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chorhynchinae (7,9) and of the genus 
Tylenchorhynchus (10) describe spicules as 
being characteristically pointed distally. T. 
cylindricus does not  conform to this portion 
o[ the diagnoses. 
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Effects of Oxygen and Temperature on the Activity 
and Survival of Nothanguina phyllobia 

A. F. Robinson,  C. C. Orr, and C. E. Heintz 1 

Abstract: The effects of oxygen and temperature on the activity and survival of infective 
forth-stage juveniles of Nothanguina phyllobia Thorne were examined in aqueous suspension. 
Rate of movement was not affected by a wide range of O z concentration (0.8-8.6 ppm). Activity 
decreased below 0.8 ppm 0 2, and at 0.15 ppm 0 2 nematodes became motionless. Activity in- 
creased as a linear function of temperature up to a thermal optimum of 24 C; beyond 24 C 
activity decreased. Survival was greatly prolonged at low temperature. At 23 C, 50% mortality 
occurred within 7 d, whereas at 4 C, 70% survived after 98 d. Key words: oxygen, temperature, 
activity, survival, Nothanguina phyllobia, biological control of weeds. 

Orr et al. (9) proposed the use of Noth- 
anguina phyllobia Thorne  for biological 
control of the agronomically important  per- 
ennial weed Solanum elaeagnilolium Cav. 
The  virulence, host specificity, anhydro- 
biotic capability (10), histopathology, and 
high biotic potential (12) of the nematode 
identify it as a good biological control 
agent. More information is needed concern- 
ing the effects of edaphic variables on sur- 
vival and transmission. We describe here 
the effects in vitro of dissolved oxygen and 
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temperature on the activity and survival of 
infective L4 juveniles. 

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

Nothanguina phyllobia infective juve- 
niles were obtained from foliar galls of S. 
elaeagnifolium. Galled leaves were air- 
dried (24 C) to 11% moisture, broken into 
pieces < 1-cm-d, thoroughly stirred, ran- 
domly partitioned, and stored at -20 C. 
When experimental organisms were re- 
quired, 12 g of broken leaves were soaked 
in oxygen-saturated deionized water (23 C) 
for 6 h and nematodes that egressed from 
plant tissue were sieve-separated from it. 
Further separation on a Baermann funnel 



yielded 100% viable juveniles (ca. 50,000 
nematodes) which were stored 24 h at 4 C 
prior  to exper imenta l  use. Nematodes  for 
all experiments  were extracted from plant  
mater ial  that  was collected and processed 
for storage at the same time. Deionized 
water was used as the exper imenta l  sub- 
strate. 

In  order to quant i fy  activity, the activity 
index (AI) of a nematode  was defined to be 
the num ber  of dorsoventral  undula t ions  (or 
waves) of the body observed within  15 sec, 
one undula t ion  being one complete cycle 
of events at the anter ior  end. Except  where 
noted, the AI  of each t rea tment  was deter- 
mined for 50 randomly selected nematodes  
and a confidence interval was generated 
about  their mean with Student's-t distribu- 
tion. Where  less precision was required,  
activity was measured for 20 nematodes /  
trea tment.  

Variat ion between and within nematode  
extractions was evaluated by measur ing the 
average AI's  of nematodes from six ran- 
domly selected aliquots of processed p lan t  
material .  T h e  consistency through t ime in 
the rate of movemen t  of nematodes was 
evaluated by measur ing 10 consecutive AI's  
for each of 50 randomly  selected indi- 
viduals. 

Th ree  exper iments  were designed to in- 
vestigate the effects of oxygen on nematode  
activity and survival. In  the first experi- 
ment  we examined the effects of various 02 
concentrations on AI. Approximate ly  300 
nematodes were placed in sealed watch- 
glasses containing water  at 10 02 concentra- 
tions from 0.1 to 8.6 ppm;  after 3 and  6 h, 
AI's were measured. Dissolved oxygen was 
read to within 0.1 p p m  at the beginnings 
and ends of incubations with a NaSOa- 
calibrated si lver/ lead galvanic ceil. 

In the second oxygen exper iment  we 
examined the effects of anoxia on AI  dur- 
ing the first 24 h of exposure. Nematodes  
were observed after passing N2 through 
nematode suspensions for 0.75, 1.5, 3, 6, 12, 
and 24 h; 02 concentrat ion after 0.75 h was 
< 0.15 ppm. Air was then passed through 
each suspension for 24 h and AI 's  were de- 
termined. In  the third exper iment  we ex- 
amined longer exposures to anoxia  and 
subsequent survival in the presence of 
oxygen. Nematodes  were exposed to N= for 
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0, I, 2, 3, 4, and 6 d, at which times nema- 
todes were transferred to oxygenated water; 
AI 's  were read 1, 3, 6, 9, and 12 d after each 
transfer. T h e  first oxygen exper iment  was 
conducted twice at an ambien t  t empera ture  
of 19 __+ I C. T h e  remain ing  oxygen experi- 
ments were conducted at 23 --> 0.5 C. 

Four experiments  were designed to in- 
vestigate the effects of tempera ture  on 
nematode  activity and survival. In  the first 
exper iment  we varied the rate  of tempera- 
ture change when nematodes were removed 
from cold storage. Juveniles stored at 4 C 
for 24 h were transferred to a 23 C environ- 
ment  instantaneously,  or gradually, via a 
linear rate of t empera ture  increase (0.3 
C/rain).  Ins tantaneous tempera ture  change 
was achieved by pipet t ing five drops (0.13 
ml) of concentrated nematode  suspension 
(50 juveni les /drop)  at 4 C into a tempera- 
ture-controlled observat ion well (11) con- 
taining 25 ml  water  at 23 C. Gradua l  
change was achieved by transferr ing nema- 
todes from the same 4-C source to 25 ml  
water  at 4 C and raising the well tempera-  
ture manual ly .  Tempera tu re ,  which was 
recorded at 60-sec intervals, deviated no 
more than 0.2 C from a 0.3 C / m i n  control  
line. Activity indices were measured 0.5, 
1.5, 3, 4.5, and 6 h after the a t ta inment  of  
23 C. In  the second exper iment  we ex- 
amined activity stabilization after various 
tempera ture  changes. Nematodes  which had 
been stored at 4 C for 24 h were subjected 
to instantaneous changes f rom 4 C to 14, 
23, or 32 C; AI 's  were measured 0.3, 0.75, 
1.5, 3, and 6 h after transfers. 

In  the third tempera ture  exper iment  we 
compared stabilized activity at various tem- 
peratures. Nematodes  stored at 4 C for 24 h 
were held for 6 h at 4, 8, 12, 16, 20, 24, 29, 
32, 36, and 40 C and AI 's  were read; nema- 
todes were then held for 24 h at 24 C and 
AI's were redetermined.  

In  the fourth exper iment  we examined 
nematode survival. Activity indices were 
measured after 0, l, 2, 4, 9, 17, 30, 48, and 
98 d of storage at 4 and 23 C. Dissolved 
oxygen readings verified that  significant 
oxygen deplet ion did not  occur. T h e  re- 
main ing  survival potent ial  of nematodes  
stored at 4 C for 98 d was de termined by 
transferring to 23 C and measur ing AI 's  
after 0.17, 0.33, 1, 2, 3, 5, and  7 d. T h e  first 



530 Journal of Nematology, Volume 13, No. 4, October 1981 

~ 1 0  ¸ 

) -  

_;5 

0 

A 
T 1 

0 I 2 3 4 5 6 7 8 9 

DISSOLVED OXYGEN (PPM) 

i K' , .  \ " 
- " : i ~ T ' x  X _  zx s ~Avs 
,- ~ ~ % . \  \ 1  
> i ; ± \ \  I \  T 
- 5  : ~ . -  . . . . .  
rO , i ~ T;x. I 

i R 

0 5 I0 |5 
B D A Y S  A T  2 3 "  C 

NO EXPOSURE 
~ 20 

15- 

~ -I0 

- o W N _  
I-- 0 I 3 6 9 12 0 
: -  I I 1 i I , . I 
>__ 3 DAYS EXPOSURE 

t I -15 

I DAY EXPOSURE 

3 6 9 12 

6 D)~YS EXPOSURE 

C D A Y S  I N  O X Y G E N A T E D  W A T E R  
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and fourth temperature experiments were 
conducted twice. Tempera tu re  was con- 
trolled in all experiments to -+- 0.5 C with 
the mult i- temperature observation well 
apparatus described previously (I I). 

RE SULTS 

T h e  average AI for nematodes from six 
standardized extractions was 12.7 waves/15 
sec with a standard deviation about  extrac- 
tions 5% of the mean. Controls in all sub- 
sequent experiments verified comparable 
activity. Variation between individual 
nematodes within extractions was much 
greater, with standard deviation 25% of 
the mean and AI's ranging from 5 to 20 
waves/15 sec. Variation through time for 
individual nematodes was small ( ±  2 
waves / 15 sec). 

The  activity of N. phyllobia was not  
changed by changes in 02 concentrat ion 
from 0.8 to 8.6 ppm; all AI's measured in 
this range were within 3% of the O2-satu- 
rated control (Fig. 1). Below 0.8 ppm 02, 
activity dropped sharply with 02 depletion 
and reached zero between 0.4 and 0.1 ppm. 
When nematodes were placed in water at 
< 0.15 ppm 02, they became motionless 
within seconds and did not  recover unti l  
oxygen was replaced. After reacclimation 
in oxygenated water, nematodes from all 
N2 time exposures up to 24 h yielded AI's 
within 5% of the control. Examinat ion of 
survival in aerated water after the longer 
N 2 exposures of 2-6 d yielded additional 
information concerning the effects of anoxia 
(Fig. 1). Exposure to N2 for 2, 3, and 4 d 
unquestionably prolonged survival. T h e  
amount  by which survival was prolonged 
was ca. 1 day shorter than could be ac- 
counted for by the durat ion of anoxybiosis. 
T h e  same effect occurred for nematodes ex. 
posed to N~ for 1 d, so that the survival of 
nematodes following 1-d exposure to anoxia 
was essentially indistinguishable from the 
survival of nematodes from the same source, 
but  held continuously in aerated water. 
After aeration the average activity of nema- 
todes exposed to N2 for 6 d was markedly 
reduced, compared with other  exposure 
times. Examinat ion of AI size class distribu- 
tion changes during 12 d in aerated water 
after exposure to N2 for 0, I, 2, 3, 4, and 6 d 
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(Fig. 1) showed that 6-d reduct ion in av- 
erage activity was due to an irreversible 
cessation of movement  by ca. 70% of the 
population. T h e  remaining 30 % conformed 
to an AI distribution time sequence similar 
to that of the control. 

T h e  rate of temperature change from 4 
to 23 C did not  have a reproducibly measur- 
able effect on final activity. A small effect 
(11%) was measured in one of the two ex- 
periments conducted (P --- 0.01). In the 
other experiment,  AI's for the two methods 
of temperature transition differed by < 5 % 
at P = 0.001. In our opinion, the magni- 
tude of the maximum effect detected was 
small enough to justify the use of rapid 
temperature change in subsequent experi- 
ments. 

Activity completely adjusted to in- 
creased temperature within 90 m/n; from 
1.5 to 6 h after transfer to 14, 23 and 32 G, 
the activity of nematodes previously stored 
24 h at 4 C varied by ( 10% (Fig. 2). In 
the comparison of Al's at 10 temperatures, 
activity from 8-24 C increased as a strict 
linear function of temperature;  regression 
analysis of AI = f (temperature) yielded a 
linear correlation coefficient (r = 0.998) 
significant at P = 0.001 (Fig. 3). Variat ion 
as measured by standard deviations also in- 
creased linearly from 0 to 24 C (P = 0.001). 
Above 24 C, variation increased exponen- 
tially and AI dropped sharply; by 40 C 
activity ceased. Activity indices read after 
24 h reacclimation at 24 C showed that at 
40 C much permanent  damage had occurred 
(Fig. 3). By contast, temperatures < 40 G 
had measurable but  comparatively small 
permanent  effects. Regression analysis of 
AI's read after 24 h at 24 C yielded a nega- 
tive linear correlation between AI and test 
temperature (4-36 C; P = 0.01) with a 
slope of on ly -0 .04  waves/15 sec/degree. 

T h e  survival of N. phyllobia infective 
larvae at 23 C was short. Although a small 
proport ion (5-10%) of nematodes con- 
sistently maintained a high level of activity 
(AI > 12 waves/sec) for several days, only 
6.5 d were required for a 50% reduct ion in 
AI, overall (Fig. 4). T h e  same rate of de- 
crease in mean AI (ca. 50% reduct ion/6  d) 
was seen in the second survival exper iment  
(data not  shown), and in the control data 
for the N2 recovery experiment  (Fig. I); 
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Reacc l ima t ion  to 23 C after 98 d at  4 C re- 
q u i r e d  a l ong  t ime (8-24 h) compared  w i th  
the 90 ra in  sufficient for the comple te  ad- 
j u s t m e n t  of act ivi ty  by nematodes  stored 
only  24 h at  4 C. Some worms never  re- 
covered whi le  others reachieved a n d  sus- 
t a ined  for 4 d a level of act ivi ty  comparab le  
to tha t  of freshly ex t rac ted  nematodes .  

T h e  fo l lowing  qua l i t a t i ve  observat ions  

the 24 h at 23 C which was required for 
hydration, extraction, and separation must 
be added to the time coordinate of the data 
given. Survival at 4 C was greatly pro- 
longed. Activity index size class distribu- 
tions of nematodes held continuously at 
23 C from the time of hydrat ion were com- 
pared with those of nematodes held con- 
tinuously at 23 C after 98 d at 4 C (Fig. 4). 
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concern changes in the appearance of nema- 
todes. On day 1 of survival experiments the 
interior of most nematodes was highly re- 
fractive and appeared granular.  As days 
passed, control nematodes lost optical re- 
fractivity. T h e  transition to translucence 
coincided with the drop through time of 
the mean AI for the populat ion,  bu t  was 
not directly relatable to the AI of any given 
nematode; numerous highly translucent, 
highly active nematodes were observed. 
Exposure t o  N 2 preserved the refractive 
appearance of newly extracted nematodes 
until oxygen was replaced, at which time it 
disappeared at a rate similar to that ob- 
served in the control, with the following 
exception: nematodes which never regained 
mobili ty after 6-d exposure to N2 remained 
highly refractive for the durat ion of the 
experiment;  nematodes that regained ac- 

tivity became translucent in the usual 
fashion. 

DISCUSSION 

Above 0.8 ppm O2 (=  14 T o r t  p O  2 o r  
2 % O., in air at STP), variation in oxygen 
concentrat ion has no effect on the rate of 
movement of infective juveniles of N. 
ph),llobia. This  oxygen concentrat ion com- 
pares with critical oxygen tensions (<  40 
Tor t )  for reproduction,  activity, and sur- 
vival of other soil-inhabiting nematodes 
(1,3,4,7) and suggests that the activity of 
N. phyIlobia is adversely affected as soon as 
oxygen availability begins to limit respira- 
tion, a phenomenon  that characterizes in- 
vertebrates in general (13). 

T h e  survival time of N. phyllobia juve- 
niles in anoxic water (4-6 d) was similar to 
those reported for other nematodes, includ- 
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ing  free-living species (2,3,6), p lan t  para-  
sites (4), and  the infective stages of  an imal  
parasites (5,7). A m o n g  free-living and  plant-  
parasit ic nematodes ,  significantly longer  
anaerobic  survival (60 d) has been repor ted  
only for the myce l iophagous  elphelenchus 
avenae Bast ian (4) and  several salt marsh  
species (6). T h e  lat ter  were examined  at 
7 C, which  may  expla in  their  greater  lon- 
gevity. For  N. phyllobia, an inverse rela- 
t ionship was ob ta ined  between the dura-  
t ion of exposure  to anoxia  and  the speed of  
recovery. T h e  same p h e n o m e n o n  was ob- 
served for the soil n e m a t o d e  Caernorhab- 
ditis elegans (Maupas)  Doughe r ty  by An- 
derson (2) and  for the mar ine  n e m a t o d e  
Enoplus communis Bast ian by Wieser  and 
Kanwisher  (14), who  a t t r ibu ted  it to the 
accumula t ion  of  me tabo l i c  waste products .  
Because the infective juveniles  of  N. phyl- 
lobia are inf luenced by anaerob ic  condi- 
t ions in vi tro in a fashion similar  to o ther  
nematodes,  general izat ions concern ing  the 
oxygen-related adverse effects on nematodes  
of flooding, heavy clay soils, and  organic  
soil amendmen t s  apply  equally.  

Energy was conserved by N. phyllobia 
juveniles du r ing  the first 4 d of  anaerobiosis,  
as evidenced by subsequent  aerobic  sur- 
vival; opt ical  refract ivi ty similarly was re- 
ta ined unt i l  oxygen was made  available.  
T h e  loss of opt ical  refract ivi ty  u n d e r  
aerobic condi t ions  very likely resulted f rom 
lipid deple t ion.  I f  so, the dea th  of  N.  
phyllobia juveniles after  6-d exposure  to N2 
did  no t  result  f rom the exhaus t ion  of  l ipid 
reserves; the nematodes  kil led by anox ia  
were in fact the ones tha t  never  lost their  
refract ive appearance  when  oxygen was re- 
placed. Similar resnlts have been  ob ta ined  
by o ther  workers.  His tochemica l  techniques  
were used to compare  l ipid ut i l iza t ion dur-  
ing the aerobic  and  anaerobic  survival o f  
el. avenae, C. elegans (3), L2 Meloidogyne 
naasi Frankl in  (8), a nd  L3 elncyclostoma 
tubae[orme (7). In  each case, liplds were 
uti l ized only  u n d e r  aerobic condit ions.  

T h e  l inear  re la t ionship  ob ta ined  for N.  
phyllobia between t empera tu re  and  activi ty 
(8-24 C) was no t  surpr is ing for a poikilo- 
therm. W h a t  we did  no t  expect,  however,  
was the wide var ia t ion  in  the susceptibi l i ty  
of  nematodes  to complete ly  reversible h igh 
tempera tu re - induced  immobi l iza t ion .  T h i s  
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p h e n o m e n o n  occur red  over a t empera tu re  
range (29-36 C) characterist ic  of  the nema- 
tode's na tu ra l  hab i ta t  and  may  be of adap- 
tive significance. 

T h e  p ro longed  aerobic  survival of  N.  
phyUobia at 4 C (>  98 d) indicates tha t  in  
tempera te  la t i tudes overwin te r ing  may  be 
possible in the con t inuous ly  hydra t ed  con- 
di t ion,  someth ing  we had  no t  suspected. 
T h e  short  survival at 23 C (<  12 d) em- 
phasizes the impor tance  of  host avai labi l i ty  
du r ing  warm, moist  condit ions.  T h e  op- 
t imum osmolali ty,  pH,  and  specific ion  
ratios for the survival of  hydra ted  N. phyl- 
lobia have no t  been de termined ,  and  the 
survival curves ob ta ined  u n d e r  ou r  experi-  
men ta l  condi t ions  may  fall short  of  actual  
values in the soil. 
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A Soil-free System for Assaying Nematicidal Activity 
of Chemicals 

F. A. Preiser, J. R. Babu, and A. A. Haidr i  1 

Abstract: A biological assay system for s tudy ing  the  nemat ic ida l  activity of chemicals  has  been  
devised us ing  a model  consis t ing of c u c u m b e r  (Cucumis sativus L. cv. Long  Marketer)  seedlings 
g rowing  in the  diSl 'o® g rowth-pouch  appara tus .  Meloidogyne incognita was used as the  test  
organism.  T h e  response was quant i f ied  in te rms  of the  n u m b e r s  of galls p roduced .  Statistical 
procedures  were appl ied  to es t imate  the  ED~ 0 values  of cur ren t ly  avai lable nemat ic ides .  T h i s  
system permi t s  accurate  quant i f ica t ion  of gal l ing and  requires  m u c h  less space and  effort t h a n  
the  cur rent ly  used methods .  Key words: nematic ides ,  Meloidogyne, assay, screening,  and  growth-  
pouch .  

T h e  methods for evaluating the nema- 
ticidal activity of experimental  compounds 
have been reviewed by Bunt  (1). Among 
these, a biological assay using the root-knot 
nematodes is widely used to test candidate 
nematicides. Tes t  chemicals are added di- 
rectly to nematode-infested soil, and after 
an interval a susceptible host plant is trans- 
planted into this soil. Nematicidal  efficacy 
is then evaluated by rating the extent  of 
root galling (2). This  procedure simulates 
field conditions. T h e  use of soil, however, 
presents numerous problems for a rapid 
bioassay: soil preparat ion is t ime consum- 
ing and evaluation of efficacy by means of 
the galling index is not precise. Measuring 
the host response to infection by counting 
the numbers of galls produced gives a more 
precise galling index for estimating the 
efficacy of test compounds. A testing system 
that can be used as an indicator of nema- 
ticidal activity is needed; this system should 
be speedy, require comparatively little ef- 
fort and space, and permit  precise quanti-  
fication of host root  galling. We report  here 
such a system and the test results using 
several nematicides. 

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

Meloidogyne incognita Kofoid and 

Received for publication 23 February 1981. 
aRespectively, Research Fellow, Senior Research Biolo- 

gist, and Research Biologist, Merck, Sharp and Dobme Re- 
search Laboratories, P.O, Box 2000, Rahway, NJ 07065. 

White (Chitwood) were maintained for 
inoculum on tomato (Lycopersicon escu- 
lentum Mill. cv. Rutgers) in the green- 
house. Second stage larvae were obtained 
by the method of Th i rugnanam (4). 

Cucumber (Cucurnis sativus L. cv. Long 
Marketer) seeds were individually germi- 
nated in diSPo ga'owth-pouches (3) moist- 
ened with 9 ml water and held in a growth 
chantber maintained at 90% RH,  24 C, and 
16-h photoperiod. A 5-ram incision was 
made in the center of the paper  t rough to 
facilitate penetrat ion by the emerging 
radicle. 

At 0, 24, 48, 72, 96, or 144 h after seed- 
ing, the pouches were inoculated with 1 ml 
of water containing 200 larvae. T h e  tops of 
the pouches were sealed with transparent  
tape, leaving enough unsealed space for the 
phmmle  to grow through. One milli l i ter of 
inoculum containing ca. 50, 100, 200, or 400 
larvae was applied to each root  system 96 h 
after the pouches had been seeded and 
moistened with 9 ml of water. After the 
inoculation the tops of the pouches were 
resealed, leaving room around the stem of 
the seedling. 

Tes t  chemicals (Vydate-L, 24% methyl 
N'N'-dimethyl-  N - [(methylcarbamoxyl)oxy]- 
l- thiooxamimidate;  Nem-A-Tak 4L, 40% 2- 
(diethoxy-phosphinylimino) - 1,3- dithietane; 
and Furadan 4F, 40% 2,3-dihydro-2,2- 
dimethyl-7-benzofuranyl methylcarbamate) 
were dissolved in ethanol so that the final 
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