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Abstract. Palms are an important component of landscapes in tropical, subtropical, and
Mediterranean climates, but are anatomically very different from broadleaf trees. Very
little is known about the movement and persistence of systemic fungicides into various
parts of the palm canopy. This information is critical in selecting fungicides that may be
effective against diseases that infect specific parts of the palm. In this study, potassium
phosphite was injected intomature coconut palms (Cocos nucifera) at rates of 0, 30, 60, or
90 mL per tree. Various leaf tissue samples were collected periodically thereafter up
through 60 weeks and were analyzed for phosphite concentrations. Phosphite moved
quickly into leaflet tissue, but concentrations dropped off sharply between 1 and 5 weeks
after injection. This drop in leaflet concentrations was balanced by a concomitant
increase in spear leaf concentrations. Phosphite persisted at high concentrations in basal
rachis tissue of both old and new leaves throughout the experiment. This suggests that
this material may be useful for controlling diseases that infect spear leaves and petiole or
rachis tissue, but not leaflets.

Phosphites (syn. phosphonates) (H2PO3
–;

HPO3
2–) are alkali metal salts of phosphorous

acid (H3PO3), a reduced form of phosphate
(PO4

3–). Because phosphite has one less
oxygen molecule, it has a higher degree of
solubility and mobility than phosphate. This
characteristic gives phosphite the ability to
rapidly cross the membranes of leaves or
roots. It is considered an ambimobile ion,
which means it has both xylem and phloem
mobility (Guest and Grant, 1991; Ouimette
and Coffee, 1990).

Although it is often sold as a fertilizer,
phosphite cannot be metabolized as a phos-
phorus source by plants (McDonald et al.,
2001; Ratjen and Gerend�as, 2009; Thao and
Yamakawa, 2009). However, phosphite has
been effective in controlling plant diseases,
especially those caused by Phytophthora
spp. (Guest and Grant, 1991; Smillie et al.,
1989), including Phytophthora diseases of
palms (DeFranqueville and Renard, 1989;
Pohe et al., 2003; Th�evenin et al., 1995).
Phosphite compounds have also been effective
in controlling diseases caused by Fusarium
spp., Rhizoctonia solani, and Microdochium
majus in other crops (Hofgaard et al., 2010;
Lobato et al., 2008, 2010).

The mode of action of phosphite is com-
plex and is not fully understood. Phosphite

has been shown to have direct effects on
Phytophthora spp. and other fungi, both in
vitro and in vivo. However, it is believed that
the primary mode of action of phosphite is
through its stimulation of natural plant de-
fense mechanisms (Guest and Grant, 1991;
Smillie et al., 1989). The benefits of phos-
phite as a fungicide include low cost, high
mobility within plants, persistence in plant
tissue, multiple action sites as a fungicide,
and low mammalian and environmental
toxicity (Guest and Grant, 1991). Phosphite
compounds are typically applied to herba-
ceous plants using foliar sprays or soil
drenches. However, to improve effective-
ness and reduce the amount of chemical
applied as well as potential environmental
impacts, trunk injection is increasingly be-
ing used for application on tree crops (Guest
et al., 1994, 1995; VanWoerkom et al.,
2014). Since trunk injections cause perma-
nent wounds in palms, this method is rec-
ommended only for prevention of lethal
diseases.

Knowledge of phosphite distribution and
dynamics in plant tissues is essential to
determine the optimum timing for fungicide
treatment and to predict which diseases it
may be effective against. A study on the
distribution and dynamics of phosphite in
avocado (Persea americana) trees treated
with fosetyl-Al (the active breakdown prod-
uct of this fungicide is phosphite) showed
that phosphite concentrations were higher
in branches than in the roots or leaves
(Bezuidenhout et al., 1987). Its concentra-
tion in the branches and root samples taken
from avocado trees reached its peak a
month after trunk injection of fosetyl-Al.
However, in mature leaves, the phosphite
peak was broader. As a result, old branches

stored �50% of the phosphite, the roots
around 30%, and the remaining 20% was in
young branches, leaves, and leaf stems. The
conclusion from this study was that phos-
phite was not evenly distributed among
different plant organs.

Although phosphite fungicides have
been evaluated for disease control in palms
(Darakis et al., 1985; DeFranqueville and
Renard, 1989; Th�evenin et al., 1995), noth-
ing is known about the distribution and
dynamics of phosphite in palms. Because
palms are arborescent monocots, they differ
greatly from dicot trees in their anatomy and
physiology, making it difficult to extrapolate
the results of research done on dicot trees to
palms. The objectives for this study are to
determine the uptake, distribution, and per-
sistence of phosphite in trunk-injected co-
conut palms over time.

Materials and Methods

Twenty malayan dwarf coconut palms
growing at the University of Florida’s Fort
Lauderdale Research and Education Center,
Davie, FL were used in this study. These
palms were �30 years old, 8–10 m in overall
height, and were fruiting at the time of this
study. The palms were growing in a Margate
fine sand soil, with individual palms spaced
�6 m apart. Palms were fertilized every 3
months by broadcasting an 8N–0.9P–10K–
4Mg plus micronutrients controlled-release
fertilizer (Nurserymen’s Sure-Gro Corp.,
Vero Beach, FL) at a rate of 75 g·m–2 to the
entire plot.

The Arborjet tree I.V. Microinfusion
system (Arborjet Inc., Woburn, MA) was
used to inject the following four treatments:
deionized water (DI) only (control), 30 mL
(8.4 g a.i.) potassium phosphite, 60 mL
(16.8 g a.i.) potassium phosphite, and 90
mL (25.2 g a.i.) potassium phosphite. All
phosphite treatments were diluted 1:2 with
DI. The commercial source of the potassium
phosphite was StarPhite (Loveland Products
Inc., Greeley, CO). Holes 9.5 mm in di-
ameter and 10-cm deep were drilled �1 m
above the ground. All of the holes were on
the south side of the trunk. Treatments were
replicated five times and were arranged in
a completely randomized design. Injections
were performed on 17 May 2012.

Plant tissues were harvested at 1, 5, 10,
15, 20, 30, 40, 50, and 60 weeks after
application. The following plant tissues were
harvested to determine phosphite distribution
within coconut palm: spear leaf (youngest
unopened leaf) tip, rachis base of the oldest
leaf (OBR), middle leaflets from the oldest
leaf (OML), and middle leaflets from the
youngest fully expanded leaf (YML)
(Fig. 1). Coconut palms produce about one
new leaf every 5 weeks. Thus, a different
spear leaf tip was harvested each time, as
were leaflets from youngest fully expanded
leaf and old leaf. To sample the rachis from
the oldest leaf, this leaf was cut from the
canopy. Since untreated (DI only) palm
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phosphite concentrations were determined
to be very low and were not expected to
change over time, these palms were not
sampled after week 1.

On 11 Feb. 2013, 40 weeks after injection
of potassium phosphite, samples of the fol-
lowing plant tissues were harvested from the
90 mL potassium phosphite treated palms for
phosphite analysis: spear leaf tip (SPR),
rachis base from an old leaf (OBR), rachis
base from the youngest fully expanded leaf
(YBR), distal portion of the rachis of an old
leaf (ODR), distal portion of the rachis of the
youngest fully expanded leaf (YDR), basal
leaflets from an old leaf (OBL), basal leaflets
from the youngest fully expanded leaf
(YBL), distal leaflets from the youngest fully
expanded leaf (YDL), distal leaflets from an
old leaf (ODL), basal half of the distal leaflets
from an young leaf (YDLB), and distal half of
the distal leaflets from an young leaf (YDLD)
(Fig. 1).

Plant samples were dried at 60 �C for 48 h
and ground in a Wiley Mill to pass through
a 40-mesh screen. Homogeneous powder
samples (0.5 g) were extracted with 10 mL
DI, shaken by Labquake shaker (Labindustries
Inc., Berkeley, CA) at 75 OPM for 10 min and
centrifuged for 10 min at 2400 rpm. The liquid
supernatant was then filtered through a 0.22-mm
nylon membrane filter using a vacuum pump.
The filtrate was collected and refiltered through
C18 SEP-PAK Cartridges (Waters Assoc.,
Milford, MA). This filtrate was then brought
to a final sample volume of 5 mL with DI.
Samples were kept frozen at –11 �C until they
could be analyzed.

Samples were injected by hand using
a 5-mL syringe into a Dionex-100 Ion
Chromatograph (Model DX1–03; Dionex
Corp., Sunnyvale, CA) with integrated
Anion Self-regenerating Suppressor-Ultra,
an AS-17 column and eluent gradient sys-
tem (Kratos Analytical, Spring Valley,
NY), and were eluted with 100 mM potas-
sium hydroxide (KOH) at a flow rate ofFig. 1. Locations of palm tissues sampled for phosphite analysis.

Fig. 2. Sample chromatogram showing elution times for phosphite and other anions.
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0.56 mL·min–1. Eighteen percent KOH was
initiated at 0 min and maintained until 0.45
min. A linear gradient of 18% to 100% KOH
was applied between 0.45 and 5.45 min. The
eluent of 100%KOHwas continued for 2 min
to elute samples before decreasing to 18%
KOH for postrun equilibrium. A conductivity
detector detected anions and the data were
processed using Peak Net Data Acquisition
System (Dionex Corp., Sunnyvale, CA). A
sample chromatogram showing the elution
times for phosphite and other anions using
this method is shown in Fig. 2. Treatment
mean data for each tissue type were analyzed
within and among sampling dates by regres-
sion analysis. Differences in means for each
tissue type for the 90 mL treatment at week
40 were analyzed using Welch’s analysis of
variance, due to nonhomogeneity of vari-
ances. Mean separations were performed
using the Waller–Duncan k-ratio (k-ratio =
100) method (SAS version 9.2, SAS Systems,
Cary, NC).

Results

Phosphite concentrations in basal rachis
tissue of the oldest leaves (OBR) reached
a maximum of 713 mg·g–1 at week 1 for the 90
mL rate and remained above 200 mg·g–1
throughout the 60 weeks of the experiment
(Fig. 3). The two lower application rates
generally had statistically lower phosphite
concentrations from the 90 mL rate for all
sampling dates except week 20.

In the spear leaf tip, phosphite concentra-
tions gradually increased until �10 weeks
when they reached a maximum of 769 mg·g–1
for the 90 mL treatment, but less than 300
mg·g–1 for the 30 and 60 mL treatments
(Fig. 3). The concentration of phosphite for
the 90 mL treatment had decreased 5 weeks
later by almost 50%. Time effects were
statistically significant (P = 0.03) for the 90
mL treatment, but nonsignificant for the 30
and 60 mL treatments. From 15 to 60 weeks,
phosphite concentration declined only
slightly for all three treatments. Treatments
were significantly different (P < 0.0001) only
at weeks 10 and 15.

Unlike the spear leaf, leaflets of both
young (YML) and old (OML) leaves took
up phosphite immediately after application,
followed by a steep decline in the concentra-
tion 4 weeks later. Time effects were statis-
tically significant (P < 0.0001) for all three
phosphite treatments for both leaf ages. The
primary differences between leaflets of
young and old leaves were the significantly
(P < 0.0001) greater concentrations of phos-
phite in young leaves and less persistence in
old leaves (no phosphite detected after 40
weeks). For young leaves, phosphite concen-
trations peaked 1 week after application at
325 mg·g–1 for the 30 mL treatment, 519
mg·g–1 for the 60 mL treatment, and 894
mg·g–1 for the 90 mL treatment (Fig. 3).
Phosphite concentrations dropped rapidly
thereafter and remained below 200 mg·g–1
for all treatments through week 60. Treat-
ment differences were significantly different

only at week 1. For old leaves, phosphite
concentrations peaked at�170 for the 30 mL
rate, 304 for the 60 mL rate, and 472 mg·g–1
for the 90 mL rate (Fig. 3), and then gradually
decreased to �25 mg·g–1 by week 40. Again,
treatments were significantly different (P <
0.0001) only at week 1.

At 40 weeks after injection with 90 mL
potassium phosphite, 11 different parts of
the coconut palm were sampled and phos-
phite concentrations were determined. The
spear leaf tips (SPR) contained an average
of 284 mg·g–1 phosphite (Fig. 4), and similar
phosphite concentrations were detected in
the rachis base of a young leaf (LBR) and
rachis base of an old leaf (OBR). However,

phosphite concentrations in SPR were
greater than concentrations in all other leaf
tissues sampled. Leaf rachis basal tissue of
both young (YBR) and old (OBR) leaves
had higher phosphite concentrations than
more distal parts of the same leaves and all
leaflet tissue. For the same plant position,
tissue from young leaves generally had
higher phosphite concentrations than older
leaves. Phosphite concentrations in old
leaves were similar for basal (OBL) and
distal (ODL) leaflets, but for young leaves,
basal leaflets (YBL) contained about four
times as much phosphite as distal ones
(YDL). Within young distal leaflets, the
basal half of these leaflets (YDLB) contained

Fig. 3. Phosphite concentrations over a 60-week period in various leaf tissues of coconut palms injected
with 0, 30, 60, or 90 mL of potassium phosphite. OBR = rachis base of oldest leaf; SPR = spear leaf tip;
YML = middle leaflets of young leaf; and OML= middle leaflets of oldest leaf. Data are means of five
replicate samples with standard error bars. *, **, ***, and NS indicate statistical significance atP = 0.05,
0.01, 0.001, and nonsignificant, respectively, for treatment means within each sampling date using
linear regression analysis.
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similar amounts of phosphite as the distal half
(YDLD).

Discussion

Trunk injection was found to be an effec-
tive method of moving phosphite into palm
leaf tissue, as it has been for woody dicot
trees (Bezuidenhout et al., 1987; Guest et al.,
1994; VanWoerkom et al., 2014). Phosphite
appears to be highly mobile within coconut
palms, having a distribution at 40 weeks after
injection similar to that of potassium and
phosphate (Broschat, 1997). This ion
appeared at high concentrations in young
and old leaflets within 1 week, but by week 5,
concentrations in these tissues dropped sharply,
presumably due to translocation into newly
developing leaves. Phosphite concentrations
reported for various parts of avocado trees
were much lower than those obtained from
coconut palms in this study, but this may
be due to differences in application rates
(Bezuidenhout et al., 1987).

It is important that fungicides accumulate
and persist in plant tissue that is the site of
infection for a particular pathogen. This study
shows that phosphite accumulates and per-
sists in spear leaves and the basal rachis tissue
of new and old leaves but not leaflets of
coconut palms, suggesting that it may be
useful for preventing diseases infecting these
tissues, but not those infecting leaflet tissue.
This may explain previous research results
where trunk-injected phosphite reduced bud
rot and nut drop in coconut palm caused by
Phytophthora spp., a pathogen that initially
infects spear leaves (DeFranqueville and
Renard, 1989; Pohe et al., 2003; Th�evenin
et al., 1995). Our study showed that phosphite
persisted in basal rachis tissue and was found
in new spear leaves at concentrations be-
tween 100 and 200 mg·g–1 for at least 60
weeks after the phosphite injection. These
concentrations are within the range found to
directly inhibit mycelial growth in vitro for
some species of Phytophthora (Guest and
Grant, 1991). Phosphite movement tends to
be regulated by source–sink relationships

(Guest and Grant, 1991). In this case, the
source is leaflet tissue of existing leaves and
the sink is the newly emerging spear leaf. It is
not clear why phosphite accumulated in basal
rachis tissue as this tissue is composed
primarily of vascular bundles with few pa-
renchyma cells, which might store phosphite.
Another trunk-injected fungicide, thiabenda-
zole, has also been shown to accumulate and
persist in petiole and rachis tissue, but not
leaflet tissue of coconut palms (Elliott and
Broschat, 2012). In avocado tree, Bezuidenhout
et al. (1987) found that phosphite accumu-
lated predominantly in old branches, tissue
that is functionally analogous, though ana-
tomically very different, to palm basal rachis
tissue.

Although Pohe et al. (2003) injected
fosetyl-Al three times per year at rates lower
than those used in our study (3.2–6.4 g a.i.),
such frequent applications may not be neces-
sary. DeFranqueville and Renard (1989)
noted a significant reduction in nutfall of
coconut palm caused by Phytophthora
heveae when fosetyl-Al was injected annu-
ally at rates of 1.6–4.8 g a.i. Similarly,
Th�evenin et al. (1995) injected coconut
palms twice with foseytl-Al or buffered
phosphorous acid at rates of 3–20 g a.i. at
20-month intervals and had excellent sup-
pression of Phythophthora bud rot at 3 years
after the first injection. Phosphite concentra-
tions in old branches of avocado remained
relatively high at 17 months following in-
jection (Bezuidenhout et al., 1987).

In summary, this study shows that trunk
injection of potassium phosphite into mature
coconut palms results in an accumulation of
phosphite in basal rachis tissue as well as new
spear leaves for at least 60 weeks. This
material thus has potential for controlling
pathogens that initially infect the spear leaf,
as has been shown for Phytophthora bud rot,
and petiole or rachis tissue, but not those
pathogens that infect leaflet tissue. The per-
sistence of phosphite in petiole and rachis
tissue suggests that pathogens, such as the
two formae speciales of Fusarium oxyspo-
rum, that usually infect ornamental palms via

petioles or rachises of old leaves may be
prevented or damage reduced (Elliott et al.,
2004, 2010). Phosphite has been shown to
reduce mycelial growth in these and other
formae speciales of F. oxysporum in vitro
(Davis et al., 1994; J. Yu, unpublished data)
and has reduced the severity of diseases
caused by other Fusarium sp. in potato and
winter wheat (Hofgaard et al., 2010; Lobato
et al., 2008). Additional research is needed to
determine how effective phosphite will be in
managing specific diseases of palms in the
field or landscape.
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