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Dynamics of Belonolaimus longicaudatus Parasitism on a

Susceptible St. Augustinegrass Host'

RoBIN M. GIBLIN-DAvIS, PHILIP BUSEY, AND BARBARA ]J. CENTER®

Abstract: St. Augustinegrass (Stenotaphrum secundatum) cv FX-313 was used as a model laboratory
host for monitoring population growth of the sting nematode, Belonolaimus longicaudatus, and for
quantifying the effects of sting nematode parasitism on host performance in two samples of auto-
claved native Margate fine sand with contrasting amounts of organic matter (OM = 7.9% and 3.8%).
Following inoculation with 50 Belonolaimus longicaudatus per pot, nematodes peaked at a mean of
2,139 nematodes per pot 84 days after inoculation, remained stable through 168 days at 2,064
nematodes per pot, and declined at 210 days. The relative numbers of juveniles and adults dem-
onstrated senescence after 84 days. Root dry weight of nematode-inoculated plants increased briefly
to an apparent equilibrium 84 days after inoculation, whereas root weights of uninoculated controls
continued to increase, exceeding those of inoculated plants from 84 to 210 days (P < 0.01). At 210
days, uninoculated plants had 227% the root dry weight of inoculated plants. Transpiration of
FX-313 was reduced by nematodes (P < 0.0001) at 84 and 126 days after inoculation; reduction was
first observed at 42 days and last observed 168 days after inoculation (P < 0.05). OM content affected
all plant performance variables at multiple dates, and generally there were no inoculation X OM
content interactions. OM content had no effect on nematode numbers per pot, although there was
a slight (P < 0.05) increase in the number of nematodes per gram root dry weight in the low-OM soil
compared with the high-OM soil.
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St. Augustinegrass, Stenotaphrum secun-
datum (Walt.) Kuntze, is well adapted to
warm humid and subtropic regions and is
the most commonly planted turfgrass spe-
cies in Florida (1). The sting nematode, Be-
lonolaimus longicaudatus Rau, is highly
pathogenic to St. Augustinegrass (2) and
most other warm-season turfgrass species
(8). Ten B. longicaudatus/ 100-cm? soil is the
reported damage threshold for turfgrasses
(3). Recently, an ultradwart, diploid St.
Augustinegrass (FX-313) was shown to be
a highly suitable and susceptible host for B.
longicaudatus relative to three other diploid
St. Augustinegrass genotypes (2). FX-313
supported a large population (12,300
nematodes per g of root dry weight) of B.
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longicaudatus within 128 days of inocula-
tion, under laboratory conditions with ar-
tificially low light levels and moderate air
temperatures (27-33 C). FX-313 is there-
fore an excellent candidate laboratory host
for studying B. longicaudatus parasitism on
a susceptible turfgrass.

Soil type and composition have been
identified as major limiting factors for B.
longicaudatus reproduction (e.g., soils with
less than 80% sand are not suitable) (7,9).
Belonolaimus longicaudatus counts in field
plots of FX-313 at the Fort Lauderdale Re-
search and Education Center, Davie, Bro-
ward County, Florida, are inversely corre-
lated with the organic matter (OM) content
of native Margate fine sand (siliceous, hy-
perthermic, Mollic Psammaquent), and
plant performance is less affected by
nematode parasitism in soil with a higher
OM content (unpubl. data).

The purpose of this study was to use FX-
313 St. Augustinegrass as a model labora-
tory host for monitoring B. longicaudatus
population growth over time and for
quantifying the effects of sting nematode
parasitism on host performance in two
samples of autoclaved native Margate fine
sand with contrasting amounts of OM.
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Quantification of host performance was
assessed by destructive root and shoot har-
vests and a nondestructive measurement
of transpiration.

MATERIALS AND METHODS

Treatments involved a harvest factor
(harvested 42, 84, 126, 168, and 210 days
after inoculation) and two potential plant
establishment and performance factors:
nematode inoculum (inoculated vs. unin-
oculated) and OM content (low OM vs.
high OM). The resulting 20 combinations
were arranged in a randomized complete
block design with six replications. In addi-
tion to the 120 experimental units, a set of
12 uninoculated plants were also harvested
on the day of inoculation.

Washed aerial stolons of FX-313 were
harvested from a 6-year-old field plot and
planted in autoclaved (90 minutes at 121 C
at 103 kPa), 60-mesh sand in 26- X 52-mm
plastic trays for root development. Sprigs
(6-8 cm long) were terminal cuttings with
two or three nodes and weighed 1.03 =
0.04 (SD) g per sprig. After 14 days, sprigs
were transplanted to square tapered pots
(80 mm wide at the top, 60 mm wide at the
bottom, and 75 mm deep). At the time of
transplanting, sprigs averaged 1.8 g fresh
weight and had about five nodes, of which
three had newly initiated roots. Drainage
holes at the bottom of the pots were cov-
ered with an 85-mesh synthetic fabric,
which was mounted by means of Super 77
Spray Adhesive (3M Brand, St. Paul, MN).
Pots were filled with moist soil to within 15
mm of the top of each pot; the total com-
pacted soil volume in the pot at the end of
the experiment was 250 cm®. Sprigs were
planted with their roots distributed
throughout the soil and with the proximal
stolon node buried slightly. Soil type was
Margate fine sand (siliceous, hyperther-
mic, Mollic Psammaquent) from two dif-
ferent field areas, which differed primarily
in organic matter content, determined by
dichromate digestion (6). The high-OM
Margate fine soil sample was pH 6.5 and
contained 7.9% OM. The low-OM soil

sample was pH 6.5 and contained 3.8%
OM. Soil was sieved (2 mm), thoroughly
mixed, and autoclaved (90 minutes at 121
C at 103 kPa).

On 7 June 1991, after 23 days of trans-
plant rooting, pots were inoculated with B.
longicaudatus from a stock culture main-
tained on St. Augustinegrass. Nematodes
were extracted by centrifugal flotation (4)
and hand picked under a dissecting micro-
scope. Fifty B. longicaudatus, mostly adults,
in 2 ml water were pipetted into a single
10-mm-deep soil depression near the most
proximal rooted node. The mean satu-
rated pot weight was 421 g. Pots were
placed on a laboratory bench. Daily maxi-
mum and minimum temperatures aver-
aged 30.4 C = 0.9 SD and 25.6 C = 0.8
SD, respectively. Soil temperatures were
generally between 22 and 23 C. Photosyn-
thetic photon flux density was 138 pmole/
m? per second (ca. 7% of maximum sun-
shine at latitude 26° N) for 16 hours/day.
Plants did not cover the soil; thus, in order
to minimize evaporation from the soil, 0.4
g polystyrene nuggets were placed on the
soil surface of each pot. Pots were watered
every 3 days to within 400 * 5 g, and after
every harvest they were watered to excess,
to leach away possible salt buildup. With
few exceptions, plants were not allowed to
wilt. Pots were fertilized with 56 mg N per
pot, 3 days after inoculation, and with 19
mg N per pot after each harvest. Fertilizer
analysis was 0.2 N, 0.2 P,O;, 0.2 K,O, with
micronutrients, and was dissolved in 15 ml
water per pot. Plants were sprayed once to
runoff with fluvalinate at 157 mg a.i/liter
to control mites. Plants were trimmed pe-
riodically to remove stolons, which sur-
passed the edges of the pots. All trimmings
were weighed and added to the eventual
shoot harvest (below).

Transpiration was used as a noninvasive
method for quantifying plant perfor-
mance of inoculated versus uninoculated
FX-313. Quantification of evapotranspira-
tion (ET) began during the week before
each harvest. Individual pot ET was deter-
mined by weighing the pots daily for 3
days, followed by uniform rewatering and
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reweighing to 400 = 1 g. This procedure
was performed twice for each of the five
harvests, 42 to 210 days after inoculation.
Six pots with the plant cut off at the soil
level were used as a control to estimate soil
evaporation; their mean value, 3.7 g/pot/
day, was subtracted from all other pot val-
ues to provide an estimate of plant tran-
spiration per pot, which was calculated on
a daily basis. Because transpiration mea-
surements were similar in the two determi-
nations for each harvest, and to summarize
overall response, they were combined for
statistical analysis as repeated measures
within harvests.

For harvest, the soil was washed from
the root ball of each pot, and nematodes
were extracted from the entire soil volume
by centrifugation-flotation (4). Number of
nematodes (juveniles + adults) were
counted in an aliquant representing one-
half, one-eighth, or all of the sample, de-
pending on the harvest. For estimating the
total population, the number of nema-
todes counted was divided by the aliquant
fraction. For a random subsample of 100
nematodes, the number of juveniles (J2—J3
and J4) and of adults (males and females)
were counted separately, and their pro-
portion was used to estimate the total num-
ber of juveniles and adults in the total sam-
ple. Following nematode extraction, roots
were cut from the plant stolons. Roots and
shoots (leaves + stolons) were dried at
about 60 C for 72 hours and weighed.

Data for each of six harvests (0 to 210
days after inoculation) were analyzed sep-
arately by analysis of variance (10), pooling
the mean squares for blocks and interac-
tions with block. Variables analyzed were
number of nematodes per pot, root and
shoot weights (destructive harvest of 24
pots per harvest), and trimmings yield and
transpiration (diminishing from 120 pots
at 42 days to 24 pots at 210 days).

REsuLTS AND DISCUSSION

Belonolaimus longicaudatus reproduced
rapidly, reaching a maximum combined
mean of 2,139 nematodes (adults + juve-

niles) per pot for both high and low OM
content at 84 days after inoculation. The
nematode population thereafter remained
stable at 2,064 per pot through 168 days,
and then declined (Fig. 1A). There was no
effect of soil OM content on total number
of nematodes per pot. This suggests that
inverse correlations of B. longicaudatus
numbers with OM content in sandy soils
(with >80% sand) probably involved inter-
actions between OM and biological antag-
onists or other biotic factors destroyed
during autoclaving. Similarly, Rhoades
(unpubl.) observed that native muck soil
was repressive to B. longicaudatus growth
and reproduction, but was a suitable me-
dium when autoclaved.

Adult B. longicaudatus, which were in a
1:1.1 female:male sex ratio, increased con-
tinuously in number until 168 days and
then dropped in the low-OM soil, but lev-
eled off after 126 days in the high-OM soil
(Fig. 1B). In both soils, the proportion of
juveniles peaked at about 80% of the total
population at 84 days after inoculation and
declined gradually to less than 40% at 210
days. This decline was slightly faster in the
low-OM soil than in the high-OM soil. In
the low-OM soil, ]2—]3 and J4 densities in-
creased rapidly up to 84 days after inocu-
lation and declined thereafter (Fig. 1B). In
the high-OM soil (Fig. 1C), the density ver-
sus time plot for the J2—]3 stages of B. lon-
gicaudatus was similar to that observed for
the low-OM soil (Fig. 1B). However, the J4
density in the high-OM soil increased con-
tinuously until 168 days. This population
data suggests that B. longicaudatus was in a
growth and reproduction (expansion)
phase from 0 to about 84 days, followed by
senescence.

St. Augustinegrass root dry weight was
progressively reduced in nematode-
inoculated plants relative to uninoculated
controls, starting 84 days after inoculation
and continuing through 210 days. Abso-
lute values for root dry weight remained
constant or declined slightly from 84 to
210 days for inoculated plants (Fig. 2A),
whereas the root dry weight continued to
increase in uninoculated plants between 84
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Fic. . Response over time of Belonolaimus longi-
caudatus on FX-313 St. Augustinegrass. A) Nematode
numbers per pot (250 cm? soil volume) for successive
harvests in autoclaved Margate fine sand soil with
high OM (7.9% organic matter) and low OM (3.8%
organic matter). B) Population changes in different
life stages in low-OM soil. C) Population changes in
different life stages in high-OM soil. Curves connect
means of six observations * standard error for each
treatment combination for each harvest interval.

and 168 days. The plateau in root dry
weight of inoculated plants corresponded
to a stable phase in nematode population

(Fig. 1A), suggesting that density-
dependent equilibrium existed between 84
and 168 days after inoculation. In the
field, where other stresses can occur, B.
longicaudatus can cause stand thinning and
death of FX-313 about 2 years after estab-
lishment in soil fumigated with methyl
bromide (2). Density-dependent popula-
tion growth has been reported for B. lon-
gicaudatus in field-grown soybean in Flor-
ida (5) and for Belonolaimus sp. in corn in
southeastern Kansas (11), but not for B.
longicaudatus in corn in Florida (5).

Shoot weight was increased (P < 0.05) in
inoculated plants compared with controls
at 84 and 168 days after inoculation (Fig.
2B). Cumulative trimming weight was un-
affected except for a slight (P < 0.05) in-
crease at 126 days (data not shown). Plant
transpiration was reduced (P < 0.05) by
nematodes 42 days after inoculation, com-
pared with uninoculated plants (Fig. 2C).
Thus, reduced transpiration, which can be
observed nondestructively, was an early in-
dicator of other plant damage responses
that had to be measured destructively. The
reduction of transpiration by nematodes
was strongest (P < 0.0001) at 84 and 126
days after inoculation, and was last ob-
served 168 days after inoculation (P <
0.05). The tendency for reduced transpi-
ration in B. longicaudatus-parasitized
plants, despite the slight increase in shoot
biomass, indicates a possible resistance in
vascular conductance.

OM content affected all plant perfor-
mance variables at multiple dates of obser-
vation in both inoculated an uninoculated
pots. Shoot weight and transpiration were
greater (P < 0.01) in the high-OM soil than
in low-OM soil from 42 to 210 days after
inoculation. Root weight was greater (P <
0.01) in the high-OM soil 126 and 210 days
after inoculation and was slightly greater
(P < 0.05) on the day of inoculation. Trim-
mings were increased in the high-OM soil
compared with the low-OM soil from 42 to
126 days after inoculation.

Several performance ratios are interest-
ing. Nematode number per g root dry
weight was consistently greater in the low-
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Fic. 2. FX-313 St. Augustinegrass performance
indicators over time in response to Belonolaimus lon-
gicaudatus inoculum. A) Root dry weight B) Shoot dry
weight. C) Transpiration. Curves connect means of
12 observations * standard error for each treatment
combination for each harvest interval, except for
transpiration data where the n for means declined in
increments of 12 for each harvest interval (n = 60 at
42 days to n = 12 at 210 days). High- and low-OM
content treatments were pooled.

OM soil (Fig. 3A). When analyzed over
time, this effect was significant (P < 0.05).
The maximum value, 3,733 nematodes
per gram root dry weight, was less than the
12,300 previously observed in FX-313 (2).
This difference may be attributed to the
higher temperature or other factors that
prevailed in the previous study (2). The
relative effect of inoculum on root dry
weight [100% X (inoculated — uninocu-
lated)/uninoculated] showed a progres-
sively more severe divergence after 42
days (Fig. 3B). By 210 days, uninoculated
root dry weight was 227% of inoculated
root dry weight. At 126 days, roots in the

+ 5000
[o}
2 { A
o 4000 +
o)
~ |
o)
8| 3000} lic}/l\
9 | — % %
3| 2000} \
0 .
0 ®
o o ® High OM *
E 1000 /g O Low OM
ml e .
Q 20 é Shoots B
[

5 oIS
© 20
= _ogl
:: %\Roots
2 407 ¢
L] 5 +\g
D —60 ® High OM 19—
o o Low OM 1

-80 .

0 42 B84 126 188 210
Days after inoculation

F1G. 3. Performance ratios derived from Belono-
laimus longicaudatus and FX-313 St. Augustinegrass
responses over time. A) Nematode density relative to
root dry weight. B) Relative effect of nematode inoc-
ulum on root and shoot dry weight [100% X (inocu-
lated — uninoculated)/uninoculated]. Curves connect
means of six observations * standard error for each
treatment combination for each harvest interval.
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low-OM soil were more reduced (P < 0.05)
by nematodes, relative to controls, than
those in the high-OM soil (Fig. 3B). There
was no other inoculation X OM content
interaction for any other variable through-
out the study.

Physical differences between the two
soils might explain plant performance dif-
ferences. At the rewatering weight of 400
g, the high-OM soil had 94 g plant avail-
able water holding capacity (difference
from wilted pot weight), compared with
only 69 g for the low-OM soil. Soil porosity
would also be expected to differ. Despite
the obvious soil physical differences, and
their direct effect on plant performance,
their interaction with nematode stress was
slight compared with the differences ob-
served in unautoclaved soil in the field,
where other biotic factors may have been
present.

St. Augustinegrass grows vegetatively by
stolons and is a perennial crop managed
for many years. In an annual crop there
are discrete starting and stopping points
(benchmarks) to associate plant perfor-
mance with the dynamics of a nematode
species. This allows for the development of
damage threshold models. Typically, a
count of nematodes from soil is taken at
the time of planting and is used for pre-
dictions of nematode numbers or yield re-
ductions at harvest, which can feed back
into management decisions (5,11). Unfor-
tunately, there are no easy benchmarks for
the perennial turfgrass ecosystem. A pe-
rennial lawn is composed of many plants
of different ages juxtaposed over soil with
slightly different composition and patches
of different below-ground parasites (e.g.,
B. longicaudatus). Turfgrass is slow to show
the damage from root defoilation unless
stressed, and by the time above-ground
symptoms are distinctive, nematode counts
can often be used only as a retrospective
sign. Much more research is needed to elu-
cidate how different biotic and abiotic vari-

ables affect the population dynamics of B.
longicaudatus in turfgrass.

FX-313 was an excellent model labora-
tory host for research on the population
dynamics of B. longicaudatus and should be
useful for future expanded studies on
host-plant resistance, biological antago-
nists, and pesticide evaluations for the
management of the sting nematode.
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