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Dynamics of Belonolaimus Iongicaudatus Parasitism on a 
Susceptible St. Augustinegrass Host 1 

ROBIN M.  GIBLIN-DAvIS,  PHILIP BUSEY, AND BARBARA J. CENTER 2 

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 Belonolaimu~ 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 × 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. 

Key words: Belonolairnus longicaudatu~, nematode, population dynamics, resistance screening, soil 
organic matter, St. Augustinegrass, Stenotaphrum secundatum, sting nematode, turfgrass. 

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/lOO-cm 3 soil is the 
reported damage threshold for turfgrasses 
(3). Recently, an ultradwarf, 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 
suppor ted  a large populat ion (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 pe r fo rmance  is less af fec ted  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 
populat ion growth over t ime 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-ram 
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 3. Sprigs were 
p l a n t e d  with the i r  roo t s  d i s t r i b u t e d  
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 ~mole/ 
m 2 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 P205, 0.2 K20 , 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 
me thod  for  quant i fy ing  plant  per for -  
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  
n e m a t o d e s  ( 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- 
pie. 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 dest royed 
dur ing 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, J2-J3  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-J3  stages ofB.  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 r ep roduc t ion  (expansion)  
phase from 0 to about 84 days, followed by 
senescence. 

St. Augustinegrass root dry weight was 
p rog re s s ive ly  r e d u c e d  in n e m a t o d e -  
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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FIG. i. Response over time of Belonolairaus longi- 

caudatus on FX-313 St. Augustinegrass. A) Nematode 
numbers per pot (250 cm 3 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 o f  inoculated plants corresponded 
to a stable phase in nematode population 

(Fig.  1A), s u g g e s t i n g  t ha t  d e n s i t y -  
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 (i 1), 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- 
ra t ion  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- 



436 Journal of Nematology, Volume 24, No. 3, September 1992 

OM soil (Fig. 3A). When analyzed over 
, A time, this effect was significant (P < 0.05). 
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FIG. 2. FX-313 St. Augustinegrass performance 

indicators over time in response to Belonolaimu3 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 
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F~G. 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% × (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 mo r e  r educed  (P < 0.05) 
by nematodes ,  relat ive to controls,  t han  
those in the h igh-OM soil (Fig. 3B). T h e r e  
was no  o the r  inoculat ion × OM content  
interact ion for  any o the r  variable th rough-  
out  the study. 

Physical d i f f e r e n c es  be tween  the  two 
soils might  explain plant  pe r fo rmance  dif- 
ferences.  At the rewater ing  weight o f  400 
g, the h igh-OM soil had  94 g plant  avail- 
able wate r  ho l d i n g  capaci ty  (d i f f e rence  
f r om wilted pot  weight), c o m p a r e d  with 
only 69 g for  the low-OM soil. Soil porosi ty 
would also be expec ted  to differ .  Despite 
the obvious soil physical differences,  and 
their  direct  effect  on  plant  pe r fo rmance ,  
their  interact ion with nema tode  stress was 
slight c o m p a r e d  with the d i f ferences  ob- 
served in unautoc laved  soil in the field, 
where  o the r  biotic factors may have been  
present .  

St. August inegrass grows vegetatively by 
stolons and  is a perennia l  c rop  managed  
for  many  years. In  an annual  c rop  there  
are discrete start ing and s topping points 
(benchmarks )  to associate p lant  pe r fo r -  
mance  with the dynamics o f  a nema tode  
species. This  allows for  the deve lopmen t  o f  
d a m a g e  t h r e s h o l d  models .  Typical ly ,  a 
count  o f  nematodes  f rom soil is taken at 
the t ime o f  plant ing and  is used for  pre-  
dictions o f  n e m a t o d e  number s  or  yield re- 
duct ions at harvest,  which can feed back 
into m a n a g e m e n t  decisions (5,11). Unfor -  
tunately,  there  are no easy benchmarks  for  
the perennia l  turfgrass  ecosystem. A pe- 
rennial  lawn is composed  o f  many  plants 
o f  d i f fe ren t  ages j ux taposed  over  soil with 
slightly d i f fe ren t  composi t ion and  patches 
o f  d i f fe ren t  be low-ground parasites (e.g., 
B. longicaudatus). Tur fg rass  is slow to show 
the damage  f rom root  defoi lat ion unless 
stressed, and  by the t ime above -g round  
symptoms are distinctive, nema tode  counts  
can of ten  be used only as a re t rospect ive 
sign. Much m o r e  research is n e e d e d  to elu- 
cidate how d i f fe ren t  biotic and abiotic vari- 

ables affect  the popula t ion  dynamics o f  B. 
longicaudatus in turfgrass.  

FX-313 was an excellent  model  labora- 
tory host fo r  research on  the popula t ion  
dynamics o f  B. longicaudatus and  should be 
usefu l  fo r  f u t u r e  e x p a n d e d  studies on  
hos t -p lan t  resistance,  biological  an tago-  
nists, and  pest ic ide evalua t ions  for  the  
m a n a g e m e n t  o f  the sting nematode .  

LITERATURE CITED 

1. Busey, P., and B. L. Coy. 1988. Vulnerability of 
St. Augustinegrass to the southern chinch bug. Pro- 
ceedings of the Florida State Horticultural Society 
101:132-135. 

2. Busey, P., R. M. Giblin-Davis, C. W. Riger, and 
E. I. Zaenker. 1991. Susceptibility of diploid St. Au- 
gustinegrasses to Belonolaimus longicaudatus. Supple- 
ment to the Journal of Nematology 23:604--610. 

3. Dunn, R.A. 1987. Turf nematodes: Diagnosis 
and control for turf maintenance professionals. 
Nematology Plant Protection Pointer 18, Institute of 
Food and Agricultural Sciences, University of Flor- 
ida, Gainesville. 

4. Jenkins, W.R. 1964. A rapid centrifugal- 
flotation technique for separating nematodes from 
soil. Plant Disease Reporter 48:692. 

5. McSorley, R., and D. W. Dickson. 1989. Effects 
and dynamics of a nematode community on soybean. 
Journal of Nematology 21:490-499. 

6. Nelson, D. W., and L. E. Sommers. 1982. Total 
carbon, organic carbon, and organic matter. Pp. 539- 
580 in A. L. Page, R. H. Miller, and D. R. Keeney, 
eds. Methods of soil analysis: Part 2, Chemical and 
microbiological properties, 2nd ed. American Society 
of Agronomy, Madison, WI. 

7. Perry, V. G., and H. L. Rhoades. 1982. The ge- 
nus Belonolaimus. Pp. 144-149 in R. D. Riggs, ed. 
Nematology in the southern region of the United 
States. Southern Cooperative Series Bulletin 276, Ar- 
kansas Agricultural Experiment Station, Fayetteville. 

8. Perry, V. G., G. C. Smart, Jr., and G. C. Horn. 
1970. Nematode problems of turfgrasses in Florida 
and their control. Proceedings of the Florida State 
Horticultural Society 83:489-492. 

9. Robbins, R. T., and K. R. Barker. 1974. The ef- 
fects of soil type, particle size, temperature, and mois- 
ture on reproduction of Belonolaimus longicaudatu~. 
Journal of Nematology 6:1-6. 

10. SAS Institute Inc. 1988. SAS/STAT user's 
guide, release 6.03 edition. Cary, NC: SAS Institute 
Inc. 

11. Todd, T.C. 1989. Population dynamics and 
damage potential ofBelonolaimus sp. on corn. Supple- 
ment to Journal of Nematology 21:697-702. 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

