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ABSTRACT

Duncan, L. W., Graham, J. H., and Timmer, L. W. 1993. Seasonal patterns associated with Tylenchulus semipenetrans and Phytophthora parasitica

in the citrus rhizosphere. Phytopathology 83:573-581.

Populations of Tylenchulus semipenetrans and Phytophthora parasitica
were measured weekly during 27 mo in an orchard of mature grapefruit
trees on rough lemon rootstock in the central ridge region of Florida.
The study was conducted to identify potential key climatic and host factors
affecting population changes in both parasites. Patterns of change in
root mass density and concentrations of root lignin and nonstructural
carbohydrate suggested annual as well as seasonal variation in the age
structure and nutritional value of the fibrous root system. Numbers of
nematode females on roots and juveniles and males in soil were related
positively (P = 0.01) to root mass density and root concentration of
reducing sugars, starch, and total nonstructural carbohydrates. Numbers
of nematodes were related inversely (P = 0.01) to soil moisture and root
lignin content. Numbers of fungal propagules in the soil were related
inversely (P = 0.01) to root starch concentration, and the amount of

Additional keywords: nutrition, sampling.

fungal protein in roots (as measured by ELISA) correlated positively
(P = 0.01) with soil temperature. Multiple linear regression models with
three independent variables (soil moisture, root starch concentration, and
an in vitro index of nematode preference for root exudates) explained
86 and 849 of the variation in mean monthly population densities of
female nematodes on roots and juveniles and males in soil, respectively.
The average monthly levels of P. parasitica protein in roots were best
fit (R? = 0.76) by linear models incorporating soil moisture, temperature,
and concentrations of ketone sugars in roots. Root mass density and
concentration of ketone sugars explained 86% of the monthly variation
in P. parasitica propagule densities in soil. Experimental verification of
causality in these relationships would help explain seasonal and annual
variation in the parasite burden posed by these two pathogens.

The citrus nematode Tylenchulus semipenetrans Cobb and the
fungus Phytophthora parasitica Dastur are common parasites of
citrus worldwide. The nematode causes citrus slow decline char-
acterized by a reduction in fibrous root biomass and symptoms
of root dysfunction, such as small, sparse leaves and reduced
yield often resulting from smaller-than-normal fruit (13,14). Re-
cent fungicide trials in Florida demonstrated that P. parasitica
reduces fibrous root density of mature trees, referred to as fibrous
root rot, sufficiently to affect crop yield (41). P. parasitica also
causes damping-off of seedlings, foot rot or gummosis on tree
trunks, and brown rot of fruit.

Some edaphic and host factors that influence the epidemiology
of slow decline and fibrous root rot have been characterized.
Population size of T. semipenetrans is affected by soil texture
and organic-matter content (34,50); soil moisture (51,52), temper-
ature (36), acidity (50), oxygen content (52), salinity (32), and
host genotype (25,28); developmental stage (9); and chemical
composition (10) of citrus fibrous roots. Development of fibrous
root rot is favored by warm soil temperature and cycles of wetting
and drying sufficient to stress citrus roots. At the same time,
free water must be available in well-aerated soil to produce
sporangia and release zoospores (22).

Seasonal population-density patterns of T. semipenetrans on
citrus and, to a lesser degree, P. parasitica have been reported
(4,7,23,35,38,40,53). Nematode population densities often are
highest during late autumn and spring, decline during winter,
and reach their lowest levels during midsummer. Population
growth generally is thought to coincide with flushes of new fibrous
roots (23). The causes of low summer-population densities of
T. semipenetrans are unclear.
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Soil temperature and rainfall usually are most favorable for
growth of P. parasitica during summer. Until recently, however,
assays of fungal inoculum densities primarily measured chlamy-
dospores from rhizosphere soil and decaying roots (45). Thus,
studies of seasonal patterns of P. parasitica propagule densities
primarily have measured a survival stage of the fungus. Recently,
a commercial enzyme-linked immunosorbent assay (ELISA) tech-
nique for measurement of P. parasitica protein levels in root tissue
became available, enabling study of the root-infection process (45).

The present investigation was undertaken to study seasonal
population development of T. semipenetrans and P. parasitica
under identical edaphic and meteorological conditions, as a bench-
mark for optimizing control strategies (sampling and treatment)
when both parasites are present in an orchard. We also measured
selected edaphic, climatic, and host variables to ascertain key
factors that might limit population development of either parasite.
The relative importance of root quality compared to root abun-
dance and environmental factors as a reflection of parasitic activity
was of particular interest.

MATERIALS AND METHODS

Site description. The study site was a 0.9-ha block in a com-
mercial orchard of mature (>40 yr) grapefruit (Citrus paradisi
Macfady) trees on rough lemon (C. jambhiri Lush.) rootstock
planted (4.5 X 8.7 m) near Bartow, FL. The soil was a deep
Astatula sand (hyperthermic uncoated Typic Quartzipsamments;
929 sand, 2% silt, and 6% clay). Each tree was irrigated with
a low-volume microsprinkler (=2-m wetting radius) located in-
row beneath the canopy. Weeds were chemically managed in-
row and disked between rows. Normal commercial fertilization
and foliar pest control for juice production were practiced. Neither
nematicides nor soil-applied fungicides had been used in the
orchard in the previous 5 yr. Soil moisture (15-cm depth) was
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measured daily with two tensiometers. Ambient and soil (15 cm
depth) temperatures were measured continuously with a mechani-
cal two-point thermograph.

Sampling methods. Two soil samples were obtained from the
site weekly for 27 mo. Fifteen soil cores (30- X 2.5-cm diameter)
were combined in each sample. Cores for each sample were sys-
tematically (five cores per pair of rows) obtained from 15 trees
across the entire site. Samples were taken from the irrigated zone
beneath the tree canopy. Each sample was hand-mixed, and two
60-cm® subsamples were extracted for 48 h on modified Baermann
funnels. The remainder of the soil was passed through a 2-mm
sieve, and 50-100 cm® of soil was processed using a selective
medium (27) and published procedures (46) to determine the in-
oculum density of P. parasitica. Material retained on the sieve
was rinsed with water, and citrus fibrous roots (<2-mm diameter)
were separated from debris. Fresh roots were weighed, and a
1-g subsample was removed and dried for 24 h at 70 C. The
remaining roots were stored at 4 C until they were processed
to recover root-inhabiting stages of 7. semipenetrans (6).

At the end of the survey period, oven-dried root samples were
weighed and ground to pass through a screen with a 40-mesh
pore size. Aliquots of the tissue were analyzed for carbohydrate,
lignin, and nitrogen content. Other aliquots were processed by
ELISA (Agri-diagnostics, Cinnamonson, NJ) to measure levels
of P. parasitica protein (45) and were used in two bioassays.

The precision of the sample nematode and fungus population
measurements were estimated. Taylor’s Power Law (44) was fit
to the data by regressing the natural logarithms of the variances
against those of the means of the 103 pairs of weekly samples.
The resulting regression formulae were used to estimate the vari-
ances associated with mean densities of either organism. Sample
precision was expressed as the ratio of the estimated standard
error (n = 2) to the mean.

Root chemical analyses. Root carbohydrates were extracted
by boiling 50 mg of tissue in 15 ml of water for 2 min, followed
by centrifugation (8,000 X g) for 2 min. Glucose oxidase (Sigma
Chemical Company, St. Louis, MO) was used to analyze glucose
in the supernatant. Soluble starch (amylose) in the supernatant
and insoluble starch in the pellet were analyzed with amyloglu-
cosidase (Sigma Chemical Company) and corrected for free glu-
cose (43). Glucose was used as the standard in these measure-
ments. The arsenomolybdate method was used to analyze reducing
sugars (33), and resorcinol reagent (3,39) was used to analyze
ketone sugars (fructans, fructose, and sucrose, among others).
Fructose was used as a standard to measure reducing sugars
because previous studies with HPLC methods demonstrated that
fructose exceeded free glucose in rough lemon roots from trees
comparable to those in this study (19).

Lignin was measured by acid hydrolysis of the pellet after a
series of ethanol washes. The remaining lignin residue plus min-
erals was weighed, ashed, and reweighed to determine the separate
lignin and mineral weights (18). The ethanol washes were evapo-
rated (50 C) and resuspended in 15 ml of boiling ethanol. Phenolic
compounds in the ethanol were quantified with Folin-Ciocalteu
reagent (42). Gallic acid (crystalline, Sigma Chemical Company)
was used as a standard acid, and activity was expressed in units
of gallic acid equivalents.

Bioassays. Juvenile and male T. semipenetrans used in the
bioassays were extracted from rough lemon roots obtained from
the survey orchard. Roots were vigorously shaken in plastic bags
filled with water that then was poured through 25-um sieves.
The contents of the sieves were placed on Baermann funnels for
20 h to obtain active nematodes.

From tissue samples pooled by month (n = 27), 50-mg aliquots
of dried, ground root tissue were soaked in 5 ml of distilled water
for 1 h, filtered, (0.45 pm), and frozen. The preference of T.
semipenetrans for these leachates was measured. Two wells (1.0-
cm diameter X 0.5-cm deep) were cut in 2.0% water agar (Difco
Labs, Detroit, MI) plus streptomycin sulfate (1,000 mg/L) 0.25
cm from opposite edges of 15-cm-diameter petri dishes. One well
was filled with 150 ul of root leachate and the other with 150
ul of tap water, The liquid in the wells was permitted to evaporate
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and diffuse into the agar for 2 h in uncovered dishes, after which
the wells were filled with molten agar. Approximately 500 nema-
todes in 50 ul of water were pipetted onto the center of the agar
surface. When the water drops containing nematodes had nearly
evaporated, the lids were placed on the dishes, which were then
stacked and wrapped in black plastic to exclude light. To avoid
temperature gradients across the agar, the stacks of plates were
rotated (I rpm) on small turntables for 24 h at 25 C and were
stored at 4 C to stop nematode movement. Four plates were
prepared for each monthly sample. The bioassay was repeated
once.

To evaluate patterns of nematode migration, the dishes were
mounted on a template made from an inverted petri dish on
which lines were scribed in six equal wedge-shaped sectors. A
1.5-cm-diameter circle, circumscribing the point at which nema-
todes were originally located, was also scribed on the center of
the template. Dishes mounted on the template with the wells
centered in opposite sectors were viewed through a dissecting
microscope. Nematodes that moved beyond the circle and into
the sectors that contained wells were counted. A preference index,
I, = y/(x + ), was calculated, in which y = number of nematodes
in the sector containing the leachate well and x = nematodes
in the sector containing the water well.

Two bioassays were conducted to investigate the ability of
fibrous roots collected during each survey month to support P.
parasitica growth. In one bioassay, 2 ml of supernatant (pooled
by month) from the carbohydrate extraction procedure was used;
in the other, 1 ml of root leachate, as in the nematode bioassay,
was used. Equal quantities of roots or supernatant from each
weekly sample were pooled by month. In each bioassay, 1 ml
of test solution was added to 9 ml of mineral salts medium
consisting per liter of 0.5 g of KH,PO,, 0.5 g of (NH,),H,PO,,
0.5 g of MgSO,7H,0, 100 mg of thiamine-HCIl, 0.1 g of
CaCl,2H,0, and 16.7 mg of 138 Fe sequestrene (Ciba-Geigy
Corp., Agric. Div., Greensboro, NC). Two-millimeter-diameter
plugs from the margin of actively growing colonies of P. parasitica
(Hall isolate) on corn meal agar (Difco Labs, Detroit, MI) were
placed in each 25-ml flask. Flasks were placed on an orbital shaker
at 60 rpm and were incubated for 7 days at 23-25 C. Mycelia
were filtered onto preweighed 47-mm nylon filters with 0.45-um
openings, air-dried at 23-25 C, and weighed. Mycelial biomass
was determined from five replicate flasks per sample date. Growth
responses to the extracts from each monthly sample were com-
pared to fungal biomass measured with ELISA in corresponding
aliquots of root tissue. The assay with leachate was repeated and
produced similar results. The assay with extract was not repeated
because ELISA and bioassay measurements were unrelated.

Nematode energetics. Calorie requirements for female nema-
tode respiration were estimated to compare a portion of the energy
requirements of the nematode with the energy available in the
measured nonstructural carbohydrate in fibrous roots. Nematode
fresh weight was estimated (2) using published morphometric mea-
surements (26). Total monthly oxygen consumption of female
nematodes per gram of roots (dry weight) was estimated (29)
based on a fresh weight of 1.79 ug per female and was corrected
for soil temperature (12). A calorie equivalent (C) for the monthly
oxygen consumption by females was 4.78 calories per milliliter
of oxygen (54). The monthly average calorie value (Cy) of available
carbohydrate in roots was defined as 3,625 per gram (dry weight)
of mean total nonstructural carbohydrate. Monthly estimates of
the caloric energy (E) in the fibrous roots available to nematodes
were calculated as E= Cy + Cp.

Data analyses. Average monthly measurements of all variables
were used for most data analyses. Because of the large number
of factors involved, pooling monthly measurements served to
dampen the effects of unknown response-time lags. A linear cor-
relation coefficient (n = 27) matrix between all variables was
generated. Nematode and fungal population measurements were
plotted against all other measured variables to ascertain obvious
linear or nonlinear relationships. Multiple linear regression models
were fit to data collected during the entire survey period and
to data collected during April-November 1988 and 1989, periods



of active population change. Natural logarithms of measurements
of T. semipenetrans (juveniles and males per 100 cm® of soil or
females per 100 cm’® of soil) or P. parasitica (propagules per 1
cm’ or nanogram of fungal protein per gram of root) were
regressed against the other measured root quality and environ-
mental variables using a stepwise procedure (Minitab Statistical
Software). Two-tailed ¢ tests were used to make a priori compar-
isons of the levels of variables measured at different times.

RESULTS

Sample precision. Two 15-core samples resulted in estimated
standard errors ranging from 8 to 12% of the mean numbers
of T. semipenetrans juveniles and males recovered from soil and
in standard errors ranging from 9 to 46% of the mean numbers
of females recovered from roots during the course of the survey
(Table 1). Estimates of the standard error/ mean ratio for fungal
propagules in soil during the study ranged from 0.10 when
population densities were high to 0.59 when they were low (Table
1). This trend was reversed for measurements of P. parasitica
from roots, for which estimated ratios increased from 0.23 when
fungal protein concentrations were low to >0.39 when concen-
trations were greatest. Coefficients of determination of the linear
fit of the logarithms of the variances to those of the means were
26-289% for parasites recovered directly from soil and were 12-73%
for measurements of parasites from roots.

Root abundance and chemistry. Root mass density increased
by 75% (2.26 to 3.97 mg/cm® of soil) during two distinct periods
between May and November 1988 (Fig. 1A). After a gradual
winter decline, the density increased during late April-May 1989
to its highest level (5.39 mg/cm?® of soil) during the survey. Density
declined during June and September 1989 and increased only
slightly during the remainder of autumn. After a freeze on 24
December 1989, which killed most of the above-ground tree tissue,
root mass density declined continually until it reached an average
level of 0.61 mg/cm’ of soil during June 1990, when the study
was terminated. The average weekly root mass density during
summer (June-August) was 30% higher (P = 0.01) in 1989 than
in 1988.

Root lignin content increased (P = 0.01) between May and
July during both years of the study (Fig. 1B). From July to
November 1988, lignin concentration declined 20%. A 10% decline
(P=0.05) in lignin concentration occurred from July to September
1989, after which levels remained constant until the December
freeze. An inverse relationship occurred between lignin content
and percent moisture in fibrous roots (r = —0.68, n = 103, and
P = 0.01). Gallic acid units were correlated (r = 0.41 and P =
0.05) with lignin concentration (Fig. 1C). The correlation was
improved (r = 0.56 and P = 0.01) when gallic acid units were

TABLE 1. Parameter estimates for Taylor’s Power Law® (TPL) and of
sample precision for pairs of soil samples. Each sample was a composite
of 15 mixed and subsampled soil cores. Pairs of samples were collected
weekly (n = 103) to estimate population density of Tylenchulus semi-
penetrans and Phytophthora parasitica in soil or P. parasitica protein
in roots

Estimated SE/ mean

Coefficients of TPL ratio at density
Organism" a b r N¢ 10N 100N 1,000N
Nematode juveniles
and males 007 1.83 028 0.15 0.12 0.10 0.08

Nematode females 1070 1.30 0.12 1.03 046 021 0.09
Fungal propagules 0.68 1.21 026 059 024 0.10 0.04
Fungal protein 007 222 073 023 030 039 0.50

* ¥ = gX®, in which ¥ = sample variance and X = sample mean.

® Juveniles and males per 100 cm® of soil; females per gram of roots;
propagules per cm’ of soil; and nanogram of fungal protein per gram
of roots.

¢ For nematodes in soil and roots and fungi in roots, N = 10; for fungi
insoil, N=1.

compared to lignin concentration in the succeeding month. Lig-
nin also was negatively correlated with glucose (r = —0.40 and
P =0.05), starch (r = —0.61 and P = 0.01), and reducing sugars
(r=—0.56).

Starch concentration increased in fibrous roots during autumn
in 1988 and 1989 (Fig. 1D). Highest levels (1.5-2.0%) were gen-
erally attained during January or February each year. Lowest
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Fig. 1. A, Seasonal patterns in rough lemon fibrous root mass density;
B, concentrations of fibrous root lignin; C, phenolic compounds; D, starch;
E, ketone sugars; and F, reducing sugars. Monthly means and standard
errors for root measurements are from pairs of weekly samples collected
from depths of 0-30 cm.
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levels of starch were measured during June-October in 1988 and
August-October in 1989. During the summer months (June-
August), starch concentration was 30% lower in 1988 than in
1989 (0.57 vs. 0.86%, P = 0.01). Prewinter starch accumulation
apparently was earlier in 1988 (November) than in 1989 (Decem-
ber). Starch levels declined sharply after the December 1989 freeze.

Concentrations of ketone and reducing sugars exhibited fewer
seasonal trends than did other root constituents (Fig. IE and
F). Levels of ketone sugars decreased during the summer of 1988
but increased steadily until December during 1989. After the freeze
of 1989, the concentration declined sharply and did not increase
until the next summer. The average concentration of ketone sugars
during the period of greatest fungal activity in roots (June-
September) was higher (P = 0.01) in 1989 (0.85%) than in 1988
(0.66%) (Fig. 1E).

Bioassays. No measure of nematode population density was
significantly correlated with the bioassay preference index (Table
2). When soil moisture and root starch concentration were con-
sidered in multiple linear regression models, however, the prefer-
ence index explained an additional 13% of the variability in female
nematode density when entered last in the equation (Table 3).

The preference index explained an additional 14% of the vari-
ability in juvenile and male density.

Growth of P. parasitica in the bioassay with root leachate was
related to the concentration of lignin in roots (r = —0.49 and
P = 0.05), reducing sugars (r = 0.56 and P = 0.01), and ketone
sugars (r = 0.39 and P = 0.05). No relationships between the
measured root variables and fungal growth were significant when
supernatant from the carbohydrate extraction process was used
as a nutrient source. The concentration of P. parasitica in roots
was related to fungal growth in the root leachate (Table 2) but
not in the hot-water extract. Propagule densities in soil were
inversely related to growth (P = 0.05) in the hot-water extract
(data not shown).

Nematode populations. The seasonal and annual trends of
population densities were essentially the same for T. semipenetrans
juveniles and males in soil and for females on roots (Fig. 2A
and B). Annually, population density was bimodal. Maximum
levels occurred during late autumn and spring, and minimum
densities occurred during midwinter and summer. During the
period from summer to autumn, female density increased earlier
than did juvenile and male densities. Population densities of nema-

TABLE 2. Linear correlation coefficients (r) between average monthly population measurements of Tylenchulus semipenetrans or Phytophthora

parasitica and selected environmental variables

T. semipenetrans P. parasitica

Environmental Juveniles and males/ Females/ Propagules/ ng protein/

variables sample sample g soil g root
Soil temperature (C) —0.18 —0.35 0.06 0.51""
Soil moisture (—J/kg) —0.59" —0.54" —0.17 0.25
Root mass density (mg/cm® soil) 0.71" 0.77" 0.07 0.26
Nonstructural carbohydrate® 0.53" 0.58" —0.36 0.10
Starch® 0.48" 0.56™ —0.49" —0.21
Ketone sugars® 0.34 0.11 0.30 0.34
Reducing sugars® 0.61" 0.48" —0.17 0.03
Free glucose® 0.11 0.15 0.23 —0.30
Lignin® —0.54" —0.55"" 0.15 0.09
Nematode I, (proportion)* 0.35 0.21 - -
Fungal assay (mg mycelium/ dish)® i S5 —0.20 0.44°

* r significantly greater than zero at P =< 0.05 (*) or P< 0.01 (**).

" Estimated by adding the percent dry weights of starch, ketone sugars, and free glucose.

© Percentage of dry weight.
9In vitro preference index.
“In vitro growth assay.

TABLE 3. Best fit predictive variables from stepwise multiple regression of measurements of Tylenchulus semipenetrans or Phytophthora parasitica

on environmental factors®

T-ratio of independent variables®

Soil moisture Insoluble starch Ketone sugars Root mass
Pathogen (%) (% dry wt) Attraction index Soil temp. (% dry wt) density R?
Log, T. semipenetrans
females/ 100 cm® soil
1° —4.30 0.62
2 —4.74 2.49 0.73
3 —5.37 3.00 (<0.02) 2.43 (<0.03) 0.86
Log. T. semipenetrans
juveniles and males/
100 e¢m’ soil
1 —2.90 0.43
2 —3.28 3.02 0.70
3 —3.78 3.85 2.77 (<0.02) 0.84
Log. P. parasitica
(ng protein/ g root)
1 4.64 0.51
2 4.83 2.75 0.63
3 3.05 5.33 3.78 0.76
Log,. P. parasitica
propagules/cm’ soil
1 6.31 0.75
2 7.05 312 0.86

* Listed in Table 2.
® P < 0.01 unless indicated in parens,
“ Number of independent variables in model.
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Fig. 2. A, Seasonal patterns in the population densities of Tylenchulus
semipenetrans juveniles and males from soil; B, females from fibrous
roots; C, Phyrophmora parasitica propagules from soil; D, fungal protein
concentrations in fibrous roots of mature grapefruit trees on rough lemon
rootstock; and E, soil temperature and moisture. Monthly means and
standard errors are from pairs of weekly samples collected from depths
of 0-30 cm. Soil temperature (15-cm depth) is the average of daily mini-
mum-maximum values, and soil moisture (25-cm depth) is the average
of daily tensiometer readings.

todes recovered from soil increased gradually during February-
May in 1989; female population density declined during most
of the same period, until it increased during May, similar to the
trend for root mass density. Levels of juveniles increased by 390%,
and females increased by 890% during autumn 1988. The increase
in nematode density during autumn 1989 was less than the previous
year: 99% for juveniles and 23% for females. The average weekly
population density of juveniles and males during summer (June-
August) was higher (P = 0. 01) in 1989 (3,012/100 cm® of soil)
than in 1988 (1,696/100 cm® of soil), as was that of females per
100 cm® of soil (155 vs. 100, P = 0.05). The average female density
per gram of root was also higher (P = 0.01) during summer
in 1989 (457) compared to 1988 (269). When all nematode life
stages were expressed per unit of available carbohydrate (root
weight by percent total nonstructural carbohydrate), however,
no measurable differences occurred during summer in 1988 and
1989 (Fig. 3).

Numbers of soil and root-inhabiting 7. semipenetrans corre-
lated positively with root mass density and with most measures
of root carbohydrate (Table 2). T. semipenetrans was inversely
related to soil moisture content (Fig. 2A, B, and E) and root
lignin concentration (Fig. 1B). Soil moisture, root starch concen-
tration, and the bioassay preference index were the best predictors
of numbers of]uvemles and males in soil (R? = 0.84) and females
on roots (R* = 0.86) in multiple regression models incorporating
data from April through November during both 1988 and 1989
(n = 16) (Table 3).

Nematode energetics. Average monthly nonstructural carbo-
hydrate in fibrous roots represented 9.6-81.4 calorie equivalents
per gram of root (Fig. 4). The average monthly respiration energy
required by T. semipenetrans was estimated to be 31.8 calories
per gram of root. When estimates of the energy used in nematode
respiration each month were added to monthly measurements
of carbohydrate energy available in roots, a shift occurred in
the time at which available energy appeared to increase in root
tissue (Fig. 4). Although carbohydrate concentrations increased
measurably in roots beginning during November each year, the
estimates of total energy (calories) availability suggest carbo-
hydrate in roots began to increase as early as July.
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Fig. 3. Populations (mean and standard error) of Tylenchulus
semipenetrans juveniles and males in samples collected during June-
August 1988 and 1989 and expressed per unit of soil, per unit of root
per unit of soil, and per unit of nonstructural carbohydrate per unit
of soil. Samples were taken from depths of 0-30 cm.
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Fungal populations. P. parasitica propagules in soil exhibited
few consistent seasonal trends other than a tendency to decline
during winter in 1988 and 1989 (Fig. 2C). Propagule densities
differed between years. Average weekly density of the fungus
during April-December 1989 was 2.5 times (P = 0.01) the density
during the same period of the previous year. Two months after
the freeze of December 1989, coincident with the beginning of
a sharp decline in root mass density, fungal propagules increased
and remained at high levels until the study was terminated. The
amount of fungal protein in roots was not correlated with propa-
gule density in soil. Protein concentrations were higher during
the summer and early autumn than during the winter (Fig. 2D).
The average weekly concentration of fungal protein in roots during
the summer (June-August) of 1989 (931 ng/g of root) was nearly
threefold (P = 0.01) that of summer 1988 (334 ng/g of root).

P. parasitica levels in soil and roots were not correlated with
most other factors (Table 2). Fungal propagules in soil were related
inversely to the concentration of starch in roots. The level of
fungal protein in roots was related directly to soil temperature.
Soil temperature, concentration of ketone sugars, and soil mois-
ture explained 76% of the annual variation of fungal protein levels
in a multiple linear regression model (Table 3). Multiple regression
on root mass density and concentration of ketone sugars as mea-
sures of the amount and quality of available energy sources ex-
plained 86% of the variation in fungal propagule counts from
soil.

DISCUSSION

Seasonal patterns of root quality and annual differences in
root abundance and quality were related to populations of both
the nematode and the fungus. In this and a previous survey of
citrus (17), root mass density increased and was then maintained
during alternate years, much as fruit load varies biennially in
many citrus cultivars. Root mass density increased by 75% during
summer and autumn of 1988 and by a further 56% immediately
prior to summer of 1989. Root mass density did not increase
significantly during summer and autumn of 1989. Although mass-
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Fig. 4. Calorie equivalent of the concentration of nonstructural carbo-
hydrates in fibrous roots (open circle), and the estimated calorie equivalent
(solid circle) obtained by adding estimates of calories utilized for nematode
respiration to the nonstructural carbohydrate-calorie equivalents mea-
sured in roots.
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density measurements do not describe the dynamics of root
turnover, changes in root-chemical composition supported the
possibility that more root growth occurred during summer and
autumn in 1988 than in 1989. A steady decrease in average lignin
concentration during summer and autumn of 1988 was consistent
with increased root growth and was much less pronounced the
next year. Higher concentrations of starch and sugars in fibrous
roots during summer and autumn of 1989 compared to the pre-
vious year also are consistent with decreased root growth.

Growth and maintenance of roots in alternate years should
affect parasites in several ways. Young roots are infected more
readily by T. semipenetrans and P. parasitica than are old roots
(9,22); nevertheless, carbohydrate (nutrient) levels increased in
roots during the year when root growth appeared to be low.
Increased root mass density reduces soil moisture, influencing
parasites directly and indirectly through changes in the rhizosphere
community. Thus, annual as well as seasonal patterns of change-
in roots may occur and influence parasite populations.

Nematode population density was related more closely to
fibrous root mass density than to any other single factor measured
during the study. Nevertheless, root availability did not adequately
explain population trends, such as the summer decline in nematode
levels. Variables, such as carbohydrate concentration, soil mois-
ture, and preference of migrating T. semipenetrans for root ex-
tracts, however, were revealed by the multiple linear regression
model as possible key factors.

The quality of roots as food for T. semipenetrans may decline
during summer because the concentration of total nonstructural
carbohydrate and starch, in particular, were lowest annually dur-
ing summer. Histological stains indicate lower levels of starch
in the nematode feeding or nurse cells than in normal cortical
cells (10). Pronounced amylytic activity of macerated T. semi-
penetrans (10) suggests that starch is digested by nematode-
produced enzymes in the nurse cells prior to ingestion. The pos-
sibility that nematodes are limited by carbohydrates was supported
by annual differences in population density. All nematode life
stages expressed per unit of soil or per root mass density were
more numerous during summer 1989 than during 1988, but
nematodes per unit of starch or per unit of total nonstructural
(starch plus glucose plus ketone sugars) carbohydrate were not.
T. semipenetrans egg production increased proportionately with
starch levels in roots of trees from which fruits were removed
for 14 mo (15). Although nematode populations increased inde-
pendently of starch concentration during both autumn seasons,
estimates of energy flux in roots suggest that carbohydrate
availability increased in roots by midsummer. Such a pattern
is consistent with the possibility that during early development,
citrus fruits are a competitive carbohydrate sink (15). Dry-matter
accumulation by fruit is nearly complete by midsummer (5),
coincident with the beginning of nematode population growth.

Roots may be less susceptible to infection by T. semipenetrans
during summer than during other seasons. Lignin concentrations
in fibrous roots increased between May and June during the first
2 yr of the study and declined after July each year. A major
decrease in lignin throughout late summer-autumn 1988 cor-
responded with large increases in root mass density and nema-
tode population density. The corresponding changes in lignin
concentration, root mass density, and nematode density in late
summer-autumn 1989 were much reduced. Infection of citrus
roots by T. semipenetrans declines with development of root
secondary characteristics (9). If the age structure of the fibrous
root system is reflected by lignin concentration, increased lignin
suggests a decline in root susceptibility. These assumptions were
supported by a negative correlation between lignin and root suc-
culence as measured by percent water in roots and by the negative
correlation between lignin and T. semipenetrans.

A positive association between T. semipenetrans and the root-
leachate preference index suggests that roots may also be less
attractive to the nematode during summer than during other
seasons. Juice pressed from citrus roots inhibited the motility
of T. semipenetrans, but the effect was least pronounced during
summer (49). T. semipenetrans never preferred root leachates used



in this study to water controls. The positive association was derived
from a stronger repulsion by leachates from roots collected during
summer than by those collected during spring or autumn. The
effect of leachates from dried root tissue in this study is similar
to that noted for other nematodes exposed to exudates from living
host roots (8,11), and leachates from live citrus roots have the
same qualitative effect on T. semipenetrans (L. W. Duncan, un-
published data). Dissociation of certain chemicals in leachates
from volatile root exudates that serve as nematode attractants
(8) may be an artifact of the bioassay technique that favors ex-
pression of repellent compounds. Seasonal trends in the pro-
duction of such compounds that coincide with favorable condi-
tions for parasite development could be a selective advantage
for the host. For example, when the preference index was low
during summer, average soil temperature was 25 C, which is
optimum for development of T. semipenetrans (36).

Soil moisture was the strongest predictive factor of nematode
density in multiple regression. The negative correlation may be
spurious because rainfall in Florida is highest in summer and
decreases during autumn-spring. If irrigation had been inadequate
during this study, the linear correlation coefficient probably would
have been less than it was because T. semipenetrans is a poor
anhydrobiote (48), and populations decline in substantially dry
soil. Nevertheless, there is evidence that soil moisture within the
normal range for crop production affects T. semipenetrans sig-
nificantly. In pot studies, T. semipenetrans populations increased
in fine-textured soil proportionately with water deficits that ranged
from —10 to —60 J/kg (52). The trend across the same moisture
deficit was reversed in coarse-textured soil. Fluctuations in water
deficit in sandy soils tended to be rapid and extreme, so nematodes
frequently experienced either drought or oxygen deficits. Soil
texture in the present study was very sandy; however, because
of irrigation, daily water tensions rarely were less than —20 J/kg
and generally exceeded —15 J/kg. Within this range, we assume
that the nematode did not experience stress from moisture deficit
but may have experienced episodes of limited oxygen availability
during periods of high rainfall. The occurrence of high-moisture
content coincident with high soil temperature may also favor
nematode antagonists.

Fibrous root infection by P. parasitica was highest during
summer and was related directly to soil moisture during those
months. Optimum temperature for fungal development is 30-32 C,
and periodic flooding of soil favors fungal infection (22). In
Mediterranean climates, the fungus is most easily isolated from
rhizosphere soil during summer months (24). In the subtropical
climate of central Florida, seasonal trends in propagule density
are not consistent (47), although an over-winter decline occurred
during both survey years and in another study (). In general,
the numbers of fungal propagules in soil appeared to be influenced
by root mass density, carbohydrate characteristics of the roots,
and root mortality. After the freeze in December 1989, numbers
of propagules but not the nanograms of fungal protein per gram
of root increased sharply, apparently in response to the high level
of root mortality and decay.

Although temperature was the factor most closely related to
seasonal changes of P. parasitica in roots, as measured by ELISA,
annual differences in levels of the fungus were associated with
patterns of growth and carbohydrate allocation in the host. The
average annual level of root infection generally reflected the level
of propagules in soil. A significant, prolonged increase in propa-
gule numbers beginning during May 1989 coincided with a cor-
responding increase in fungal protein per unit of soil (root mass
density by fungal protein concentration in roots; data not shown)
and was followed by the highest levels of root infection (fungal
protein by root weight) measured during the study. During the
maintenance phase of the root-growth cycle, the concentration
of nonstructural carbohydrates in fibrous roots increased. The
combination of many roots with high-carbohydrate content may
have provided a substrate that increased the fungal mass and
fungal concentration in roots when temperature and moisture
conditions were favorable. Ketone sugars, but not the other carbo-
hydrates, were closely related to the level of fungus in soil and

roots. Sucrose (a ketone sugar) is superior to many carbohydrates
as a nutrient source for P. parasitica growth in culture (24), and
P. parasitica does not produce amylytic enzymes (37). When the
environmental effects of soil temperature and moisture were con-
trolled in the root-leachate bioassay, P. parasitica growth in-
creased in response to root levels of ketone and reducing sugars.
Phenolic compounds and lignin were correlated in this study,
and thus, specific phenolic precursors of lignin (31) could have
contributed to the negative correlation between lignin concen-
tration and fungal growth in vitro. Lack of correlation between
total phenolics and in vitro fungal growth suggests that increased
lignin simply reflected a reduction in nutrient availability, how-
ever.

Root age also influences infection by the fungus (21). In the
field, root infection by P. parasitica requires a root-growth flush
(30). Zoospores of P. parasitica are attracted by root exudates
to the zone of elongation of growing roots, where they encyst
and infect (22). In our study, however, the concentration of P.
parasitica protein in roots was greatest in 1989 when the change
in root mass density and lignin were least, suggesting that nutrient
allocation within the tree is important in regulating parasitism.
Fungal growth after fibrous-root infection during summer 1988
may have been limited by nutrient concentration despite an
abundance of growing roots. High-infection rates during 1989
may reflect the high summer concentration of sugars in root tissue
available after a major root flush in May.

Both parasites measured in this survey are commonly detected
in Florida citrus orchards. The occurrence of T. semipenetrans
in commercial orchards has been estimated at 50-90% (20). The
nematodes do not inhabit nurseries because of the site-certification
program of the Division of Plant Industry (Department of Agri-
culture and Consumer Services). Approximately half the field
nurseries and nearly all the orchards in Florida are estimated
to be infested with P. parasitica (55). Because both parasites infect
the cortex of the fibrous roots and cause mild to moderate tree
decline, the integration of methods to detect, quantify, and manage
both organisms is desirable.

The sampling protocol was adequate to detect differences in
most of the variables examined in the study. The coefficient of
variation for Taylor’'s Power Law was as low as 129% for female
T. semipenetrans because each mean and variance estimate was
based on only two samples. The large numbers (n = 103) of
observations in the regression helped compensate for the lack
of precision in the estimates, however. At most densities, the
standard error/ mean ratios were higher for root-inhabiting stages
in the life cycle of either parasite than for soil-inhabiting stages.
When parasite densities on roots were high, fungal measurements
were more variable than were nematode counts. The trend mea-
sured by Taylor’s Power Law suggests that conditions favoring
fungal activity are highly localized throughout the root zone
because the sample precision decreased with increased fungal
infection. Based on the mean-variance relationships measured in
this study, seven samples would be required to measure fungal
protein in roots (assuming 500 ng of fungal protein per gram
of root) with precision similar to that obtained for the nematode
(assuming 1,000 females per gram of root) numbers from two
samples (16). In this site, two samples were adequate (standard
error/ mean ratio = 0.20) to measure soil stages of P. parasitica
at the damage-threshold level of 15 propagules/cm® of soil (41).
The same number of samples would measure T. semipenetrans
with at least as much precision at any mean density.

Fungal density in soil was high (>>10 propagules/cm’ of soil)
throughout most of the study. Prior to the freeze during December
1989, however, P. parasitica density in soil continually increased
during three distinct phases that corresponded roughly to changes
in root mass density and concentration of nonstructural carbo-
hydrate. That trend supports the observation (46) that, for man-
agement purposes, a time profile of sample measurements is
required in orchards in which propagule density is low. Sample
data are more likely to accurately reflect population trends when
collected between rather than within annual growing seasons. Soil
population levels in this and other studies (46) did not exhibit
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seasonality to a degree that would preclude sampling during most

of

be

the year, with the possible exception of winter.
Current recommendations that samples of T. semipenetrans
collected in late autumn or mid-to-late spring were supported

by these data, which show highest population densities during
these times. As a result, soil samples collected during autumn

or

spring would be appropriate to measure both organisms. To

date, however, ELISA techniques have been used infrequently

to
in

estimate P. parasitica levels in roots of mature trees. The trends
this study indicate that annual summer root sampling may

provide the best indication of potential P. parasitica damage in
an orchard. This appears to preclude sampling roots for both
parasites simultaneously as an optimum strategy.

20.
580

LITERATURE CITED

. Agostini, J. P., Timmer, L. W., Castle, W. S., and Mitchell, D. J.
1991. Effect of citrus rootstocks on soil populations of Phytophthora
parasitica. Plant Dis. 75:296-300.

. Andrassy, [. 1956. Die Rauminhalts- und Gewichtsbestimmung der
Fadenwurmer (Nematoden). Acta Zool. Acad. Sci. Hung. 2:1-15.

. Ashwell, G. 1957. Colorimetric analysis of sugars. Meth. Enzymol.
3:73-105.

. Baghel, P. P. S, and Bhatti, D. S. 1982, Vertical and horizontal
distribution of phytonematodes associated with citrus. Indian J.
Nematol. 12:339-344,

. Bain, J. M. 1957. Morphological, anatomical, and physiological
changes in the developing fruit of the Valencia orange, Citrus sinensis
(L.) Osbeck. Aust. J. Bot. 6:1-24.

. Baines, R. C., De Wolfe, T. A., Klotz, L. J., Bitters, W. P., Small,
R. H., and Garber, M. J. 1969. Susceptibility of six Poncirus trifoliata
selections and Troyer citrange to a biotype of the citrus nematode
and growth response on fumigated soil. (Abstr.) Phytopathology
59:1016-1017.

. Bello, A., Navas, A, and Belart, C. 1986. Nematodes of citrus-groves
in the Spanish Levante Ecological study focused to their control.
Pages 217-226 in: Proceedings of the Expert’s Meeting, Acireale,
March 26-29, 1985. Integrated Pest Control in Citrus-Groves. R.
Cavallora, and Di Martino, eds. A. A. Balkema Publishing Company,
Rotterdam, Netherlands.

. Castro, C. E., Belser, N. O., and Thomason, I. J. 1989. Quantitative
bioassay for chemotaxis with plant parasitic nematodes. Attractant
and repellent fractions for Meloidogyne incognita from cucumber
roots. J. Chem. Ecol. 15:1297-1309.

. Cohn, E. 1964. Penetration of the citrus nematode in relation to
root development. Nematologica 10:594-600.

. Cohn, E. 1965. On the feeding and histopathology of the citrus
nematode. Nematologica 11:47-54.

. Diez, J. A., and Dusenbery, D. B. 1989. Repellent fractures for root-
knot nematodes from exudates of host roots. J. Chem. Ecol. 15:2445-
2456.

. Duncan, A., and Klekowski, R. Z. 1975. Parameters of an energy
budget. Pages 97-147 in: Methods for Ecological Bioenergetics. W.
Grodzinski, R. Z. Klekowski, and A. Duncan, eds. [. B. P. Handbook
24. Blackwell Sci. Publ. Oxford, England.

. Duncan, L. W. 1989. Effect of fenamiphos placement on Tylenchulus
semipenetrans and yield in a Florida citrus orchard. Suppl. J. Nematol.
21:703-706.

. Duncan, L. W., and Cohn, E. 1990. Nematode parasites of citrus.
Pages 321-346 in: Plant Parasitic Nematodes in Subtropical and
Tropical Agriculture. M. Luc, R. A. Sikora, and J. Bridge, eds. CAB
Int., Wallingford, England.

. Duncan, L. W., and Eissenstat, D. M. 1993. Responses of Tylenchulus
semipenetrans to citrus fruit removal: Implications for carbohydrate
competition. J. Nematol. 25:7-14,

. Duncan, L. W., Ferguson, J. J., Dunn, R. A., and Noling, J. W.
1989. Application of Taylor’s Power Law to sample statistics of
Tylenchulus semipenetrans in Florida citrus. Suppl. J. Nematol.
21:707-711.

. Duncan, L. W., and Noling, J. W. 1988. Modeling population
dynamics of Tylenchulus semipenetrans in a flatwoods citrus grove.
(Abstr.) Soil Crop Sci. Soc. Fla, Proc. 47:250.

. Effland, M. J. 1977. Modified procedure to determine acid-insoluble
lignin in wood and pulp. TAPPI 60:143-144.

. Eissenstat, D. M., and Duncan, L. W. 1992, Root growth and carbo-

hydrate responses in bearing citrus trees following partial canopy

removal. Tree Physiol. 10:245-257,

Ferguson, J. J. 1991. Occurrence of citrus nematode in Florida.

PHYTOPATHOLOGY

21.

22

23.

24,

25.

26.

27.

28.

29.
30.
3l
32,

33.

34,

35,

36.

37

38.

39.

41.

42.

43,

44,

45.

(Abstr.) Hortscience 26:76.

Graham, J. H. 1990. Evaluation of tolerance of citrus rootstocks
to Phytophthora root rot in chlamydospore-infested soil. Plant Dis.
74:743-746.

Graham, J. H., and Timmer, L. W. 1992. Phytophthora diseases
of citrus. Pages 250-269 in: Plant Diseases of International Im-
portance. Vol. 3. Diseases of Fruit Crops. J. Kumar, H. S. Chaube,
U.S. Singh, and A. N. Mukhopadhyay, eds. Prentice-Hall, Englewood
Cliffs, NJ.

Hamid, G. A., Van Gundy, S. D., and Lovatt, C. J. 1988. Phenologies
of the citrus nematode and citrus roots treated with oxamyl. Pages
993-1004 in: Proc. 6th Congr. Int. Soc. Citriculture 1988. Vol. 2.
Diseases and Nematodes. R. Goren and K. Mendel, eds. Margraf
Publishers, Weikersheim, Germany.

Hohl, H. R. 1983. Nutrition of Phytophthora. Pages 41-54 in:
Phytophthora, Its Biology, Taxonomy, Ecology, and Pathology. D.
C. Erwin, S. Bartnicki-Garcia, and P. H. Tsao, eds. The American
Phytopathological Society, St. Paul, MN.

Inserra, R. N., Vovlas, N., and O’Bannon, J. H. 1980. A classification
of Tylenchulus semipenetrans biotypes. J. Nematol. 12:283-287.
Inserra, R. N., Vovlas, N., O’Bannon, J. H., and Esser, R. P. 1988.
Tylenchulus graminis n. sp. and T. palustris n. sp. (Tylenchulidae),
from native flora of Florida, with notes on T. semipenetrans and
T. furcus. J. Nematol. 20:266-287.

Kannwischer, M. E., and Mitchell, D. J. 1978. The influence of a
fungicide on the epidemiology of black shank of tobacco. Phyto-
pathology 68:1760-1765.

Kaplan, D. T., and O’Bannon, J. H. 1981. Evaluation and nature
of citrus nematode resistance in Swingle Citrumelo. Proc. Fla. State
Hortic. Soc. 94:33-36.

Klekowski, R. Z., Wasilewska, L., and Paplinska, E. 1972. Oxygen
consumption by soil-inhabiting nematodes. Nematologica 18:391-403.
Lutz, A., and Menge, J. 1986. Citrus root health II. Phytophthora
root rot. Citrograph 72(2):33-39.

Marschner, H. 1986. Mineral Nutrition of Higher Plants. Academic
Press, Inc., New York. 674 pp.

Mashela, P., Duncan, L. W., Graham, J. H., and McSorley, R. 1992,
Leaching soluble salts increases population densities of Tylenchulus
semipenetrans. J. Nematol. 24:103-109,

Nelson, N, 1944, A photometric adaptation of the Somogyi method
for the determination of glucose. J. Biol. Chem. 153:375-380.
O’Bannon, J. H. 1968. The influence of an organic soil amendment
on infectivity and reproduction of Tylenchulus semipenetrans on two
citrus rootstocks. Phytopathology 58:597-601.

O’Bannon, J. H., Radewald, J. D., and Tomerlin, A. T. 1972, Popu-
lation fluctuation of three parasitic nematodes in Florida citrus. J.
Nematol. 4:194-199.

O’Bannon, J. H., Reynolds, H. W., and Leathers, C. R. 1966. Effects
of temperature on penetration, development, and reproduction of
Tylenchulus semipenetrans. Nematologica 12:483-487.

Oliveira, M. L. 1990. Studies on the taxonomy, ecology, survival
and control of Phytophthora palmivora, P. capsiciand P. citrophthora
from cacao (Theobroma cacao L.) in Brazil. Ph.D. diss., Univ. CA,
Riverside. pp. 58-60.

Prasad, S. K., and Chawla, M. L. 1965. Observations on the popu-
lation fluctuations of citrus nematode, Tylenchulus semipenetrans
Cobb, 1913. Indian J. Entomol. 27:450-454.

Roe, J. H., Epstein, J. H., and Goldstein, N. P. 1949. A photometric
method for the determination of inulin in plasma and urine. J. Biol.
Chem. 178:839-845.

. Salem, A. A.-M. 1980. Observations on the population dynamics

of the citrus nematode, Tylenchulus semipenetrans in Sharkia Gover-
norate. Egypt. J. Phytopathol. 12:31-34,

Sandler, H. A., Timmer, L. W., Graham, J. H., and Zitko, S. E.
1989. Effect of fungicide applications on populations of Phytophthora
parasitica and on feeder root densities and fruit yields of citrus trees.
Plant Dis. 73:902-906.

Singleton, V. L., and Rossi, J. A., Jr. 1965. Colorimetry of total
phenolics with phosphomolybdic-phosphotungstic acid reagents. J.
Enology and Viticulture 16:144-158.

Smith, D. 1981. Removing and analyzing total nonstructural carbohy-
drates from plant tissue. Univ. WI, College of Agric. and Life Sci.
Publication R-2107.

Taylor, L. R. 1961. Aggregation, variance and the mean. Nature
(London) 189:732-735.

Timmer, L. W., Menge, J. A., Zitko, S. E., Pond, E., and Miller,
S. A. 1991. Comparison of ELISA with other assays for Phytophthora
spp. in citrus orchards in Florida and California. (Abstr.) Phyto-
pathology 81:1213.



46.

47.

48.

49.

50.

Timmer, L. W., Sandler, H. A., Graham, J. H., and Zitko, S. E.
1988. Sampling citrus orchards in Florida to estimate populations
of Phytophthora parasitica. Phytopathology 78:940-944,

Timmer, L. W., Zitko, S. E., Sandler, H. A., and Graham, J. H.
1989. Seasonal and spatial analysis of populations of Phytophthora
parasitica in citrus orchards in Florida. Plant Dis. 73:810-813.

Tsai, B. Y., and Van Gundy, S. D. 1989. Tolerance of proto-
anhydrobiotic citrus nematodes to adverse conditions. Rev. Nématol.
12:107-112.

Van Gundy, S. D., and Kirkpatrick, J. D. 1964. Nature of resistance
in certain citrus rootstocks to citrus nematodes. Phytopathology
54:419-427.

Van Gundy, S. D., and Martin, J. P. 1962. Soil texture, pH, and
moisture effects on the development of citrus nematode ( Tylenchulus

Sl

52.

53.
54.
55.

semipenetrans). (Abstr.) Phytopathology 52:31.

Van Gundy, S. D., Martin, J. P., and Taso, P. H. 1964. Some soil
factors influencing reproduction of the citrus nematode and growth
reduction of sweet orange seedlings. Phytopathology 54:294-299,
Van Gundy, S. D., Stolzy, L. H., Szuszkiewicz, T. E., and Rackham,
R. L. 1962. Influence of oxygen supply on survival of plant parasite
nematodes in soil. Phytopathology 52:628-632.

Vilardebo, A. 1964. Etude sur Tylenchulus semipenetrans Cobb au
Maroc I1. Al Awamia, Rabat 11:31-49,

Yeates, G. W. 1979. Soil nematodes in terrestrial ecosystems. J.
Nematol. 11:213-229.

Zitko, S. E., Timmer, L. W., and Castle, W. S. 1987. Survey of
Florida citrus nurseries for Phytophthora spp. Proc. Fla. State Hortic.
Soc. 100:82-85.

Vol. 83, No. 5, 1993 581



