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The  accumulation of phenols in lesions 
h a s  been shown to accompany injury by 
Pratylenchus penetrans (Cobb) Chitwood 
g: Oteifa in roots of a number  of plant  
species (1, 4, 6). T h e  presence of these 
compounds is thought  to influence the 
activity of nearby ceils in the root cortex 
and endodermis as well as to inhibi t  nema- 
tode activity (6). 

Investigations into the physiology of 
nematode-infected plants have been di- 
rected almost exclusively toward the 
metabolic changes occurring in the infected 
root system. So far, little a t tent ion has been 
given to the metabolic changes occurring 
above the crown when nematodes are in- 
fecting roots. In this study, the possibility 
that altered phenol metabolism occurred in 
the leaves of tomato plants infected with 
P. penetrans was investigated. 

Toma to  (Lycopersicon esculentum Mill.) 
culitvars used in this project were 
'Manalucie',  'Rutgers'  (suitable hosts of 
P. penetrans), and 'Valiant'  (poor host of 
P. penetrans). Pratylenchus penetrans w a s  

cultured aseptically in alfalfa callus tissue 
grown ia  nut r ient  agar containing 2, 4- 
dichlorophenoxyacetic acid (2, 4-D) (5). 
Greenhouse-grown plants of each tomato 
cultivar were inoculated, after the appear- 
ance of the second set of true leaves, by 
pipett ing a suspension of nematodes into 
the root  zone. Noninoculated plants served 
a s  controls. 

Four grams fresh weight of leaf tissue 
were added to 200 ml of distilled water, 
boiled for 20 mln, and the suspension 
filtered through Wha tman  No. 41 filter 
paper. Free phenols were extracted with 100 
ml of ethyl acetate (reagent) by continuous 
shaking for 1 h. T h e  water layer was then 
removed, acidified to p H  2.0 with ] N HC1, 
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and placed in a boiling water bath for 1 h. 
Bound phenols were then extracted from 
the acidified water layer with 100 ml of 
ethyl acetate. T h e  ethyl acetate extracts 
were concentrated to 5 ml in a rotary 
evaporator  at 70-72 C. 

Samples (50 IA) of these crude extracts 
were chromatographed on cellulose thin- 
layer chromatography (TLC) plates (EM 
Laboratories inc., Elmsford, N.Y.) with 
butanol:acetic acid:water 6:1:2 (V:V:V) in 
the first direction and 7% acetic acid: 
0.03% sodium acetate in the second. After 
being dried at room temperature  and ex- 
posed to NH3, the chromatograms were 
observed and photographed under  ultra- 
violet light (254 and 360 nm). T h e  
following chromogenic reagents were also 
used for the detection of phenolic com- 
pounds on thin-layer plates: reagent I--a 
mixture containing 6 ml of a 10% solution 
of sodium tungstate, 6 ml of a 5 % solution 
of trichloroacetic acid, and 3 ml of 0.5 N 
hydrochloric acid to which 6 ml of freshly 
prepared 5% sodium nitrate  solution were 
added; reagent II--0.5 N sodium hydroxide 
solution (2). 

Ethyl acetate extracts of 1 ml were 
evaporated to dryness and reconsti tuted in 
20 ml of 90% methanol.  Tota l  bound and 
free phenols were determined from 
methanol fractions by a modification of the 
Folin-Ciocaheu method (3). Results are 
reported as ~g equivalents of chlorogenic 
ac id/gram fresh weight of tissue. 

T h e  bound phenol content  in leaves of 
nematode-infected plants 28 and 42 days 
after inoculation increased in all cultivars 
(Table  l). Although there appeared to be 
small differences in the free phenol content  
of nematode-infected plants, these differ- 
ences were not  significant at the 5% level. 

When examined on T L C  (Fig. 1), ex- 
tracts from healthy and diseased plants 
contained the same bound  phenols. On the 
basis of chromatographic behavior and 
reaction to chromogenic reagents, the major  
fluorescing spots were tentatively identified 
a s  chlorogenic acid and its isomers 
(isochlorogenic and neochlorogenic acid). 
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T A B L E  1. T o t a l  h o u n d  and  free pheno l s  in leaves of hea l thy  and  Pratylenchus penetrans-infected 
tomato  plants .  

(#g,/gm fresh weight)" 
B ound  phenols" ,"  Free pheno l s  b, ~ 

C u h i v a r  Hea l thy  Diseased D / H  a Hea l thy  Diseased D / H  't 

Expe r imen t  1 ~ 

Manaluc ie  245.3 256.0* 104 19.5 17.8 91 
Rutgers  91.6 108.5"* 118 22.8 18.0 80 
Val iant  218.6 265.1 * * 121 27.0 25.0 92 

E x p e r i m e n t  2 f 

Manaluc ie  232.5 263.6" * 113 4.0 2.7 67 
Ru tge r s  195.0 254.3"* 130 6.5 7.0 108 

"Values repor ted as chlorogenic acid equivalents .  
"Total  phenols  were de t e rmined  from reconst i tu ted  m e t h a n o l  fractions.  
"Each value  represents  the  average of 6 repl icat ions of one sample.  I,eaves f rom 5 p lan ts  were combined  
to form each sample.  Asterisks * and  ** indicate  difference from control  at P = 0 . 0 5  and  0.01, respectively. 
' /Percent of  pheno l  levels of diseased p lan ts  with respect  to pheno l  levels of  hea l thy  controls.  
q ' h e n o l  levels de t e rmi ned  28 days af ter  inocula t ion .  'Mana luc ie '  anti  'Ru tgers '  were inocula ted  wi th  10,000 
P. "penetrans. 'Val iant '  was inocula ted  with 4.500 P. penetrans. 
• Phenol  levels de t e rmined  42 clays af ter  inocula t ion .  'Mana luc ie '  and  'Ru tge r s '  were inocula ted  wi th  2,200 
P. penetrans. 

Other  phenolic compounds were detected; 
however, their specific identity was not  
determined.  When T L C  plates were ob- 
served visually, some of the fluorescing spots 
in leaf extracts from healthy and nematode-  
infected plants were of similar intensity 
while others were more intense in the latter. 

Although the root and shoot weights and 
appearance  of infected plants were similar 
to heal thy plants, ltigher levels of bound 

phenols were detected in leaves of 
nematode-infected plants. Th i s  foliar ac- 
ct tmulation of bound phenols may be due 
to translocation from tile roots or to in- 
creased product ion in the leaves as a result 
of a general al terat ion of plant  metabol ism 
following root infection. T h e  concentrat ion 
of bound  phenols at a considerable distance 
from the infection site may  represent a 
systemic response to nematode  infection. 

FIG. I-(A-B). C h r o m a t o g r a m s  of h o u n d  phenols  of 'Val iant '  tomato  28 clays after  inocula t ion  with 4,500 
Pratylenchus peuetrans. A) Heal thy .  B) Diseased. Chlorogenic  acid (CA), neochlorogenic  acid (NA), 
isochlorogenic acid (ICA), and  the  un iden t i f i ed  pheno l s  (UP) are more  in tense  in the  diseased extracts.  



T h e  small differences in phenol  levels seems 
to indicate that  this response is not a major  
factor in the disease syndrome. 
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Thermal Tolerance of Romonomermis culicivorox, 
a Nematode Parasite of Mosquitoes 1 

R. LEVY oncl T. W. MILLER, JR. 2 

Labora tory  tests were conducted to 
determine the effects of high temperatures  
on the viabili ty and infectivity of the pre- 
parasitic (infective) stage of the mermi th id  
nematode Romanomerrnis culicivorax Ross 
and Smith (=Reesimerrnis nielseni Tsai  
and Grundmann ,  auct., partim.).  In  
separate tests, cultures containing R. 
culicivorax eggs were flooded for 1.5 h 
(Test 1), 6 h (Test  2) and 15 h (Test  3) 
with 1,000 ml of dechlorinated water  
[water purified by a reverse osmosis (RO) 
system]; the water  containing hatched 
preparasites was decanted into flasks (2, 3) 
and 5 and 10 ml  of water  (about  1,000 and 
720 preparasites, Tests  1 and 2, respec- 
tively) were added to 400-ml beakers 
containing 50 ml of R O  water  that  was 
preheated in water  bath.  In  Tes t  1, 1- to 
6-h-old preparasites were placed at 37.7, 
40.5, and 43.3 C; for Tes t  2, 1- to 8-h-old 
preparasites were placed at 43.3 C. In  
Test  3, 10 ml of R O  water  containing 
about  2,800 1- to 19-h-old preparasites were 
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in t roduced into beakers containing R O  
water at room tempera ture  (24 C). These  
beakers were placed into the water  bath,  
and the tempera ture  was slowly raised to 
40.5 C over a 7-h period. Each t rea tment  
was replicated 4 times. 

In  Tests 1 and 2, preparasites were held 
at a given tempera ture  for 60 min  and then 
allowed to cool for about  45 min  before 
the percent morta l i ty  was determined.  
Mortal i ty  of preparasites was de termined 
according to procedures established by 
Levy and Miller (1). Control  preparasites 
were tested in water  held at 24 C (ambient).  

T o  investigate the infectivity of tile 
heat-treated preparasites, the volume of 
water  in all the beakers was increased to 
150 ml and 25 second-instar, laboratory--  
reared Culex pipiens quinque[asciatus Say 
larvae were added to each. Larvae  were fed 
ground rabb i t  chow daily and reared at 
26 C (ambient)  th roughout  the remainder  
of the experiment .  

T h e  percent host infectivity was deter- 
mined 5 days post- t reatment  (all surviving 
c.p. quinquefasciatus were examined).  
Postparasite viabil i ty was also recorded for 
each test group as an indicator  of the 
biocontrol  potent ial  of the heat-treated 
preparasites. 

Data  were analyzed by simple regression 
analyses and the " t"  test. 
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