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tIbstract: W h e n  n u m b e r s  of  Romanomermis cuIicivorax Ross and  Smi th  were varied in  con- 
tainers with a cons tan t  surface  area and  d e p t h  of sand,  densit ies of 12-24 nema todes  pe r  cm2 
yielded significantly more  preparas i tes  t han  h i g h e r  densit ies.  W h e n  conta iner  surface area and  
n u m b e r s  of nematodes  were cons tan t  and  sand  vo lume  a n d  d e p t h  were varied,  yields d id  no t  
differ significantly.  W h e n  n u m b e r s  of nematodes  a nd  sand  vo lume  were cons tan t  and  surface  a r e a  
and  sand  dep ths  were varied,  yields were significantly h ighe r  for a densi ty  of  24 nema todes  pe r  
cm 2. Yields of preparas i tes  were t r ipled by s imply  se t t ing  up  three  cul tures ,  each con ta in ing  5 g 
of  nematodes ,  ins tead of  a single cu l tu re  con ta in ing  15 g. 

The  increasing interest in biological 
control of mosquitoes with the nematode 
parasite Romanomermis culicivorax Ross 
and Smith has led to an increasing demand 
for commercial production of this agent. 
Such production has been slow in develop- 
ing, however, because of many inherent 
problems (potential market, shelf-life, pat- 
ent protection, production costs, and ship- 
ping). Interest in commercial production 
expressed by the Fairfax Biological Labora- 
tory, Clinton Corners, New York, and by 
Nutril i te Products, Buena Park, California, 
has stimulated investigations at the Gulf  
Coast Mosquito Research Laboratory to de- 
fine more critically the important  factors 
associated with mass production of the 
nematode. The  study reported here was 
made to determine the effects of densities of 
postparasite and adult nematodes in sand 
cultures on production of the preparasite 
(infective) stage of R. culicivorax. Previous 
general practice has been to place 15 g of 
postparasites into a culture tray (22 × 33 x 
4 cm) containing about 1000 cc of sand (ca. 
33 postparasites/cc of sand) (2). Under 
these conditions, a culture flooded for the 
first time during its prime (11-19 weeks) 
produced an average 1.4 × 10 ° preparasites; 
the average total hatch was 4 x l0 s pre- 
parasites over the life of the culture (I). 

MATERIALS AND METHODS 

The  postparasites used in producing the 
test cultures were reared in Culex pipiens 
quinquefasciatus Say by using procedures 
described earlier (2); those used to establish 
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the test cultures for any one trial were all 
produced from a single rearing cycle. 
With in  5 days of emergence, postparasites 
from the various emergence trays were 
pooled, washed, and weighed out to provide 
the desired numbers. Numbers of postpm'a- 
site and adult  nematodes used in setting up 
the cultures were estimated by assuming 
2200 postparasites per gram (weight deter- 
mined by volumetric displacement of water) 
on the basis of counts made of five 1-g pop- 
ulations. In test 1, different numbers of 
postparasites were set up in plastic shoe 
boxes (15 x 30 x 9 cm) each containing 
1,000 cc of washed commercial blasting 
sand and 600 ml of well water. In two trials, 
postparasites were separated into four pop- 
ulations each of 2.5, 5, 7.5, 10, and 15 g (20 
populations). In the third trial the 15-g 
populations were not  included (16 popula- 
tions). In test 2, each of the three trials in- 
cluded 16 cultures placed in a luminum cake 
pans (18.5 x 18.5 x 5 cm) lined with plas- 
tic. Four each contained 250, 500, 750, and 
1,000 cc of sand, 500 ml well water, and 5 g 
of postparasites of R. culicivorax. In test 3, 
each of the three trials included cultures 
containing 5 g of postparasites, four of 
which were placed in each of four types of 
containers: plastic containers (11 x 13 x 
7.5 cm), small plastic-lined a luminum cake 
pans (18.5 x 18.5 x 5 cm), plastic shoe 
boxes (15 × 30 x 9 cm), and large plastic- 
l ined a luminum cake pans (22 x 33 x 5 
cm). All contained 750 cc of sand and 500 
ml of well water (16 cultures/trial). 

After cultures were set up, they were 
covered and stored for 1 week before the 
excess water was poured off, carrying with it 
any dead or dying nematodes left on the 
surface of the sand. After an additional 2 
weeks, all remaining free moisture was re- 
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moved by using absorbent paper towels, and 
the cultures were stored an additional 5 
weeks. Thus,  they were 8 weeks old when 
they were flooded with 1,000 ml of well 
water to produce the first hatch of prepara- 
sites. T h e  number  of hatched preparasites 
was determined 16 h later by volumetric 
di lut ion and by direct counting with a dis- 
secting microscope. T h e n  the free water was 
removed again, and the cultures were stored 
an additional 3 weeks before the second and 
succeeding floodings were made. When  the 
cultures had been flooded four times (8, 11, 
14, and 17 weeks old), they were discarded. 
All tests were conducted at ambient  tem- 
perature (25-27°C). 

RE SULTS 

In test 1, the container size, sand volume, 
and depth  were constant and the number  of 
postparasites was varied, resulting in 12.2, 
24.4, 36.7, 48.9, and 73.3 postparasites per 
cm 2 of bot tom surface area and 5.5, 11.0, 
16.5, 22.0, and 33.0 postparasites per cc of 
volume for cultures containing 2.5, 5, 7.5, 
10, and 15 g of postparasites, respectively. 
T h e  lowest number  (2.5 g of nemas/con- 
tainer) produced the highest average yield 
of preparasites (1.15 × 106/g of postpara- 
sites) (Table 1). Moreover, product ion of 
preparasites decreased linearly as the den- 
sity of postparasites increased [y = 1.36 - 
0.07x, where y = average total culture yield 
of preparasites (x  106 preparasites per cul- 
ture) and x = postparasite density (grams 
postparasites added per culture)]. Thus,  
with 15 g of postparasites per culture only 
0.33 x 106 preparasites were produced per 
gram of postparasites. T h o u g h  the actual 

numbers of preparasites produced was high- 
est for the 10-g amount  of postparasites 
(7.17 × 106), there was an actual loss of 
37%; the loss was 71% for the 15-g amount.  

As the populat ions of postparasites were 
increased, the range in the hatch of prepara- 
sites at a given concentrat ion increased 
noticeably. Thus,  total hatches ranged from 
1.65 to 3.77, 1.69 to 8.79, 0.59 to 10.44, 0.90 
to 13.31, and 0.050 to 14.40 × 106 for the 
cultures at 2.5, 5, 7.5, 10, and 15 g, respec- 
tively. Th e re  seemed to be a tendency for 
the cultures with the larger populat ions of 
postparasites to mature  more slowly, though 
the trend was not statistically significant. 

In test 2, constant numbers of postpara- 
sites (5 g) were placed in cultures of con- 
stant size but  with four sand volumes (250, 
500, 750, and 1,000 cc) and corresponding 
sand depths (0.75, 1.50, 2.25, and 3.00 cm). 
Preparasite yields did not  differ significantly 
with sand depth  and volume. 

In test 3, constant numbers of postpara- 
sites (5 g) were placed in constant sand vol- 
umes in four sizes of containers, achieving 
surface areas of 143, 342, 450, and 726 cm 2 
and sand depths of 0.95, 1.50, 2.25, and 5.40 
cm. Th e  yield of preparasites (1.19 × 106/g 
of postparasites) was significantly greater 
from containers with a surface area of 450 
cm -~ than the other three sizes, and yield was 
significantly higher from containers with a 
surface area of 726 cm 2 than from the two 
smaller containers. T h e  difference in pro- 
duction between the two smallest containers 
was not statistically significant (Table  3). 

DISCUSS/ON 

T h e  results show that  densities of post- 

TABLE 1. Numbers of preparasites (X 10s) produced from cultures established with 5 concentrations 
of postparasites and constant container size, sand volume, and depth. 

Production from indicated number  of postparasites (g)a 
2.5 5 7.5 10 15 

Total  b Pre/g  Total  Pre/g  
T r i a l  pre post pre post 

Total  Pre/g  Total  Pre]g Total  Pre/g  
pre post pre post pre post 

1 3,493 1,397 6,916 1,383 6,213 828 8,575 857 
2 2,464 986 3,434 687 4,787 638 2,900 290 1,351 90 
4 2,595 1,038 5,991 1,198 6,869 916 10,028 1,003 8,491 566 

2,851 1,140a s 5,447 1,089 ab 5,956 794abe 7,168 717 bed 4,922 328 d 

*Values  are  m e a n s  of four replications. 
bpre = preparasites; post = pos tparas i t e s .  
CValues for means followed by the s a m e  le t ters  not significantly different. 
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TABLE 2. Number of preparasites (X 10s) produced from cultures established with a constant number 
of postparasites (5 g), a constant container size and surface area, but four sand volumes and depths. 

Preparasites produced in cultures with indicated volumes (c~ of sand • 
250 500 750 1000 

Total b Pre/g Total Pre/g Total Pre/g Total Pre/g 
Trial pre post pre post pre post pre post 

1 3,543 709 4,782 956 4,011 802 4,045 809 
2 4,533 907 2,975 595 2,092 418 1,557 311 
S 2,235 447 4,384 877 2,727 545 2,961 592 
i ~ 3A$7 687 4,038 808 2,943 589 2,854 571 

• Values are means of four replications. 
bpre = preparasites; post = postparasites. 
cValues for means not significantly different. 

parasi te a n d / o r  adu l t  nematodes  have a sig- 
nif icant  effect on  yields of  preparasi tes 
(Table  1). Since only  vo lume  and  surface- 
area densities were var ied  in test 1 a nd  since 
there were no  significant differences in  pro- 
duc t ion  in  test 2 w h e n  bot tom-surface-area 
densities were held cons tant  and  d e p t h  and  
vo lume densities were varied,  b o t t o m  sur- 
face densi ty  is appa ren t ly  the mos t  im- 
po r t an t  factor  in  de t e rmin ing  the o p t i m u m  
n u m b e r  of  postparasites in a culture.  Also, 
p roduc t ion  of  preparasi tes differed when  
bot tom-surface-area densities and  dep th  
were varied bu t  vo lume  densities r ema ined  
cons tant  (Test  3). T h e n ,  since dep th  d id  no t  
have a significant effect in test 2, bo t t om 
surface area again appeared  to be the mos t  
significant factor. However ,  when  the sand 
is too shallow (<1.0 cm), d ry ing  of the cul- 
ture  may  become a problem,  and  when  the 
dep th  is too great  (>2.0 cm), excess mois- 
ture  at the b o t t o m  of the conta iner  can re- 
sult in  p rema tu re  ha t ch ing  of  the prepara-  
sites. Also, greater  dep th  wou ld  create 

weight,  which  w o u l d  be undes i rable  for  
sh ipp ing  and  hand l ing .  

T h e  cause of  the r educed  yield of  pre- 
parasites (preparas i tes /g  postparasites) in  
cul tures wi th  h igher  densities of  postpara-  
sites is no t  known,  b u t  the greater  range  in 
ha tch  at the h igher  densities indicates tha t  
the po ten t ia l  for h igher  yields is there (14.4 
× 106 preparasi tes  f rom one 15-g culture).  
T h e  fai lure to achieve the potent ia l ,  what-  
ever the cause, present ly  prevents  econom- 
ical use of  cul tures at  the h igher  densities. 

T h e  da ta  indicate  tha t  yields of  prepara-  
sites can be increased some threefold by re- 
duc ing  the densi ty  of  postparasites in  the 
cultures.  Earl ier  15-g cul tures  f looded for  
the first t ime at 8-10 weeks p roduced  an  
average total  ha tch  o f  ca. 4-5  × 106 prepara-  
sites (Petersen 1978); in  this study, 4.92 × 
106 were p roduced  (Table  1); however,  5-g 
cul tures  p r o d u c e d  a m e a n  total  of  5.45 × 
106 preparasites.  There fo re ,  15 g of  post- 
parasites will  be ut i l ized most  efficiently in  
p r o d u c i n g  subsequent  genera t ions  of pre- 

TABLE 3. Number of preparasites (× 10 a) produced from cultures established with constant numbers 
of postparasites (5 g) and sand volumes but four container sizes, sand depths, and surface areas. 

Preparasites produced in cultures with indicated surface areas (cm2)l 
143 342 450 726 

Total u Pre/g Total Pre/g Total Pre]g Total Pre/g 
Trial pre post pre post pre post pre post 

1 2,504 501 2,853 571 5,279 1,056 5,355 1,071 
2 2,065 413 3,008 602 6,903 1,381 4,850 970 
$ 2,051 410 2,232 446 5,601 1,120 3,298 660 

2,207 441 a e 2,698 540 a 5,928 1,186 b 4,501 900 c 

aValues are means of four replications. 
bpre = preparasites; post = postparasites. 
Walues for means followed by the same letters not significantly different. 
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parasites if they are placed in three 5-g cul- 
tures rather than one 15-g culture. Also, 
when sand is the culture medium, the den- 
sity at the bottom surface should be 15-25 
postparasites/cm = (0.7-1.1 g wet nemas/100 
cm 0. Sand depth should be 1-2 cm for best 
results. 
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Feeding Behaviour and Histopathology of Hirschmanniella 
oryzae, H. imamuri, and H. spinicaudata on Rice 1 

J. o .  Babatola 2 and J. Bridge 3 

Abstract: T h e  feeding  behav iour  of Hirschmanniella oryzae, H. imamuri, and  H. spinicaudata on  
excised rice roots was very s imi lar  to tha t  of  o the r  ty lenchid  nema todes  on  o the r  hosts.  Juveni les  
and  adul t s  of all th ree  species invaded rice roots, caus ing  extensive mechan ica l  damage .  Feed ing  
and  bu r row ing  activit ies predisposed roots to secondary infect ion in uns ter i le  cul tures .  Surface- 
sterilized nematodes  did  no t  induce  necrosis in axenic  cul tures .  Key Words: Rice root  nematodes ,  
migra to ry  endoparas i tes .  

The  genus Hirschmanniella contains 
some of the largest tylenchid nematodes. 
Eleven species, H. spinicaudata, H. ima- 
muri, H. mucronata, H. gracilis, H. thornei, 
H. belli, H. caudacrena, H. mangaloriensis, 
H. shamimi, and H. indica, have been 
found in association with rice, Oryza sativa 
L. (1, 14, 16, 17). 

H. oryzae was originally thought  to be 
the causal agent of the 'Omomentek'  disease 
complex of rice in Indonesia (21), which is 
now known to be a virus disease, 'cadang 
cadang,' transmitted by a leaf hopper, 
Nephotettix impicticeps (14). Root-rot dis- 
ease of rice has been linked with the feeding 
activities of H. oryzae (5, 20). The  occur- 
rence of 'Akiochi' disease, a physiological 
disorder, is associated with high infestations 
of H. oryzae (8). The  browning of rice roots 
is suspected to be due to micro-organisms 
but  can be aggravated by H. oryzae (I0). 

Stained roots of rice infected with H.  
oryzae show gregarious invasions through 
the same entry point, and large numbers of 
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the nematode have been found at the base 
of the coleoptiles (21). Sivakumar and 
Seshadri (18) sectioned rice roots infected 
with H. oryzae and observed mechanical 
damage in cortical parenchyma, necrosis 
around the feeding area, and dissolution of 
cell wails. 

The  apparent lack of information on 
the biology of H. spinicaudata and H.  
imamuri is probably because H. oryzae is 
usually considered the more important  
species in sympatric occurrences of species 
of Hirschmanniella in most rice-growing 
areas of the world. 

Presented here are detailed observations 
on the comparative feeding behaviour and 
associated damage of H. oryzae, H. spinicau- 
data, and H. imamuri on rice. 

M A T E R I A L  AND METHODS 

Feeding was observed on excised roots 
of rice cv IR8. The  rice seeds were dehusked 
and surface-sterilized in 0.1% mercuric 
chloride for 10 r a i n  followed by three 
washes in sterile distilled water. Single seeds 
were germinated in 9-cm-diam plastic petri 
dishes containing 25 ml 1% ion agar made 
up with modified White's medium in a 
25___1 C incubator (12). Roots were excised 
three days after germination and the seeds 
were discarded. 
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