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Meloidogyne-infected plants grown in the 
greenhouse are mixed with soil collected 
from the field. T h e  soil and roots are placed 
in containers, and egg masses are examined 
15-25 days later for D. oviparasitica. Fungal  
activity under  tile field envi ronment  can be 
evaluated by placing soil and roots in 
porous ceramic tubes, bags of fine nylon 
screening, or other materials  which allow 
free movement  of water and gases, and 
burying the containers in the field. 

Ahhough  the presence of D. ovipara- 
sitica can usually be determined by this 
method,  it is unsatisfactory if counts of 
parasitized eggs are used to estimate the 
seasonal var ia t ion in the activity of the 
parasite, or to compare levels of parasit ism 
in different fields. Egg masses from green- 
house cultures usually contain large 
numbers  of mature  eggs which escape para- 
sitism because they hatch soon after being 
added to soil. T h e  num ber  of eggs which 
hatch varies with different groups of egg 
masses and with environmenta l  factors such 
as soil moisture, leaving various numbers  of 
eggs available for parasitism. 

Test of field soil in the greenhouse: 
T o m a t o  seedlings are planted in field soil 
in pots, and second-stage Meloidogyne 
larvae are added if this soil contains few 
root-knot  nematodes. Plants are grown at 
25-27 C for about  40 clays, and then egg 
masses are removed and eggs examined for 
parasit ism by fungi. Since D. oviparasitica 
is associated with plant  roots, incorporat ion 
of roots into the soil or the use of rhizo- 
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sphere soil enhances the chances of detecting 
the fungus. 

This  technique is probably  the most 
useful method of detecting and isolating 
D. oviparasitica, part icularly if roots are 
incorporated into the soil, or rhizosphere 
soil is used. For example,  about  70% of the 
Meloidogyne egg masses on tomato plants 
grown in rhizosphere soil f rom a peach 
orchard contained eggs parasitized by D. 
oviparasitica (unpubl ished data). The re  are 
indications that  the number  of egg masses 
found to contain D. oviparasitica by this 
method is related to the level of parasit ism 
occurring natural ly  in that  soil in the field, 
but  further  work is necessary to test this 
hypothesis. Th is  method is part icularly use- 
ful for detecting egg parasites in soil, be- 
cause any fungus invading newly produced 
eggs is probably  parasitic ra ther  than 
saprophytic. T h e  method  is unsuitable for 
use in some vineyard and orchard soils be- 
cause tomato seedlings will not  tolerate 
some of the herbicides present in those soils. 
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Major- and Trace-Element Analyses of a Mermithid Parasite 
and its Mosquito Host by Proton-induced X-ray Emission 

R. LEVY/ H. A. VAN RINSVELT7 and T. W. MILLER, JR. 1 

A few nutr i t ional  studies on the mos- 
quito nematode Romanomermis cuIicivorax 
Ross and Smith ( =  Reesirnermis nielseni 
Tsai and Grundmann ,  auct., partita.) have 
been reported by Gordon and I t tycheriah 
(3). No data are available, however, on the 
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kinds and amounts  of major  and trace ele- 
ments utilized or accumulated by this 
mermi th id  parasite of mosqui to larvae, 
even though the impor tance  of metals and 
nonmetals  in biological systems has been 
established (1). Nicholas (6) presented 
physiological data  on the uptake  or loss of 
elements in some nematodes as a function 
of diet and substrate. Th is  research was 
done to evaluate the feasibility of utilizing 



Mermithid-Mosquito Elemental  Analysis: Levy et al. I01 

proton-induced X-ray emission (PIXE) to 
study the concentration of several major 
and trace elements of R. culicivorax and its 
host. 

Whole-body analyses were performed on 
the non[ceding postparasitic stage of R. 
culicivorax since nematode total-body multi- 
elemental levels would directly reflect the 
major and trace elements obtained from 
feeding in the hemolymph of its mosquito 
host during the nematode's parasitic phase. 
In addition, to determine the reliability and 
sensitivity of PIXE, total-body analyses were 
conducted on parasitized and unparasitized 
late 3rd-to-4th-instar larvae of Culex pipiens 
quinquefasciatus Say. Culex p. quinque- 
lasciatus were initially obtained from Dr. 
J. J. Petersen, SEA, USDA, Gulf  Coast 
Mosquito Research Laboratory,  Lake 
Charles, Louisiana, in 1975. Unparasitized 
and parasitized mosquito larvae and post- 
parasitic nematodes were mass reared in 
several types of culture trays fabricated from 
stainless-steel sheets that were soldered with 
a high-temperature iron. In addition, a 
sample of parasitized larvae of C. p. quin- 
quefasciatus reared in a plastic bucket and 
frozen ca. 2 months at 0 C prior to these 
tests was also available for elemental 
analyses. 

A 12:1 preparasite-to-host ratio (60,000 
preparasites to 5,000 lst-instar C. p. quin- 
quefasciatus larvae) was used in the mass 
product ion of R. culicivorax. Mosquitoes 
and nematodes were reared at 25-26 C 
(ambient) in trays or buckets contain- 
ing dechlorinated reverse-osmosis water 
(conductivity ----- 180 /~mhos/cm), and 
mosquitoes were fed ground rabbit  pellets 
([im Dandy Co., Birmingham, Alabama) by 
the feeding schedule established by Peter- 
sen and Willis (7). 

Parasitized and unparasitized C. p. quin- 
quefascialus larvae and postparasities were 
washed several times in distilled water, 
placed in crucibles, and dried in an oven at 
100 C for ca. 18 h. Respective weights of the 
dried postparasites and parasitized and un- 
parasitized larvae reared in stainless-steel 
trays and parasitized larvae reared in a 
plastic bucket were 1.70, 4.76, 1.83, and 
2.91 g. 

T h e  dried material was then ashed in a 
muffle furance at 400 C for 24 h, and ca. 
100 /,g of the ash of each sample was 

analyzed (two replications) hy PIXE using 
a 3.8-MeV proton Imam fi'om tile Van de 
Graaff accelerator of the University of 
Florida by procedures established by Van 
Rinsvelt et al. (9). 

Spectra of ashed unparasitized and para- 
sitized C. p. quinqueIasciatus larvae and 
postparasites of R. culicivorax indicate that 
total-body levels of K, Ca, Mn, Fe, Ni, Cu, 
Zn, Pb, As, Se, Br, Rb, Sr, Zr, and Sn can be 
detected in ashed nematode and mosquito 
larval tissues analyzed by PIXE. Although 
Rb, As, and Br were present in the X-ray 
spectra of all tissues analyzed, interference 
was observed between tile X-ray lines of Br 
and Rb, Pb and Rb, and Pb and As, in- 
hibit ing elemental quantification. Low 
levels (< l  ppm) of Zr, Sn, Ni, and Se pre- 
snmed to be present in the ashed tissues of 
several samples were also obscured by back- 
ground radiation. 

Van Rinsvelt et al. (8) and Levy et al. 
(4, 5) used a similar analytical technique 
(i.e., ion-induced X-ray fluorescense) to 
identify major  and trace elements in ashed 
tissues of several insects. 

Tab le  1 presents quanti tat ive multi- 
elemental analyses of R, culicivorax post- 
parasites and parasitized and unparasitized 
hosts. Tile data indicate that parasitized 
C. p. quinquefasciatus larvae reared in 
stainless-steel trays contained a greater 
multi-elemental concentration than para- 
sitized larvae reared in plastic buckets. 
This  suggests that an inert plastic container 
is a better rearing chamber for P1XE 
analyses because quanti ta t ive error can re- 
sult front the uptake and accumulation of 
various elements as contaminants in the 
tissues of mosquito larvae and nematodes 
reared in stainless-steel trays. 

When analyzed by PIXE, similarities 
were seen in the concentration of some 
major and trace elements in postparasitic 
R. culicivorax reared in paraffin-coated 
galvanized trays at tim Gulf  Coast Mosquito 
Research Laboratory,  SEA, USDA, Lake 
Charles, Louisiana (Table  1). T h e  whole- 
body levels of some of the elements, 
however, differed significantly from data 
for postparasites reared in stainless-steel 
trays, at t r ibuted to metallic contaminants 
from the trays, differences in host and sub- 
sequent nematode diet and water-quality 
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T A B L E  1. Mul t i - e lementa l  whole-body analyses of postparas i tes  of R. culicivorax and  parasi t ized and  
unparas i t i zed  C. p. quinque[asciatus larvae. 

E lement  

Mean concent ra t ion  (ppm ash weight) Unparasitized 
l 'us tparasi tes  Parasit ized larvae larvae 

Stainless-steel Galvanized Plastic Stainless-steel Stainless-steel 
tray tray ~ bucket  tray tray 

K 13,086.9 --  19,639.8 26,530.2 25,779.6 
Ca 9,363.9 7,752.5 5,083.0 7,398.3 12,634.7 
Mn  40.0 56.5 25.7 44.7 55.8 
Fe 102.3 228.7 477,4 709.4 1,345.5 
Ni 1.2 18.8 <1,0 <1.0 <1.0 
Cu 90.3 103.2 95.0 138.8 207.4 
Zn 760.3 878.1 2,067.9 3,660.2 4,041.3 
Pb + A s +  Rb" 48.4 19.0 1,091.2 1,597.0 180.1 
Se 2.1 4.1 3,1 6.8 <1.0 
Br + Rb  ~ 13.8 9.8 14.8 28.8 8.8 
Sr 9.3 20.8 24.6 51.6 135.6 
Zr < 1.0 -- 28.7 45.1 < 1.0 
Sn < 1.0 -- 195.0 200.0 55.0 

"No quan t i t a t ive  da ta  were genera ted  for K. Zr, 
ex t remely  low concent ra t ions  of Zr and  Sn. 
"Concent ra t ion  main ly  represents  lead. 
"Concent ra t ion  main ly  represents  bromine .  

Sn a l t h o u g h  spectra indicated h igh  concent ra t ions  of K and  

differences in the rearing systems between 
the 2 laboratories (7). 

In general, our data from stainless-steel 
trays indicated that  parasitized larvae had 
a greater concentration of K, Pb, Se, Br, Zr, 
and Sn and lower levels of Ca, Mn, Fe, Cu, 
Zn, and Sr than unparasitized larvae (Table  
1). Since all environmental  factors were 
identical it is assumed that quanti tat ive 
differences between parasitized and unpara- 
sitized larvae reared in stainless-steel trays 
were a result of R. culicivorax, even though 
the effect of R. eulicivorax on host uptake, 
utilization, or loss of various elements is not 
known. 

Postparasites reared in stainless-steel 
trays contained lower levels of all elements 
(except Ni and Br) than did unparasitized 
hosts. T h e  accumulation of these elements 
by postparasites is presumed to be dne 
mainly to the nutr i t ional  relationship be- 
tween a parasite and its host. 

Although tire significance of major  and 
trace elements in the growth of and devel- 
opment  of R. culicivorax is not known, our 
data suggest that PIXE, an extremely sensi- 
tive analytical technique, may be useful in 
elucidating important  physiological and 
nutr i t ional  relations between R. culicivorax 
and its host, e.g., in determining elemental 
co-factors necessary in the formulat ion of an 

insect tissue-culture medium for successful 
in vitro culturing of R. culicivorax (2). 
Techniques  for analyzing the host hemo- 
lymph and preparasitic stage of R. culici- 
vorax by PIXE are being investigated. 
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A Method of Distinguishing Between Living and Dead 
Nematodes by Enzymatically Induced Fluorescence 

ALAN F. BIRD 

Since it is sometimes difficult to distin- 
guish between living and dead nematodes, 
dyes are used, such as New Blue R (7), 
Chrysoidin (5), Eosin-Y (1), and several 
fluorochromes (3), with varied success. 

A method is described here that is rapid 
(results in 15 rain) and has a mechanism o[ 
staining that is umlerstood. The  technique 
was described first by Rotman and Paper- 
master (6), working with living mammalian 
cells, aml later by Heslop-Harrison and 
Heslop-Harrison (2), working with plant 
material. It takes advantage o~ the presence 
o~ esterases which hydrolyse nonfluorescent 
fatty acid esters of fluorescein to yield 
fluorescein, which accumulates and is de- 
tectable by its fluorescence. Since esterases 
are known to be present in quant i ty  in 
nematodes, concentrated principally in the 
nervous system, male spicules, and gut (4), 
this technique seemed worth testing as a 
rapid means of distinguishing between liv- 
ing and dead nematodes. 

T h e  nematodes tested were freshly 
hatched second-stage larvae of Meloidogyne 
/avanica and adult  females of Caenorhab- 
ditis elegans. 

A stock solution o{ fluorescein diacetate 
(FDA) was made up in acetone (5 mg/ml)  
and stored a t - 1 0  C. A 1:25 di lut ion o{ this 
stock was made up in 0.067M phosphate 
buffer (pH 7.3) and a drop of this was added 
to a drop of buffer containing living or 
dead nematodes, giving a final concentra- 
tion of 0.01% FDA. A coverslip was placed 
over this drop and sealed. Ti le  slide was 
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examined under  ultra-violet (UV) light 
with a Zeiss interference band pass filter 
with excitation from 450 to 490 nm and a 
barrier filter at 520 mn and above. Death 
was induced by heating for 1 rain at 60 C, 
by fixation in 4% phosphate-buffered (pH 
7.3) paraformaldehyde, or by starvation. 

Living nematodes exhibited fluorescence 
in discrete particles in the gut (Figs. IB, 
2B), whereas dead specimens showed a gen- 
eral diffuse fuorescence throughout  the 
whole animal (Figs. 1D, 2D). T h e  mem- 
braues surrounding the particles containing 
esterase in the intestine apparently leak at 
death, so that tile fiuorescein is distributed 
randomly within the nematode and re- 
tained within the cuticle. T h a t  diffusion is 
less when killing is by fixation in para- 
formaldehyde than by heating or starvation. 

T h e  method provides a rapid means of 
assessing the viability of nematodes. Either 
tungsten or halogen light sources can be 
used just as effectively as UV, in which case 
the only special apparatus required would 
be the filters. 
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