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Damage Potential and Reproduction of Belonolaimus 
Iongicaudatus and Hoplolaimus galeatus on Alyceclover 

P. MASHELA, 2 R. McSORLEY, 3 ANn L. W. DUNCAN 2 

Abstract: Alyceclover (Alysicarpus spp.) is an annual, high-quality leguminous forage, suitable for 
production under tropical and subtropical climates where the husbandry of  conventional legumi- 
nous forages, Trifolium spp., is uneconomical. The damage potential and reproduction of Belonolai- 
raus longicaudatus and Hoplolaimus galeatus on alyceclover were studied under greenhouse conditions, 
using sand and sandy clay loam soil materials, respectively. Both nematode species reproduced on 
alyceclover, but only B. longicaudatus was pathogenic. Symptoms of B. longicaudatus damage were 
suppression of  shoot yield, limited root system, stunting, incipient wilting, and occasional seedling 
mortality. In one experiment, the threshold-damage density was three nematodes/100 cm S sand, 
whereas in the other experiment it was zero nematodes. 

Key words: Alysicarpus spp., damage threshold, lance nematode, leguminous forage, nematode, 
sting nematode, susceptible host, tolerant host. 

Traditional perennial leguminous for- 
ages, Trifolium spp., are not adapted to the 
high temperatures of subtropical and trop- 
ical regions of  the world (2), whereas alyce- 
clover (Alysicarpus spp.), a leguminous for- 
age with few reported economic pests, is 
adapted to subtropical and tropical condi- 
tions, including much of the southeastern 
United States (2). Breeding and selection 
for forage quality and early maturity at the 
University of  Florida, Gainesville, culmi- 
nated with the 1985 release of an early- 
matur ing A. vaginalis (L.) DC genotype 
FL-5 (3). However, this cultivar is suscep- 
tible to damage by the root-knot nema- 
todes, particularly Meloidogyne incognita 
(Kofoid & White) Chitwood, which is pre- 
dominant  in much of  the southeastern 
United States (3). Screening for resistance 
to Meloidogyne spp. using genotypes with 
established forage quality showed that a 
late-maturing a. ovalifolius (Schumach) J. 
Leon genotype FL-3 possessed some resis- 
tance to M. incognita, resulting in its 1989 
release as a line resistant to root-knot  
nematodes (1). 

During seed increase of alyceclovers FL- 
1, FL-2, and FL-3, it was observed that 
plant growth of  all three genotypes was 

Received for publication 26 November 1991. 
1 Florida Agricultural Experiment Station Journal Series 

No. R-01964. 
Graduate Assistant and Associate Professor, Citrus Re- 

search and Education Center, University of Florida-IFAS, 
700 Experiment Station Road, Lake Alfred, FL 33850. 

3 Professor, University of Florida-IFAS, Entomology and 
Nematology Department, Gainesville, FL 32611. 

438 

unthrifty in certain portions of  a field (11). 
Subsequent surveys showed that popula- 
tion densities of the sting nematode, Be- 
lonolaimus longicaudatus Rau, and the lance 
nematode, Hoplolaimus galeatus (Cobb) Fil- 
ipjev & Schuurmans Stekhoven, were high 
in portions of  the field with sand and 
sandy clay loam soils, respectively (11). In- 
verse relationships between B. longicauda- 
tus population densities and alyceclover 
yield over two growing seasons were con- 
sistent with pathogenicity, whereas H. gale- 
atus population densities were directly re- 
lated to yield (11). However, the effects of  
sand content on both nematode levels and 
crop yield did not allow a definitive con- 
clusion that either nematode adversely af- 
fected alyceclover yield (11). The  two par- 
asites are widely distributed in parts of  the 
southeastern United States (10,14). Belono- 
laimus longicaudatus is a serious pathogen to 
certain fruit and aesthetic trees, vegeta- 
bles, and field crops in this region (14). 
The damage potential of  either nematode 
to alyceclover has not been studied. Be- 
cause alyceclover has the potential of  being 
a s u m m e r  forage  in the  sou theas te rn  
United States, this study was initiated to 
test the damage potential of  B. longicauda- 
tus and H. galeatus to M. incognita-resistant 
cultivar FL-3 in the greenhouse. 

MATERIALS AND METHODS 

Seeds of FL-3 were planted in polysty- 
rene trays on steamed fine sand (91% 
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sand, 3% silt, and 6% clay; 1.2% OM, pH 
6.0) collected from alyceclover field plots 
with high population levels of  B. longicau- 
datus. Five seedlings at the four-leaf stage 
were transplanted into 15-cm-d clay pots, 
each containing 550 cm 3 of  this soil. Seed- 
lings were selected for  uniformity and 
thinned to two plants/pot 1 week after 
transplanting. 

The  B. longicaudatus population for in- 
oculum was mass-reared on be rmuda-  
grass, Cynodon dactylon (L.) Pets., in the 
g reenhouse .  Nema todes  for  inoculum 
were separated from soil a day after thin- 
ning the test plants by the Bae rmann  
method (16) and grouped in a geometric 
series (0, 4, 16, 64, and 256 specimens/vial) 
in 10 ml water. To insure that both nema- 
tode sexes were present in the lower initial 
population densities (Pi) 4 and 16, 2 and 4 
males, respectively, were included; the bal- 
ance were female. The control plants were 
inoculated with nematode inoculum fil- 
trate (25-1xm-pore sieve) to establish con- 
sistency in case any microorganisms were 
associated with this pathogen. 

Seedlings were inoculated by pouring 
nematodes in the 10 ml of  water into a 
5-cm-deep hole between the two seedlings. 
Each infestation level was replicated five 
times, and pots were arranged in a com- 
pletely randomized design on the green- 
house bench. Greenhouse temperatures  
averaged 31 C (28-35 C) maximum and 26 
C (24-27 C) minimum. Seedlings were ir- 
rigated daily with 100 ml of  tap water and 
fertilized weekly with 100 ml of  liquid fer- 
tilizer, prepared by dissolving 4 g of  0:10: 
20 (N:P205:K20) in 1 liter water. 

Six weeks after inoculation, shoots were 
excised at the soil surface, weighed, and 
measured for length. Pot contents were 
spread in a large plastic container, roots 
were collected and rinsed in water, and ex- 
cess water was removed by pressing the 
roots between paper towels prior to weigh- 
ing. Severed withered rootlets found in the 
soil were not weighed. The  nematodes 
were extracted from a representative sub- 
sample of  100 cm a soil by sieving and cen- 
trifugation (7), and counts were reported 

as specimens/550 cm 3 sand. The  experi- 
ment was repeated once. 

The H. galeatus and B. longicaudatus ex- 
periments were conducted concurrently in 
the same greenhouse. Seeds of FL-3 were 
planted in polystyrene trays on steamed 
sandy clay loam (74% sand, 22% clay, and 
4% silt; 1.2% OM, pH 6.0) collected from 
alyceclover field plots with high popula- 
tion levels of  H. galeatus. The nematodes 
for inoculum were collected from the same 
plots and separated from soil using the 
Baermann tray method (16). Other mate- 
rials, methods, and experimental condi- 
tions were as described for B. longicaudatus. 
The experiment also was repeated once. 

The damage potential o f  each nematode 
to FL-3 was tested by linear regression (9) 
o f  yield variables on the t r ans fo rmed  
n e m a t o d e  Pi values,  lOgl0(Pi + 1.0), 
whereas host status to either nematode was 
tested by regressing log10 (Pf + 1.0) on 
log10 (Pi + 1.0). Shoot yield and untrans- 
formed Pi of  B. longicaudatus were fitted to 
Seinhorst's (17) equation: 

Y = m + (1 - m)z (P-T) f o r P > T ,  

where Y = relative yield, the yield at a 
given Pi level divided by the yield in the 
absence of  nematodes;  m = minimum 
yield, the average plant growth at very 
high nematode population densities; z = 
the slope-determining variable, the pro- 
portion of  plant undamaged in the pres- 
ence of  parasitism by a single nematode; P 
= nematode population density per unit 
of  soil or root; and T = the tolerance limit, 
the nematode population density below 
which yield suppression is unmeasurable. 
Estimates for m, T, and z were derived 
from the least sums of  squared residuals 
using a computer  algor!thm (6). 

RESULTS AND DISCUSSION 

Fresh shoot or  root weights and plant 
heights were negatively correlated with 
logl0 (Pi + 1.0) of  B. longicaudatus levels 
(Table 1). The strongest correlations oc- 
curred between nematode Pi and shoot 
weights ,  fo l lowed by those  for  p lan t  
heights and root weights. 
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TABLE 1. Linear regression models relating fresh shoot and root weights (g) and shoot heights (cm) of 
alyceclover FL-3 to log10 (Pi + 1.0) of Belonolaimus longicaudat**s on sand. 

Experiment 1 Experiment 2 

Model r Model r 

Shoot = 1.129 - 0.417x -0.89** Shoot = 17.081 - 5.459x -0.85** 
Root = 0.847 - 0.320x -0.88** Root = 1.142 - 0.389x -0.56* 
Height = 10.620 - 2.942x -0.81"* Height = 20.043 - 5.735x -0.71"* 

Data are means of five replicates. 
** Significant at P ~< 0.05, *P ~< 0.10. 

Belonolaimus longicaudatus was d a m a g i n g  
to alyceclover FL-3 u n d e r  the condit ions o f  
these studies.  T h e  Seinhors t  mode l  (17) 
sugges ted  the T values ( tolerance limit) o f  
zero and  th ree  B. longicaudatus nematodes /  
100 cm a sand  fo r  the  two expe r imen t s ,  
with m i n i m u m  yields (m) of  0.5 and  0.6 
(Fig. 1A). Similar  low T values (1-2 B. long- 
icaudatua nematodes /100  cm 3 soil) were  re- 
po r t ed  fo r  peanut ,  cot ton,  corn,  and  soy- 
bean  (16). T h e s e  low T values reflect  the 
asser t ion that  this n e m a t o d e  is an aggres-  
sive p lant  p a t h o g e n  (14). T h e  pa thogen ic  
s y m p t o m s  o n  FL-3 inc luded  suppress ion  
o f  yield and  roo t  systems, s tunt ing,  occa- 
s ional  s eed l ing  mor ta l i ty ,  a n d  inc ip ien t  
wilting. 

Inc ip ien t  wilting, which p r e c e d e d  seed- 
ling mortal i ty ,  was c o m m o n  at Pi = 256 
nematodes .  Because some seedlings could 
not  r ecover  f r o m  the wilting stress ove r  a 
per iod  o f  t ime, the du ra t ion  o f  the studies 
was l imi t ed  to 8 weeks  a f t e r  p l an t ing ,  
which is ha l f  the g rowing  t ime for  FL-3 
u n d e r  field condit ions.  Soils infested with 
this p a t h o g e n  c o n t a i n e d  n u m e r o u s  sev- 
e r ed  wi the red  rootlets.  Because n u m b e r s  
o f  similar  rootlets  were  negligible in non-  
infes ted  soils, this observa t ion  may  con- 
f i rm Christ ie 's  (4) f inding  that  this parasi te  
girdles the roo t  tips d u r i n g  feeding,  which 
eventual ly  b r e a k  o f f  at ma tu ra t ion .  T h e  
la t te r  m a y  pa r t ly  exp la in  the  res t r ic ted  
roo t  system, which  in t u r n  clarifies the  
s tun ted  g rowth ,  s u p p r e s s e d  shoot  yield, 
and  (or) incipient  wilting obse rved  in these 
studies. 

Hoplolaimus galeatus did  no t  d a m a g e  
alyceclover u n d e r  the  condit ions o f  these 
studies (data no t  shown).  Measurab le  yield 

suppress ion  due  to H. galeatus feed ing  was 
not  detected on  cot ton (8), corn  (13), and  
s o m e  v e g e t a b l e s  (12,15),  a l t h o u g h  the  
plants  s u p p o r t e d  h igh  popu la t ion  levels o f  
this parasite.  

~:~ 1 ,2  ( 

. ~  1 .0 ' 
> -  

0 . 8  ® 

->- 0 . 6  

o 0 . 4  

C~ 0 . 2  

A 

Exp 1, Y/4.&9 = 0.48 + 0.52(0 97) p-° r = 0.7 

= + 7 P-15 r ~ -~ Exp. 2. Y /4 .18  0.61 0.~9(0,9 ) , = 0.89 
i I 

4 16 64 256 

3 . 6  

LnitioL Populot ian Density 

~"  3.0 

2.4 q- 
~- 1.8 

o l . 2  

0.6 

0.0 

,3.6 

~ J / -  C 1 

0.6 1.2 1.8 2.4 
Lo91o(Pi + 1.0) 

0 5 . 0  C & 

+ 2.4 t ~- 1.8 - 

1.2 

{ 
0 , 0  0 . 6  1 ,2  1 .8  2 . 4  

Logqo(P; + q,O) 

FIG. 1. Relationships between initial population 
densities (nematodes/550 cm s sand) and final densi- 
ties or yield on alyceclover FL-B in two greenhouse 
experiments. A) Initial density of Belonolaimus l~ngi- 
caudatus and relative yield (fresh shoot weight) of 
alyceclover. B) Initial and final densities of B. longi- 
caudatus. C) Initial and final densities of Hoplolaimus 
galeatus. 
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At Pi > 0, the Pf for B. longicaudatus (Fig. 
1B) and H. galeatus (Fig. 1C) were above 
the maintenance line, Pf  = Pi (19), except 
for H. galeatus at Pi = 256 nematodes in 
Experiment 1. The  final population den- 
sity curves, log10 (Pf + 1.0), versus the ini- 
tial population density curves, log10 (Pi + 
1.0), for B. longicaudatus remained roughly 
parallel to the maintenance line as Pi in- 
creased within the inoculum range, dura- 
tion, and conditions of  these studies. In H. 
galeatus, the two curves increased to a "ceil- 
ing level" (18,20), and, in Experiment 1, 
eventually transected the maintenance line 
at the equilibrium point, "E" (18,20). For 
both nematode species, the Pf versus Pi 
curves for experiments 1 and 2 have more 
or less equal slopes, which represent the 
maximum reproduction rate, "a" (20). 

In B. longicaudatus, "E" may be very high 
on alyceclover, because it was not attained 
under  the conditions of  our  studies. Be- 
cause the higher Pi levels of  B. Iongicauda- 
tus resulted in seedling mortality before 
"E" was reached, this situation may suggest 
an unadaptability in the host-parasite inter- 
action of  alyceclover and B. longicaudatus. 

The apparently high "E" and "a" values 
for B. longicaudatus and H. galeatus on FL-3 
suggest that alyceclover is a good host to 
both nematode species. However, because 
alyceclover did not incur damage while 
sustaining population densities of H. gale- 
atus, it may be designated a tolerant host 
(5). Conversely, alyceclover is a susceptible 
host to B. longicaudatus because population 
densities were sustained at the expense of  
yield loss (5). 
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