
One disadvantage of tile match-stick 
technique is the requirement  of postincuba- 
tion soaking Since tile nematodes swim out l"  
of tile sample, however, only live aninmls, 
|ree of media and fungal debris, are col- 
lected. Further, since all the worms are on 
the stick (which can be soaked in ahnost 
any volume of water), the worms can be ex- 
tracted in a dihtte or concentrated form. 
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SEM Observations on Nematode Cuticle Penetration by 
Bacillus penetrans 

R. MANKAU,  J. L. IMBRIANI,  and A. H. BELL ~ 

Because of tile small size of the endo- 
parasite, Bacillus #enetrans (Thorne,  1940) 
Mankau, 1975 (2), it has been difficult to 
stttdy, and disagreement about the method 
of its penetrat ing nematode cuticle has ap- 
peared in the literature (3). Concepts previ- 
ously presented (3) are herein substantiated 
by en [ace scanning electron micrographs 
(SEM) of several infected specimens of 
Dolichodorus from Mozambique. 

Specimens routinely prepared for tax- 
onomic studies (4) had B. penetrans spor- 
angia (spores) attached to the lip region 
(Fig. 1, 3, 4). Sporangia are most frequently 
attached to the anterior or neck region of 
nematodes [Fig. 2 (Merlinius tesseUatus)] 
but they may occm" anywhere on tile body. 
T h e  large, disc-like lip region of Dolicho- 
dorus sp. apparently provides sufficient sur- 
face area for sporangial a t tachment  in that 
location. T h e  sporangium attached to the 
lip region of the nematode in Fig. 1 has 
blocked tile buccal opening and surround- 
ing pits within which labial papillae appar- 
ently occur. If such sporangia became at- 
tached with sufficient force that the nema- 
tode could not dislodge them with its sub- 
stantial stylet, the nematode would prob- 
ably starve because of the parasitism. T h e  
attached sporangium in Fig. 1 is about  3.2 
/zm diam and consists of a central, raised 
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region (Arrow A) 1.6 >nl in diam sur- 
rounded 1)y a second raised area (Arrow B). 
Th e  central region corresponds in size to 
tile endospore, and tile outer  area corre- 
sponds to tile remainder  of the sporangium. 

During processing of one l)olichodorus 
specimen for viewing by SEM, a spor- 
angium became detached from the lip re- 
gion and tile cuticle beneath tile spore 
could be clearly examined (Fig. 3, 4). A 
hole approximately tile size of the nuclear 
region of tile endospore (0.5/xm) penetrates 
the cuticle. T h e  presence of this character- 
istic tends to support  tile concept of enzy- 
matic penetration proposed by Mankau and 
lmbriani  (3). It appears that penetrat ion is 
accomplised by means of a germ tube ap- 
proximately the same size as tire nuclear re- 
gion of tile endospore protoplast. A circular 
area 0.7 btm thick surrounding tile hole is 
raised and has tire appearance of having 
been softened by chemical action. Another  
slightly raised, contiguous ring 0.8/~m thick 
with a fimbriated edge surrounds the previ- 
ous area. Th e  swollen inner ring conforms 
in size to tire endospore of B. penelrans and 
tile outer circle delineates the circumference 
of the detached sporangium. Similar raised 
areas of the cuticle have been observed 
beneath attached sporangia in sections of 
root-knot nematode larvae prepared for 
light microscopy, but the areas were not as 
clear as those in the present material (3). 
Optical sections through tile cup-shaped 
sporangia attached to nematodes give the 
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FIG. 1-4 1) Bacillus penetrans sporaogium affixed to the oral disc of a Dolichodorus sp. male from 
Mozambique [buccal opening and oral pits are completely blocked by the "spore";--inner raised disc 
is endospore (A) and surrounding area (B) is sporangium; XS,000]. 2) l~. penetrans sporangium attached 
to the cuticle in the neck region of a Merlinius tessellatus (Goodey) Siddiqi male from the Nether- 
lands (X4.000). 3-4) Side and en ]ace view, respectively, of penetration port of a detached B. penetrans 
sporangium on lip region of Dolichodorus sp. male from Mozambique (the hole is surrounded by two 
concentric bands of cuticle altered by the parasite; X5,000), 



impression of a suction cup-like force ap- 
plied to a chemically altered cuticle. Th is  
impression is borne out in the present ob- 
servation. 
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Effects of Plastic Mulch on Soil Treatments Toxic to 
Pratylenchus penetrans 

PATRICK AA. AAILLER 1 

Mulches apparent ly  increase plant  
growth by conserving water  and nutrients.  
Soil fungicides or nematicides increase 
plant  growth by controll ing injurious soil 
microorganisms. A combinat ion of mulch 
and soil pesticide may increase growth more 
than each component  alone if the moisture 
supply is l imited or if there are injurious 
soil microorganisms present which can be 
controlled by soil t reatment.  Miller and 
Waggoner  (4) found the growth of newly 
planted apple trees was increased by soil 
t reatments with the nematicide, 1,2-di- 
bromo-.8-chloropropane (DBCP), and the 
fungicide pentachloroni t robenzene (PCNB). 
Growth of tile apple trees increased when 
a sheet of black polyethylene plastic was 
placed on tile soil a round tim tree as a 
mulch after planting. Ti le  best growth was 
obtained if both mulch and soil t rea tment  
were used. 

A fttrther exper iment  was conducted to 
determine if this mulch influenced popula- 
tions of Pratylenchus penetrans (Cobb) 
Filip. & Schuurm.-Stekh. around tomato  
roots in soil treated with soil pesticides 
other than DBCP and PCNB. T h e  long- 
term effects of these treatments were evalu- 
ated. 

T h e  test was set up in a nematode-in- 
fested (P. penetrans) field in which straw- 
berries and tomatoes had grown. Four rep- 
licated plots 3 x 6 m were treated with 
either nabam (8 kg a. i . /ha)  or PCNB (9 
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kg a.i . /ha),  sodium N-methyldi thiocar-  
bamate  (SMDC) (209 li ters/ha),  or DBCP 
(16.7 li ters/ha).  Four plots were not treated. 
On April  15, chemicals were appl ied with 
22 liters of wa te r /p lo t  on the soil surface 
and rototil led to a depth of 15 cm 4 tl later. 
On May 5, half of each plot was covered 
with a black polyethylene mulch. Ti le  edges 
of tile plastic were buried in the soil, and 
2.5-cm slits were cut every 50 cm to allow 
water to enter the soil. On May 22, four 
(Lycopersicon esculenturn)'Bonny Best' to- 
mato plants were planted in each plot. At 
the end of tim season the mulch was left 
uudisturl)ed, and in tile second season, 
Bonny Best tomatoes were planted in tlle 
same holes in the plastic. 

T o  study control of P. penetrans, 3 g of 
fresh tomato  roots were taken from each 
plot on August 10, washed free of soil, and 
soaked in 200 ml of water  for 48 h to allow 
emergence of P. penetrans from the roots. 
For the second season, effects on nematode 
densities in soil were studied by taking 100 
g of soil from each plot  on May 18 and Sep- 
tember  15. Pratylenchus penetrans were re- 
moved from the soil by the sugar flotation 
method (2) and counted. 

Compared  to nontreated plots, popula- 
tions were decreased by SMDC in the first 
season over 95% (Table  1). Compared  to 
populat ions in nontreated,  nonmulched 
soil, P. penetrans populat ions were reduced 
60-70% by PCNB and DBCP. N a b a m  re- 
duced P. penetrans populat ions in mulched 
and nonmulched plots 65% below those in 
nontreated plots. 
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