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(18.2-20.4); c = 147 (138-154); odontostyle = 
84 tam (81-87); spear extension = 36 tam (31- 
40); V = 47.1 (45.4-48.9); guiding ring from 
anterior end of nematode = 23.3 tam (23-24). 
These specimens also possess a slight oblique 
vulva slit. 

Canadian spec imens  (8 f e m a l e s ) :  
Specimens maintained in a greenhouse on 
sorghum were received from Frank Marks. 
The original population was collected f rom a 
tobacco field at the Research Station, Delhi, 
Ontario, Canada (3). Measurements are: L = 
5,652 tam (5,368-5,947); a = 109 (99-119); b = 
17.4 (15.8-19.0);  c = 134 ( !19-143) ;  
odontostyle 82 tam (76-85); spear extension 33 
tam (28-37); V = 47.5 (45.4-49.6); guiding ring 
from anterior end of nematode = 24.5/am (23- 
26). Besides being somewhat  longer than the 
Iowa specimens, the vulva slit in the Canadian 
material was not oblique in most specimens 
e x a m i n e d .  These  d i f f e rences  are no t  
considered of sufficient magnitude to warrant  
speciation, at least until further observations 
are made. 

Although L. breviannulatus was found in 
soils with as low as 49% sand during surveys 
for nematodes in Iowa in 1971-1973, most 
occurrences and the largest populations 
occurred in soils containing more than 90% 
sand. In preliminary studies in a greenhouse, 

L. breviannulatus mcreased on corn f rom an 
original 100 to as many as 4,120 individuals 
after 322 days in one test using sterilized sand. 
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Factors Affecting the Control of Rotylenchulus 
reniformis with UHF Electromagnetic Energy 

C. M. H E A L D  and J. R. W A Y L A N D  ~ 

Abstract: The reniform nematode Rotylenchulus reniformis was reduced in the upper 10 cm of soil with application 
of U HF electromagnetic energy. Bioassay of treated soil indicated no delayed effect on the populat ion from the 
treatment.  The population was significantly reduced by hot water t reatments  at 40 C for 10 min, and at 45 C for 5 
and 10 min, 50 C and above killed all nematodes.  Data were inconclusive as to whether  the effect of  UHF 
electromagnetic energy was thermal or nonthermal.  Key Words: reniform nematode,  hot water treatment.  

Radio waves have been investigated as a 
method for controlling soil pests (2, 3, 6, 7). 
However, most of these investigations use 
frequencies in the low to high range. Recently, 
Davis et al. (1) showed that ultra-high 
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frequency (UHF)  electromagnetic energy is 
lethal to plants and seeds of several species. 
Menges and Wayland (5) demonstrated the 
effectiveness of weed control with U H F  
electromagnetic energy f rom an experimental  
field unit. O 'Bannon and Good (6) found that 
Meloidogyne incognita Kofoid and White in 
soil exposed in a commercial  microwave oven 
operating at 2,450 (+ 20) MHz  was reduced at 
15 sec and eliminated at 30 sec. In a 
preliminary field test, Heald et al. (4) found 
that U H F  energy significantly reduced 
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populations of Rotylenchulus reniformis 
Linford & Oliveira, and increased cantaloupe 
plant size. Presently, there is some question as 
to whether the effect of U H F energy is thermal 
or nonthermal.  

The objectives of these investigations were: 
(i) to determine depth of control of R. 
reniJbrmis by UHFenergy  (2,450 MHz) under 
field conditions, (ii) to record soil temperature 
as affected by U H F  energy treatments,  (iii) to 
d e t e r m i n e  le thal  t e m p e r a t u r e  fo r  R. 
reniformis in hot water baths, and compare  
with lethal soil temperatures from U H F  
energy. 

M A T E R I A L S  A N D  M E T H O D S  

Field experiment: A field (Hidalgo sandy 
clay loam) infested with R. reniformis was 
disked. Rows 101 cm apart  were made with a 
rotary tiller and flattened to a smooth surface 
with bed shapers, so that the top of the bed 
was 25 cm wide. UHFenergy  was applied at 0, 
183,366, and 732 J / c m  2 with a field applicator  
as described by Wayland et al. (8). Each 
treatment was replicated five times. Glass 
thermometers  were inserted into the soil 30 sec 
after the machine emitting U H F waves passed 
over a plot. Soil temperatures were recorded 
at depths of 5, 10, and 15 cm, 1, 10, 20, 30, and 
60 min after treatment. Soil samples for 
nematode analysis were taken one day later at 
5-, 10-,and 15-cm depths from a 15× 15×20- 
cm cube taken in the middle of each row. Each 
sample included soil approximate ly  1.25 cm 
above and below the specified depth. 
Nematodes were extracted from 100 g of each 
sample by the Baermann funnel technique. 
After 48 h, 40 ml of water with the nematodes 
in suspension were drawn from funnels and 
counted. 

Bioassay: A soil core was removed from 
each replication by pushing a metal cylinder 

( 15 cm diam) into the soil in the middle of each 
row to a depth of 20 cm. This cylinder and its 
soil were placed on a greenhouse bench to 
serve as a plant pot. Two pea seeds [Vigna 
cylindrica (L.) Skeets 'Black-eye'] were 
planted in each pot and grown for 73 days. 
Soil was removed from the cylinders at 5-, 10-, 
and 15-cm levels and nematodes extracted as 
described above. 

Lethal temperature determination: To 
determine the lethal temperature for R. 
reniformis, test tubes (24 × 2.2 cm)containing 
70 ml of water were placed in a constant- 
t e m p e r a t u r e  ba th  and  s tab i l i zed  at 
temperatures of 23, 35, 40, 45, 50, or 55 C. 
Room temperature,  "~ 23 C, was used as the 
untreated control. One milliliter of water 
containing about 10,000 reniform nematodes 
was added to each test tube at each 
temperature and the tube left in the bath for 5 
or 10 rain. Each treatment was replicated five 
times. After heat treatment,  tubes were 
emptied into plastic pots filled with 450 g of a 
steam sterilized Hidalgo sandy clay loam. 
Two cantaloupe seeds were planted in each 
pot and pots were placed in a growth chamber  
at 27 C. After 73 days, plants were removed 
from the soil. Roots were washed and stained 
with acid fuchsin in lactophenol, cleared in 
lactophenol, and examined for female 
nematodes. Soil f rom each pot was mixed, 
and from 100 g, R. reniformis were extracted 
and counted as described above. 

RESULTS A N D  D I S C U S S I O N  

The effects of U HF energy on field 
populations of reniform nematodes at three 
soil depths are shown in Table 1. High (732 
J / c m  2) and medium (366 J / c m  2) energy levels 
gave excellent nematode reduction to depths 
of 10 cm. Although mean numbers recovered 
at the 10-cm depth for the high and medium 

TABLE I. Effect of UHF energy on Rot.rlenchulus reniformis at three soil depths immediately after treatment and 
by bioassay 73 days after treatment. 

Soil depth (cm) 

5 10 15 

Treat ment joules/ cm ~' Fiel& Bioassay F B F B 

732 0 0 40 56 655 461 
366 0 54 38 361 400 1,130 
183 3 105 276 168 262 479 

Untreated control 464 1,159 252 338 640 161 

'Average mean nematode count per five replications. 
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level are a b o u t  the same,  only  one rep l i ca t ion  
o f  the h igh-energy  10-cm level con ta ined  
nematodes ,  whereas  three  rep l ica t ions  of  the 
m ed iu m-ene rgy  10-cm dep th  sus ta ined  
popu la t ions .  Low energy levels con t ro l l ed  
nema todes  at  the 5-cm level only.  No effect 
was seen on p o p u l a t i o n s  at 15 cm at e i ther  o f  
the three  energy levels. 

Soil  t empe ra tu r e s  (Fig.  1) at  the three  
dep ths  var ied  acco rd ing  to energy levels. 
Highest  mean  soil t e m p e r a t u r e  (95 C) was 
recorded  at 5 cm, 1 min af ter  emiss ion  of  the 
h igh-energy  level. Genera l ly ,  p o p u l a t i o n s  
were e l imina ted  in soil at  dep ths  where the soil  
t e m p e r a t u r e  exceeded  50 C. The  excep t ions  
were at  5 cm in the low-energy  t r ea tmen t ,  
where 12 larvae  were recovered in one 
repl ica t ion ,  and  at  10 cm in the h igh-energy  
t r ea tmen t ,  where  200 la rvae  were recovered  in 
one repl ica t ion .  No larvae  were recovered in 
any  of  the o ther  rep l ica t ions  at  these depths  o r  
t r ea tments .  T e m p e r a t u r e s  at  the m e d i u m -  

energy level at 10 cm were very s imi lar  to 
t e mpe ra tu r e s  at  the  15-cm, h igh-energy  level; 
however ,  there  was a difference in p o p u l a t i o n s  
recovered.  At  the 10-cm, m e d i u m - e n e r g y  
level, the t e m p e r a t u r e  rose to 45 C af te r  10 min 
and remained  there t h rough  the o n e - h o u r  
per iod ,  resul t ing in reduced  n e m a t o d e  
number s  f rom three repl ica t ions .  At  the high-  
energy level, 15-cm dep th ,  t e m p e r a t u r e  rose to 
45 C af ter  30 min and  r ema ined  there for  the 
rest of  the hour ,  with n e m a t o d e  number s  
averag ing  655 per  100 g soil, equa l  to that  in 

TABLE 2. Effect of hot water treatments on 
Rot.vlenchulus reniformis 73 days after an initial 
inoculation (10,000/pot) to southern peas. 

lime Water temperature (C) 
(min) 23 35 40 45 50 55 

5 2,140" 1,818 1,695 1,326" 0 0 
10 1,964 2,209 1,284" 1,477" 0 0 

Mean nematode count per five replications. 
*Significantly different from untreated control P= 0.01. 
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FIG. I. Soil temperatures recorded at depths of 5, 10, and 15 cm at different energy levels at time intervals up to I h. 

A. 732 joules cm 2, B. 366 joules/cm 2, and D. untreated control. 



174 Journal of  Nematology, Volume 7, No. 2, April 1975 

untreated controls. The bioassay data (Table 
1) indicate that there was no delayed effect 
from UHF on the nematode population, as 
nematodes persisted in all treated soils and 
had reinfested all depths except the 5-cm 
depth of the high-energy treatment. 

H o t - w a t e r  t r e a t m e n t s  ( T a b l e  2) 
significantly reduced nematode populations 
at 40 C after 10 min, and 45 C after 5 min. 
Temperatures of 50 C and above killed all 
nematodes. O'Bannon and Good (6), working 
with a commercial microwave oven, made 
similar conclusions but assumed that 
temperature was the lethal factor because of 
the extreme temperature recorded. Eglitis and 
Johnson (2), controlled damping-off fungi in 
greenhouse soils by radio frequency energy, 
and concluded that the soil temperature might 
account for the effect on the soil microflora, 
but did not rule out the possibility of 
nonthermal effects. Wayland et al. (9) found 
that microwaves decreased germination of 
bean seed at temperatures that had no effect 
on germination in hot-water baths. They 
concluded that the phytotoxic effect was from 
differential local heating or from nonthermal 
effects. Attempts in this laboratory to 
determine lethal and nonlethal energy levels 
on nematodes with a commercial instrument 
have not been conclusive, because of uneven 
heat distribution in the oven and lack of 
energy control. The differences in dielectric 
properties make it probable that nematodes 
adsorb more microwave energy than does soil. 

This could cause internal damage that might 
be toxic to the nematode. 
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