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TABLE 4. Sex ratios of Octomyomermis must~ratti emerging from populations 
quinque/asciatus exposed in the second instar." 

of Culex p. 

N o .  
nemas First day Second day Third day 

per Males Males Males 
host Total (%) Total (%) Total (%) 

Fourth day 
Males 

Total (%) 

1 0 ~ 3 5 0  1 0 2  2 
2 2 100 150 4 306 6 
3 6 50 372 7 180 13 
4 20 0 420 II 48 17 
5 30 20 490 16 20 15 
6 66 30 192 18 12 17 
7 105 29 119 26 7 29 
8 136 39 64 36 8 38 
9 117 41 27 4 8  0 - -  

10 90 42 0 - -  0 - -  
II 11 27 O - -  0 - -  
12 60 63 0 - -  0 
13 13 77 0 - -  0 
14 14 57 0 - -  0 - -  

Totals or 
means 670 44 1,837 24 683 17 

215 0 
20 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

235 0 

• Values derived from five trials. 
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Development of the DD-136 Strain of 
Neoaplectana carpocapsae at Constant Temperatures 

HARRY K. K A Y A  1 

Abstract: The development of the DD-136 strain of Neoaplectana carpocapsae was studied on 
three food sources at 10, 15, 20, 25, 30, 33, 35, and 37 C. No growth occurred at 10 or above 
33 C. At 15, 20. and 25 C, growth and reproduction occurred. The most favorable growth 
occurred at 25 C. At 30 C, N. carpocapsae developed to adults but did not reproduce. Key 
Words: temperature-growth effects, DD-136 strain. 

Neoaplectana carpocapsae, a l o n g  w i t h  
i ts  a s s o c i a t e d  b a c t e r i u m  Achromobacter 
nematophilus, is a p r o m i s i n g  b i o l o g i c a l  
c o n t r o l  a g e n t  o f  i n s e c t  pes ts .  [ T h e  t axo -  
n o m i c  s t a t u s  o f  A.  nematophilus is 
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u n c e r t a i n  (9), b u t  fo r  t h e  p u r p o s e  o£ th i s  
p a p e r  A. nernatophih~s w i l l  b e  used. ]  T h i s  
n e m a t o d e  has  b e e n  t e s t e d  a g a i n s t  a n u m b e r  
o f  pes t s  i n  t h e  f ie ld  a n d  l a b o r a t o r y  w i t h  
s o m e  e n c o u r a g i n g  r e s u l t s  (7). 

T h e  i m p o r t a n c e  o f  m o i s t u r e  fo r  t h e  
s u r v i v a l  o f  n e o a p l e c t a n i d s  has  b e e n  w e l l  
d o c u m e n t e d  (7, 11). I n  c o n t r a s t ,  t h e r e  a re  

f ew  s t u d i e s  o n  t h e  effects  o f  t e m p e r a t u r e  o n  
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the development  of neoaplectanids. Survival 
of the dauer larvae of the DD-136 and Ihe 
Czechoslovakian strains of N. carpocap~ae 
at different temperatures was studied by 
Schmiege (10) and Weiser (12), respectively, 
whereas Dutky et al. (2) demonstrated the 
infectivity of the dauer larvae of the 
DD-136 strain to its insect host at various 
temperatures. Jackson (5) reported on the 
survival, growth, and reproduct ion of 
Neoaplectana glaseri in a chemically 
defined medium at different constant 
temperatures. T h e  purpose of this study 
was to determine the growth and develop- 
ment  of N. carpocapsae under  different 
temperature regimes. Knowledge of N. 
carpocapsae's temperature tolerance would 
indicate its potential  as a biological control 
agent under  various temperature conditions 
and its pathogenicity to homoiothermal  
animals. 

MATER IALS  AND M E T H O D S  

Neoaplectana carpocapsae, along with 
its associated bacterium z/. nematophiIus, 
was added to two kinds of media or to Iast 
instar larvae of Galleria melloneIla. Ap- 
proximately 50-75 dauer larvae were 
placed asceptically on a modified, sterile, 
dog food medium (4) in a petri dish or on 
a pork kidney-peptone agar medium 
(PKPA) (2) in test tubes. T h e  dog food 
medium consisted of 10 g of crushed Gaines 

Gravy T ra in  (General Foods Corp., White  
Plains, New York) added to 25 ml of 1% 
agar in a petri dish. Immediately after the 
media were inoculated, the nematodes were 
placed at different constant temperatures 
(Table 1). Last instar Galleria larvae were 
infected with N. carpocapsae by placing 
ca. 2,500 dauer larvae onto  filter paper in 
a petri dish. Twenty  Galleria were placed 
into each dish and left for 48 h at 25 C. 
After this period, dead Galleria were placed 
in test tubes (150 x 16 ram) containing 10 
ml of sterilized distilled water. Each 
Galleria larva was supported above the 
water level by a 4 x 4-cm piece of filter 
paper placed right at the water level. T h e  
top of the test tube was covered with 
parafilm. T h e  tubes were then placed at 
different constant temperatures. 

Data on reproduct ion were obtained by 
taking a 5-mm diameter  (19.6 mm e) sample 
of dog food with a number  2 corkborer 14 
days after placement at the various tem- 
peratures. T h e  sample was placed in 10 ml 
of distilled water in a test tube, gently 
agitated, and the number  of live nematodes 
per mI counted with a I-ml Peters counting 
slide (Hawksley and Sons Ltd., Sussex, 
England). Th ree  samples were taken from 
each dish. T h e  total number  of live 
nematodes/19.6 mm 2 was calculated. The re  
were 3-10 repl icates/ temperature.  

For the tests with the PKPA medium, 
10 ml of Ringer's solution (1/4 strength) 

"FABLE 1. Development of the DD-136 strain of Neoaplectana carpocapsae when it is reared at dif- 
ferent temperatures for 14 days on dog food medium,  pork kidney-peptone agar medium, and in Galleria 
mellonella larvae. 

Dog food Pork kidney-peptone GaIleria 
No. ± SE No. ± SE No. ± SE dauer  

Tempera tu re  live nematodes live nematodes larvae emerged 
(C) Replicates per  19.6 ram2 Replicates per  test tube Replicates per  host  

10 8 2 + 1 5 40 4- 13 3 0 b 
15 8 81 -4- 29 5 300 -4- 13,1 3 0" 
20 5 97 -4- 29 5 60,400 ± 15,600 3 103,500 + 24,000 
25 10 1,255 ± 102 5 298,000 -4- 82,680 5 184,000 ± 49,100 
27 3 852 ± 92 . . . .  
30 10 0" 5 20 ± 20 5 0 a 
33 8 0 5 6 ± 4 5 0 ~ 
35 5 0 5 0 3 0 
37 5 0 - -  - -  3 0 

• Live adults found on medium but  not recovered in sampling. 
bUpon dissection, live fourth-stage larvae found. 
"Upon dissection, all stages of nematode development found; no dauer  larvae emerged from host. 
dUpon dissection, only adults  found. 
"Two out  of 25 larvae contained dead adults, 
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were placed in each test tube, agitated 
gently, and the num ber  of live nematodes 
counted. These counts were made 14 days 
after p lacement  at the various temperatures.  
The re  were five replicates for each tem- 
perature.  Data on reproduct ion of N. 
carpocapsae in GaUeria larvae were ob- 
tained by determining the total num be r  of 
dauer  larvae that emerged/ insect  larva 14 
days after p lacement  at the various tem- 
peratures. Galleria larvae which did not 
produce dauer  larvae were dissected and 
examined with a dissecting microscope to 
determine the fate of the nematode  and the 
stage of development.  The re  were three to 
five replicates containing five larvae each. 

Growth  of the associated bacterium, A. 
nematophilus, at the different tempera ture  
regimes was also determined.  T h e  bac- 
te r ium was grown in a 1% peptone broth  
with 0.5% NaC1 (pH 7.0) (9). Growth  of 
the bacter ium was determined by meas- 
uring turbidi ty  at 600 nm in a Bausch 
8¢ L o m b  Spectronic 20 colorimeter- 
spectrophometer .  

R E S U L T S  

At temperatures  above 35 C, N. 
carpoeapsae did not  develop and live 
nematodes were not  recovered at the end 
of the 14-day period on the three food 
sources (Table  1). At 33 C, no live nema- 
todes were recovered f rom the dog food 
med ium or in Galleria larvae, a l though a 
few dauer  larvae were found on the pork  
kidney-peptone agar (PKPA) medium.  
However,  2 out  of 25 Galleria larvae con- 
tained dead adults. 

At  30 C, N. carpoeapsae developed to 
adul t  males and females but  did not repro- 
duce on the three food sources. Al though 
no live nematodes were recovered f rom the 
dog food m e d i u m  by the sampling me thod  
utilized, adults were observed on the 
medium.  T h e  ovaries of 10-day-old females 
were atrophied.  Dissection of Galleria 
larvae held at 30 C for 14 days revealed 
dead and live adult  nematodes but  no 
progeny. Only live adults were recovered 
from the PKPA medium.  

Between 15 and 27 C, the nematodes 
developed and reproduced.  Maximal  
growth and reproduct ion occurred at 25 C 
on the three food sources. Dauer  larvae 
began to emerge 7 days at 25 C and 10 days 
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at 20 C after p lacement  of Galleria larvae 
at their respective temperatures.  Al though 
no dauer  larvae emerged from Galleria 
larvae at 15 C at the end of the 14-day 
period, dissections revealed the presence of 
nematodes in all stages of development .  In  
one replicate, some of the Galleria larvae 
were held for 21 days at 15 C, but  no dauer  
larvae emerged. T h e  nematode did not  
develop on the three food sources at 10 C. 
Dauer  larvae were recovered from dog food 
and PKPA media. Dauer  and  fourth-stage 
larvae were recovered f rom Galleria larvae. 
In one replicate, the Galleria larvae were 
held for 14 days at 10 C and then held at 
25 C for 10 addi t ional  days. All stages of 
the nematodes were found in the Galleria 
larvae, but  no dauer  larvae emerged dur ing 
tile 10-day period. 

Achromobacter nematophilus showed 
maximal  growth between 30 and 33 C. No 
detectable growth was observed at the end 
of the 48-h period at 10, 15, or 37 C (Table  
2). 

"FABLE 2. Growth  of the  DD-136 s t ra in  of  
,4chromobacter nematophilus af ter  a 48-h per iod  at  
different  t empera tu res .  

T e m p e r a t u r e  Mean  % absorbance* 
C ,4. nematophilus Contro l  

10 0 0 
15 0 0 
20 14 0 
25 18 0 
30 21 0 
33 22 0 
37 0 0 

"Growth expressed as % absorbance  measu red  
in a Bausch  & L o m b  Spectronic color imeter-  
spec t rophomete r  at  a wave leng th  of 600 n m ;  m e a n  
of 3 replicates.  

DISCUSSION 

T h e  present study has confirmed Dutky's  
observation (I) that  the most  favorable 
tempera ture  for the growth and reproduc- 
tion of the DD-136 strain of N. carpocapsae 
is between 23-28 C. I observed no develop- 
ment  at l0 C or above 38 C. Interestingly, 
this nematode develops to the adul t  stage 
at 30 C but  it cannot  reproduce.  Al though 
the reason for the inferti l i ty is not  known, 
it may result f rom the lack of viable sperms 
or ova or f rom the mat ing  behavior  of the 
nematode.  
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T h e  possibility of development occur- 
ring with the DD-136 strain in situations 
where temperatures exceed 30 C for any 
length of time is unlikely even though ade- 
quate moisture is available. For example, 
in bee nests, temperatures constantly above 
30 Care common (6). Each neoaplectanid's 
temperature tolerance must be determined 
because of differences in their responses to 
high temperatures. Hackett  and Poinar (3) 
reported infection and development of the 
"agriotos" strain of N. carpocapsae in honey 
bee (Apis rnelli[era) adults at 34 C. Repro- 
duct ion of this strain at 34 C was not 
checked. Similarly, N. glaseri developed at 
higher temperatures than the DD-136 strain 
(5). 

Very little has been published on the 
effects of neoaplectanids on homoiotltermal 
animals. Schmiege (10) and Poinar  (8) re- 
ported that mice fed the DD-136 strain of 
N. carpocapsae and its associated bacterium 
showed no ill effects. On the basis of the 
temperature requirements of the DD-136 
strain, the likelihood of this neoaplectanid 
developing in birds and mammals is remote. 
However, the safety of N. carpocapsae 
should be determined by directly challeng- 
ing homoiothermal  animals. Additionally, 
its development  in poikilotbermal verte- 
brates and other invertebrates needs 
further study. 

L I T E R A T U R E  CITED 

1. DUTKY, S. R. 1974. Nematode parasites. Pages 
576-590 in F. G. Maxwell and F. A. Harris, 
eds. Proceedings of the summer institute on 
biological control of plant insects and diseases. 
University Press of Mississippi, Jackson. 647 p. 

2. DUTKY, S. R., J. V. THOMPSON, and G. E. 
CANTWELL. 1964. A technique for the 
mass propagation of the DD-136 nematode. 
J. Insect Pathol. 6:417-422. 

3. HACKETT, K. J., and G. O. POINAR, JR. 
1973. The ability of Neoaplectana carpocapsae 
Weiser (Steinernematidae: Rhabditoidea) to 
infect adult honeybees (Apis mellifera, 
Apidae: Hymenoptera). Am. Bee J. 113:100. 

4. HOUSE, H. L., H. E. WELCH, and T. R. 
CLEIIGH. 1965. Food medium of prepared 
clog biscuit for the mass-production of the 
nematode DD-136 (Nematoda: Steinernema- 
tidae). Nature, Lond., 206:847. 

5. JACKSON, G. J.~ 1962. The parasitic nematode, 
Neoaplectana glaseri, in axenic culture. II. 
Initial results with defined media. Exp. 
Parasitol. 12:25-32. 

6. MICHENER, C. D. 1974. The social behavior of 
the bees. The Belknap Press of Harvard 
University Press, Cambridge, Mass. 404 p. 

7. POINAR, G. O., JR. 1971. Use of nematodes 
for microbial control of insects. Pages 181-203 
tn H. O. Burges, and N. W. Hussey, eds. 
Microbial control of insects and mites. 
Academic Press, N. Y. 861 p. 

8. POINAR, G. O., JR. 1972. Nematodes as 
facultative parasites of insects. Annu. Rev. 
Entomol. 17:103-122. 

9. POINAR, G. O., JR., G. M. THOMAS, G. V. 
VEREMTSCHUK, and D. E. PINNOCK. 1971. 
Further characterization of Achromobacter 
nematophilus from American and Soviet 
populations of the nematode Neoaplectana 
carpocapsae Weiser. Int. J. Syst. Bacteriol. 
21:78-82. 

10. SCHMIEGE, D. C. 1963. The feasibility of using 
a neoaplectanid nematode for control of some 
forest insect pests. J. Econ. Entomol. 56:427- 
431. 

11. SIMONS, W. R., and G. O. POINAR, JR. 1973. 
The ability of Neoaplectana carpocapsae 
(Steinernematidae: Nematodea) to survive 
extended periods of desiccation. J. Invertebr. 
Pathol. 22:228-230. 

12. WEISER, J. 1966. Nemoci Hmyzu. Academia, 
Prague: 554 p. 


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

