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ABSTRACT
Yandoc-Ables, C. B., Rosskopf, E. N., and Lamb, E. M. 2007. Management of Phytophthora
crown rot in pumpkin and zucchini seedlings with phosphonates. Plant Dis. 91:1651-1656.

Experiments were conducted in the greenhouse to determine the efficacy of two phosphonate-
containing fungicides (FNX-100 and FNX-2500) against Phytophthora crown rot of pumpkin.
The experiments were designed to determine the effects of crop cultivar, application method
(soil drench versus foliar spray), and phosphonate concentration on the level of effectiveness of a
crown rot management strategy using phosphonates. Pumpkin cultivar, treatment (type of fungi-
cide product), phosphonate concentration, and application method significantly influenced the
level of Phytophthora crown rot control. Between the two fungicides, only FNX-100 suppressed
Phytophthora crown rot in pumpkin. For cv. Phantom, the highest level of control was achieved
with the drench application of 3.0% FNX-100 whereas, for cv. Spooktacular, all three concentra-
tions of FNX-100 (1.0, 2.0, and 3.0%, vol/vol) applied as a soil drench suppressed or signifi-
cantly reduced the severity of crown rot. Additional experiments using zucchini as test plants
demonstrated that, at the concentrations tested, FNX-100 was more efficacious than FNX-2500
in controlling Phytophthora crown rot and that zucchini cultivar or FNX-100 concentration did
not significantly influence crown rot control with phosphonates. In this study, FNX-100, which
is not currently labeled for use in vegetables, provided satisfactory disease control in both
pumpkin and zucchini whereas FNX-2500, a foliar fungicide comprised of the phosphate/
phosphonates and copper, manganese, and zinc, did not significantly affect disease severity. This
study, albeit limited in scope, showed that cultivar selection may play an important role in the
successful management of Phytophthora crown rot on cucurbits with phosphonates, information
which may be useful in designing additional tests and developing management strategies for
pumpkin and zucchini that are grown in the field.

Phytophthora rot in cucurbits was first
reported in the United States in the late
1930s (23,38,39). The causal organism
was identified as Phytophthora capsici
Leonian, a species that attacks many other
crops, including pepper (Capsicum spp.),
tomato (Lycopersicon esculentum L.), and
eggplant (Solanum melongena L.) (15,36).
P. capsici can cause seedling damping off,
crown rot, stem lesions, foliar blight, leaf
spots, and fruit rot. At present, there is no
cucurbit cultivar with known resistance to
this pathogen (3) and most of the culti-
vated species of cucurbits are susceptible
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to P. capsici, with summer squash (Cucur-
bita pepo L.) as the most susceptible (17).
In 1996, Gubler and Davis (17) reported
that diseases caused by P. capsici have
resulted in periodic losses in fields with
heavy, poorly drained soils. Currently,
however, there are reports of yearly losses
due to this pathogen in all types of soil in
the southeastern and northeastern United
States and in other cucurbit-producing
areas in the world (2,19,20,24-26). Crop
rotation has not been effective due to the
pathogen’s ability to persist in the soil for
many years (19,41) and to infect more than
50 plant species, including weeds
(15,16,36). Although fungicides can be a
valuable component of a disease manage-
ment program, there is no single fungicide
that can provide high levels of efficacy,
especially during periods of excessive soil
moisture (6). Best management practices
(BMPs) include water management, selec-
tion of well-drained areas for planting, and
the application of fungicides.

Phosphorous acid and related com-
pounds (i.e., phosphonates, phosphates,
and phosphites) have been shown to be
effective against several Phytophthora
diseases, including late blight of potato
(cause by P. infestans), avocado stem can-

ker (caused by P. citricola), avocado root
rot (caused by P cinnamomi), Phy-
tophthora canker in almond and cherry
trees (caused by P. cambivora), and black
pod disease of cocoa (caused by P. palmi-
vora and P. megakarya) (9,12,14,29,31,40).
Suppression of disease caused by phospho-
rous acid has been attributed to the inhibi-
tion of oxidative phosphorylation in sus-
ceptible species of Oomycetes (27). There
also was some evidence that phosphorous
acid can induce natural defense mecha-
nisms in plants. According to Rouhier et
al. (33), exposure of P. capsici to phospho-
nates resulted in the production of water-
soluble cell wall fractions, which, when
applied to tobacco, stimulated the synthe-
sis of capsidiol, a naturally produced an-
timicrobial compound.

Several field experiments have incorpo-
rated materials with phosphate or phospho-
ric and phosphorous acid active ingredi-
ents, similar to FNX-100 (BioPhos or
Lexx-A-Phos) for evaluation against P.
capsici in various crops, though few have
included this specific product. Even fewer
field experiments have been conducted
evaluating these materials as stand-alone
products. AgriFos400, a mixture of mono-
and dipotassium phosphite, applied alone
multiple times throughout the growing
season, provided control of Phytophthora
blight of pumpkin, but during a relatively
dry year (21). In another experiment in
which multiple applications of Prophyt 4L
were used, control of P. capsici in squash
was comparable with other fungicide ap-
plications (10).

This study was conducted to evaluate
the application of phosphonate-containing
products as a means of managing Phy-
tophthora crown rot in cucurbits, using
pumpkin and zucchini seedlings grown
under controlled greenhouse conditions.
Additionally, this study was done to de-
termine how crop cultivar, aside from
phosphonate application method and con-
centration, can influence the effectiveness
of a crown rot management approach that
utilizes fungicides containing phospho-
nates.

MATERIALS AND METHODS
Pumpkin. The experimental design was
a completely randomized four-way facto-
rial. The experiment had five replications
per cultivar, treatment, concentration, and

Plant Disease / December 2007 1651



application method combination and was
repeated once. One replicate consisted of
one plant per pot. To investigate whether
disease control might be influenced by the
type of cultivar, two commercially grown
pumpkin cultivars were selected: a me-
dium-sized fruit cultivar (“Phantom”) and
a small-sized fruit cultivar (“Spooktacu-
lar”). Seed of the cvs. Phantom and Spook-
tacular (Seminis Vegetable Seeds, Oxnard,
CA) were pregerminated on wet paper
towels incubated at 27°C in the dark for 3
days and then sown into plastic pots (5.5
by 5.5 by 5.0 cm) containing greenhouse
potting medium composed of sphagnum
peat, processed pine bark, vermiculite, and
perlite (Faffard 4P Mix; Faffard, Inc.
Anderson, SC).

Plants were fertilized weekly beginning
at the first-true-leaf stage with 20-20-20
fertilizer (Peter’s Professional Water Solu-
ble Fertilizer; Scotts-Sierra Horticultural
Products Company, Marysville, OH) and
were watered regularly. Two experiments
were conducted in a greenhouse, where
temperature and humidity during the ex-
perimental period were approximately
24°C and 96%, respectively.

Two products containing phosphonates
were tested. FNX-100 (now commercially
marketed as the fungicide Lexx-A-Phos

and BioPhos) contains dipotassium phos-
phate (22.67%) and dipotassium phospho-
nate (20.40%) as active ingredients. FNX-
2500 is a foliar fungicide containing FNX-
100 plus equal amounts of zinc (Zn), cop-
per (Cu), and manganese (Mn). Both were
supplied by Foliar Nutrients, Inc., Cairo,
GA. Each fungicide product was applied at
three concentrations (1.0, 2.0, and 3.0%,
vol/vol, in water) as a soil drench (50
ml/plant) and foliar spray (until incipient
run-off, approximately 10 ml/plant) at 7
days after sowing seed (one- to two-true-
leaf stage). Each experiment included an
uninoculated and an inoculated no-
fungicide control treatment for each culti-
var. Controls consisted of five replications
for each treatment and cultivar and a repli-
cate consisted of a single plant. Uninocu-
lated no-fungicide controls received 5 ml
of sterile deionized water.

Fungicide treatment plants and the in-
oculated control plants were inoculated
with a 5-ml suspension of P. capsici zoo-
spores containing approximately 4,000
zoospores/ml at 5 days after the fungicides
were applied. The zoospore production
method used in the experiments was based
on the procedure from Dah-Wu and Zent-
myer (11). Fifteen 5-mm mycelial disks of
P. capsici were obtained from 5-day-old

Table 1. Test statistics for the effects of cultivar, treatment, concentration, and application method on

the severity of Phytophthora crown rot in pumpkin®

Analysis of variance-type statistics”

Effect dfy dfy F P value

Experiment 1
Cultivar (V) 1.0 28.6 48.73 <0.0001
Treatment (T) 1.0 28.6 163.02 <0.0001
VxT 1.0 28.6 7.55 0.0103
Concentration (C) 1.85 28.6 7.09 0.0038
VxC 1.85 28.6 5.87 0.0085
TxC 1.85 28.6 1.75 0.1942
VxTxC 1.85 28.6 1.68 0.2048
Application method (M) 1.0 28.6 184.73 <0.0001
VxM 1.0 28.6 3.70 0.0643
TxM 1.0 28.6 119.29 <0.0001
VxTxM 1.0 28.6 21.11 <0.0001
CxM 1.85 28.6 0.45 0.6293
VxCxM 1.85 28.6 0.23 0.7813
TxCxM 1.85 28.6 6.16 0.0070
VxTxCxM 1.85 28.6 7.03 0.0040

Experiment 2
Cultivar (V) 1.0 339 75.31 <0.0001
Treatment (T) 1.0 33.9 53.95 <0.0001
VxT 1.0 33.9 11.35 0.0019
Concentration (C) 2.0 339 7.60 0.0019
VxC 2.0 33.9 1.58 0.2198
TxC 2.0 33.9 3.38 0.0459
VxTxC 2.0 33.9 4.71 0.0157
Application method (M) 1.0 33.9 48.6 <0.0001
VxM 1.0 33.9 8.75 0.0056
TxM 1.0 33.9 23.76 <0.0001
VxTxM 1.0 33.9 0.81 0.3748
CxM 2.0 33.9 44 0.0200
VxCxM 2.0 33.9 3.62 0.0378
TxCxM 2.0 33.8 1.74 0.1908
VxTxCxM 2.0 33.8 7.21 0.0025

2 Pumpkin cultivars used were Phantom and Spooktacular; treatments were FNX-100 and FNX-2500;
concentrations tested were 1.0, 2.0, and 3.0%; application methods were soil drench and foliar spray.
Disease severity was assessed at 21 days after inoculation.

b Abbreviations: dfy = numerator degrees of freedom and dfy, = denominator degrees of freedom.
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cultures on PARP/VS juice agar (250 ml of
clarified V8 juice, 3 g of CaCOj;, and 750
ml of water) and transferred to petri dishes
(90 by 15 mm) containing 20 ml of quar-
ter-strength V8 juice. The disks in petri
dishes were incubated at 27°C in the dark
for 48 h, after which they were rinsed with
sterile water four times to remove the V8
juice. After the disks had been rinsed, 20
ml of 10* M 2(N-morpholinolethane-
sulfonic acid) (MES) solution was added
to each of the plates. The plates then were
incubated for 48 h inside a 25°C incubator
with continuous light. After the incubation
period, the zoospore suspension was fil-
tered through two layers of cheesecloth
and calibrated with the aid of a hemacy-
tometer.

Zucchini. Based on the results from the
experiments on pumpkin, an experiment
was designed to investigate the effects of
cultivar, treatment (FNX-100 versus FNX-
2500), and product concentration (1.0, 2.0,
and 3.0%, vol/vol, in water) on the sup-
pression of Phytophthora crown rot in
zucchini (C. pepo L.). Two experiments
were carried out to compare the efficacy of
three concentrations of the two phospho-
nate-containing products applied as soil
drenches. Methods were the same as those
used for the pumpkin experiment.

In the first experiment, two cultivars
were compared: PI508469, a zucchini line
from Korea (obtained from the United
States Department of Agriculture North-
Central Regional Plant Introduction Sta-
tion, Ames, IA) and Senator, a commercial
cultivar from Seminis Vegetable Seed Co.
In the second experiment, the line PI
615115 (from Vermont) was used in place
of PI508469 due to a limited supply of
seed of the first line. Both lines (PI615115
and PI508469) were chosen based on the
results from a study by Goldy and Francis
(2001; unpublished data available at
http://www.hort.purdue.edu/hort/ext/veg/M
WVVT2001/html/PHYTOPHTHORA %20
SQUASH.htm) where they screened 33
summer squash lines for their tolerance to
P. capsici. These two lines were reportedly
two of the eight best-performing lines
collected from eight countries and were
reported to have a similar level of toler-
ance against P. capsici.

Disease severity was observed and as-
sessed at 21 days after inoculation using a
rating scale of 0 to 5 that is based on
aboveground symptoms of disease, with 0
= no disease, 1 = discoloration of the
crown, 2 = discoloration + constriction
(lesion) of the crown, 3 = crown lesion +
wilting of lower leaves, 4 = crown lesion +
wilting of most leaves or severely rotten
stem, and 5 = death. Ordinal data from 21
days post inoculation were analyzed ac-
cording to a nonparametric method de-
scribed by Shah and Madden (34). The
inoculated and noninoculated control
treatments were not included in the data
analysis. The relative treatment effects and



their confidence intervals were calculated
using the LD_CI macro by Brunner et al.
(5). The relative treatment effect, which is
a function of the mean rank, is the quantity
that represents the probability that one
random variable is greater than the other.

RESULTS

Pumpkin. In both experiments, interac-
tions among cultivar (Phantom versus
Spooktacular), treatment (FNX-100 versus
FNX-2500), application method (drench
versus foliar), and concentration (1.0, 2.0,
and 3.0%) were significant (P = 0.01; Ta-
ble 1). In experiment 1, the disease was
effectively controlled in cv. Phantom by all
three concentrations of FNX-100 applied
as a drench (Table 2; Fig. 1A). For cv.
Spooktacular, disease was controlled by
the drench application of 2.0 and 3.0%
FNX-100 (Table 2; Fig. 1B). All of the
other treatment, application method, and
concentration combinations did not sup-
press disease, with disease severity ranging
from 1 (stem lesion) to 5 (death).

In experiment 2, however, disease in
Phantom was controlled only by the high-
est concentration of FNX-100 (3.0%) ap-
plied as a drench (Fig. 2A) whereas dis-
ease in Spooktacular was controlled by all
three concentrations of FNX-100 applied
as drenches (Fig. 2B). All of the other
treatment, method, and concentration
combinations did not control the disease,
with severity ranging from 4 (stem lesion,
defoliation, and severe wilting) to 5
(death). FNX-2500, at any concentration,
applied as a soil drench or as a foliar spray,
did not suppress disease. FNX-100 consis-
tently provided control of crown rot in
Phantom when applied as a 3.0% soil
drench. For Spooktacular, all three concen-
trations of FNX-100 applied as a soil
drench effectively controlled crown rot.
The relative treatment effects were used to
compare the severity of rot among all the
cultivar, treatment, concentration, and
application method combinations. The
median crown rot severity ratings for both
cultivars for two experiments are given in
Table 2. Uninoculated controls showed no
disease in either cultivar in either experi-
ment. All inoculated no-fungicide control
plants of both cultivars in both experiments
were completely dead (disease severity
rating of 5) by 21 days after inoculation.

Zucchini. For both experiments, there
was a significant treatment effect (P =
0.01). Other factors (cultivar and concen-
tration) did not have an effect on the level
of disease (Table 3). All plants treated with
FNX-100, regardless of cultivar and FNX-
100 concentration, had significantly lower
disease ratings compared with plants that
received soil drenches of FNX-2500 solu-
tions. Unlike the pumpkin experiment,
there was no interaction between the culti-
var, the treatment, and the concentration.
Application of FNX-100 at 1.0 to 3.0%
concentration resulted in disease suppres-

Table 2. Median disease severity ratings for Phytophthora crown rot of pumpkin in response to the

application of phosphonates®

Pumpkin cultivar

Phantom Spooktacular
Treatment, method, concentration Exp. 1 Exp. 2 Exp. 1 Exp. 2
FNX-100, drench, 1% 0 5.0 1.0 0
FNX-100, drench, 2% 0 5.0 0 0
FNX-100, drench, 3% 0 0 0 0
FNX-100, foliar, 1% 5.0 5.0 5.0 5.0
FNX-100, foliar, 2% 5.0 5.0 2.0 5.0
FNX-100, foliar, 3% 5.0 5.0 2.0 4.0
FNX-2500, drench, 1% 5.0 5.0 5.0 5.0
FNX-2500, drench, 2% 5.0 5.0 3.0 5.0
FNX-2500, drench, 3% 5.0 5.0 4.0 5.0
FNX-2500, foliar, 1% 5.0 5.0 5.0 4.0
FNX-2500, foliar, 2% 5.0 5.0 5.0 5.0
FNX-2500, foliar, 3% 5.0 5.0 1.0 5.0
Inoculated untreated control 5.0 5.0 5.0 5.0

2 Results from two experiments are given for each of the cultivars tested. Rating scale: 0 = no disease,
1 = discoloration at the base, 2 = discoloration + constriction (lesion), 3 = lesion + lower leaves

wilted, 4 = lesion + wilting of most leaves or severely rotten stem, and 5 = dead.
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Fig. 1. Relative effect of each treatment (T1 = FNX-100 and T2 = FNX-2500), application method
(M1 = drench and M2 = foliar), and concentration (C1 = 1.0%, C2 = 2.0%, and C3 = 3.0%) combina-
tion on the severity of Phytophthora crown rot in pumpkin cultivars A, Phantom and B, Spooktacular

in experiment 1. Error bars are based on the 95% confidence intervals.
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tion on the severity of Phytophthora crown rot in pumpkin cultivars A, Phantom and B, Spooktacular
in experiment 2. Error bars are based on the 95% confidence intervals.

Table 3. Test statistics for the effects of cultivar, treatment, and concentration on the severity of Phy-
tophthora crown rot in zucchini®

Analysis of variance-type statistics®

Effect dfy dfp F P value

Experiment 1
Cultivar (V) 1.0 11.7 3.05 0.1069
Treatment (T) 1.0 11.7 322.61 <0.0001
VxT 1.0 11.7 0.09 0.7681
Concentration (C) 1.0 11.7 0.94 0.3515
VxC 1.0 11.7 3.05 0.1069
TxC 1.0 11.7 5.83 0.0331
VxTxC 1.0 11.7 0.09 0.7681

Experiment 2
Cultivar (V) 1.0 7.0 0.02 0.9034
Treatment (T) 1.0 7.0 474.85 <0.0001
VxT 1.0 7.0 0.02 0.9034
Concentration (C) 1.0 7.0 2.86 0.1346
VxC 1.0 7.0 0.02 0.9034
TxC 1.0 7.0 2.86 0.1346
VxTxC 1.0 7.0 0.02 0.9034

@ Zucchini cultivars used were PI5S08469 (from Korea) and Senator for experiment 1 and PI615115
(from Vermont) and Senator for experiment 2; treatments were FNX-100 and FNX-2500 (applied as
soil drench); concentrations tested were 1.0, 2.0, and 3.0%. Disease severity was assessed at 21 days
after inoculation. Untreated controls were not included in the statistical analysis.

b Abbreviations: dfy = numerator degrees of freedom and dfy, = denominator degrees of freedom.
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sion (Fig. 3A and B). Uninoculated con-
trols showed no disease in either cultivar in
either experiment. All inoculated no-
fungicide control plants of both cultivars in
both experiments were completely dead
(disease severity rating of 5) by 21 days
after inoculation.

DISCUSSION

The effectiveness of phosphate-based
materials against Phytophthora diseases,
whether as a foliar spray or as a soil
drench, has been evaluated by several in-
vestigators in past years. Phosphonates
applied as foliar spray or as a soil drench
has been shown to inhibit P. cambivora
infection in almond and cherry trees (40)
and P. cinnamomi infection in pine (Pinus
radiata) seedlings (1). Foliar application of
phosphonates has been shown to reduce
disease incidence or severity of Phy-
tophthora rot in papaya (37) and tuber rot
in potato (8). However, some studies have
shown that application of phosphorous
acid or related compounds may not always
be effective in controlling Phytophthora
spp. Possible reasons for variable efficacy
include differences in the uptake and trans-
location by different crop species, applica-
tion rate, timing of application, and envi-
ronmental factors (7,8).

In this study, Phytophthora crown rot in
young pumpkin and zucchini plants was
consistently controlled, without any ob-
servable phytotoxic damage, only when
the phosphate/phosphonate material was
applied as a soil drench. Drench applica-
tion of phosphonates, compared with foliar
application, has been shown to provide
better control of Phytophthora root rot of
azalea (Rhododendron ponticum cv. Brides
Bouquet), Victorian laceflower (Thrypto-
mene calycina (Lindl.) Stapf) and petunia
(Petunia x hybrida Hort. ex Vilm.) (13).
Although the mechanism of disease sup-
pression through the foliar application of
phosphonates is not yet well understood, it
appears that the efficacy of foliar applica-
tion is influenced by the ability of the plant
leaves to absorb, transport, and metabolize
phosphonates more efficiently, which can
vary from species to species. In weeds, it
has been demonstrated that differential
absorption influenced the level of sensitiv-
ity or tolerance to certain foliar-applied
herbicides (28,32,35).

The drench application of FNX-100 at
all concentrations we tested was effective
in controlling disease in young zucchini
plants, regardless of cultivar. However, in
pumpkin, crop cultivar had a significant
influence on the level of disease suppres-
sion. Although it is not known whether
cvs. Phantom and Spooktacular are equally
susceptible to Phytophthora crown rot in
the field, in this study, Phantom required a
greater amount of material for suppression
of this disease. The inoculated plants re-
ceiving no fungicide treatment were com-
pletely killed by the pathogen by 21 days



after inoculation, regardless of the cultivar.
Although the zucchini lines that were used
in the study were selected based on having
shown tolerance to Phytophthora capsici
in the field, those differences were not
seen in this study. The finding that differ-
ent concentrations of the phosphonates
were needed to effectively control crown
rot in Phantom and Spooktacular indicates
that the type of cultivar should be one of
the main considerations when devising
crown rot management protocols that in-
volve phosphonate-containing materials,
even though these cultivars showed no
significant difference in susceptibility to
the pathogen when applied without fungi-

cide. The influence of cultivar on the
amount of phosphorous acid required to
control late blight tuber rot also has been
reported by Johnson et al. (22). In their
study, the resistant cv. Umatilla Russet
required less frequent application of phos-
phorus acid than the susceptible cv. Ranger
Russet (22).

The fungicide FNX-2500 contains
minimal amounts (less than 1%) of dipo-
tassium phosphate and dipotassium phos-
phonate; it also contains equal amounts of
the micronutrients Cu, Mn, and Zn, which
are required (at different amounts) for
normal plant growth. Due to possible tox-
icity effects, the concentrations tested were
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Fig. 3. Relative effect of FNX-100 and FNX-2500 drenches on the severity of Phytophthora crown rot
in zucchini cvs. Korean, Senator, and Vermont in experiments A, 1 and B, 2. Error bars are based on

the 95% confidence intervals.

based primarily on the amounts of Cu, Mn,
and Zn in the product. However, the appli-
cation of FNX-2500 at the concentrations
that did not cause toxicity from its micro-
nutrient component did not translate to the
suppression of Phytophthora crown rot by
the amounts of phosphonates it contained.
Hence, at the concentrations we tested in
this study, there appears to be no benefit
from using the mixtures of the low per-
centage of phosphonates, Cu, Mn, and Zn
in suppressing Phytophthora crown rot in
young pumpkin and zucchini plants. This
formulation, with the chelated Cu compo-
nent, may provide greater benefit for con-
trol of foliar bacterial diseases.

Better and more consistent control with
higher concentrations of dipotassium phos-
phonate and dipotassium phosphate also
may be due partly to the sensitivity of P.
capsici to these materials. According to a
study by Ouimette and Coffey (30), spe-
cies of Phytophthora varied in their sensi-
tivity to potassium phosphonate, with P.
capsici among the least sensitive of those
species that they tested. However, in this
study, in zucchini, P. capsici infection was
suppressed by FNX-100 at all concentra-
tions tested. Perhaps this is due to the dif-
ferences in the uptake, translocation, and
metabolism of phosphonates by pumpkin
and zucchini (8). It is believed that the
application of phosphonates can stimulate
host plant defense responses in addition to
having direct fungicidal effects, thus pro-
tecting the plant from pathogen attack
(18). Although this study was done as a
small-scale greenhouse experiment, with
few cultivars, the results that we obtained
provide further evidence that crops or cul-
tivars may vary in the amount of phospho-
nates that they require to stimulate their
defense systems. This study provides in-
formation on the efficacy of various con-
centrations and application methods for
FNX-100 and FNX-2500, which can serve
as guidelines for designing large-scale
disease management studies in the field,
where P. capsici also infects foliage and
fruit. Based on the results of this study, the
treatment recommended for evaluation in a
field study is FNX-100 applied at 3% as a
soil drench. Multiple applications are an-
ticipated to be needed to obtain full-season
control.
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