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Impact of Surfactants on Control of the Root Weevil 
D i a p r e p e s  a b b r e v i a t u s  Larvae with S t e i n e r n e m a  r iobrav is  1 

W.J. SCHROEDER 2 AND P.J. SIEBLIRTH 3 

Abstract: A filter paper  bioassay was developed for testing the efficacy of nematodes and other  agents 
for control of  Diaprepes abbreviatus larvae. Surfactants, with and without Steinernema riobravis, were 
screened first in the filter paper  bioassay and then in a potted citrus seedling study. The results of the 
two assays were in agreement  on the relative merits of  the compounds  tested. Surfactants increased larval 
mortality at 4 days for the filter paper  bioassay and 1 week for the potted plant bioassay. At 8 days for 
the filter paper  bioassay and 2 weeks for the potted plant bioassay, nematodes alone were equal to 
treatments of nematodes plus surfactants. 
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The  root  weevil Diaprepes abbreviatus (L.) is 
an impor tan t  pest  o f  sugarcane, citrus, and 
ornamenta l s  in the West Indies (Wolcott, 
1933). In 1964, D. abbreviatus was first de- 
t e c t e d  in the  U n i t e d  States  in c en t r a l  
Florida. By 1995, 25,000 ha of  citrus as well 
as 94 commerc ia l  citrus and  o r n a m e n t a l  
nurseries th roughou t  the state were infested 
(Hall, 1995). The  subter ranean  root-feeding 
larvae are the pr imary cause of  plant  injury 
and  decline; the adults feed on foliage and  
cause only mino r  damage.  Spread of this ex- 
otic weevil f rom the original infestation near  
Apopka,  Florida, was probably  as larvae in 
soil, adult  weevils with plants, egg masses on 
leaves, and,  to a l imited extent,  flying adult  
weev i l s  ( B e a v e r s  a n d  S e l h i m e ,  1978;  
Schroeder  and Beavers, 1977). 

Rhabdit id nematodes  of  the family Stein- 
e rnemat idae  and  Hete rorhabdi tae  are lethal 
to a b road  range of  economically impor tan t  
insect pests (Gaugler  and  Kaya, 1990; Poi- 
nar, 1971). Several species have been  evalu- 
ated for  control  o f  D. abbreviatus larvae in 
soil with encourag ing  results (Schroeder ,  
1987b, 1992). Recently, Steinernema riobravis 
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(Cabanillas et al., 1994) was isolated f rom 
the Lower Rio Grande Valley in Texas, para- 
sitizing the corn  ea rworm Helicoverpa zea 
(Boddie) and  the fall armyworm Spodoptera 

frugiperda (J. E. Smith)  (Rauls ton et  al., 
1992). Steinernema riobravis was more  effec- 
tive than S. carpocapsae Weiser as a biological 
control  agent  against D. abbreviatus larvae 
(Schroeder,  1994). 

The  effect o f  pesticides on n e m a t o d e s  
used for  the biological  contro l  of  insect  
pe s t s  has  b e e n  t h o r o u g h l y  e v a l u a t e d  
(Gaugler and  Campbell ,  1991; Ishibashi and  
Takii, 1993; Rovesti and  Deseo, 1990; Zim- 
m e r m a n  and Cranshaw, 1990). In this study 
surfactants used to improve the efficacy of  
pesticides were examined.  Surfactants also 
have been  used to increase efficacy of  bio- 
logical control  agents, including increased 
penet ra t ion  of  bacteria into weeds for bio- 
logical control  (Zidack et al., 1992). Insect  
control  of  an aphid  also was enhanced  by 
the use of  surfactants (Imai et al., 1994). 
Efficacy of  biological control  agents is usu- 
ally less than  that  ob ta ined  with conven- 
tional pesticides. To a t tempt  to increase the 
efficacy of nematodes ,  Diaprepes larvae were 
exposed to nematodes  in a solution contain- 
ing a surfactant. This study compares  the 
efficacy of  S. riobravis with and  without the 
addit ion of  a surfactant for control  of  D. ab- 
breviatus larvae. 

MATERIALS AND METHODS 

Nematodes: S. riobravis t ha t  h a d  b e e n  
reared  in vivo in H. zea were obta ined f rom 
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H . E .  Cabanil las,  USDA, ARS, Weslaco,  
Texas. The  nematodes  were stored on  ex- 
panded  foam in T-flasks at 10 °C. 

Surfactant toxicity to nematodes: Ten ml of  
distilled water with 7,000 nematodes  was 
placed in each of  four 200-ml beakers. The  
toxicity of  three surfactants--Agri-SC (Four 
Star, Inc., Bltfli'ton, IN), Silwet L-77 (Union 
Carbide Chemical and Plastic Co., Danbury, 
CT),  and  T e g o p r e n e  5840 (Goldschmidt  
Chem. Corp., Hopewell,  VA)--were tested 
by adding them at a concentra t ion of  0.05% 
(v/v). No surfactant was added to the con- 
trol. Mortality was assessed at 1 and 7 days 
unde r  a microscope to de termine  nematode  
infection. 

Weevil larvae: D. abbreviatus were reared on 
diet (Beavers, 1982) and were 3 weeks old 
when used in the laboratory filter paper  bio- 
assay and 4 months  old in the pot ted seed- 
ling study (Schroeder,  1987a). The  average 
weight of  the larvae was 0.06 g for 3-week-old 
larvae and 0.4 g for  4-month-old larvae. 

Laboratory filter paper bioassay: Filter paper  
3 cm in diameter  was placed in 3.5-cm petri 
dishes. Filter paper  was soaked with 300 pl of  
water containing the following treatments: 
water only; 200 infective juveniles (IJ); sur- 
factants at 0.1% (v/v) for  the dishwashing 
detergent  (Dawn, Proctor  and Gamble, Cin- 
cinnati, OH),  0.05% (v/v) for  the organo- 
silicone surfactants Silwet L-77, Tegoprene  
5840, and Kinetic (Helena Chem. Co., Mem- 
phis, TN), and 3% (w/v) of  the water reten- 
t ion  c o m p o u n d  c a r b o x y m e t h y l c e l l u l o s e  
(Cell-U-Wet Creative Services, Michigan 
City, IN). Each t rea tment  was with and with- 
out  nematodes.  Artificial diet (1 cm 3) was 
added to each petri  dish. Each t reatment  
was replicated five times, with one  larva per  
dish and 10 dishes per  replicate. Dishes were 
incubated in the dark at 32 °C in a moisture 
chamber  at 90% humidity. Mortality was re- 
corded at 4 and 8 days. 

Potted plant bioassay: Sour orange (Citrus 
aurantium L.) seedlings were planted in 15- 
cm diameter  pots filled with 2 liters of  three 
parts Florida peat  and one  part  coarse build- 
er's sand (v/v). Plants were maintained out- 
side u n d e r  ambient  conditions at 22-30 °C 
and watered as needed.  Ten  D. abbreviatus 

larvae were placed 10 cm below the soil sur- 
face of  each pot. After 1 week, the following 
treatments were added to the pots in 25 ml 
of  distilled water: S. riobravis at the rate of  9 
nema todes / cm ~ of  soil, 0.05% ammonium 
laureth sulfate (Agri-SC) and the organosili- 
cone  surfactants (Silwet L-77, Teg o p ren e  
5840, and Kinetic), 0.1% dishwashing deter- 
gent  (Dawn), and  3% (w/v) of  carboxy- 
methylcellulose (Cell-U-Wet). All treatments 
were with and without nematodes.  The  soil 
was removed f rom the pots after 1 week, and 
the number  of  live larvae determined.  The  
test was repeated except  that the durat ion 
was increased to 2 weeks with the water con- 
trol, nematodes  alone, and all compounds  
with nematodes  except  for  Cell-U-Wet, dish- 
washing detergent ,  and Kinetic. The  tests 
were conducted  over a 1-year per iod with 20 
plants per  treatment.  Data were t ransformed 
with arcsin (~]x) and subjected to an analysis 
of  variance (ANOVA), and means were sepa- 
rated with the Student-Newman-Keuls mul- 
tiple-range test. Data are presented  using 
the original scale of  measurement .  

RESULTS 

Surfactant toxicity to nematodes: The  surfac- 
tants were not  toxic to the nematodes  (P = 
0.05). Control  mortality was 7% at 1 day and 
12% at 7 days. With the addition of  surfac- 
tants, nematode  mortality ranged f rom 6% 
to 10% at 1 day, and f rom 8% to 12% at 7 
days. 

Laboratory bioassay: Surfactants alone did 
no t  affect insect mortality after 4 days (Table 
1). Surfactants with nematodes  gave the 
h ighes t  mortal i ty,  r ang ing  f rom 60% to 
70%. Intermediate  levels of  insect mortality 
resulted from nematodes  alone (32%) and 
n e m a t o d e s  and  T e g o p r e n e  5840 (34%) 
(Table 1). At 8 days, there were similar mor- 
talities (90% to 100%) between the nema- 
tode t reatments  with and without  surfac- 
tants. Tegoprene  5840 alone caused 26% 
mortality (14% for Dawn) followed by the 
o ther  surfactants, and 2% for the controls. 

Potted plant bioassay: No differences in in- 
sect mortality resulted from pot ted plants 
t reated with surfactants alone or the control  
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TABLE 1. Effects of  surfactants and(or)  S. riobravis 
nematodes on the mortality of  Diaprepes abbreviatus lar- 
vae in the filter paper  bioassay 4 and 8 days after 
treatment. 

% Mortality 

Treatment 4 Days 8 Days 

Control 2 a 2 a 
Cell-U-Wet 0 a 4 ab 
Dawn Dish Detergent 6 a 14 b 
Kinetic 2 a 6 ab 
Silwet L-77 2 a 6 ab 
Tegoprene 5840 12 a 26 c 
Nematodes 32 b 90 d 
Nematodes and Cell-U-Wet 68 c 98 d 
Nematodes and Dawn Dish 

Detergent 60 c 92 d 
Nematodes and Kinetic 66 c 98 d 
Nematodes and Silwet L-77 70 c 100 d 
Nematodes and Tegoprene 5840 34 b 98 d 

Means (n = 5) within the same column followed by the same 
letter are not significantly different (P = 0.05) according to the 
Student-Newman-Keuls mtdtiple-range test. 

(P = 0.05) (Table 2). Mortality for  the con- 
trol was 10% at 1 week and 17% at 2 weeks; 
larval mortality in plants treated with surfac- 
tants ranged from 2% to 14% at 1 week. 

TABLE 2. Effects of surfactants and(or)  S. riobravis 
nematodes on the mortality of Diaprepes abbreviatus lar- 
vae in soil 7 and 14 days after treatment as observed in 
the potted plant bioassay. 

Treatment 

% Mortality 

1-Week 2-Week 
Exposure Exposure 

Control 10 a 17 a 
Agri-SC 2 a 
Cell-U-Wet 9 a 
Dawn Dish Detergent 14 a 
Kinetic 10 a 
Silwet L-77 9 a 
Tegoprene 5840 10 a 
Nematodes 25 b 69 b 
Nematodes and Agri-SC 58 c 71 b 
Nematodes and Cell-U-Wet 16 ab 
Nematodes and Dawn 

Dish Detergent 56 c 
Nematodes and Kinetic 54 c 
Nematodes and Silwet 

L-77 47 c 85 c 
Nematodes and 

Tegoprene 5840 24 b 67 h 

Means (n= 20) within the same column followed bythe same 
letter are not significantly different (P = 0.05) according to the 
Smdent-Newman-Keuls multiple-range test. 

When ammonium laureth sulfate (Agri-SC) 
and organosil icones (Silwet L-77 and Ki- 
netic) were added to the nematode  suspen- 
sion at 0.05% and dishwashing de tergent  
(Dawn) was added at 0.1%, larval mortality 
was significantly higher  after 1 week com- 
pared to treatments with nematodes  only. 
Tegoprene  5840 at 1 week did not  increase 
larval mortality. Mortality averaged 47% to 
58% for o ther  surfactants with nematodes  
and 25% for  nematodes  only. Mortality av- 
eraged 67% to 85% at 2 weeks with nema- 
todes and suffactants and 69% with nema- 
todes only. The  differences were significant 
(P= 0,05) after 1 week, but  only mortality of  
larvae in pots treated with Silwet L-77 was 
higher  after 2 weeks. Carboxymethylcellu- 
lose (Cell-U-Wet) at 3% (w/v) had no effect 
on mortality of  D. abbreviatus larvae in soil. 

DISCUSSION 

Surfactants alone did not  cause significant 
mortality ofD.  abbreviatuslarvae. Surfactants 
had no  effect on nematode  viability at 1 and 
7 days in solution. Both the filter paper  and 
pot ted  plant  assays showed greater  differ- 
ences between treatments  at the shortest  
time interval. Control  mortality in the filter 
paper  bioassay was most likely the result of 
handling. Control  mortality of  D. abbreviatus 
larvae in the pot  bioassay was probably the 
result of  cannibalism by o ther  larvae and 
other  natural mortality factors in pots main- 
tained outside. These results suggest that 
surfactants may increase initial penetra t ion 
of  nematodes  into the larvae. After longer 
exposure  periods,  the nematodes  appar-  
ently are able to penetrate  the larvae and 
the difference in mortality is about  equal. 
Only Silwet L-77 had a significant effect after 
2 weeks in pot ted citrus. 

The results of the two assays are compa- 
rable. The  filter paper  bioassay is a rapid, 
reproducible,  and simple bioassay to screen 
nematode  preparat ions for  the biological 
control  ofD. abbreviatus larvae. The  previous 
sand bioassay used larger  larvae, took  4 
weeks,  an d  gave m o r e  var iab le  resul ts  
(Schroeder,  1992). The  pot ted  plant assay 
simulates D. abbreviatus infestations that oc- 
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cur  in citrus and  multi-species nurseries.  
These  surfactants were evaluated at the rec- 
o m m e n d e d  applicat ion rate for  soil and  are 
no t  c o n s i d e r e d  e n v i r o n m e n t a l  con t ami -  
nants. Cell-U-Wet increased mortali ty in the 
filter p a p e r  bioassay but  not  in the pot ted  
citrus study. In the pots, it t ended  to accu- 
mulate  on  the soil surface and  this probably  
reduced  penet ra t ion  of  the soil surface by 
nema todes .  Four  of  the five surfactants ,  
when included in the nem a t ode  tank mix, 
increased mortali ty of  D. abbreviatus larvae. 
These compounds  are routinely appl ied in 
citrus and  multi-species nurseries to increase 
the efficacy of  pesticides and  are commer -  
cially available to the grower. Nematodes  
should be appl ied with surfactants in a nurs- 
ery as they can be appl ied cheaply ($4 pe r  
acre).  When  Diaprepes larvae are killed rap- 
idly, root  damage  is minimized.  In a grove 
situation, the D. abbreviatus larvae are not  
conf ined  to pots, and  nematodes  are usually 
appl ied th rough  the irrigation system. This 
project  did not  address the use of  surfac- 
tants in conjunct ion with grove irrigation. 
Addit ional  studies are needed  to dem on-  
strate the ability of  surfactants to increase 
the efficacy of  nematodes  for  control  o f  Dia- 
prepes larvae unde r  grove conditions. 
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