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T h e  activity of nematodes in unstirred 
water frequently decreases due to the deple- 
tion of oxygen from their surrounding mi- 
croenvironment (1,2,3,). In in vitro studies 
on the activity of Nothanguina phyllobia 
T h o r n e  we found it essential to prevent this 
by constantly agitating nematode suspen- 
sions. Various physiological processes are 
undoubtedly affected at oxygen tensions 
which inhibit  activity, and the need for 
agitation arises in studies of nematode sur- 
vival, lipid utilization, and toxicology. 
Nematode activity and metabolism are also 
sensitive to temperature;  the rate of move- 
ment  of N. phyllobia juveniles, for example, 
increases 25% over the range 19-24 C (Rob- 
inson, unpublished data). T o  solve these 
problems, we designed and buil t  a space- 
efficient, mult i- temperature water bath ap- 
paratus specially adapted for nematodes. It  
provides shaker capability as well as precise 
microscope stage temperature control (-+ 
0.2 C) (Fig. 1). It is constructed from readily 
obtained parts and requires < 10 A (115 V) 
under  full load. T h e  basic design may be 
modified to provide any number  of tempera- 
tures simultaneously. With  our  part icular  
arrangement,  we are able on a 1-m length 
of laboratory bench to store, shake, and 
microscopically observe twenty 25-ml sam- 
ples at five temperatures in tile range 0-60 C 
(I00 total samples). 

T h e  apparatus consists of four assemblies 
(Fig. 2), each of which can be buil t  and in- 
stalled separately: a water bath assembly 
(B), an electrical power/water  pressure 
manifold (M), an observation well assembly 
(W), and five water bath reservoirs (RES). 
T h e  machine requires external  pressurized 
hot and cold water sources. We use an ice- 
cooled Styrofoam (polystyrene) container 
with a 0.03 kW outpu t  magnetic drive pump 
for cold water and a commercially manu- 
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F ig .  1. T e m p e r a t u r e  c o n t r o l  a p p a r a t u s  w i t h  ob -  
s e r v a t i o n  wel l  a s s e m b l y  r e m o v e d .  N o t e  b a t h  u n i t s  
(B) o f  t h e  w a t e r  b a t h  a s s e m b l y ;  r e l a y s  ( R E L ) ,  
s o l e n o i d  va lves  (SOL) ,  c i r c u l a t o r  p u m p s  (P),  a n d  
p r e s s u r i z e d  h o t  a n d  co ld  w a t e r  m a n i f o l d s  (M) o f  
t h e  n l a n i f o l d  a s s e m b l y ;  a n d  w a t e r  b a t h  r e s e r v o i r s  
(RES). 

factured external  circulating thermostatic 
water bath for hot  water. 

T h e  water bath assembly consists of ten 
42-mm-o.d. × 117-cm-long tubes mounted  in 
a glass-wool-packed plywood and sheet metal 
box. Tile box is bolted to a platform shaker 
(Fig. 2). Ti le  tubes are constructed entirely 
from polyvinyl chloride (PVC) pipe and 
pipe fittings. Threaded  plastic caps give ac- 
cess to both  ends of each tube for the load- 
ing of experimental  vials. 

T h e  manifold assembly consists of a 
simple plywood frame (Fig. 3) through 
which holes are bored to permit  the passage 
of water lines and to which pressurized hot 
and cold water manifolds (12.5-mm PVC 
pipe and pipe fittings), two electrical plug 
molds, five relays, six solenoid valves, and 
five water pumps are secured. As such, the 
manifold assembly is tile heat, cold, pres- 
sure, and power source for the entire ap- 
paratus. Vinyl tubing (6.5-ram i.d.) is used 
to interconnect  manifold, water bath, and 
reservoirs. T h e  universal use of hose barbs 
permits the quick rearrangement  of water 
lines for maximum functional flexibility. 
Tile glass wool packing within the bath  
assembly and the use of tubular  refrigera- 
tion insulation on all vinyl lines limit tem- 
perature variation within the system to 
< 0.2 C. 
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Iqgs. 2-4. 2) Cross-sectional view of temperature control apparatus. Note bath unit (B) of the water 
bath assembly; relay (REL), solenoid valve (SOL), circulation pump (P), and pressurized hot and cold 
water manifolds (M) of the manifold assembly; water column (COL) and well (W) of the observation ~,ell 
assembly; and a water bath reservoir (RES). Bath assembly is mounted to platform shaker (PS). Arrows 
indicate water flow direction. 3) Plywood frame of manKold assembly. 4) Cross section of water bath res- 
ervoir. The PVC parts shown are elbows (E), pipe (P), slip cap (CA), tee (T), and bushing (B). Other 
parts are Styrofoam box (SB), thermoregulator (TR), water bath output line (OL), return line (RL), input 
and output copper tubing (CT) to the coil (CO), flare nut (FN), tubing to pipe thread adapter (A), and 
hose barb (HB). Holes (H) are drilled into PVC at three points. Three PVC connections are not glued 
(Not  

Each  water  ba th  reservoir  (Fig. 4) con- 
sists of  a S tyrofoam conta iner  into which  are 
fitted a heat  t ransfer  coil (7.6 m o[ 9.5-ram 
o.d. copper  tubing),  a t he rmoregu la to r  hous- 
ing (constructed ent irely f rom PVC pipe  
and  pipe fittings), and  a t he nno re gu l a to r  
(Fenwall  T h e r m o s w i t c h  17100-0, Fenwall ,  
Inc., Ashland,  MA). W o r k i n g  in conjunc-  
t ion wi th  each reservoir are a relay, a sole- 
no id  valve, and  a water  p u m p  m o u n t e d  to 
the man i fo ld  frame. W h e n  in opera t ion,  the 
t he rmoregu la to r  o[ each reservoir controls  
the relay which  in tu rn  opens or  closes the 
solenoid valve, thereby regu la t ing  ho t  or  
cold water  flow t h rough  the hea t  transfer  
coil. T e m p e r a t u r e  is adjus ted  by tu rn ing  the 
ad jus t ing  stem of the t he rmoregu la to r  while  
wa tch ing  an ind ica tor  l amp wired in par- 
allel wi th  the solenoid.  

T h e  observat ion  well assembly consists 
of  a series of  observat ion  wells and  ver- 
tical cylinders tha t  del iver  tempera ture-  
control led  water  to the wells by  gravi ty  
flow. Vertical cylinders are made  f rom 40-cm 
lengths of  32-mm-d acrylic tubing.  T h e  
b o t t o m  of each cyl inder  is rubber - s toppered  
and  inserted in to  a hole  in  a p l ywood  

holder.  Three -cen t ime te r  lengths of 6.5-mm- 
o.d. acrylic tub ing  are g lued in to  holes 
dri l led in tile side of  tile cyl inder  to p rovide  
connect ions  for latex lines going to observa- 
t ion  wells. A vinyl  l ine f rom the c i rcula tor  
p u m p  supplies the cyl inder  wi th  tempera-  
ture-control led water. W a t e r  level wi th in  
tile cyl inder  and, consequent ly ,  water  flow 
th rough  tile wells is adjus ted  by differ- 
ent ial ly squeeze-clamping the water  l ine 
r u n n i n g  f rom the p u m p  to tile water  b a t h  
assembly. A n  overflow line r e t u r n i n g  to the 
ba th  reservoir  ensures tha t  the cyl inder  
never overfills. 

Each observat ion  well and its cover are 
made  in such a way that  the exper imenta l  
suspension is comple te ly  s u r r o u n d e d  by 
c i rcula t ing water  > 13 m m  thick (Fig. 5). 
T r a p p e d  air pockets above and  below the 
water  min imize  heat  transfer.  Wells  are 
easily cons t ruc ted  by chemical ly  weld ing  
(using methy lene  chlor ide  as a solvent) three 
sizes o[ polys tyrene  petri dishes. A well 
b o t t o m  requires three 88- × 15-ram petr i  
dish bo t toms  and  one 57- × 10-mm petri  
dish cover; a well cover requires two 88- X 
15-ram bo t toms  and  one 90- × 9-ram cover. 
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of 6.5-mm-o.d. acrylic tubing) within holes 
melted in the sides of wells. Highly flexible 
latex tubing (6.5-ram i.d.), interconnecting 
vertical cylinders, wells, and return lines to 
the reservoirs, enables the easy maneuver- 
ing of wells on the microscope stage and 
bench. Th e  wells yield good optical resolu- 
tion and are easily cleaned. 

A complete list of parts is available from 
the authors. 

Fig. 5. Observation well bot tom and cover with 
temperature-controlled water lines attached. 

A filler putty made by dissolving acrylic 
shavings in methylene chloride firmly se- 
cures tubing connectors (four 2-cm lengths 
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Foliar Spray Effects of Selected Amino Acids on 
Sunflower Infected with Meloidogyne incowfito 

A. A. Osman and D. R. Viglierchio ~ 

Overman and Woltz (3) indicated that 
amino acid antimetabolites applied to tile 
soil suppressed reproduct ion of Paratri- 
chodorus minor (Trichodorus christiei) and 
root galling caused by Meloidogyne incog- 
nita on tomatoes. Eight DL-amino acid anti- 
metabolites similarly decreased the popula- 
tion of Aphelenchoides ritzemabosi on 
Lucerne, whereas DL-alanine suppressed the 
populat ion of Heterodera spp. without  
harming the host plants (5). Evans and 
Trudgi l l  (1) found that DL-methionine 
was toxic to H. rostochiensis (Globodera 
rostochiensis) infecting potato plants. 
Methionine did not act as a contact nema- 
ticide; it was presumably ingested in sap 
extracted from giant cells after being taken 
up by the host plant. Krishna Prasad and 
Setty (2) showed that two amino acids used 
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as [oliar sprays on tomato had no adverse 
effect on plant growth and vigor, but  sig- 
nificantly affected the development  and re- 
product ion of M. incognita. Parvatha 
Reddy et al. (4) reported that DL-methio. 
nine suppressed root  galling, egg-mass pro- 
duction, and fecundity of M. incognita on 
tomatoes. T h e  amino acid also delayed the 
completion of the nematode life cycle by 
about  8-9 d. DL-methionine reduced the 
number  but  not  the size of giant cells in- 
cited by M. incognita. 

We extended this line of explorat ion to 
include a comparison of the effects of other  
amino acids as foliar sprays on the biology 
of a populat ion of M. incognita on sun- 
flower. 

Stock cultures of M. incognita were 
maintained on tomatoes (Lycopersicon 
esculentum) cv. VF 145 in the greenhouse. 
Sunflower (Helianthus annus) cv. Hybr id  
894 seeds were planted in 10-cm pots con- 
taining a steam-sterilized mixture  of clay 
soil and sand (1 : 1). Two-week-old sunflower 
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