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Effect of Aerially-Applied Herbicides on Texas and Puerto Rico Forests1

Clyde C. Dowler,2 Fred H. Tschirley,2 R. W. Bovey,3 and H. L. Morton3

Abstract. We applied (2,4-dichlorophenoxy)acetic acid (2,4-D), (2,

4,5-trichlorophcnoxy)acetic add (2,4,5-T), 4-amino-3f5,G-trichloro-
picolinic add (picloram), and l,l'-dimethyl-4,4'-bip)Tidinium ion

(paraquat} alone and in various combinations by aircraft on ar
borescent spedes in Texas and Puerto Rico. Paraquat defoliated

trees rapidly but did not give long-term control. Picloram de

foliated a greater number of species than the other herbicides
and defoliation extended over a longer period. No treatment

killed all trees in the mixed forest or prevented rcgrowth and

secondary succession for a period of more than 1 year. Higher

herbicide rates were necessary to defoliate woody plants in tropical

Puerto Rico than in subtropical Texas.

Introduction

qeveral herbicides were evaluated as foliage and soil

►J treatments for the control of woody plants in Texas

and Puerto Rico (1, 2, 3, 4, 7). These studies showed

that (2,4-dichlorophenoxy)acetic acid (2,4-D), (2,4,5-tri-

chlorophenoxy)-acetic acid (2,4,5-T), 4-amino-3,5,6-

trichloropicolinic acid (picloram), and l,l'-dimethyl-4,
4'dipyridinium ion (paraquat), alone or in various com

binations, defoliated or killed a broad spectrum of tropi
cal and subtropical woody plants. Aerial applications

of these herbicides were necessary to provide recom

mendations on a woody plant control program. The use

of aircraft for applying herbicides in woody plant con

trol is a standard practice because large areas can be

effectively treated in a short time. Treatment of tall,

dense vegetation on rough topography requires aerial

application techniques.
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The objectives of this study were (a) to evaluate dif

ferent rates and combinations of herbicides for their

effectiveness in defoliating and killing woody plants;

(b) to compare herbicides showing greatest potential

with a 1:1 mixture of 2,4-D:2,4,5-T; and (c) to observe

the short-term effects of these treatments on secondary

plant succession.

Materials and Methods

Test sites in Texas were located in a coastal stand

of live oak (Qticrcus virginiana Mill.) near Tivoli, and

a pine-hardwood forest near Legget with mean annual

rainfall of 35 to 40 and 45 to 50 inches, respectively

(8). The two test sites in Puerto Rico were in the Lower

Cordillera near Maricao, and in the Evergreen Rain

Forest of the Lower Luquillo zone (5). The mean an

nual rainfall on these Puerto Rican test sites is approxi

mately 100 inches. All treatments in Texas were applied

with fixed-wing aircraft delivering 1.5, 3.0, or 5.0 gpa

in a 40-ft spray swath at 80 or 90 mph. All treatments in

Puerto Rico were applied with a Hughes 300* heli

copter delivering 1.5 or 3.0 gpa in a 35-ft spray swath

at 45 mph. All applications were made near tree-top

level.

The following herbicide formulations were used in

addition to paraquat: 2 lb/gal K salt of picloram;

mixture of 4 lb/gal propylene glycol butyl ether esters

of 2,4,5-T plus 1 lb/gal isoocotyl ester of picloram (here
inafter referred to as 2,4,5-T:pidoram); mixture of 2

lb/gal n-butyl ester of 2,4-D plus 2 lb/gal n-butyl ester

of 2,4,5-T plus 1 lb/gal isocotyl ester of picloram (here

inafter referred to as 2,4-D:2,4,5-T:picloram); 4 lb/gal

n-butyl ester of 2,4-D plus 4 lb/gal n-butyl ester of
2,4,5-T (hereinafter referred to as 2,4-D:2,4,5-T); and
2 lb/gal triisopropanolamine of 2,4-D plus 0.5 lb/gal tri-

isopropanolamine of picloram (hereinafter referred to
as 2,4-D:picloram). All concentrations are expressed as

acid equivalents. All herbicide treatments were applied
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undiluted except picloram was applied in water and

2,4-D: 2,4,5-T: pidoram in diesel oil on live oak at Tivoli,

Texas and 2,4-D: 2,4,5-T:picloram in diesel oil on Lu-

quillo National Forest in Puerto Rico.

A randomized block design with one or two replica
tions was used in each test. Land availability, topography,

number of treatments, and application equipment deter

mined the number of replications and plot size and

are discussed under each separate test. Data were col
lected from marked plants in a belt transect located
diagonally across each treated plot. Percentage defolia

tion was estimated periodically after treatment. Defo

liation, calculated from individual plant defoliation,
represents a mean percentage of the various species. In

general, we collected defoliation data 1, 2, 4, 13, 26, and
52 weeks after treatment. Data herein are reported as
percentage defoliation, but, throughout, there was a
higher percentage defoliation than plants killed.

Results

Pine-hardwood forest near Legget, Texas. We applied
treatments with an "Ag Cat"* fixed wing aircraft on

single 200 by 900-ft plots as undiluted sprays (Table 1).

Table 1. Percentage defoliation following treatments May, 1966, on
pine-hardwood forest near Legget, Texas.

Herbicide
Per A Defoliation after treatment

Paraquat

2,4, S-T:picloram.

Pictoram

2, 4-D:2, 4, 5-T..

8*1

1.5
3.0
6.0

1.5
3.0
6.0

1.5
3.0
6.0

1.5
3.0

6.0

lb

3
6
12

7.5
IS

30
3
6

12
12
24

48

lwk

50
30
30
10
10
20

10

10
10

10
20

20

2wk

so
30
30
20
30
35
20
20
35
30
40

40

4wk

50
40

40
40
50
60
30
40
60

50
60

70

3 mo

20
40
20
95
95
95
90

95

95
90
95
95

lyr

10
10
5

70
90
99

50
85

90

50
50
95

The aircraft was calibrated to deliver 1.5 gpa. The
3.0 and 6.0-gpa rates were obtained by double and
quadruple coverage.

The dominate species in the pine-hardwood forest
were white ash (Fraxinus americana L.), sweetgum
(Liquidambar slyraciflua L.), bitternut hickory (Carya
cordiformis (Wangenh.) K. Koch., and eastern hophorn-
bean (Ostrya virginiana (Mill.) K. Koch.), but boxelder
(Acer negundo L.), black willow (Salix nigra March.),
American sycamore (Plantamts occidentalis L.), redbay
(Persea borbonia (L.) Spreng.), and loblolly pine (Pinus
taeda L.) also were present.

Paraquat defoliated trees faster than the other herbi
cides. However, 3 months after application, paraquat
was the only herbicide that did not provide plot de
foliation of at least 90%. A heavy rain 2 hr after the ap
plication of 3.0 and 6.0 gpa of paraquat may have affect
ed the results of these treatments. Paraquat apparently

Trade names or code numbers are used in this publication
solely for the purpose of identification and simplicity. Their men
tion does not constitute a guarantee or a warranty of the product
by the U. S. Department of Agriculture or an endorsement by
the Department over other products of a similar nature not
mentioned.

was not mobile within the plant because the tops of trees
were defoliated, but the lower branches remained green.

The herbicide mixture 2,4-D:2,4,5-T defoliated trees
faster than 2,4,5-T:picIorain or picloram. One year
after treatment, the plot defoliation by 2,4,5-T:picloram
and 2,4-D:2,4,5-T at 6.0 gpa was 99 and 95%, respec
tively. Defoliation resulting from 2,4,5-T:picloram at
3.0 gpa and picloram at 3.0 and 6.0 gpa was essen
tially the same 1 year after treatment. Also, picloram
at 1.5 gpa defoliated the same percentage of trees as
2,4-D:2,4,5-T at 1.5 and 3.0 gpa.

The rates used in this test were higher than is nor
mally required for control of these mixed hardwoods.
However, white ash, bitternut hickory, and redbay were
not controlled by picloram. Some tolerance to picloram
also was exhibited by sweetgum. Loblolly pine was more
susceptible to picloram than 2,4-D:2,4,5-T. Considering
all species, 2,4,5-T:picloram was the most effective herbi
cide.

Live Oak near Tivoli, Texas. We applied the herbicide
treatments at Tivoli with a Snow Model S2C4 fixed
wing aircraft on duplicate 200 by 1000-ft plots. The
equipment was calibrated to deliver 1.5, 3.0, or 5.0 gpa
and the herbicides were applied undiluted or diluted
as noted in Table 2. Severe weather prevented data

Table 2. Percentage of desiccation and defoliation following treat
ments November, 1966. on live oak near Tivoli. Texas!

Herbicide

Desiccation and defoliation
after treatment*

1 wk 2 wk 4 wk 5 mo 23 mo

95/78
99/62

70
82

?• i'R:?'M*J:p!c!oram-• •• us 7-5 29/0 88"s
i:tSH:J:l:?!j3e&s+" 30 ls 46/0 85/4S

oil <1 + l)b 3.0 75 2,/0 Oj/45

Picloram + water (1 +4)«. 5.0 2 18/0 90/25
2. 4-D:2.4,5.T 3.0 24 26/0 95/62

«The number to the left of the slant mart is percentage desiccation and defolia
tion; that to the right is percentage defoliation. Single numbers are defoliation only.

DAromatic naptha oil. '

propanot) Jddedf^"0""1 Wk5rUr>rl'><>1Vl)ox>eth>lene SlV«>U, free fatty acids, iso-

97/85 81
94/82 91
98/80 80

20

IS

65
25

collection 1 year after treatment, but observations were
made 23 months after application.

The herbicide mixture 2,4-D:2,4,5-T:picloram at 3.0
gpa desiccated 46% of the leaves 1 week after treat
ment, but average desiccation from all treatments was
at least 85% after 2 weeks. Four weeks after application,
all treatments had a mean desiccation of 94 to 99%
but 2,4-D:2,4,5-T:picloram at 3.0 gpa did not cause
as much defoliation as the other treatments. Five and
23 months after application, picloram was more effective
than the other treatments. The data in Table 2 also
indicate that the addition of an oil carrier to 2,4-D:
2,4,5-T:picloram slightly increased activity. This may
have resulted from phytotoxic properties of the oil
and increased volume per acre.

Evergreen Rain Forest, Lower Luquillo, Puerto Rico
(Test 1). Herbicides were applied with a helicopter cali
brated to deliver 1.5 or 3.0 gpa. Six gpa were applied
by spraying each swath on a plot twice at 3.0 gpa.
Duplicate 175 by 249-ft (1 A) plots were treated April 1,
1966 with undiluted paraquat, 2,4,5-T: picloram, 2,4-D:
2,4,5-T, and picloram (Table 3).
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Table ). Percentage desiccation and defoliation following treat
ments April. 1966. in Luquillo National Forest, Puerto Rico.

Per A Desiccation and defoliation following trc.itmcm*
Herbicide

gal Ib 1 wk 2 wk 4 wt 3 mo 6 mo 1 yr

2,4,S-T:picloram...

2,4-0:2,4, 5-T

1.5
3.0

6.0
1.5
3.0

6.0
1.5
3.0

6.0

1.5
3.0
6.0

3
6

12

7.5
15
30
3

6
12
12
24

48

15/9
29/13
38/23
7/0
3/0
7/0
8/0
8/0
19/9
9/3

19/8
28/10

25/18
51/29
53/3S
25/14
25/5
38/13
24/14
Sl/21
Sl/22
53/28
73/32
79/37

27/25
68/63
60/56
42/39
39/32

62/45
34/32
70/52
78/66
69/61
89/73
89/75

19

51
43
52
42

77

29
80
83
65
79
91

9

41

15
40

46

73
27

60

76
52
66

71

10

31
17

45

51
69
30

55

75
38
55

61

•The number lo the left of ihc slam mark iipercentage desiccation and defolia
tion; that to the right is pervemage defoliation. Single numbers are defoliation only.

One week after treatment, paraquat at 6.0 gpa had

desiccated more leaves and defoliated more trees than

any other treatment. The herbicide mixture 2,4-D:

2,4,5-T desiccated and defoliated more trees than the

other herbicides 2 weeks after application and main

tained this superiority through 4 weeks. Maximum de

foliation from paraquat was obtained 4 weeks after

treatment, but maximum defoliation from the other

herbicides did not occur until 3 months after applica

tion. Also, 2,4-D:2,4,5-T caused more defoliation than

paraquat, pidoram, and 2,4,5-T:pidoram at equivalent

volumes S months after treatment Recovery between

3 and 6 months after treatment, expressed as the dif

ference in percentage defoliation for the two dates,

with the 6.0-gpa volumes, was 20% for 2,4-D:2,4,5-T, 7%

for picloram, and 4% for 2,4,5-T:picloram. These data

indicate that the addition of picloram to phenoxy herbi

cides reduces regrowth of trees. The regrowth of woody

species was always greater where treatments contained

only phenoxy herbicides than when the treatments con

tained picloram. One year after treatment, picloram at

3.0 gpa was as effective as 2,4-D:2,4,5-T or 2,4,5-T:

picloram at 3.0 gpa. Picloram was the most effective

herbicide in this test on a Ib/A basis.

Although data on individual species susceptibility

were not tabulated, general observations indicated that

Tabebuia heterophyua (DC.) Britton was more resistant

to the herbicide treatments than any other species

present.

Succession of other species or seedlings of the same

species was evident 6 months after treatment. Succession

appeared to be positively related to defoliation but

not to herbicide treatment. Plots with the highest per

centage defoliation also had the highest density of

invading species. Grasses, sedges, vines, and other

herbaceous plants were most evident initially (6 months)

after treatment; but three seedlings, represented by

Cecropia peltata L., Didymopanax mortotoni (Aubl.)

Decne. & Planch., and Psyckotria berteriana DC. were

common 1 year after treatment. The U. S. Forest Service

also planted teak (Tectonia grandis L.) and mahogany

(Swietenia mahagoni Jacq.) on our plots, beginning
approximately 1 week after application. These species

were not affected by the herbicide treatments and were
surviving 1 year after planting.

Evergreen Rain Forest, Lower Luquillo, Puerto Rico

Forest (Test II). The same type of equipment and ap

plication procedures were used as in the preceding test,
except that single 210 by 622-ft (3 A) plots were treated.

Climatic conditions were favorable when the treatments

were applied, but rain occurred within 1 hr after the

applications were completed. An estimated 2 inches of
rain fell during the next 24 hr.

Picloram at 3 gpa was the fastest-acting and most

effective long-term treatment in this test (Table 4). One

Table 4. Percentage of desiccation and defoliation following treat

ments October, 1966, in Luquillo National Forest, Puerto Rico.

Desiccation and defoliation
Per A following treatments*

Herbicide -
gal 1b 1 wk 2 wk 4 wk 3 mo 6 mo 1 yr

2,4-D:2,4,S-T:picloram .. 1.5 7.5 0/0 6/4 4/3 6/6 11 9
2,4-D:2,4,5-T:picloram
+ dieseloil(l+l) 3.0 7.5 0/0 27/13 50/41 53/48 58 51

2.4-D:2,4,5-T:pidoram .. 3.0 IS 0/0 28/15 49/47 72/68 78 69
Picloram 3.0 6 15/6 46/26 75/60 88/84 85 88
2,4.5-T:picloram 3.0 15 1/0 35/17 70/52 86/79 86 85
2,4-D:2,4,5-T 3.0 24 3/1 35/20 61/46 68/62 75 70

'The number lo the left of the slant mark is percentage desiccation and defolia
tion; that to the right is percentage defoliation. Single numbers are defoliation only.

week after application, picloram had desiccated 15%

of the leaves on the trees as compared to 3% for 2,4-D:

2,4,5-T. Defoliation 1 month after treatment was essen

tially the same for 2,4-D:2,4,5-T:picloram, 2,4,5-T:pic-

loram, and 2,4-D:2,4,5-T at 3.0 gpa. Three months after

treatment the percentage defoliation caused by 2,4,5-T:

picloram and picloram at 3.0 gpa were nearly equal.

The percentage defoliation caused by 2,4-D:2,4,5-T:

picloram and 2,4-D:2,4,5-T at 3.0 gpa was similar but

about 15% less than the defoliation caused by 2,4,5-T:

picloram and picloram at comparable volumes. This

was also true 1 year after treatment. One year after

application, the mean defoliation from all treatments

except 2,4-D:2,4,5-T:picloram at 1.5 gpa was more than

50%.

The 2,4-D:2,4,5-T:pidoram at 1.5 gpa caused only

a low percentage of defoliation. When 1.5 gal of 2,4-D:

2,4,5-T:pidoram were combined with 1.5 gal diesel oil,

however, the percentage of defoliation was markedly in
creased.

We identified and tagged more than 40 spedes in

the test area of the Evergreen Rain Forest. The differ

ential species susceptibility of the six major species 1

year after treatment is recorded in Table 5. These spe

cies represent 38% of the population on which defolia

tion data were recorded. Some of the problems involved

Table 5. Percentage of defoliation of the six principal spedes 1
year after treatment October, 1966, in Luquillo National Forest,
Puerto Rico.

Defoliation of (pecies in order of
. Per A decreasing importance

Herbicide ^—^——— ——^*——^—^—^
gal Ib 1 2 3 4 S 6

2,4-D:2,4,5-T:picloram tl 7! 3 2 0 0 100 6~
2,4-D:2,4,S>T:pidoram
+ dieiel oil (I+1) 3.0 7.5 39 29 7 72 87 S7

2,4-D:2,4,5-T:picloram 3.0 15 74 28 35 99 100
Picloram 3.0 6 90 77 45 65 100 100
2,4.5-T:picloram 3.0 15 100 82 38 — 100 90
2.4-D:2,4.S.T 3.0 24 65 59 23 63 100 79

•1. Pmlua saalaaa (Graham) Nicholson. 2. Caiiaria rr/wsftu Sw. 3. Taiiitda
htlmfijflla (DC.) Britton. 4. Diijmebanat mtnltlini (AubU Dccne- & Planch. 5.
M/reis ipltndms (Sw.) DC. 6. l^c/agfjclia (L.) Willd.
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in evaluating herbicides in tropical forest have been
discussed previously (6).

Tabcbuia helerophyila (DC.) Button was the most

resistant species and Myrcia splendcns (Sw.) DC. was the

most susceptible species in this test. Although there was

a wide range of susceptibility, picloram and 2,4,5-T:

picloram caused the highest percentage defoliation of

the major species present. These data also suggest that

2,4-D is not as effective on a mixed tropical forest as

either 2,4,5-T or picloram.

Secondary succession occurrred as in the previous test.

Semievergreen Forest, Lower Cordillera near Maricao,
Puerto Rico. Another aerial application was made in

a mixed semievergreen forest in August, 1966, using the

same equipment as in the preceding test, except that

the plot size was 175 by 745 ft.

Two and 4 weeks after application, 2,4,5-T:picloram

at 6 gpa and 2,4-D: 2,4,5-T at 3.0 gpa were equally

effective (Table 6). Six months and 1 year after treat-

Table 6. Percentage desiccation and defoliation resulting following
1966 treatment in Lower Cordillera forest, Puerto Rico.

Desiccation and defoliation

Per A following treatment*
Herbicide ■■

gal Ib 1 wk 2 wk 4 wk 3 no 6 mo 1 yr

2,4,S-T:pldoram 6 30 0/0 26/8 67/50 80/79 i5 77~~
Picloram 3 6 0/0 29/19 43/3S 51/50 48 52
2,4-D:pieioram. 6 15 0/0 35/15 57/37 53/47 52 5t
2,4-D:2.4.5-T +

picloram (1+2) 3 12 0/0 26/14 44/32 52/48 57 63
2.4-D:2,4,5-T 3 24 0/0 30/8 63/48 73/71 61 64

'The figure to the led of the slant mark it percentage desiccation and defoliation;
that to the right is percentage defoliation. Single figures are defoliation only.

ment, 2,4,5-T: picloram at 6 gpa was the most effective

treatment in this test.

Picloram, 2,4-D:2,4,5-T, and a mixture of 2,4-D:2,4,

5-T + picloram (1+2) at 3.0 gpa were as effective as

2,4-D:picloram at 6.0 gpa. One year after application,

2,4-D:2,4,5-T and a mixture of 2,4-D:2,4,5-T + picloram

(1+2) at 3.0 gpa were more effective than picloram or

a mixture of 2,4-D:picloram.

The defoliation data from this test were recorded

for more than 30 species. The susceptibility of the seven

major species recorded in Table 7 represents 73% of

Table 7. Percentage of defoliation of the seven principal species
1 year following 1966 treatment in Lower Cordillera forest,

Puerto Rico.

Defoliation of species in order of decreasing
Per A importance*

Herbicide —
gal 1b 1 2 3 4 5 6 7

2,4.S-T:plcloram 6 30 78 82 83 84 94 — 76~~
Reloram 3 6 9 64 100 100 45 — 66
2,4-D:pieloram 6 IS 20 73 96 87 — — —

^PVcic£im(i+2). 3 12 40 49 97 97 74 20 34
2.45):2.4.5-T...7... 3 24 53 73 79 72 81 37 65

•1. Guana trithUMts L. 2. lagtfapjotia (L.) Willd. 3. toga ttra Willd. 4.
pcaax cttonmt (L.) Decoe. & Planch. S. Pevtiria mtJtifiin (A. Da) Eyma. 6.
aatot L. 7. Cilrut titutuit Otbeck.

the total woody plant population in our samplingarea.

Guarea trichiliodes L. was the most resistant species to
the treatments in this test. Inga vera Willd. and Dendro-

panax arborcus (L.) Decnc. 8: Planch, were more sus

ceptible to the treatments than the other species. Guarea

trichiliodes L. was resistant to picloram at 3 gpa and also

to 2,4-D:picloram at 6 gpa. These data indicate that

2,4,5-T:picloram generally will defoliate a broader spec
trum of woody plants than picloram or 2,4-D:2,4,5-T. The

data from this test suggest that 2,4-D has less herbicidal

activity on tropical woody plants than 2,4,5-T or pic

loram,1 and that pound for pound, picloram is the most
effective herbicide on woody species.

Discussion

Paraquat defoliated trees rapidly in both Texas and

Puerto Rican forests. Maximum defoliation occurred

4 weeks after application and regrowth was quite evi

dent 6 months after application. In addition, 3.0 gpa

(6 lb/A) of paraquat was as effective as 6.0 gpa (12

lb/A). This suggests that paraquat is not readily mobile

in woody plants, and that spray penetration and cover

age through the forest canopy may be as important as

the amount of material applied.

Picloram was slow-acting but defoliated a higher per

centage of trees and suppressed regrowth more than any

other herbicide. Picloram provided greater bud sup

pression than the phenoxy herbicides, an important

factor because many woody species are vigorous sprouters.

Although there was differential species susceptibility,

picloram has a broader spectrum of activity than the

phenoxy herbicides. Our data also indicate that 2,4,5-T

is more effective than 2,4-D in mixed tropical and sub

tropical forests. In general, 2,4,5-T:picloram caused more

defoliation than 2,4-0:2,4,5-1' or 2,4-D:picloram.

Our results suggest differential seasonal susceptibility.

Because the species composition of the two sites in Texas

was different, direct comparisons cannot be made. In

Puerto Rico, the data from two adjacent test sites in

Luquillo Forest suggest that equivalent rates of pic

loram or 2,4-D:2,4,5-T were more effective when applied

in October than in April (Table 3 and 4). Defoliation

from applications made in August on the semievergreen

forest near Maricao was intermediate (Table 6). Al
though extended dry periods are rare in these areas, there

is less rainfall during the November-February period

than for the remainder of the year. July, August, and

September are the wettest months. These data suggest

that after the highest defoliation has occurred (normally

3 months), the amount of regrowth is directly related to

a period of high rainfall. This trend tends to support

earlier conclusions (7). More years of testing are required

for conclusive data.

Secondary succession is rapid and dramatic in tropical
forests. Observations on succession were reported earlier
(4). The same general trend was observed in the aerial
tests reported herein, except that the rate of succession
appeared to be more rapid than in previous tests. This
was probably because the herbicide concentration on

the forest floor was low, due to interception of spray
by the canopy and to the fact that light penetration,
which appears to be a major factor in secondary suc

cession, was greater on the larger plot size.

167



WEED SCIENCE

Acknowledgments

The authors wish to express their appreciation to
Mills H. Byrom, L. F. Bouse, J. R. McCalmont, M. G.
Merkle, and the technical assistants whose help and sug
gestions were invaluable.

Literature Cited

1. Bovey. R. W.. F. S. Davis, M. C. Merkle, R. E. Meyer, H. L.
Morton and L. F. Bouse. 1965. Defoliation and control of
brush. Proe. So. Weed Conf. 18:288-292.

2. Bovey, R. W., R. E. Meyer, F. S. Davis, M. G. Merkle, and H. L.
Morton. 1967. Control of woody and herbaceous vege

tation with soil sterilants. Weeds 15:327-330.
3. Dowler, Clyde C, Wilson Forestier, and Rene T. Hernandez.

1968. The effect and persistence of herbicides applied to
the soil in guava (Psidium guajava L.) Proc. So. Weed Conf.

21:228-232. „.
4. Dowler, Clyde C, Wilson Forestier, and F. H. Tsciiirley.

1968. Effect and persistence herbicides applied to soil in
Puerto Rican forests. Weed Sd. 16:45-50.

5. Little, E. L., Jr. and F. H. Wadsworth. 1964. Common trees
on Puerto Rico and the Virgin Islands. U. S. Dep. Agr.
Handbook No. 249, illus. 548 p.

6 Tschirley, Fred H. 1967. Problems in woody plant control
evaluation in the Tropics. Weeds 15:233-237.

7. Tschirley, Fred H., Rene T. Hernandez, and Clyde C. Dowler.
1967. Seasonal susceptibility of guava to selected herbicides.

Weeds 15:217-219.
8 Williams Llewelyn. 1967. Forests of Southeast Asia, Puerto

Rico, and Texas. U. S. Dep. Agr. ARS, CR 12-67. 410 p.


