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Studies were conducted in the winter, spring, and fall of 2006 on mature trees to evaluate the potential of diquat (Reglone) spray as a defoliant in case of a canker outbreak. All sprayed leaves were killed after Reglone application. Leaf
defoliation gradually increased from 0% at 1 day after treatment application to 90% of grapefruit leaves in the winter.
Using 1 or 2 pt/acre of Reglone, grapefruit leaves were defoliated 79 to 84% and orange leaves were defoliated 83% to
85% 14 days after treatment application in the spring. In the fall season, defoliation was 83% and 74% of grapefruit
leaves, and 90% and 73% of orange leaves using the 1 and 2 pt/acre rates, respectively. Further shaking of tree limbs
achieved 100% defoliation. Similarly, fruit drop was increased with time until 14 days after treatment application in
the spring and fall seasons. Fruit drop 14 days after treatment application was 94% for grapefruit in the spring and
95% of grapefruit and 100% of oranges in the fall with the 2 pt/acre rate. Shoot desiccation was also increased at 14
days after treatment application. Regrowth of new leaves from the end of desiccated shoots increased with time as
>95% of the grapefruit branches had regrown with new ﬂush and 15% to 20% of orange branches ﬂushed 28 days
after application of both Reglone rates. Thus, application of Reglone at 1 pt/acre may be enough to defoliate leaves or
fruit within 14 days after treatment. It remains to be determined if such defoliation can reduce the potential spread
of citrus canker disease.

Citrus canker has been a serious threat to the Florida citrus
industry for a number of years, but that threat has increased dramatically since the hurricanes of 2004. The spread of canker in
Florida citrus has been attributed to those storms (Timmer et al.,
2007). Previously, once canker was detected, all citrus within a
1900-ft radius of the infected site were destroyed as soon as possible to prevent disease spread, but now the 1900-ft rule has been
suspended and eradication of canker-affected trees has ended.
The Citrus Health Response Plan (CHRP) is being developed
(Timmer et al., 2007).
Canker bacterium reproduces in lesions on leaves, stems, and
fruit. When there is free moisture on the lesions, the bacteria ooze
out and can spread to new growth and other trees. Wind-driven
rain is the main dispersal agent (Timmer et al., 2007).
Defoliation of leaves and fruit from the infected trees may be
useful to suppress the spread of the disease. Researchers have
used different chemicals for defoliation and desiccation of foliage
under different situations for different purposes, e.g., to reduce the
incidence of diseases, insects, or for timely harvesting of cotton
or other crops, etc. (Johnson et al., 2003; Kaneshiro and Zweig,
1965; Mason and Stephens, 1965; Philips et al., 1992; Ronald
and Pritchard, 1999; Sutton and Foy, 1971; Vargas et al., 2006;
Wilkins and Tetlow, 1970). There are currently no registered
defoliants for citrus in the market, but it is possible to defoliate
trees using high concentrations of copper or fertilizer products.
However, no rates or spray volumes have been established for this
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practice. Chemical defoliants may be available at some point in
the future. Diquat (Reglone) {diquat dibromide [6,7-dihydrodipyrido (1,2-a:2´,1´-c) pyrazinediium dibromide]} is a nonvolatile
herbicide for use as a preharvest aid to desiccate certain crops
in order to facilitate harvesting. Reglone is recommended for
use as a general herbicide to control weeds in noncrop areas and
nonbearing crops and has been used to defoliate citrus (Jain et al.,
2006) . Reglone is a contact-type herbicide and requires actively
growing green plant tissue to function. Thorough coverage of all
green plant tissue is essential for effective control. Reglone desiccant is rapidly absorbed by green plant tissue and interacts with
the photosynthetic process to produce compounds that destroy
plant cells. Herbicide activity is usually quite rapid, with effects
visible in a few days (Material Safety Data Sheet, Syngenta).
Therefore, diquat (Reglone) was evaluated in this study as a
potential defoliant of leaves, fruits, and as a desiccant for leaves
and shoots of mature grapefruit and orange trees. The experiment
was planned and executed during three seasons—winter, spring,
and fall of the year 2006—to examine the potential use of diquat
on defoliation and fruit drop.
Materials and Methods
PLANT MATERIALS. The study was conducted at LaBelle, FL, and
Fellsmere, FL. At the LaBelle farm, the study was conducted in
the winter season of 2006, when about 35% of the plants’ foliage
was naturally infected with canker. Selected trees were 6-year-old
‘White Marsh’ grapefruit on Swingle and 20-year-old ‘Hamlin’
orange on Swingle. Neither grapefruit nor orange trees had any
fruit at this experiment site due to recent harvest. At Fellsmere,
the study was repeated in two different seasons—spring and fall
of 2006. The selected trees were 42-year-old ‘White Marsh’
grapefruit, and ‘Valencia’ orange. Both grapefruit and orange
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trees were healthy and had good fruit yields in both seasons. The
studies were conducted in a randomized complete-block design
with four replications of two trees each with a guard/control
tree in-between each replications. The trees received normal
horticultural care.
HERBICIDE DEFOLIANT TREATMENTS. In this study at both locations, Reglone was applied at 1 and 2 pt/acre of product mixed in
20 gal/acre of water with 0.25% Induce—a nonionic surfactant
for good coverage and reduced drift hazard from the spray chemical. The treatments were applied using an electric pump sprayer
equipped with a handheld boom ﬁtted with three Teejet 8001
ﬂat fan spray nozzles. The spray treatments were applied to one
side of the tree up to the height of the handheld boom sprayer to
completely wet the foliage.
We recorded percent defoliation of leaves, fruit drop, and
percent shoot desiccation at 1, 3, 7, and 14 d after treatment application (DAT). Percent regrowth of new shoots or leaves was
also recorded at 14, 21, and 28 DAT. A scale of 0 to 100 was
used, where 0% means no damage to the foliage, fruit, or tree; and
100% means complete bronzing followed by death/defoliation of
leaves and fruit drop from treated sections of citrus trees.
The percent data were transformed into arcsine square root
before statistical analysis but presented in the original form.
Results and Discussion
DEFOLIATION. Grapefruit and orange trees at Fellsmere in
the spring season had fresh ﬂush of leaves before the spring
treatments were applied. Over all the three seasons and at both
the sites, at 1 DAT there was no defoliation of leaves and fruit
in either grapefruit or orange trees under either rate of Reglone
application.
In the winter season at LaBelle, defoliation of leaves was
increased from 0% to 32% or 39% in grapefruit and orange trees
3 DAT, and gradually increased to 83% in grapefruit and 56% or

61% in oranges 7 DAT application of Reglone at 1 or 2 pt/acre,
respectively (Fig. 1). Defoliation was further increased to 90%
in grapefruit at 14 DAT.
In the spring season at Fellsemere, the defoliation of leaves
was increased from 0% at 1 DAT to 51.3% or 55% in grapefruit,
52.5% or 57.5% in oranges 3 DAT, and gradually increased to
79% or 79% in grapefruit, 74% or 74% in oranges 7 DAT application of Reglone at 1 or 2 pt/acre, respectively (Fig. 2). The
defoliation increased to 79% or 84% in grapefruit and to 82.5%
or 85% in oranges at 14 DAT with the two rates, respectively.
In the fall season at Fellsmere, the defoliation of leaves was
72.5% or 68.8% in grapefruit and 72.5% or 62.5% in oranges 3
DAT, 76% or 70% in grapefruit, and 81% or 62.5% in oranges 7
DAT. The defoliation was 82.5% or 74% in grapefruit and 90%
or 72.5% in oranges 14 DAT, with application of Reglone at 1
or 2 pt/acre, respectively (Fig. 3). There was no signiﬁcant difference in defoliation between the two rates of Reglone except
in the fall season at Fellsmere, where 1 pt/acre performed better
than 2 pt/acre in both grapefruit and oranges at different rating
times. During all three seasons, although all the leaves sprayed
with chemical appeared dead, only about 74% to 90% of leaves
were defoliated. However, shaking of tree limbs further increased
leaf defoliation to 95% to 100% at 14 DAT. In the spring season
study at Fellsmere, trees had a new ﬂush of leaves, which were
100% killed by spray application, but the dead leaves were still
attached to the tree branches even at 28 DAT. The leaves may
have been still attached due to complete limb death from the
chemical treatment.
Diquat has lethal effects on many plant tissues. Sutton and
Foy (1971) reported that combinations of diquat and nonionic
surfactant increased the efﬂux of betanin from root tissue discs of
red beet. Application of diquat (2 × 10–4 M) inhibited both aerobic
and anaerobic growth of Rhodospirillum rubrum. With photosynthetic cultures, diquat affected the synthesis of bacteriochlorophyll
more readily than cell mass (turbidity) (Kaneshiro and Zweig,

Fig. 1. Effect of Reglone on defoliation of leaves of citrus trees (LaBelle, winter season). Note: In this and the following ﬁgures, R0 is control; R1 = Reglone 1
pt/acre; R2 = Reglone 2 pt/acre.
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Fig. 2. Effect of Reglone on defoliation of leaves of citrus trees (Fellsmere, spring season).

Fig. 3. Effect of Reglone on defoliation of leaves of citrus trees (Fellsmere, fall season).

1965; Philips et al., 1992). Mason and Stephens (1965) reported
Reglone was used as defoliant in white clover to improve the yield.
However, the rainy season in August made harvesting difﬁcult
and yields were rather low. Harvesting of untreated plots was
impossible due to rapid vegetative growth and pure seed yields
ranged from 24 to 130 kg·ha–1 according to cultivar (Marshall
et al., 1993; Nykänen-Kurki, 1994). Diquat and paraquat were
used as potential desiccants for desiccation or the rapid drying
and death of foliage for conditioning and defoliation of cotton
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foliage for increased yield and lint quality (Shaw, 1998).
FRUIT DROP. At the Fellsmere farm, there was no fruit drop at 1
DAT in any trees in any of the seasons. In grapefruit, percentage
fruit drop was increased from 0% 1 DAT to 45% 3 DAT with 1
pt/acre Reglone and was signiﬁcantly higher (52.5%) with the
application of 2 pt/acre Reglone in the spring season (Fig. 4).
In orange trees, only 5% of fruit dropped 14 DAT. Similarly, in
the fall season, percent fruit drop was increased to 41% or 79%
for grapefruit and 81% or 86% for oranges at 1 or 2 pt/acre 3
Proc. Fla. State Hort. Soc. 120: 2007.

Fig. 4. Effect of Reglone on defoliation of fruit of citrus trees (spring season).

Fig. 5. Effect of Reglone on defoliation of fruit of citrus trees (fall season).

DAT, respectively(Fig. 5). Fruit drop increased with time and
was signiﬁcantly higher (94%) after treatment with 2 pt than 1
pt/acre (87.5%) 14 DAT in the spring season. In the fall season,
fruit drop increased to 95% with 2 pt/acre in grapefruit and to 99%
to 100% with 1 and 2 pt/acre, respectively, in oranges 14 DAT.
Fruit drop in the fall season increased with time from 1 DAT
to 14 DAT, but there was no difference in the values obtained
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between 7 and 14 DAT (Fig. 5). Fruit drop in grapefruit was
signiﬁcantly increased as the Reglone application rate increased
from 1 pt/acre to 2 pt/acre.
DESICCATION (BRONZING) OF SHOOTS AND LEAVES. Foliage and
branches on the trees which received Reglone were beginning
to appear desiccated and bronze in color 3 DAT. Three DAT in
the winter season, signiﬁcantly higher desiccation of shoots was
123

Fig. 6. Effect of Reglone on desiccation of shoots of citrus trees (winter season).

Fig. 7. Effect of Reglone on desiccation of shoots of citrus trees (spring season).

observed after 2 pt/acre application of Reglone than after 1 pt/
acre . Desiccation of shoots increased with time and was highest
(90% to 100%) 14 DAT for both varieties (Fig. 6). At Fellsmere,
desiccation of shoots was increased signiﬁcantly from 15% to
23% 3 DAT to 100% at 14 DAT in both varieties in the spring
season (Fig. 7). Similarly, in the fall season, desiccation of shoots
was 86% in grapefruit and 75% in oranges 3 DAT which was
increased to 100% in both varieties 14 DAT (Fig. 8).
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REGROWTH OF TWIGS AND FOLIAGE. Observations on regrowth
were recorded from 14 d to 1 year after the treatment application. Regrowth of new leaves and shoots started from the end of
desiccated grapefruit twigs; however, no regrowth was seen in
orange trees 14 DAT at the LaBelle Farm (Fig. 9). Regrowth of
leaves or new shoots from the end of dead twigs increased with
time and more than 95% of the grapefruit branches had regrown
with new ﬂush 28 DAT after both rates of Reglone. In the case of
Proc. Fla. State Hort. Soc. 120: 2007.

Fig. 8. Effect of Reglone on desiccation of shoots of citrus trees (fall season).

Fig. 9. Regrowth of citrus shoots after Reglone treatment (winter season).

orange trees, 15% to 20% of branches showed regrowth 28 DAT.
At the Fellsmere farm, no regrowth of any branches or leaves was
observed on any of the trees until 28 DAT. Experimental sites
were visited quarterly. At the La Belle Farm, regrowth of the new
shoots and leaves began from dead grapefruit twigs after the ﬁrst
3 months. In the case of orange trees, however, this regrowth was
observed after 6 months. One year after treatment, the foliage
Proc. Fla. State Hort. Soc. 120: 2007.

that sprouted from the end of dead branches was darker green in
color and had fewer or a negligible number of fruit on the treated
trees as compared to untreated trees.
The objectives to achieve quick defoliation of leaves and fruit
drop from citrus trees were achieved within 7 to 14 d by the application of Reglone. The application of Reglone 1 pt/acre may be
enough to kill the leaves 3 DAT and to defoliate leaves and fruit
125

within 7 to 14 DAT. Similar results were obtained by Jain et al.
(2006). Johnson et al. (2003) reported that chemical desiccation of
potato foliage 2 to 3 weeks prior to harvesting tubers is commonly
recommended to reduce late blight tuber rot. Although Reglone
is not registered for defoliation of any disease-infected citrus, it
is being used for similar purpose in other crops. Research work
conducted emphasized that Reglone may be used for defoliation
and desiccation of canker infected foliage and fruit of citrus. The
reinfection rate of canker bacterium on new regrowth is yet to
be determined.
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