Evaluation of Herbicides Applied to Foliage of
Four Tropical Woody Species
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INTRODUCTION

A number of plant species have been used to evaluate herbicides for the
defoliation of tropical woody vegetation (Brun et al. (7),2 Dowler et al. (2),
Tschirley (3), and Tschirley et al. (4)). Of these, guava (Psidium guajava L.),
mango (Mangifera indica L.) and rose apple (Bugenia jambos L.) appeared
resistant to some defoliants, as reported by Brun et al. (1). Miconia laevi-
gata(L.) DC., however, was easily defoliated by several herbicides.

We evaluated 4-amino-3,5,6-trichloropicolinic acid (Picloram), 1,1’-di-
methyl-4,4’ bipyridium ion (Paraquat), (2,4-dichlorophenoxy)acetic acid
(2,4-D), and (2,4,5-trichlorophenoxy)acetic acid (2,4,5-T), applied alone
or in various combinations, as foliage sprays for the defoliation of the pan-
tropical species guava, mango, rose apple, and camasey (Miconia prasing
(Sw.) DC.).

MATERIALS AND METHODS

The test sites were located in the moist coastal area near Mayagiies,
Puerto Rico, where a mean annual rainfall of 80 to 90 inches occurs, AJ]
treatments were applied at 10 g.p.a. with a telescoping-pole sprayer, ag
deseribed by Dowler et al. (5).

Guava and camasey occurred in pure stands 10 to 15 feet tall. Five or six
plants within each circular 40-foot diameter plot were tagged and data, col-
lected from the same sample set at each observation date. Three individua]
trees of mango and rose apple, ranging in height from 25 to 40 feet, re-
ceived each treatment. Percent desiccation and/or defoliation was estj-
mated 1, 3, 6, and 12 months after treatment.

In addition to Paraquat, the following herbicide formulations were used:
(a) 2 Ib., gal. K salt of Picloram; (b) a mixture of 4 Ib./gal. propylene glycol
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butyl ether esters of 2,4,5-T plus 1 Ib./gal. isooctyl ester of Picloram,
hereinafter referred to as 2,4,5-T:Picloram (4:1); (¢) a mixture of 2 Ib./
gal. n-butyl ester of 2,4-D plus 2 lb./gal. n-butyl ester of 2,4,5-T 4 1 1b./
gal. isooctyl ester of Picloram, hereinafter referred to as 2,4-D:2,4,5-T:
Picloram (2:2:1); and (d) a mixture of 4 lb./gal. n-butyl ester of 2,4-D
plus 4 1b./zal. n-butyl ester of 2,4,5-T, hereinafter referred to as 2,4-D:
2,4,5-T (1:1). Acetone was used as a carrier for 2,4,5-T:Picloram (4:1),
2,4-D:2,4,5-T:Picloram (2:2:1) and 2,4-D:2,4,5-T (1:1). Water was
used as’the diluent for Paraquat and Picloram. Acetone possessed no
herbicidal properties at the volume applied.

RESULTS

QUAVA

On a Ib./A. basis, Picloram was the most effective herbicide on guava
(table 1). In general, 6 1b./A. of Picloram did not cause rapid defoliation.
Except for the January 1966 treatment date, Picloram at 6 Ib./A. caused
as much defoliation 6 or 12 months after treatment as any other herbicide
applied. The addition of Paraquat to Picloram increased the rate of desic-
cation or defoliation as compared to Picloram, but the percent defoliation
12 months after treatment was not increased except for the January 1966
treatment date. Paraquat at 9 or 12 1b./A. was not effective.

The fastest desiccation and defoliation of guava was caused by 2,4-D:
2,4,5-T (1:1) or 2,4,5-T:Picloram (4:1). Guava was defoliated more
quickly and defoliation lasted longer when treated in August and October.
The longer lasting defoliation also occurred on these treatment dates. Per-
centage defoliation was essentially the same for 2,4,5-T:Picloram (4:1)
at 30 Ib./A. and 2,4-D:2,4,5-T (1:1) at 24 1b./A. The herbicide 2,4,5-
T:Picloram (4:1) at 15 1b./A. did not defoliate as effectively as Picloram
at 6 Ib./A. or 2,4-D:2,4,5-T (1:1) at 24 1b./A.

Picloram at 4 lb./A. added to 2,4-D:2,4,5-T (1:1) at 8 1b./A. was less
effective than Picloram at 6 1b./A. or 2,4-D:2,4,5-T (1:1) at 24 1b./A.
when applied in May or August 1966. On the October 1966 treatment date,
2,4-D:2,4,5-T:Picloram (2:2:1) at 15 Ib./A. defoliated essentially the
same percent of guava leaves as Picloram at 6 1b./A. and 2,4-D:2,4,5-T
(1:1) at 24 Ib./A.

MANGO

Six and 12 Ib./A. of Picloram were equally effective 12 months after
application. There was no difference between November and May treat-
ment dates (table 2). The addition of Paraquat to Picloram increased the
rate of desiccation and defoliation as compared to Picloram at 6 Ib./A.,
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but long-term defoliation was not increased. Paraquat:Picloram (1:1) at
12 Ib./A. applied in November 1965, caused less defoliation than did Pic-
loram at 6 1b./A. 12 months after treatment.

TaBLE 1.—Percent defoliation of guava (Psidium guajava L.) following January,
May, August, and Oclober 1966, foliage treatments of herbicides

Treatment date and herbicide Rate Desiccation é‘g&gg{hﬁ“‘ after
Pognds! 1Motk yrdue wbinse ulins
January, 1866
Picloram 6 39/7 56 67 47
Picloram 12 85/7 91 91 90
Paraquat:Picloram (1:1) 12 78/72 92 91 73
Paraquat 9 16/16 15 3 2
2,4-D:2,4,6-T (1:1) 18 97/50 89 75 61
May, 1966
Picloram 6 15/15 53 53 92
Picloram 12 17/10 35 55 60
Paraquat:Picloram (1:1) 12 27/25 77 50 57
Paraquat 12 32/21 22 16 32
2,4,5-T:Picloram (4:1) 15 72/34 80 54 58
2,4,5-T:Picloram (4:1) 30 98/36 100 92 86
2,4-D:2, 4,6-T (1:1) + Picloram 84 4 66/20 95 73 74
2,4-D:2,4,5-T (1:1) 24 82/38 92 70 81
August, 1966
Picloram 6 81/61 93 100 100
Picloram 12 97/77 100 100 100
Paraquat:Picloram (1:1) 12 100/73 100 1¢) 100
2,4,5-T:Picloram (4:1) 15 82/57 92 89 79
2,4,5-T:Picloram (4:1) 30 89/66 98 96 96
2,4-D:2,4,5-T (1:1) 4 Picloram 8+ 4 70/561 77 79 74
2,4-D:2,4,5-T (1:1) 24 75/67 79 79 95
October, 1966
Picloram 6 93/54 99 99 93
2,4,5-T:Picloram (4:1) 15 87/46 95 91 82
2,4-D:2,4,5-T:Picloram (2:2:1) 7.6 95/56 97 91 84
2,4-D:2,4,5-T:Picloram (2:2:1) 16 96/38 99 97 g2
2,4-D:2,4,5-T (1:1) 24 98/63 96 99 98

1The 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.

Paraquat at 9 1b./A. applied in November desiccated mango leaves
rapidly but regrowth also occurred rapidly. Results with 2,4-D: 2 ,4,5-T
(1:1) at 18 1b./A. were similar to those with Paraquat.

On the May 1966 treatment date, 2,4,5-T:Picloram (4:1) at 30 Ib./A.
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and 2,4-D:2,4,5-T (1:1) at 24 1b./A. caused similar results on mango.
Desiccation and defoliation of leaves occurred faster following 2,4-D:
2,4,5-T (1:1) treatment, but defoliation 12 months after application was
essentially the same as with 2,4,5-T:Picloram (4:1). The 2,4-D:2,4,5-T
(1:1) combination was more effective on mango applied in May than in
November.

ROSE APPLE

The results were somewhat similar to those obtained on mango (table
3). Desiceation and defoliation of rose apple was greater than for mango.

TABLE 2.—Percent defoliation of mango (Mangifera indica L.) following foliage
herbicide treatments in November 1965, and May 1966

Treatment date and herbicide Rate Desiccation and defoliation? after treatment

Points!  stown 3 Months 6 Months  p 2,
November, 1965

Picloram 6 9/0 33/18 98/29 100
Picloram 12 15/3 100/12 100/62 100
Paraquat:Picloram (1:1) 12 75/25 77/60 58 78
Paraquat 9 75/33 23 9 32
2,4-D:2,4,5-T (1:1) 18  58/9 70/12 60/27 33
May, 1966
Picloram 6 2/0 62/32  100/85 99
Picloram 12 4/0 100/67  100/67 97
Paraquat 4 Picloram (1:1) 12 72/8 100/60  100/83 100
2,4,5-T:Picloram (4:1) 30 27/0 80/28 73/30 76
2,4-D:2,4,5-T (1:1) 24 b52/2 87/40 88/67 82

1 The figure to the left of the slash mark represents the percentage of leaves desiec-
cated and defoliated; that to the right represents the percentage of defoliation.
Single figures represent defoliation only.

Twelve months after application to rose apple, all treatments containing
Picloram (except 2,4,5-T:Picloram (4:1) at 15 lb./A. applied in May,
1966) caused 85 to 100 percent defoliation of the rose apple leaves.

Paraquat: Picloram (1:1) a$ 12 Ib./A. desiccated rose apple leaves faster
than any other treatment but long-term defoliation was no better than
Picloram at 6 Ib./A. The data in table 3 also indicates that a higher per-
centage defoliation occurred from treatments applied in May than from the
same treatments applied in December.

CAMASEY

Foliage treatments of herbicides applied to camasey in August 1966
desiccated or defolisted 80 to 98 percent of the leaves within 1 montl;
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(table 4). All herbicides containing Picloram caused essentially complete
defoliation within 3 months after application. These results remained the
same for 12 months after application.

Picloram at 6 1b./A. applied in October 1966, did not desiccate or de-
foliate camasey leaves as fast as Picloram did when applied in August.
However, 3 months or more after application there was no difference due to
treatment date. Twelve months after application 2,4-D:2,4,5-T (1:1)
did not defoliate as many camasey leaves when applied in October as when

TABLB 3. Percent defoliation of rose apple (Eugenia jambos L.) following foliage
herbicide treatments in December 1966, and May 1966

Treatment date and herbicide Rate Dessication and defoliation! after treatmment

Pounds/Acre 1Monik 3 Months 6 Months M:ﬁ”‘s
December, 1965

Picloram 6 77/25 77/55 87/72 90
Picloram 12 62/16  656/37  57/52 85
Paraquat:Picloram (1:1) 12 88/25  92/87  92/82 97
Paraquat 9 33/22 16/9 18/12 35
2,4-D:2,4,5-T (1:1) 18 82/15 87/45 75/50 47
May, 1866
Picloram 6 53/7 77/40  77/77 98
Picloram 12 65/15 83/65 91/91 100
Paraquat + Picloram (1:1) 12 93/22 90/63  92/76 99
2,4,5-T:Picloram (4:1) 15 68/15 70/30  67/67 70
2,4,5-T:Picloram (4:1) 30 75/22  87/53  87/80 89
2,4-D:2,4,5-T (1:1) - Picloram 8+ 4 70/17 78/588 717/7y 93
2,4-D:2,4,6-T 2% 67/15  80/47  60/60 63

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.

applied in August 1966. Also, 2,4-D:2,4,5-T:Picloram (2:2:1) at 7.5
Ib./A. was almost as effective as 2,4-D:2,4,5-T (1:1) at 24 Ib./A.

DISCUSSION

Twelve months after application Picloram applied at 6 Ib./A. as a foliage
treatment had induced a higher percentage of guava, mango, rose apple,
and camasey leaf defoliation than any other herbicide or herbicide combj-
nation reported herein. Generally, Picloram at 6 1b./A. caused less desic-
cation and/or defoliation of leaves in the first month after treatment than
any other herbicide treatment in this study. The addition of Paraquat at
6 1b./A. to Picloram increased the rate of phototoxic action as compared to
Picloram alone but the long-term effects were not changed materially.
There appeared to be an antagonistic effect of Paraquat on Picloram in
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some instances. Picloram applied at 6 Ib./A. to guava in May 1966, caused
92 percent defoliation of the leaves 12 months after application, but Para-
quat:Picloram (1:1) at 12 1b./A. caused only 57 percent defoliation of the
leaves (table 1). This trend also occurred on the treatments applied to
mango in November 1965 (table 2).

The addition of 2,4,5-T or 2,4-D:2,4,5-T to Picloram also increased
the initial rate of desiccation or defoliation as compared to Picloram at
6 1b./A. alone. In several instances the defoliation 12 months after appli-
cation was less when Picloram was combined with the phenoxyacetic acids.

TaBLE 4. Percent defolialion of camasey (Miconia prasina (Sw.)DC.) Jollowing
August and October 1966, foliage treatments of herbicides

st Desiccation and defoliation?
Treatment date and herbicide Rate after treatoeat on

Pounds/Acre 1 Month m’,.m Mguhs mﬁm

August, 1966
Picloram 6 95/93 100 100 100
Picloram 12 98/88 100 100 100
Paraquat:Picloram (1:1) 12 96/87 99 100 100
2,4,5-T:Picloram (4:1) 15 97/93 100 100 100
2,4,5-T:Picloram (4:1) 30 95/90 97 99 100
2,4-D:2,4,5-T (1:1) 4 Picloram 8 4+ 4 86/96 99 100 100
2,4-D:2,4,5-T (1:1) 24 86/79 80 98 95

October, 1966
Picloram 6 7/47 98 100 100
2,4-D:2.4,5-T:Picloram (2:2:1) 7.6 68/28 82 %0 81
2,4-D:2,4,5-T:Picloram (2:2:1) 15 70/33 91 97 g9
2,4-D:2,4,5-T (1:1) 2 8/66 91 97 g5

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.

The long-term defoliation that resulted from the phenoxyacetic acid-Piclo-
ram combination appeared to be influenced more by the amount of Picloram
in the combinations than by the phenoxyacetic acids.

The herbicide 2,4-D:2,4,5-T (1:1) generally caused rapid desiceation
and defoliation. The rate of desiccation was partially influenced by the
herbicide formulation used.

Our data also suggests seasonal susceptibility of guava, mango, and roge
apple to the herbicides we applied. Long-term defoliation was greater when
the herbicides were applied during the rainy season (May-October) than
when applied during the dry season (November-April). This trend was
most evident for 2,4-D:2,4,5-T (1:1). On guava 2,4-D:2,4,5-T (1:1)
caused 61 percent defoliation of the leaves when applied in January, De.
foliation ranged from 81 to 98 percent when applied in May, August, or
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October. The same trend occurred in mango and rose apple. When Picloram
at 6 1b./A. was applied to guava the above trend also was observed. These
data, in general, support earlier conclusions reached by Tschirley e al. (4)
in that season of herbicide application may influence long-term herbicidal
activity on some tropical woody species.

SUMMARY

We applied the herbicides 4-amino-3,5,6-trichloropicolinic acid (Pic-
loram), 1,1’-dimethyl-4,4'-bipyridinium ion (Paraquat), (2,4-dichloro-
phenoxy)acetic acid (2,4-D), and (2,4,5-trichlorophenoxy)acetic acid
(2,4,5-T), alone or in various combinations, as foliage sprays to guava
(Psidium guajova L.), mango (Mangifera indica L.), rose apple (Bugenia
jambos L.), and camasey (Miconia prasinag (Sw.)DC.). A 1:1 mixture of
Paraquat and Picloram at 12 Ib./A. or 2,4-D:2,4,5-T (1:1) at 24 1b./A.
generally desiccated and defoliated more leaves during the first month
after treatment, but Picloram at 6 1b./A. caused more defoliation 12 months
after treatment. Camasey was more susceptible to the herbicides tested
than guava, mango, and rose apple.

RESUMEN

Aplicamos los yerbicidas Picloram (4cido 4-amino-3,5,6 tricloropico-
linico); Paraquat (1,1’-dimetil-4,4’-ion bipiridino); 2,4-D (4cido 2,4-
diclorofenoxacético); y 2,4,5-T (4cido 2,4, 5-triclorofenoxacético, en forms,
de aspersién foliar, solos o en varias combinaciones, a la guayaba (Psidium
guajava L.), el mango (Mangifera indica L.), la pomarrosa (Eugenia jambos
L.) y el camasey (Miconia prasina (Sw.)DC.). Una mezcla de 1:1 de Para-
quat y Picloram, a razén de 12 libras por acre, 6 de 2,4-D:2,4,5-T (1:1),
a razén de 24 libras por acre, generalmente disecaron y defoliaron més hojas
durante el primer mes después del tratamiento. Pero el Picloram, a razén
de 6 libras por acre, causé més defoliacién a los 12 meses después del
tratamiento. El camasey fue més susceptible que la guayaba, el mango y
la pomarrosa, a los yerbicidas que se probaron.
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