates 
with 3,5 percent open area and 0.008 in. 
diameter holes and plates with the same 
percentage of open area, but with 0.013 in. 
diameter holes,  were  tested  (fig,  11,21). A 
relatively low pressure of 5 p.s.i. was used 
for most of these studies. The perforated- 
plate nozzles produced a jet stream type of 
atomization. 
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Figure  11.21.—Perforated   metal  plate  in No. 4664 
Teejet body. 

Figure 11.22.—Wind tunnel test section and 5X mag- 
nification camera. 

Photographic sampling,—Spray atomization 
was observed through the transparent sides 
of the wind tunnel test section. Samples were 
obtained by means of high-speed silhouette 
photography. A 4 x 5 in. press camera, fitted 
with a specially constructed extension tube to 
provide 5X magnification, was positioned on 
one side of the test section directly opposite 
a high-speed light source (fig. 11.22). A 
135 mm. f-4.5 lens with a between-the-lens 
shutter was mounted on the extension tube. The 
length  of the extension tube was determined 

by the degree of magnification needed and the 
focal length of the lens. The actual size of the 
area photographed was approximately 0.8 in. 
wide and 0,7 In, high. Image and object dis- 
tances (lens to film and lens to object distances, 
respectively) were calculated for a magnifica- 
tion factor of five from the following equations: 
(1) 1/F = 1/1 +1/0 and (2) I/O = M where F = 
focal length of the lens, I = image distance, 
O = object distance, and M = magnification 
factor. 

From those relationships, 
O = F(l + 1/M) = 5,315 (1 + 1/5) = 6.378in, 

and 
1+F(1 + M)= 5,315 (1 4 5) =31.890 in. 

Therefore,  when  the  object was in focus at 
a   point  6.378  in.  from  the  lens,   an image 
distance of 31.890 inches was required for a 
magnification of 5X. 

The object distance of 6.378 in. permitted 
the lens to be focused on any point from the 
inside wall of the wind tunnel (on the camera 
side) to approximately the centerline of the 
tunnel. In order to assure that photographs 
could bt obtained at points slightly beyond the 
centerline of the spray pattern, the nozzle was 
mounted so that it could be positioned approxi- 
mately 5 inches from the wind tunnel wall. 
Depth of field calculations were made for f 
values of 4.5 and 16 since focusing was 
ordinarily done at f-4.5 and exposures atf-16. 
The depth of field was found to be 0.040 inch 
at f-4.5 and 0.142 in. at f-16. 

A high-speed electronic stroboscope pro- 
vided a high-intensity, short duration flash 
that "stopped" spray drop motion and permitted 
single-flash photographs. A 4-in. diameter 
condensing lens with a 16-in. focal length was 
positioned in a tube 12 in. from the stroboscope 
reflector to provide a spot of high intensity 
light at the camera lens. Flash duration meas- 
ured at one-third peak intensity was ap- 
proximately 0.8, 1.2, and 3.0 fi sec. for high, 
medium, and low speed ranges, respectively. 
Use of a photoelectric pickoff and time-delay 
unit permitted the light to be triggered with the 
camera shutter. A specially designed support- 
ing table provided for adjustment of the 
horizontal, vertical, and lateral positions of 
the camera and light unit with respect to the 
spray nozzle. 
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Test Procedure and Sampling Technique 

After considerable trial and error, a satis- 
factory film, shutter speed, f-stop setting, 
and light intensity were selected. In searching 
for a suitable film, several comparisons were 
made between Kodak Tri-X Pan with an ASA 
Index of 320, and Kodak Contrast Process 
Ortho, a very high contrast, fine-grain film 
with an ASA Index of 50 for tungsten and 100 
for white flame arc. Other films were also 
tried. Equally satisfactory negatives were 
obtained using the Tri-X and Contrast Process 
Ortho films. The addition of nlgrosine dye 
(1 percent solution) to the spray liquid pro- 
vided improved drop-edge definition, A shutter 
speed of 1/60 sec, was used for all photo- 
graphs since this reduced extraneous back- 
gound light to a low level but still provided 
a sufficient length of time for the strobe to 
be flashed, while the lens was open, using a 
photoelectric pickoff and time-delay unit. When 
using Contrast Process Ortho film, the elec- 
tronic flash was adjusted for high intensity 
and the f-stop set at 16. Medium intensity 
light was used with an f-stop of 16 when 
exposing the Tri-X film. The Tri-X film in 
packs was somewhat more convenient than the 
Contrast Process Ortho, which could only be 
obtained in sheets, Polaroid Type 52 film 
packets, which could be processed im mediately, 
had about the same exposure index as Tri-X 
and were extremely useful in determining 
correct exposures and light settings. These 
packets were used in the 4 x 5 in, press 
camera with the aid of a special film-holder. 

Before conducting a test, the camera was 
focused on some preselected samplirg zone. 
In selecting zones for sampling, a visual in- 
spection of the entire spray pattern was first 
made with the camera shutter upen and the 
strobe flashing at a high rate (approximately 
4,000 to 10,000 c, per min, was satisfactory). 
This provided an image on the ground glass 
at the film plane for each flash and gave 
the effect of continuous scanning of the object 
area. The supporting table adjustments were 
then used to "locate" the entire spray pattern. 
Sampling zones (0,8 by 0.7 in, by depth of 
focus) were selected within the spray pattern. 
The location of the center of the selected 
sampling zones in relation to the center of 
the spray-nozzle orifice was determined and 

recorded. When a san-pling zone was selected 
and the camera pc itioned to focus at that 
zone, the shutter was closed and cocked and 
the strobe light set for single flash. Film was 
then inserted in the camera and exposed by 
tripping the shutter, which automatically 
caused a synchronized single flash of the 
strobe light. The 5X magnification negatives 
thus obtained were evaluated with the aid of 
drop- and spot-sizing equipment described 
elsewhere in this chapter. 

Test Results 
Investigation of sprays in a low speed 

wind tunnel by high speed "stop action" 
photography produced much interesting in- 
formation about spray atomization. For 
example, tests on the atomization of water, 
spray material particulated with Norbak, and 
spray material thickened with Dacagin Il- 
lustrate the extremely varied types of atomiza- 
tion obtained with different spray materials 
(fig. 11,23). Spray droplets are larger for the 
thickened materials, but fine droplets are 
still present. The stringlike character of the 
spray obtained from water thickened with 
Dacagin suggests that the threads would 
coalesce after leaving the airstream to form 
large droplets. 

Droplet formation through a perforated- 
plate nozzle was studied at distances of 2, 5, 
and 8 in. from the nozzle. Comparative tests 
were made in still air and in an airstream 
of 75 m,p,h, (figs. 11,24, 11,25, and 11,26), 
The effect of the windstream is readily ap- 
parent 2 inches from the nozzle, but less 
apparent at greater distances. There is some 
suggestion that larger droplets are produced 
in the airstream due to coalescence of small 
droplets. 

Comparison of the median diameters and 
standard deviations shown In table 11,1 indicate 
that for the hollow cone nozzle, samples ob- 
tained close to the nozzle had larger mass 
median diameters (MMD) and MMD standard 
deviations than samples obtained further away. 
This trend appears to be reversed for the 
numbers median diameter (NMD) and NMD 
standard deviation indicating that the drop 
diameters  were   more  uniform  at 8 than at 
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Figure 11,23,--Type of spray produced by various liquid materials when a hollow cone nozzle was oriented with 
the alrstream: (A) water, 30 p,s,iM 75 m,p,h, alrstream, (B) water with Norbak, 45 p.s,i., 129 m.p.h. alrstream, 
(C) water with Dacagin, 30 p,s,iM 120 m,p,h. alrstream. 

2 in. This apparent improvement in drop 
diameter uniformity may be due to the fact 
that less drops were in focus because of 
greater drop dispersion at the 8-in. sampling 
distance than at the 2-in. sampling distance. 
It is possible that the alrstream produced a 
winnowing effect which caused separation of 
the drops according to size with the larger 
drops moving to the outside of the cone pattern 
and the small drops being displaced to the 
inner portion of the cone pattern. 

Comparisons  of  drop-size  data  from  the 
hollow   cone   nozzle  to  that  from  the  per- 

forated-plate nozzles show that the MMD and 
NMD standard deviations were much smaller 
for the perforated-plate nozzles. This fact, 
along with visual comparison of the photo- 
graphs, indicates that the perforated-plate 
nozzles produced sprays having more uniform 
drop sizes than sprays produced with the 
hollow cone nozzle. In addition, little dif- 
ference was found between the drop data from 
the 0.008-in. diameter hole size perforated- 
plate in still air or in a 75 m.p.h. alrstream. 
Photographs of spray from the 0.013-in. di- 
ameter hole plate revealed MMD's and NMD's 
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Figure 11.24,—Water spray produced through a perforated-plate nozzle having 0.008 in. diameter holes at 5 p.s.i., 
2 In. from the nozzle:. (A) Still air and (B) 75 m.p.h. alrstream (3.5X). 

Figure   11,25.—Water spray produced through a perforated-plate nozzle having 0,008 In. diameter holes at 5 p.s.i. 
5 In, from lUi nozzle: (A) Still air and (B) 75 m.p.h. airstream (3.5X). 
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Figure 11.26.—Water spray produced through a perforated-plate nozzle having 0.008 in. diameter holes at 5 p.s.i,, 
8 in, from the nozzle, (A) Still air, (B) 75 m.p,h, airstream (3,5X), 
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TABU: u. .--Water spray drop-size data from wind tunnel 

Distance 
Air ;;pray downwind 

MV: 
KWD 

W.ü. 
':',". 

velocity pressure from Std.  Dev Std.   Dev. 
nozzle 

M.p.h. P.s.l. la.  u  . . . . 

H0LLCW CONE NOZZLE No. 4664-D10-451 

75 10 2 587 602 128 233 
73 10 5 590 46 L67 JU 
75 10 ! 560 '.OH Vf. ill 

7S K) 2 737 752 120 
75 JO '■ 610 •OK 170 264 
75 JO 8 538 418 223 283 

No «664 TEEJETT WITH 0.008 INCH (200 A) HOLE SIZE PERFORATED PLATE2 

0 ' 2 358 129 )2( I 149 
Ü 5 5 175 409 1.» 

0 5 a ■■ i4 m 4« 1 187 
73 5 .■ 364 L07 KN 22( 
73 '' 5 47 1 .'\' 386 i-.i 
75 5 3 527 340 407 245 

No 4664 TEEJET WITH 0.013  INCH (330 «) HOLE SIZE PERf ORATED PLATE2 

0 5 2 518 172 420 368 
0 5 5 562 MS 473 2X3 
0 ■> 8 662 253 560 252 

1 Drop-size data for the hollow cone nozzle are mean values from three sampling loca- 
tions at each downwind distance and three to five replications from each location. 

2 Drop-size data for the perforated plate nozzle are from one sample location or.ly at 
each downwind distance and one replication only. 

ranging from 60 to 160 ju larger than for the 
0.008 in. diameter nole plate. The increase 
In both MMD and NMD with an increase in 
downstream sampling distance was thought to 
be due to coalescence of the spray drops. 
This problem could probably be corrected by 

using a slightly convex perforated-plate in the 
nozzle. The MMD's of the spray samples from 
the perforated nozzles ranged from 1,6 to 2.7 
times larger tnan the orifice diameters and 
the NMD's ranged from 1.3 to 2.4 times larger 
than the orifice diameters. 

Spray Penetration and Distribution 

The penetration and distribution of spray 
through forest canopies was studied in both 
Puerto Rico and Texas, Although the two areas 
are widely separated geographically, the 
forests themselves are similar in terms of 
physiognomy. 

Tue test site in Puerto Rico is typical of a 
moist tropical forest formation. The area had 
been in coffee production for many years, and 
coffee still forms the principal constituent of 
the understory. Citrus is common, and a few 
bananas and mangos are present. There are 
essentially three levels of vegetation, but the 
levels are not continuous. The lowest level is 

formed by coffee and ranges from 6 to 10 ft. 
The Intermediate level is formed principally 
by various species of citrus and has a mean 
height of about 30 ft. The upper level has a 
mean height of about 50 ft. and is composed 
of the common species used for coffee shade 
in Puerto Rico, such as guama, guaba, capa 
prieto, and guaraguao. Other species of the 
upper level that occur infrequently include 
mango, Jacana, and bucayo glgante. 

The principal test site in Texas s near 
College Station in the Post Oak Savanna. It 
has an overstory of post and blackjack oak 
about 40 ft. tall. The trees are dense and the 
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canopy relatively unbroken. Yaupon occurs as 
an understory that is about 15 ft. tall. The 
yaupon canopy was also dense and relatively 
unbroken. Additional research in Texas was 
done in stands of Macartney rose and live oak, 
which are much lower In stature but do have 
dense foliage. 

Spray materials were applied from aircraft 
ind from fixed delivery systems, Nonphytotoxic 
materials with dye tracers were used in the 
principal test sites so that the forest canopy 
would not be damaged. Additional spray sam- 
ples were collected during applications of 
herbicides on other vegetation types. 

The objectives of the research were to study 
the effects of various spray materials on 
(1) uniformity of spray distribution, (2) drop- 
let-size distributior;, (3) droplet population per 
unit area, and (4) droplet penetration through 
one or more forest canopies. 

Experimental Techniques 

\erial application equipment.—Aerial appli- 
cations-with nonphytotoxic sprays were applied 
from an "Ag-Cat" manufactured by Grumman 
Aircraft Engineering Corporation. The con- 
ventional spraying system for this aircraft has 
a 220-gallon aluminum alloy hopper, a wind 
driven centrifugal pump, and 2-lnch outside 
diameter stainless steel piping and booms. 
The conventional boom is mounted inside the 
lower ••'Ing near the leading edge. Nozzle drops 
of 1/8-in. alloy tubing extend below the wing. 

In order to add flexibility to the spraying 
system, a bl-fluid system for spraying Invert 
emulsions was installed, and a single-fluid, 
trailing-edge spray boom constructed for use 
with conventional liquids and with thickened 
materials sprayed through conventional 
nozzles. The bi-fluid modification involved 
mounting a 20-gallon fiberglass tank Inside the 
conventional hopper for the oil phase of the 
invert, replacing the conventional pump with 
a bl-fluid pumping system, and mounting a 
tralling-edge, 2-In-l bl-fluid boom equipped 
with diaphragm cutoff, bi-fluid nozzles on the 
ai.-craft. 

The bl-fluid pumping system consists of two 
centrifugal pumpn driven from a single fan 
through a special gearbox. The water pump is 
mounted  directly to the bottom hopper plare 

with the impeller in a horizontal position. 
Liquid flows directly from the hopper Into the 
water pump through a 2-1/2 in. diameter 
Inlet port. The pump outlet connects directly 
to a 2-ln, ball-type control valve. The oil 
pump Is mounted on the back of a special 
strut-gearbox assembly with the Impeller In 
a vertical position. Oil flows to the pump inlet 
through 1-in. outside diameter tubing. The 
pump outlet connects to a l-in. Inside diameter 
hose that leada to a l-in, ball-type control 
valve. From the control valves, the water and 
oil are either recirculated to their respective 
tanks or directed to 2-In-l boom where they 
flow through separate boom compartments to 
the bi-fluid nozzles. In the bi-fluid nozzles, 
the two fluids pass through metering orifices 
and into a mixing chamber where the invert 
emulsion is formed. Several sizes of metering 
orifices are available to vary the oil-water 
ratio. We used an oIl:water ratio of 1:7, The 
invert emulsion in the mixing chamber then 
passed through the nozzle tip, which contained 
nine 0,041 In, diameter orifices. Thus, nine 
jetstreams are formed by each nozzle. Ea:h 
nozzle delivered approximately 1 gallon per 
minute at a fluid pressure of 30 p.s.i. 

When using the single-fluid spray boom for 
conventional liquids, thickened liquids, or 
particulated materials, the bi-fluid water pump 
was used for the material being sprayed. The 
oil plumbing system was adjusted to circulate 
diesel fuel through the pump and oil tank. Thus, 
the bl-f luld water pump was used to serve either 
the bi-fluid system or the single-fluid system. 

Cableway,—The fixed system for applying 
nonphytotoxic sprays was located on a mountain 
ridge so that applications could be made from 
either the fixed system or from aircraft. The 
fixed system was a cableway on which a spray 
cart could traverse the same track for re- 
peated tests. 

The cableway consisted of two 5/8-in, di- 
ameter cables, with a 4-ft. vertical separation, 
stretched between support towers. One set of 
towers supported the top cable; another set the 
bottom cable. The cables were attached to the 
strain plates of the towers with turnbuckles, 
which were adjusted toprovide the desired cat- 
ernary and clearance above the forest canopy. 
Topography under the cableway was such that 
two 35-ft, towers were used at the upper end, 
and, 720 feet down slope, two 120-ft, towers. 
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A cablecart containing the spraying system 
was *esigned to ride between the two cables 
with two wheels above the top cable and two 
below the lower cable. The can was 30 In. 
long, 26 In. wide, and 26 In. high. It was 
fabricated from 1/8- by 1-1/2- by 1-1/2-ln, 
extruded aluminum angle and 3/8- by 3-ln. 
aluminum bars. The spraying system consisted 
of a 30-ft. boom coupled to a 3-gal. spray 
tank through a pressure regulator and a 
normally open solenoid valve (fig, 11.27). 
Teejet nozzles were spaced at 14 in. intervals. 
The booms were hinged so they could be 
folded back for servicing from the servicing 
platform (fig. 11.28). 

Figure 11,27,—Spray cart showing the spraying system 
equipped with a normally closed solenoid valve that 
could be actuated by radio controls or by a breakaway 
cable, , 

The cablecart was driven by an endless 
1/8-ln. aircraft cable, which was given three 
turns around a 12-in, drive drum and a 6-inch 
idler pulley. The drum was driven by a 2-hp., 
variable-speed, 220 v. d.c. motor, equipped 
with an electric brake. The motor was operated 
by an electronic variable-speed controller 
that rectified 240 v. a.c. supply power. 

Sampling spray penetration and distribu- 
tion.—A sampling station for measuring the 
penetration of droplets delivered from a fixed- 
wing aircraft was erected in a dense stand of 
oak-yaupon near College Station, Tex. Two 
45-ft. communications towers were erected 
to support 105-ft. long sampling lines at three 
heights. The top sampling level was just above 
the oak canopy, 43 ft. above the ground 
(fig. 11.29). The middle line was below the oak 
but above the yaupon canopy, 16 ft. above the 
ground. The bottom sampling level was below 
the yaypon canopy, 2 ft, above the ground. Each 
sampling level consisted of two parallel 1/8-ln. 
endless steel cables stretched between the 
towers, with 35 card-holder brackets attached 
on 3-ft, Intervals, A cable traverse system 
was constructed to aid In changing the sample 
cards. The cables were placed in the grooves 
of two 5-ln, diameter V-belt pulleys at each 
tower so that the card holder brackets could 
be moved to work platforms attached to one 
of the towers (fig. 11.30). One 4- by 4-in. 
kromekote card and one 4- by 4-in. polyester 
film sheet were attached to each bracket so 

Figure   11,28.--Spray   cart  with booms  folded  for 
servicing. 

Figure   11.29.—Top sampling level above oak canopy 
for Intercepting spray droplets. 
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Figure 11.30.—Work platform for changing sample cards 
of the middle level—below the oak canopy but above 
yaupon. 

that data could be obtained on drop-size 
distribution and volume of deposit. 

Aerial spray applications were made at right 
angles to the sampling lines. Five40-ft. swaths, 
approximately 800 ft. long, were sprayed for 
each test. Permanent flagging stations for 
guiding the aircraft were established on 40-ft. 
centers. The third swath passed directly over 
the center of the sampling lines. The aircraft 
flew about 75 m.p.h. about 15 ft, above the oak 
canopy. 

Non^hytotoxic sprays containing a dye were 
used for all tests so that the same area could 
be used repeatedly. Three spray materials 
were tested during the course of the study: 
(1) Water; (2) water, table salt, and glycerine 
thickened to a Krebs viscosity reading of 88 
witli Norbak; and (3) an invert emulsion having 
a yield point of 150 as determined with a 
Mobilometer. The water and Norbak tests 
were applied with three types of nozzle tips 
mounted in No, 6135 diaphragm Teejet nozzle 
bodies; (I) K5 floodjet;(2) D10-45 hollow cone, 
and (3) D6 solid jet. The invert emulsion was 
applied with the bi-fluid system described 
previously. Nozzle angles (angle between the 
spray and the line of flight) of 0°, 30°, and 
75 were tested with the floodjet nozzles and 
0O, 30°, and 6(P with the hollow cone, solid 
jet, and bi-fluid nozzles. All tests were applied 
at 4 gal, per acre with a pressure of 30 p,s,i. 

The sampling system under the cableway 
consisted of four sampling stations, each with 
four sampling levels, oriented at right angles 

to the direction of spray can travel. The four 
levels were (1) above the top canopy, (2) below 
the top canopy but above the middle canopy, 
(3) below the two upper canopies but above 
the lowest canopy, and (4) at the ground line. 

Each sampling level consisted of parallel 
1/8-in, diameter aircraft cables to which 
brackets were attached for duplicate cards. 
Brackets were spaced at 5-ft, intervals. The 
cables for the top three levels passed over 
wooden pulleys at each support pole and then 
to a takeup drum so that all card changing 
could be done at ground level (fig, 11,31), 
Brackets for the lowest level were attached 
to 4- by 4-in. stakes driven into the ground. 

Frames were developed to support sampling 
plates at 2-foot horizontal intervals above and 
below low-growing brush. The frame consisted 
of two 20-ft, long p~obes of 1-1/4 in, aluminum 
tubing supported at desired sampling heights 
(fig, 11.32). Sheet metal trays were attached to 
the tubing to hold the sample plates and provide 
protection as the plates were pushed through 
dense foliage. These frames were used to 
measure the penetration and distribution of 
spray on and through brush canopies during 
aerial application of herbicides. 

Spray deposit measurement.—Volumetric 
measurements of spray deposits were obtained 
by the colorimetric method. Dye was dissolved 
in the water when water alone constituted the 
spray  liquid,  or in the water portion of the 

Figure 11.31.—Wooden takeup drum used to bring 
brpckets into position so that sample cards could be 
changed at ground level. Another drum was located on 
the other end of each sampling station to reel the 
card-holding brackets into position. 
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Figure 11.32.—Frame supporting sampling plates above 
and within a clump of Macartney rose. 

mixture when various thickening agents were 
employed. As the spray applications were made, 
dyed spray deposits were collected on 4- by 
4-in. square sampling surfaces. As soon as 
the spray droplets were deposited, the plates 
were placed in light-tight boxes to prevent dye 
deterioration and transported to the laboratory 
for analysis. Sample analysis consisted of 
dissolving the spray deposits in a measured 
amount of a suitable solution, either distilled 
water or a solution of distilled water and 
alcohol, and then measuring the optical density 
of the resulting solution with a otoelectric 
colorimeter. By use of Beer's Law the optical 
density measurements were converted to de- 
posit per unit of sample area and expressed 
in terms of gallons per acre. Representative 
cards with a specific volume of deposit were 
also kept as a reference so that visual com- 
parisons could be made. 

Drop-size distribution measurement.— 
Samples of dyed spray drops for measuring 
drop-size distribution were obtained by col- 
lecting spray deposits on 4- by 4-in. square 
kromekote cards. The dyed spray drops pro- 
duced clearly visible, well-defined stains or 
spots on the sampling surface. Drop-size 
distribution data were obtained from the spot 
cards by counting the number of spots In 
selected size classes and using appropriate 
experimentally determined "spread factors" 
to compensate for the spreading action of the 
droplets on the paper sampling surface and 
thus   convert spot-size  distribution data  to 
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Figure 11.33,—Spread factors for various spray ma- 
terials on kromekote sample cards. 

drop-size data. Figure 11.33 shows experi- 
mentally determined spread factors for three 
spray materials collected on kromekote 
sampling cards. As illustrated, the amount of 
drop spread is dependent on the drop size. 

Two methods were utilized in the measure- 
ment of spot-size distributions from the spot 
cards. Preliminary measurements and meas- 
urement of cards with low spot densities were 
made by enlarging the spots with a micro- 
projector and counting with a manually op- 
erated electro-mechanical device described 
previously. Data obtained were placed on 
'■mnched cards and analyzed with a digital 
computer. A more sophisticated, less time 
consuming, but probably somewhat less 
accurate method, was used for cards with 
higher spot densities. This involved photo- 
graphing the spot cards and obtaining high 
contrast 35 mm. negatives which were scanned 
with a flying-spot-particle-analyzer. This in- 
strument automatically relayed spot-size 
distribution data directly into a card-punch 
machine. 

Test Results 

Spray distribution patterns.--A limited com- 
parison of aerial spray distribution patterns 
from conventional water solutions and partlcu- 
lated spray materials was obtained durint? the 
application of herbicides to Macartney Rose 
test plots near Greenlake, Tex. Both materials 
we'e applied with a fixed-wing aircraft at a 
calibrated  delivery rate of 15 gal. per acre 
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and a 20-ft. swath width. Twenty-sever 1/8 
K 18 flooding nozzles were used on the tralling- 
edge boom. Dyed spray deposit samples for 
colorimetric analysis were collected jn 33, 
4- by 4-in, square stainless steel plates placed 
on the ground in an open area at 5-foot intervals 
across the plot. Coefficients of variation for the 
deposit measurements were computed and 
found to be 44.9 percent for the particulated 
spray and 36.4 percent for the conventional 
water spray. This indicates that the water spray 
was more uniformly distributed than the par- 
ticulated spray. Plots of the distribution pat- 
terns showed more streaking (areas of high 
or low deposits) with the particulated material. 

Additional comparisons between conventional 
water solutions and particulated sprays were 
obtained during the aerial application of herbi- 
cides to winged elm plots. These applications 
were made at a calibrated delivery rate of 4 
gallons per acre using a 40-ft, swath width, 
Whirljet spray nozzles were used on the 
trailing-edge spray boom. Dyed spray deposit 
samples were collected on 50, 4- by 6-in. 
polyester film sample plates placed on 2-foot 
intervals across the plot on sample boards 
supported 1 ft. above ground In an open area. 
Two sample lines were used for each spray 
material. Coefficients of variation were found 
to be 19.3 and 30.3 percent for the water spray 
deposits and 47.8 and 46.1 percent for the 
particulated spray deposits. An additional test 
was conducted with particulated spray material 
using a 25-ft. swath width and a calibrated ap- 
plication rate of 6-1/2 gal. per acre. The coef- 
ficients of variation for spray deposits collecteo 
during this test were 35,4 and 41,2 percent. 
These results again Indicated that the water 
spray was more uniformly distributed than the 
particulated material. Visual inspection of the 
distribution patterns supported this finding. 

Comparisons between conventional (oll-in- 
water) emulsion and invert (water-in-oil) 
emulsioi distribution patterns were obtained 
during the aerial application of herbicides to 
mesquite plots, A Grumman Ag-Cat spray 
plane equipped with the previously described 
bl-fluid system was used for the Invert emul- 
sion applications. The leading-edge ln-wing 
boom equipped with 24 No. 4664-D10-45 Teejet 
nozzles was used to apply the conventional 
emulsion. Three sample lines consisting of 
33, 4- by 6-inch polyester film sample collec- 

tion plates spaced on 3-ft, intervals were used 
to collect spray distribution pattern samples 
in both the invert and conventional emulsion 
plots. The sample cards were supported ap- 
proximately 1 foot above ground on special 
stakes. One 4- by 4-inch kromekote spot card 
was also attached to each sample stake to 
obtain data on drop population. The coeffi- 
cients of variation for the invert emulsion 
spray deposits collected from the three sample 
lines were 30.4, 29,1, and 27,7 percent. Com- 
parable coefficients of variation from the 
conventional emulsion samples were 24,2, 26.5, 
and 32,1 percent. These results indicate that 
the conventional emulson spray was otly 
slightly more uniformly distributed than tie 
invert emulsion spray. The distribution pat- 
terns showed much more streaking with the 
invert emulsion; however, a higher measured 
application rate for the invert emulsion caused 
the coefficients of variation to be only slightly 
different. Drop-population counts from the 
kromekote-spot-card samples indicated that 
the average number of drops per square inch 
per gallon per acre application was 61 for the 
conventional emulsion and 18 for the invert 
emulsion. 

Aerial spray distribution pattern measure- 
ments were also made in conjunction with 
herbicide applications to live oak plots. For 
this test three sample lines were spaced 10ft, 
apart In an openarea within a 5-acre plot. Each 
sample line consisted of 33 sample-holder 
stakes spaced on 3-ft, intervals. Two, 4- by 
4-inch polyester film sheets were attached to 
each sampie-holder stake to obtain quantitative 
spray deposit measurements. The Grumman 
Ag-Cat spray plane equipped with the conven- 
tional leading-edge in-wing boom having 24 
No, 4664-D10-45 Teejet nozzles was used for 
the applications. Swath widths were 33 ft. 

One purpose of this test was to determine 
the effect of leaving the polyester sample sheets 
exposed to sunlight for a period of time after 
the dyed spray was deposited. There was reason 
to suspect that the Carmine 2-B dye might 
fade, thus resulting In erroneous measure- 
ments. If the samples were not recovered and 
placed In light-proof boxes immediately after 
the spray drops had settled. It was considered 
that this may have been the cause of lower than 
expected deposit rneaaüieriients in some pre- 
vious   studies.   In  order to  Investigate  this 
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possibility, one of the polyester film samples 
attached to each sample-holder stake was 
retrieved as soon as the spray from all swaths 
v;as deposited. The remaining sample on each 
stake was left exposed to a bright sun and 
approximately 85° F, temperature for an addi- 
tional 45 min. No difference was found in the 
mean deposit levels from the two exposure 
times, indicating that dye deterioration was not 
a problem when the polyester sample sheets 
were retrieved within 45 min. Longer exposure 
times were not studied. The coefficients of 
variation were calculated for the spray deposit 
measurements from each of the six lines of 
samples and found to vary from 36.6 to 50.9 
percent with a mean of 42.2 percent. 

A more detailed study was made of spray 
distribution patterns resulting from the use of 
various spray materials, nozzle types, and 
nozzle orientations in conjunction with the 
study of spray penetration through a multi-story 
foliage  canopy. The coefficients of variation 

were calculated for the spray deposits col- 
lected on the top sample lines during each 
test run. 

The mean coefficients of variation from 
three runs of each treatment are presented 
in table 11.2, along with treatment mean 
spray deposits, the numberof drops per square 
inch adjusted to a nominal 4-gal-per-acre 
application rate, the mass and numbers median 
diameters, and the standard deviations for the 
mass and numbers median diameters. The 
mean-spray deposits shown were determined 
by colorimetric analysis of dyed material 
collected on 4- by 4-tn. polyester sheets. 

The mass median diameter (MMD) is that 
drop diameter which divides the spray into two 
equal volumes with 50 percent of the volume in 
drops larger than the MMD and 50 percent in 
drops smaller. The numbers median diameter 
(NMD) is that diameter which divides the 
total number of drops equally with 50 percent 
of  the  drops  larger  than  the  NMD  and  50 

TABLK 11.2.—Spray distribution and drop-size oompariaons 

Solid Jet 

Nozzle 
size 

Angle1 
Topline2 deposit 

Drops 3 

per sq. in. 

Droplet mass Droplet number 

Type 
Mean Coeff. of 

variation 
MMD Std. Dev. HO Std. Dev. 

-----...    U          .-..---- 

WATER 

Floodjet K5 

Hollow Cone D10-45 

\M 

u 
JO 
75 

0 

60 
0 

-<u 
( i 

3.38 
3.-47 

51 
I:' 

24 
01 
lu 
34 
«13 

32.2 
20.A 
34.6 
27.3 
33.9 
28.6 
40.7 
44.0 
31.3 

511 
«5 
«87 

187 
'..(..' 

35 
65 

206 

858 
947 
■/(.),' 

8S1 

■■'■„' 

913 
1,383 
1,113 

730 

646 
6M 
413 
617 
643 
589 

1,181 
1,074 

725 

N0RBAK (PARTICULATED) 

255 
278 
22 
288 
26] 
J29 
202 
.'18 
l.M 

437 
557 
512 
578 
507 
438 

Floodjet K5 

Hollow Cone D10-45 

Solid Jet ix 

0 3.35 
JO 3.39 
75 3.17 
0 5.18 
to 4.61 
,v 5.09 
0 4.16 
in 3.90 
60 4i89 

34.5 
38.9 
30.2 
33.9 
36.3 
35.4 
68.0 
58.3 
38.8 

24 
64 
25 
J2 
36 

3 
6 

14 

1,285 
1,435 
1,011 
1,098 
1,211 
1,265 
3,804 
2,577 
1,870 

1,049 
1,109 

694 
;!fi.. 
"i! 
853 

2,D19 

2,300 
1,600 

5 iO 
599 

441 
433 
494 
185 
367 
285 

HAI 

645 

730 
827 

1,312 
959 
368 

Bl-fluid 9-0.040 

INVKRT EMULSION 

0 
in 

4.70 
4.29 
4.15 

49.4 
42.9 
36.1 

48 

88 

1,438 
1,403 
1,251 

1,078 
1,191 
1,053 

298 
272 
205 

715 
581 
433 

1 The angle between the spray sne»'  and  the rearward thru** line of the airplane. 
2 Mean of three test runs. 
3 Adjusted to a nominal application rate of 4 gallons per acre. 
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percent smaller. The MMD and NMD standard 
deviations were obtained from percent cumu- 
lative volume and percent cumulative numbers 
vs. drop-size distribution plots and represent 
the difference between the 15.87 and 84.13 
percent cumulative levels (1 standard devia- 
tion). Figure 11.34 shows the relationship 
between the MMD, NMD, and their standard 
deviations. Figure 11.35 shows the relationship 
between MMD and deposit coefficient of varia- 
tion and the relationship between the number 
of drops per square inch and deposit coeffi- 
cient of variation. These curves indicate that 
the deposit coefficient of variation increuses 
rapidly when the number of drops per square 
inch falls below 100 and also becomes larger 
as the MMD increases. The relationship be- 
tween the median diameters and drops per 
square inch is shown in figure 11,36. Figure 
11.37   is  a   graphical   representation  of  the 

9 jooo- 

t  1000- 

1000 JOOO 3000 
MEDIAN   DlAMETEtt . MiCPONS 

Figure   11.34,—Relationship   of median diameter of 
spray drops to standard deviation. 

100            200           300           *00           500 
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Figure 11L35.—The effect of droplet density and MMD 
on the deposit coefficient of variation. 

100 200 300 400 

DROPS  PER SQUARE   INCH 

Figure 11,36.-.The relationship of MMD and NMD to 
droplet density for an application rate of 4 gal, 
per acre. 
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Figure 11.37,—Median diameters and drop size ranges 
for one standard deviation for various spray ma- 
terials, nozzles, and nozzle angles. 
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TABLE 11.4.--Spray penetration through smell trees and brush oanopiss 

Plant species Spray material 
Volume of 

application 
Canopy 

interception 
Canopy 

penetration 

Macartney Rose Norbak 
Water 

15 97 
M 

3 
7 

Mesqulte Invert emulsion 
Conventional emulsion 

?.3A 
-iA 

5<t 

40 ,,, 

Live oak Water u 88 12 

range of median diameters and standard devia- 
tions obtained from the different orientation 
angles used with the various nozzles and 
materials. MMD was increased when the solid 
jet was used, particularly with the Norbak 
solution. Nozzle angle influenced MMD greatly 
for the solid jet, but only slightly for other 
nozzles. 

Spray penetration through small trees and 
brush canopies.—Results from studies of spray 
penetration through Macartney Rose plants 
indicated that approximately 3 percent of the 
particuiated spray and 7-1/2 percent of the 
conventional water spray penetrated through 
the foliage canopy (table 11.4). Samples were 
obtained just above the foliage and 5 ft. deep 
in the foliage. 

Mean penetration of spray droplets through 
mesquite was 46 percent for the invert emul- 
sion and 60 percent for the conventional emul- 
sion. The upper sample lines were supported 
11-1/2 ft. above ground and the lower samples 
2-1/2 ft. above ground. 

The mean penetration of conventional water 
spray through live oak plants was 12 percent. 
Sampling heights were 10 and 15 ft. for the 
upper samples and 2 ft. for the lower samples. 
The rather large differences in percent pene- 
tration for the different plant types reflects 
the relative foliage density for the three plant 
species. 

Spray penetration through two or more 
canopies.--Spray penetration through two or 
more canopies results in additional possibili- 
ties for interception. The probility of spray 
droplets reaching the ground level decreases 
as the number of canopies or density of the 
canopies Increases. Tests from a fixed cable- 
way system and from aircraft indicate that the 
two   systems   provide   comparable   results. 

III 
FLOOD    HOLLOW    SOLID 

... i L. I- 

-LOOOlHOLLOW    SOLID 

Figure 11.38.--Volume of spray deposited from aerlrj 
application of three spray materials, four nozyles, 
and three nozzle angles for each nozzle. The tor) line 
Intercepted spray above the forest canopy, the middle 
line below the top canopy, and the bottom line below 
two canopies. 

Therefore, the results obtained with the two 
systems will be discussed together. 

The volume of spray deposited at various 
levels of ihe canopy varied with the type of 
spray material, the type of nozzle, and the 
nozzle angle (fig. 11.38). The variation of 
volume was not great. The causes of variation 
of volume deposit were more dependent on the 
type of nozzle than on nozzle angle or type of 
spray material. The lowest deposits were 
obtained with the flood jet nozzles for both 
water and Norbak, The largest deposits were 
obtained with the solid jet nozzle for water and 
with the hollow cone nozzle for Norbak. The 
bi-fluid nozzle also gave a large volume of 
spray deposit. 

The volumeof spray reaching lower sampling 
levels varied proportionately with the amount 
deposited on the top line above the canopy. On 
the  average,  about  21  percent of the spray 
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volume penetrated the upper canopy and about 
6 percent penetrated to the ground level. Thus, 
the screening effect of the vegetation was 
great enough so that only a small amount of 
spray solution was available at the ground 
level. 

The number of droplets penetrating a forest 
canopy was mostly influenced by the type of 
spray material and type of nozzle (fig, 11.39). 
An adequate number of droplets was obtained 
with the floodjet and hollow-cone nozzles at 
all nozzle angles and with the solid jet nozzle 
at an angle of 60° with water as the spray 
material. A satisfactory droplet density was 
not obtained with any nozzle when Norbak was 
the spray material. Droplet density resulting 
from the bi-fluid nozzles was adequate for a 
nozzle angle of 55° but not for smaller angles. 

Assuming a density of 72 droplets per square 
inch as being effective, the floodjet and hollow- 
cone nozzles provided an adequate number of 
droplets at the middle sampling line. Droplet 
density at ground level was not adequate with 
any nozzle or spray material. 

The relationship between droplet density on 
the top sample line and the percentage of 
drops penetrating the canopies suggest th£jt 
the percentage penetration remained relatively 
constant for drop densities greater than about 
100 per square inch (fig. 11.40). Below that 
density the percentage penetration increased 
rapidly. The same relationship was shown for 
MMD and droplet density (fig. 11.36). One 
may assume, therefore, that increasing MMD 
results in increasing drop penetration. But the 
assumption is spurious because increasing 
MMD reduces the number of droplets. Even 
though a greater percentage of the large drop- 
lets penetrate a forest canopy, droplet density 
would be too low for adequate herbicidal ef- 
fectiveness. A better compromise solution 
would be to accept a reduced percentage of 
droplet penetration, but still obtain a greater 
number of droplets per square inch. 
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Figure 11,39.—Number of drops per square Inch de- 
posited at three levels in a two-story forest canopy. 
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Figure 11.40.—The relation between percentage pene- 
tration and droplet density. 

Conclusions 

The research on spray penetration and dis- 
tvibution permits the following conclusions: 

1. Water sprays were more uniformly dis- 
tributed than were the invert emulsion orpar- 
ticulated sprays. 

2. Floodjet and hollow cone nozzles dis- 
tributed spray more uniformly than did the 
solid jet nozzle. Bi-fluid nozzles spraying 
invert emulsions produced a spray distribution 
similar to that of the solid i&c. 
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3. Viscous materials produced sprays 
having larger MMD and NMD than did water. 
The standard deviations increased as MMD and 
NMD increased. 

4. Differences in percentage penetration 
of forest canopies due to type of spray 
material or nozzle type and angle were 
small. 

5. Percentage drop penetration decreased 
rapidly  between  droplet densities  of 0 to 

100 per sq. in., but remained stable there- 
after. 

6. The percentage drop penetration in- 
creased as MMD increased. 

7. The percentage of spray penetration 
through forest canopies is inversely related 
to canopy density. Other factors such as 
evaporation and drift being equal, the inverse 
relationship is linear through the entire range 
of 0 to 100 percent canopy density. 
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APPENDIX A 

Chemicals Evaluated for Defoliant and Herbicidal Activity 

Common name or 
other designation Chemical name 

Amitrole 
Amitrole-T 
Amizine 
Banvel-K 

BMM 
Bromacil 
Butynediol 
Dalapon 
DEF 
Oicamba 
Oiquat 
Diuron 
DMSO 
DSMA 
Dupont 767 
Erbon 
Fenac 
Fenuron 
FenuronTCA 
Folex 
GS-14260 
Isocil 
MCPA 
MonuronTCA 
M-2993 

M-3060 

M-3140 

M-3151 
NIA 11092 
Orange 

Paraquat 
Picloram 
Potassium azide 
Prometone 

3-amino-l,2,4-triazole 
3-amlno-l,2,4-triazole:ammonium thiocyanate (1:1) 
3-amino-l,2,4-triazole:2-chloro-4,6-bis-(ethylamino)-s-triazine(l:3) 
2-methox>'-3,6-dlchlorobenzolc acid:2,4-dichlorophenoxyacetic 

acid (1:2) 
Mixture of borate and 3-(p-chlorophenyl)-l,l-dimethylurea 
5-bromo-3-sec-butvl-6-methvluracil 
2-butyne-l,4-diol 
2,2-dichloropropionic acid 
S,S,S-tributylphosphorotrlthioate 
2-methoxy-3,6-dichlorobenzoic acid 
6,7-dlhydrodipyrido[l,2-a:2t,l,-c]pyrazidilnium salt 
3-(3,4-dichlorophenyl)-l,l-dimethylurea 
Dimethyl sulfoxide 
Disodium methanearsonate 
5-bromo-3(a ethylpropyl)-6-methyl uracil 
2-(2,4,5-trichlorophenoxy)ethyl-2,2-dichloropropionate 
2,3,6-trichlorophenylacetic acid 
3-pheny 1-1,1 -dimethy lurea 
3-pheny 1-1,1 -dimethylurea trichloroacetate 
Tributylphosphorotrithioate 
2-tert-butylamino-4-ethylamino-6-methylthio-j-triazine 
5~bromo-3-isopropyl-6-methyluracii 
2-methyl-4-chlorophenoxyacetic acid 
3-(p-chlorophenyl)-1,1-dimethylurea trichloroacetate 
2,4,5-trichlorophenoxyacetic acid:4-amino-3,5,6-trichloropicolinic 

acid (4:1) 
2,4,5-trichlorophenoxyacetic acid (triisopropanolamine salts) and 

4-amlno-3,5,6-trlchloropicolinic acid (1:1) 
2,4-dichlorophenoxyacetic acid:2,4,5-trichlorophenoxyacetic acid:4- 

amino-3,5,6-trichloropicolinic acid (2.15:2.15:1) 
See Orange 
l,l-dimethyl-3[3-(N-tert-butylcarbamyloxy)phenyl] urea 
50 percent 2,4-dichlorophenoxyacetic acid and 50 percent 2,4,5- 

trichlorophenoxyacettc acid (n-butyl esters, 8.6 Ib./gal.) 
l,l,-dimethyl-4,4,-bipyridlnium salt 
4-amino-3,5,6-trlchloropicolinlc acid 
Potassium azide 
2-methoxy-4,6-bis(i8opropylamino)-s-triazine 
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Common name or 
other designation 

Purple 

Pyriclor 
Silvex 
Sodium arsenlte 
Sodium azlde 
Sodium chlorate 
X-77 
2,3,6-TBA 
2,4-D 
2.4,5-T 

Chemical name 

50 percent 2,4-dlchlorophenoxyacetlc acid (n-butyl ester), 30 percent 
2,4,5-trlchlorophenoxy acetic   acid (n-butyl ester), and 20 percent 
2,4,5-trlchlorophenoxyacetlc acid (iso-butyl ester) 

2,3,5-trichloro-4-pyrldinol 
2-(2,4,5-trlchlorophenoxy)propionlc acid 
sodium arsenlte 
Sodium azide 
Sodium chlorate 
Alkylarylpolyoxyethylene glycols, free fatty acids, and isopropanol 
2,3,6-trichlorobenzoic acid 
2,4-dichlorophenoxyacetic acid 
2,4,5-trichlorophenoxyacetic acid 

APPENDIX ß 

Common name 

Plant Names 

Botanic name 

Abeyuelo 
Acacia amarilla 
Achlotillo 
Agarlto 
Aguacatlllo 
Alelf 
Allegheny chinquapin 
Almaclgo 
Almendra 
American beech 
Aquilon 
Ash 
Ausubo 
Baldcypress 
Bambu 
Banana 
Barbasco 
Bayahonda 
Bitter sneezeweed 
Blackbrush 
Blackjack Oak 
Bluestem 
Brlstlegrass 
Brownseed paspalm 
Bucayo gigante 
Buffalograss 
Burro prieto 
Cabbage palm 

Colubrina arborescens (Mill.) Sarg. 
Albizia lebbek   (L.) Benth. 
Alchornea latlfolia Sw. 
Berberis trifoliolata Moric. 
Meliosma herbertil Rolfe 
Plumeria alba L. 
Castanea pumlla (L.) Mill. 
Bursera simaruba (L.) Sarg. 
Termlnalla catappa L. 
Fagus grandlfoha Ehrh. 
Terebraria reslnosa (Vahl) Sprague 
Fraxinus spp. 
Manilkara bidentata (A. DC.) Chev. 
Taxodium distlchum (L.) Rich. 
Bambusa vulgaris Schrad. 
Musa spp. 
Canella winterana (L.) Gaertn. 
Prosopis jullflora (Sw.) DC. 
Helenlun amarum (Raf.) H. Rock 
Flourensia cernua DC. 
Quercus marllandica Muenchh. 
Andropogon spp. 
Setaria spp. 
Paspalum plicatulum Michx. 
Erythrina poepplgiana (Walp.) O. F. Cook 
Buchloe dactvloldes (Nutt.) Engelm. 
Capparis cynophallophora L. 
Prestoea montana (Graham) Nicholson 
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Common name Botanic namec 

Cachlmbo 
Cactus 
Caimitillo 
Calmitlllo verde 
Calambrena 
Camasey 
Camasey peludo 
Campeche 
Canelilla 
Caoba domlnlcana 
Capa bianco 
Capa Colorado 
Capa prieto 
Caracolillo 
Carrasco 
Cascarroya 
Catclaw 
Ceboruqulllo 
Cedro hembra 
Cedro macho 
Ceiba 
Chestnut 
Cleneguillo 
Cobana negra 
Cojoba 
Common bamboo 
Corcho bobo 
Cupefllo 
Cupey 
Curly mesqulte 
Cypress 
Oouglasfir 
Dropseed 
Elm 
Espino rubial 
Fig 
Gaeta 
GenogeriO 
Giant cane 
Granadillo 
Greenbriar 
Greenthread 
Grlsebach bristlegrass 
Guäcima 
Guajon 
Guama 
Guano 
Guara 
Guaraguao 
Guava 
Guayabota 

Psychotria berteriana DC. 
Opuntia spp. 
Mlcropholls chrysophylloides Pierre 
Micropholis garclniaefolia Pierre 
Coccoloba venosa L, 
Miconla praslna (Sw.) DC. 
Heterotrichum cymosum (Wendl.) Urban 
Haematoxylon campechianum L. 
Llcarla salicifolia (Sw.) Kosterm. 
Swietenla mahagoni Jacq,, 
Petitia domlngensls Jacq. 
Cordla nltida Vahl 
Cordla alllodora (Ruiz & Pav.) Cham, ex DC. 
Homallum racemosum Jacq. 
Comociadla glabra (Schultes) Spreng. 
Sarcomphalus reticulatus (Vahl) Urban 
Acacia greggii Gray 
Thouinis strlata Radlk. 
Cedrela odorata L,. 
Hyeronlma clusioides (Tul.) Muell.-Arg. 
Ceiba pentandra (L,) Gaertn. 
Castanopsis spp. 
Myrcla deflexa (Poir.) DC. 
Stahlla monosperma (Tul.) Urban 
Plptadenia peregrtna (L.) Benth. 
Bambusa vulgaris Schrad. 
Plsonia albida (Heimerl) Britton 
Clusla kruglana Urban 
Clusla rosea Jacq. 
Hilarla belangeri (Steud.) Nash 
Cupressus spp. 
Pseudotsuga menzlesll (Mlrb.) Franco 
Sporobolus spp. 
Ulmus spp. 
Zanthoxylum martlnicense (Lam.) DC. 
Flcus spp. 
Trichilla palllda Sw. 
Lonchocarpus domlngensis (Pers.) DC. 
Arundinarla gigantea (Walt.) Chapm. 
Buchenavia capitata (Vahl) Eichi. 
Smilax spp. 
Thelcsperma spp. 
Setaria grlsebachli Fourn. 
Guazuma ulmifolia Lam. 
Beilschmiedla pendula (Sw.) Benth. & Hook. 
Inga faglfolla (L.) Willd. 
Ochroma pyramidale Swartz ex J. St. Hllaire 
Cupania americana L. 
Guarea guldonia (L.) Sleumer 
Psidlum guajava L. 
Eugenia stahlli (Klaersk.) Krug & Urban 
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Common name 

Guayacan 
Guayacän bianco 
Haya minga 
Helecho gigante 
Hickory 
Higiierlllo 
Hog-plum 
Hoja menuda 
Honeysuckle 
Hueao bianco 
Hiiisache 
Icaquillo 
Indiangrass 
Indio 
Ipomaea 
Jagüilla 
Juniper 
Jusillo 
Laurel avispillo 
Laurel geo 
Laurel sabino 
Limoncillo 
Lindhelmer croton 
Little bluestem 
Live Oak 
Loblolly pine 
Longleaf pine 
Lotebuah 
Lovegrass 
Macartney rose 
Mago 
Majagua 
Mamey 
Mangle bianco 
Mangle boton 
Mangle Colorado 
Mangle prieto 
Maple 
Marfa 
Maricao 
Masa 
Mesquite 
Moca 
Montezuma baldcypress 
Moral 
Moralon 
Motillo 
Muhly 
MuiTeco 
Negra lora 
Nemoca 

Botanic name 

Guaiacum officinale L. 
Guaiacum sanctum L. 
Guatteria blainii (Griseb.) Urban 
Cyathea arborea (L.) J. E. Smith 
Carya spp. 
Vitex divuricata Sw. 
Colubrina texensis (T. & G.) Gray 
Eugenia rhombea (Berg) Krug & Urban 
Lonicera spp. 
Linociera domingensis (Lam.) Knobl. 
Acacia farnesiana (L.) Willd, 
Hirtella rugoaa Pers. 
Sorghastrum spp. 
Erythroxylon areolatum L. 
Ipomaea spp. 
Magnolia portoricensie Bello 
Juniperus spp. 
Calycogonium squamulosum Cogn, 
Nectandra coriacea (Sw.) Griseb. 
Ocotea leucoxylon (Sw.) Mez 
Magnolia aplendens Urb. 
Calyptranthes krugii Kiaersk. 
Croton glandulosus var. lindheimeri Muell. Arg. 
Andropogon scoparius Michx. 
Quercus virginlana Mill. 
Pinus taeda L. 
Pinus palustris Mill. 
Cöndalia obtusifolia (Hook.) Weberb. 
Eragrostis spp. 
Rosa bracteata Wendl. 
Hernandia sonora L. 
Hibiscus tiliaceus L. 
Mammea americana L. 
Laguncularia racemosa (L.) Gaertn. s. 
Conocarpus erecta L. 
Rhizophora mangle L. 
Avlcennia nitida Jacq. 
Acer spp. 
Cal^phyllum calaba Jacq. 
Byrsonima coriacea (Sw.) DC. 
Tetragastris baisamifera (Sw.) Kuntze 
Prosopis Jufiflora (Sw.) DC. 
Andira inermls (Sw.) HBK 
Taxodlum mucronatum Ten. 
Cordia eulcata DC. 
Coccoloba pubescens L. 
Sloanea berteriana Choisy 
Muhlenbergia spp. 
Cordia borinquensis Urban 
Matayba domingensis (DC.) Radlk. 
Ocotea epathulata Mez 
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Common name 

Nuez moscada 
Oak 
Palma de coyor 
Palma de Uuvia 
Palma de sierra 
Palo amargo 
Palo bobo 
Palo Colorado 
Palo de cucubano 
Palo de gall Ina 
Palo de matos 
Palo de polio 
Palo de rayo 
Panicum 
Paspalum 
Pendula 
Philliplne mahogany 
Pine 
Polio 
Pomarrosa 
Post Oak 
Prlcklypear 
Rabo raton 
Rattan 
Rhodesgrass 
Roble 
Sabinon 
Sandbur 
Sanguinaria 
Santa Maria 
Sassafras 
Sauco cimarron 
Saw greenbriar 
Sebucan 
Serrasuela 
Shortleaf pine 
Sidecats grama 
Slash pine 
Sumac 
Sweetbay magnolia 
Tabaiba 
Tabonuco 
Tachuelo 
Tasajlllo 
Tea 
Texas persimmon 
Threeawn 
Tintillo 
Toadflax 
Tortugo amarillo 
Tulipan africano 

Botanic name 

Ocotea moschata (Meisn.) Mez 
Quercus spp. 
Aiphanes acanthophylla (Mart.) Bur ret 
Gaussia attenuata (0. F. Cook) Beccari 
Prestoea montana (Graham) Nicholson 
Rauvolfia nitida Jacq. 
Brunellla comocladifolia Humb. & Bonpl. 
Cyrilla racemiflora L, 
Guettarda scabra (L.) Vent. 
Alchomeopsis portoricensis Urban 
Ormosia krugli Urban 
Prerocarpus officinalis Jacq. 
Parkinsonia aculeata L. 
Panicum spp. 
Paspalum spp. 
Citharexylum fruticosum L. 
Dipterocarpus spp. 
Pinus spp. 
Dendropanax arboreus (L.) Decne. & Planch. 
Eugenia jam bos L. 
Quercus stellata Wangh. 
Opuntia spp. 
Casearla arborea (L. C. Rich.) Urban 
Calamus spp. 
Chlorls gayana Kunth. 
Tabebuia heterophylla (DC.) Britton 
Croton poecilanthus Urban 
Cenchrus spp. 
Spondogona salicifolia (L.) House 
Eupatorlum ordoratum L. 
Sassafras albidum (Nutt.) Nees 
Turpinia paniculata Vent. 
Smilax bona-nox L. 
Cephalocereus royenii (L.) Britton & Rose 
Thouinia portoricensis Radlk. 
Pinus echinata Mill. 
Bouteloua curtipendula (Michx.) Torr. 
Pinus elliottii Engelm. 
Rhus spp. 
Magnolia vlrginiana L. 
Sapium laurocerasus Desf. 
Dacryodes excelsa Vahl 
Pictetia aculeata (Vahl) Urban 
Opuntia leptocaulis DC. 
Amyris elemifera L. 
Dioepyros texana Scheele 
Aristida spp. 
Randia aculeata L. 
Linaria spp. 
Sideroxylon foetldissimum Jacq. 
Spathodea campanulata Beau v. 
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Common name 

Tuna de petate 
Tupelo 
Ucar 
Unlola 
Uva de playa 
Uvilla 
Varital 
Verdiseco 
Vine mesquite 
Vloleta 
Whltebrush 
Winged elm 
Yagrumo hembra 
Yagrumo macho 
Yaltf 
Yankeeweed 
Yaupon 
Wolfberry 
Yello indlangrass 
Yucca 
Zarcllla 

Botanic name 

Opuntla rulescens Salm-Dyck 
Nyssa spp. 
Buclda buceras L. 
Unlola spp. 
Coccoloba uvifcra L. 
Coccoloba diversifolla Jacq. 
Drypetes glauca Vahl 
Tetrazygla elaeagnoldes (Sw.) DC. 
Panlcum obtusum HBK 
Polygala cowellli (Britten) Balke 
Aloysla lycloldb.. Cham. 
Ulmus alata Mlchx. 
Cecropla peltata L, 
Dldymopanax mortotonl (Aubl.) Decne. & Planch. 
Gymnanthes luclda Sw. 
Eupatorlum comgositifoUum Walt. 
Ilex vomltoria Ait. 
Lycium spp. 
Sorghastrum nvans (L.) Nash 
Yucca spp. 
Leucaena leucocephala (Lam.) de Wit. 
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