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Application of a Sex Pheromone, Pheromone Analogs, 
and Verticillium lecanii for Management of 

Heterodera glycines 
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Abstract: A mutant strain of  the fungus Verticillium lecanii and selected bioregulators o f  Heterodera 
glycines were evaluated for their potential to reduce population densities of the nematode on soybean 
under  greenhouse conditions. The bioregulators tested were the H. glycines sex pheromone vanillic 
acid and the p h e r o m o n e  analogs syringic acid, isovanillic acid, ferulic acid, 4-hydroxy-3- 
methoxybenzonitrile, and methyl vanillate. A V. lecanii-vanillic acid combination and a V. lecanii- 
syringic acid combinat ion  were also appl ied as t rea tments .  Syringic acid, 4-hydroxy-3-  
methoxybenzonitrile, V. lecanii, V. lecanii-vanillic acid, and V. lecanii-syringic acid significantly re- 
duced nematode population densities in the greenhouse tests. Results with vanillic acid, isovanillic 
acid, and ferulic acid treatments were variable. Methyl vanillate did not significantly reduce cyst 
nematode population densities in the greenhouse tests. 
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Numbers of  chemical nematicides avail- 
able for control of  plant-parasitic nema- 
todes have decreased  in recent  years. 
Other management techniques for these 
crop pests, such as resistance and cultural 
practices, do not always have the benefits 
desired. Consequently, efforts have been 
directed to the development of  novel ap- 
proaches  for  managing  plant-parasit ic 
nematodes. This paper focuses on applica- 
tion of  a biological control organism and 
b ioregula tory  c o m p o u n d s  as potent ial  
management agents for Heterodera glycines 
Ichinohe, the soybean cyst nematode. 

The microbial pest control agent inves- 
tigated in this study is the fungus Verticil- 
lium lecanii (A. Z immermann)  Vi6gas, 
which is active against a number  of  organ- 
isms (8,9,13,23). This species colonized 
cysts, eggs, and second-stage juveniles of 
Heterodera schachtii Schmidt (6,7) and was 
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isolated from cysts of  H. glycines (4), and 
reduced viability of  H. glycines egg popula- 
tions (18). Mutant strains of V. lecanii were 
induced with ultraviolet light and selected 
for increased tolerance to the fungicide 
benomyl (16). In greenhouse studies, a 
tested mutant strain was more efficacious 
than the wild-type strain for decreasing H. 
glycines population densities, even though 
benomyl was not used in the experiments 
(17,20). That  mutant strain was chosen for 
the research described herein. 

Bioregulators,  which are compounds  
that affect an organism's life processes, 
were also selected for investigation. Pher- 
omones, a type of bioregulator, have been 
successfully used for managing insect pests 
(2) but have not been commercially ap- 
plied for nematode management (15,17). 
Such compounds,  when applied to soil, 
might disrupt  the nematode  life cycle. 
Identification of a sex pheromone isolated 
from H. glycines (15) provided the oppor- 
tunity to test a bioregulator for its effects 
on population densities of  a plant-parasitic 
nematode. The sex pheromone,  vanillic 
acid, attracts the males to the females and 
is involved in the male coiling that occurs 
before fertilization (12,15). Application of  
excess pheromone to the soil environment 
might reduce nematode population densi- 
ties by inhibiting males f rom following 
phe romone  gradients to females. The  



chances of  affecting the life cycle of  H. gly- 
cines are particularly favorable because this 
nematode is bisexual, requiring fertiliza- 
tion of  a female by a male for reproduction 
to occur. Additionally, limited in vitro 
studies indicated that some analogs of  the 
sex pheromone decreased numbers of  H. 
glycines females produced in root explant 
cultures (17,22). The  analogs appeared to 
inhibit mating or decrease host-finding by 
second-stage juveniles. Certain analogs 
were consequently included in the green- 
house tests described in this paper. 

Our  objectives were to evaluate a mutant 
strain of  V. lecanii, selected bioregulators, 
and fungus-bioregulator combinations as 
agents for reducing H. glycines population 
densi t ies  in g r e e n h o u s e  studies.  T h e  
agents were tested individually to deter- 
mine whether they could significantly de- 
crease numbers of  H. glycines cysts pro- 
duced on soybean roots. Verticillium lecanii 
and bioregulators were also applied to- 
gether to discover whether such combina- 
tions, with potential to inhibit more than 
one stage of  the nematode life cycle, were 
more effective than individually applied 
agents. 

MATERIALS AND METHODS 

Nematode culture: Heterodera glycines race 
3 (SCN) was maintained on sterile petri 
dish cultures of  soybean (Glycine max (L.) 
Merr. cv. Kent) root explants grown on 
Gamborg's B-5 medium (11). Cysts were 
picked from the petri dishes, and eggs 
were allowed to hatch overnight in 0.5% 
aqueous chlorhexidine diacetate or in ster- 
ile water. Second-stage juveniles (J2) and 
unhatched eggs were then collected on a 
500-mesh (25-txm pore) sieve, counted,  
and diluted so that a total of  either 300 or 
1,000 (eggs and J2) was added per pot in 
each experiment. 

Fungus culture: A wild-type strain of  Ver- 
ticillium lecanii (American Type  Culture 
Collection Strain 58909) was irradiated 
with UV light, and mutant  strain M2S1 
(Agricultural Research Service Cul ture  
Collection, NRRL 18726) was selected for 
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increased tolerance to benomyl (16). Fun- 
gal inoculum was produced in 1-liter Er- 
lenmeyer flasks (each containing 250 ml of  
potato dextrose broth) rotated at 200-240 
rpm on orbital shakers at 25 C for 2 days, 
and harvested by centrifugation at 13,000g 
for 10 minutes in a Sorvall GSA rotor (20). 
Fungus wet-to-dry-weight ratios were de- 
termined by weighing a small amount of  
fungus before and after drying overnight 
at 50 C. 

PriU production: Verticillium lecanii was in- 
corporated into alginate prills (3) made 
with wheat bran as a food source for the 
fungus. For each l-liter batch of  alginate 
solution, 100 g wet fungus (ca. 6.4 g dry- 
weight fungus) was homogenized  to a 
slurry in 100 ml water in a mechanical ho- 
mogenizer. The slurry was then added to a 
l-liter alginate solution containing 15 g al- 
ginic acid (sodium salt) and 5 g wheat bran 
(ground to a particle size of  less than 1 
ram) (20). Viability of fungus in the prills 
was determined by plating ca. 10 prills 
onto PDA and counting the number  of  
prills from which fungus colonies were 
formed. The fungus grew from 100% of  
the tested prills at the time of  each exper- 
iment. 

Bioregulators used in this study were 
vanillic acid (H. glycines sex pheromone) 
and analogs of vanillic acid: ferulic acid, 
4-hydroxy-3-methoxybenzonitrile, methyl 
vanillate, isovanillic acid, and syringic acid. 
Prills were formulated with <0.6% dry 
weight b ioregula tor  per  dry weight of  
prills, and with bran as a carrier. 

Prills without fungus or bioregulators 
were tested for effects on SCN population 
densities in greenhouse studies (20). As re- 
ported, application of alginate prills did 
not significantly affect nematode popula- 
tion densities, so controls without prills 
were used in previously published experi- 
ments (20) and in the current study. 

Greenhouse experiments: Three  separate 
experiments were conducted in the green- 
house. The two experiments with steamed 
loamy sand determined whether the bio- 
regulators would affect nematode popula- 
tions when other microorganisms were not 
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initially present to immediately produce or 
breakdown the tested compounds, or to af- 
fect the nematodes. The  third experiment 
was conduc ted  with imsteamed loamy 
sand. Distinctive parameters of  each of  the 
three greenhouse  experiments are out- 
lined, followed by procedures common to 
all three experiments. 

Experiment 1---Bioregulator Tests: Bioreg- 
ulators were appl ied individually. Pots 
contained steamed loamy sand, and each 
pot was treated with 1,000 nematodes (]2 
and unha tched  eggs, combined).  Prills 
were applied at 5 g/pot (0.1% dry prill 
weight per  dry weight loamy sand; ca. 
2,270 kg/ha). The  exper iment  was re- 
peated two additional times, with each 
treatment applied to four pots per repeti- 
tion. When all three repetitions of  the ex- 
periment were combined, N = 12 for con- 
trol, syringic acid, and isovanillic acid 
treatments; N = 11 for all other  treat- 
ments due to plant death. 

Experiment 2---Bioregulator Tests: This ex- 
periment was similar to No. 1, except that 
300 nematode eggs/J2 were added to each 
pot. The experiment was repeated one ad- 
ditional time; when both repetitions of the 
experiment  were combined, N = 8 per 
treatment. 

Experiment 3--Bioregulator, Fungus, and 
Fungus-Bioregulator Combination Tests: Pots 
contained uns teamed loamy sand, and 
each pot was treated with 300 nematode 
eggs/J2. Syringic acid, vanillic acid, and V. 
lecanii were applied individually, and two 
combinations were also used as treatments: 
V. lecanii-vanillic acid and V. lecanii- 
syringic acid. The  exper iment  was re- 
peated two additional times, with each 
treatment applied to four pots per repeti- 
tion. When all three repetitions of the ex- 
per iment  were combined,  N = 12 per 
treatment. Prills were applied at 1 g/pot 
(0.02% dry prill weight per  dry weight 
loamy sand; ca. 454 kg/ha). The fungus 
was consequent ly  applied as a 0.004% 
amendment  to dry-weight loamy sand (ca. 
90 kg dry-weight fungus/ha). 

Procedures common to all three experiments: 
Soybean (Glycine max cv. 'Kent') suscepti- 

ble to H. glycines was used in greenhouse 
tests. Soybean seeds were germinated in 
T e r r a - L i t e  Red i -Ear th  Peat -Li te  Mix 
(Grace Sierra, Horticultural Products Co., 
Milpitas, CA). Two weeks after sowing, 
seedlings were transplanted into loamy 
sand (76-81% sand, 13-17% silt, 6-7% 
clay, 2-3% organic matter, pH 7.0-7.2) 
made from sand mixed with compost (20). 
Exper imenta l  units were two soybean 
plants per  20-cm-d pot (pot volume = 
4,550 cm3; weight of  air-dried loamy sand 
per pot ca. 4,990 g). Four pots per treat- 
ment were used per repetition of  each ex- 
periment .  Two weeks following trans- 
planting, pots were treated with wills and 
with aqueous egg/J2 suspension, as previ- 
ously described (20). Control pots were in- 
oculated with nematodes  only. Green-  
house temperatures were maintained near 
27 C (range 16--43 C). Supplemental light- 
ing (400-watt, high-pressure sodium bulbs) 
was used during September-April  to pro- 
vide 16 hours of continuous daylight per 
24-hour period. The studies were termi- 
nated ca. 7 weeks after inoculation. 

Cyst (and female) counts were used as an 
indicator of  effects on SCN population 
densities, as in prior experiments (20). Ver- 
ticillium lecanii appears to kill eggs through 
a mechanism other than direct parasitism 
of live eggs, so that eggs are dead before 
fungal colonization (18). It is therefore dif- 
ficult to count viable eggs in a pot because 
of  the difficulty of  distinguishing live and 
dead eggs. The alternative, i.e., counting 
total numbers of  all eggs combined, would 
not accurately represent the number  of  vi- 
able eggs in each pot. Consequently, cysts 
and females (referred to as "cysts") were 
washed from roots and loamy sand and 
collected in nested sieves (20-mesh, 850- 
p.m pore size nested over 60-mesh, 250- 
b~m pore size). The cysts were then sepa- 
rated from remaining loamy sand by cen- 
trifugation (20). Cysts were counted in 
watchglasses with a stereomicroscope. 

Isolation of fungi from loamy sand and frills: 
As repetitions of  Experiment 3 were con- 
cluded, loamy sand was plated onto agar to 
check for the presence of  V. lecanii. After 



collection of cysts, 10 g loamy sand from 
each pot was stirred in 50 ml water (dilu- 
tion 1). One ml of  this suspension was 
added to 9 ml water (dilution 2). Approx- 
imately 0.05 ml of each dilution was plated 
onto each of two petri dishes of  modified 
Ausher's medium No. 2 (1) with PCNB re- 
placed by benomyl, and two petri dishes of 
PDA ABE 100. PDA ABE 100 was com- 
posed of PDA (potato dextrose agar; 39 g 
in 970 ml distilled water) amended with 
antibiotics, benomyl, and ethanol (20). The 
tested strains of V. lecanii have been diffi- 
cult to isolate from soil, even though a 
number of media were tested for this pur- 
pose (20). Some success was achieved with 
PDA ABE 100 for the mutant  strain, while 
modified Ausher's medium was somewhat 
more effective for the wild-type strain (20). 
Both media were selected for the current 
study. 

For the first two trials of Experiment 3, 
prills were recovered from all 24 pots orig- 
inally treated with V. lecanii and plated 
onto agar to determine whether the fun- 
gus was still viable. After most of the loamy 
sand had been washed from the prills, the 
wet weight of the retrieved prills varied 
from 0.2 g to 1.15 g/pot. The prills from 
each pot were plated onto 1-3 petri dishes 
of PDA ABE 100 and 1-3 petri dishes of 
Ausher's medium. In the first trial of Ex- 
per iment  3, fungus-syringic acid prills 
from one pot were recovered in such low 
amounts that they were plated only onto 
one petri dish of PDA ABE 100 and not 
onto Ausher's medium. 

Analysis of data: All data from experi- 
ments were analyzed using SAS (21). Data 
analyzed were whole-number cyst counts 
log transformed by log10 (x + 1) to correct 
for heterogeneity in variance. For each ex- 
periment, analysis of variance was con- 
ducted for treatments blocked over repeti- 
tions. Analysis of variance showed that the 
treatment effect was statistically significant 
(P value = 0.0001) for all three experi- 
ments (F values were: Experiment 1, 9.96; 
Experiment 2, 7.46; Experiment 3, 19.97). 
Treatment  means were separated using an 
LSD procedure (P = 0.05). For presenta- 
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tion, the t reatment  means were trans- 
formed back to cyst counts for readability. 
However,  back- t rans forming  to mean  
square error would not be valid, so stan- 
dard errors were not reported. 

RESULTS 

Cyst counts: In steamed loamy sand (Ex- 
periments 1 and 2), application of syringic 
acid and 4-hydroxy-3-methoxybenzoni-  
trile reduced H. glycines population densi- 
ties when compared to controls at both 
nematode population levels (P ~ 0.05) 
(Tables 1 and 2). For the 300 and 1,000 
egg/J2 treatments, the mean reductions in 
cyst  n u m b e r s  (based  on the  back-  
transformed cyst count means) were 69% 
and 55%, respectively, with 4-hydroxy-3- 
methoxybenzonitrile. With syringic acid, 
the corresponding reductions were 75% 
and 64%. Isovanillic acid, ferulic acid, and 
vanillic acid also caused population reduc- 
tions when the nematodes were added at 
1,000 per pot: mean reductions were 39%, 
53%, and 80%, respectively (P ~< 0.05). 
Application of methyl vanillate did not re- 
sult in reductions in nematode numbers. 

In unsteamed loamy sand (Experiment 
3), both vanillic acid and syringic acid were 
effective in reducing nematode population 
levels (Table 3). This  occur red  even 
though fewer prills were added than in the 

TABLE 1. Effect of  bioregulator t reatments  on 
numbers  of  Heterodera glycines cysts p roduced  on soy- 
bean roots in steamed loamy sand. Pots were each 
treated with 1,000 eggs/J2 (Exper iment  1). 

Number of 
Treatment cysts a 

Untreated control 122 a 
Ferulic acid 57 bc 
4-Hydroxy-3-methoxy-benzonitri le 55 bc 
Isovanillic acid 74 b 
Methyl vanillate 127 a 
Syringic acid 44 c 
Vanillic acid 25 d 

a Values are mean numbers of cysts per pot, transformed 
back from log-transformed (log10[x + 1]) data. Numbers fol- 
lowed by the same letter are not significantly different at P ~< 
0.05, based on analysis of log-transformed data. N = 12 for 
control, syringic acid, and isovanillic acid treatments; N = 11 
for all other treatments. 
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TABLE 2. Effect of  bioregulator  t reatments  on 
number s  of  Heterodera glycines cysts produced on soy- 
bean roots in steamed loamy sand. Pots were each 
treated with 300 eggs/J2 (Exper iment  2). 

Number of 
Treatment cystS a 

Untreated control 64 a 
Ferulic acid 74 a 
4-Hydroxy-3-methoxy-benzonitr i le  20 b 
Isovanillic acid 89 a 
Methyl vanillate 54 a 
Syringic acid 16 b 
Vanillic acid 62 a 

a Values are mean numbers of cysts per pot, transformed 
back from log-transformed (loglo[x + 1]) data. Numbers fol- 
lowed by the same letter are not significantly different at P ~< 
0.05, based on analysis of log-transformed data. N = eight 
per treatment. 

exper iments  with steamed loamy sand. 
Cyst numbers  compared to the controls 
were reduced 49% and 70% after applica- 
tion of  vanillic acid and syringic acid, re- 
spectively. Appl ica t ion o f  the mu tan t  
strain of  V. lecanii alone (85% decrease in 
cyst numbers compared to controls), V. le- 
canii-vanillic acid combination (68% de- 
crease), and V. lecanii-syringic acid combi- 
nation (80% reduction) also resulted in re- 
duced  nema tode  number s  (P ~< 0.05) 
(Table 3). 

Isolation of" Verticillium lecanii from prills 
used in Experiment 3: Prills from a total of  
24 pots were recovered from loamy sand 
and plated onto agar. Many of these prills 

TABLE 3. Effect of  b ioregula tor  t reatments ,  a 
mu tan t  strain o f  VerticiUium lecanii, and V. lecanii- 
bioregulator  combinations on numbers  of  Heterodera 
glycines cysts p roduced  on soybean roots in uns teamed 
loamy sand. Pots were each treated with 300 eggs/J2 
(Exper iment  3). 

Number of 
Treatment cysts a 

Untrea ted  control 160 a 
Vanillic acid 82 b 
V. lecanii-vanillic acid 51 c 
Syringic acid 48 cd 
V. lecanii-syringic acid 32 de 
V. lecanii 24 e 

Values are mean numbers of cysts per pot, transformed 
back from log-transformed (logl0[x + 1]) data. Numbers fol- 
lowed by the same letter are not significantly different at P ~< 
0.05, based on analysis of log-transformed data. N = 12 per 
treatment. 

were rapidly overgrown by contaminating 
fungi and bacteria, but V. lecanii was iso- 
lated from prills of  seven pots. Three of 
those pots were treated with V. lecanii 
prills, two with prills containing V. lecanii 
plus vanillic acid, and two with prills con- 
taining V. lecanii plus syringic acid. All col- 
onies were isolated on Ausher's mediuml 

Isolation of fungus from loamy sand used in 
Experiment 3: A total of  36 pots were 
treated with the prills containing fungus in 
Experiment 3. VerticiUium lecanii was iso- 
lated from loamy sand of  two pots. One 
pot was originally inoculated with fungus 
alone and the other was treated with V. 
lecanii plus vanillic acid. Both isolations 
were made on PDA ABE 100, dilution 2. 

D~SCUSSiON 

These greenhouse experiments demon- 
strated that H. glycines sex pheromone,  
four of  the five tested analogs, the mutant 
strain of  V. lecanii, and two fungus-  
bioregulator combinations reduced nema- 
tode population densities. The results with 
the bioregulators applied individually cor- 
robora ted  previous labora tory  experi-  
ments conducted on nematodes propa-  
gated in vitro (17,22), which had indicated 
that some bioregulators reduced numbers 
of  females formed on roots when com- 
pared to numbers of females on roots of  
controls. The petri dish studies suggested 
that at least some analogs were parapher- 
omones---compounds that act in a manner 
similar to natural pheromones (14)--and 
were not acting as larvacides or ovicides. 

Although some of the bioregulator com- 
pounds were effective in both the petri 
dish and the greenhouse studies, not all of  
the tested compounds demonstrating ac- 
tivity against SCN consistently reduced 
nematode population densities. Syringic 
acid and 4-hydroxy-3-methoxybenzoni-  
trile reduced population densities in all ex- 
periments where they were applied, but 
vanillic acid, isovanillic acid, and ferulic 
acid did not decrease cyst numbers under  
all greenhouse test conditions. Action of 
the latter three compounds  appears  to 



have been influenced by number of  nema- 
todes added tO the steamed loamy sand. 
The  compounds  were ineffective when 
nematodes were added at 300 eggs/J2 per 
pot but  significantly reduced population 
densities when more  nematodes  (1,000 
eggs/J2 per pot) were initially added. This 
is an interesting observation which merits 
further study to determine the cause. An 
opposite effect was recorded from an ear- 
lier investigation on V. lecanii and SCN 
(20), in which two tested fungus strains 
were more effective against SCN when 300 
nematodes  were appl ied per  pot  than 
when 10,000 nematodes were added per 
pot. Testing of  a substantially larger nema- 
tode population, as was done in that study, 
would corrobora te  whether  the phero- 
mone-analogs continued to be more effec- 
tive as SCN populations increased. The 
pheromone analog methyl vanillate, while 
effective in the petri dish experiments, did 
not decrease H. glycines population densi- 
ties in these greenhouse tests. One of the 
compounds  applied in the greenhouse,  
4-hydroxy-3-methoxybenzonitrile, was not 
tested in the petri dish assays. This analog 
was effective in the two greenhouse exper- 
iments in which it was tested. 

Even though vanillic acid was not effec- 
tive in Experiment 2, it was selected for the 
combination tests with V. lecanii (Experi- 
ment 3) because it is a natural sex phero- 
mone of H. glycines. Syringic acid was se- 
lected because it consistently decreased 
cyst numbers in the steamed loamy sand 
tests, and resulted in slightly greater cyst 
reductions than application of  4-hydroxy- 
3-methoxybenzonitrile. The mutant strain 
of  V. lecanii was selected for these tests be- 
cause it had demonstrated activity against 
SCN in previous greenhouse studies (20). 
In Experiment 3, all of  the tested agents 
were effective for reduction of  nematode 
populations. The  fact that vanillic acid was 
effective when 1 g of  prills was added to 
each pot of  unsteamed loamy sand (Exper- 
iment 3), but not when 5 g prills was added 
per pot of  steamed loamy sand (Experi- 
ment 2), may indicate that there were in- 
direct effects from the disparate micro- 
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flora populations. Vanillic acid is broken 
down by microorganisms in the soil, and it 
is possible that some of  those organisms 
also acted against the nematodes or stimu- 
lated other organisms that were antagonis- 
tic to nematodes. Alternatively, the vanillic 
acid could have affected nonfeeding be- 
havior  of  microorgan isms  o the r  than 
nematodes. A third hypothesis is that the 
wills acted as a food source for organisms 
not present in the steamed pots. All of  
these hypotheses assume that the vanillic 
acid or the prills themselves affected other 
organisms besides soybean cyst nematode. 
A different hypothesis is that the vanillic 
acid was simply less efficacious in higher 
amounts. This would seem unlikely but  
could be tested in later experiments. 

The  fungus was recovered from few 
pots. Lack of  isolation from pots inocu- 
lated with V. lecanii could be because fun- 
gus viability decreased over the course of  
the experiment, or because the fungus was 
overgrown by other organisms on the test 
media. Verticillium lecanii was not recov- 
ered from control pots. 

Studies on nematode pheromones have 
been conducted for 30 years since Greet 
(5) demonstrated that such compounds ex- 
isted. However, vanillic acid is the only sex 
p h e r o m o n e  that has been structural ly 
identified from a plant-parasitic nema- 
tode. The research reported herein is con- 
sequently new to the area of  plant-parasitic 
nematode management, and is of  interest 
because application of  a sex pheromone to 
soil could habituate males to the phero- 
mone,  thus prevent ing  mating. These  
greenhouse studies demonstrated that a 
sex pheromone and pheromone analogs 
can reduce nematode populations. In ad- 
dition, the fungus-bioregulator combina- 
tions were tested because it was hypothe- 
sized (10) that nematode population den- 
sities would be greatly reduced when a 
bioregulator that affected male (or juve- 
nile) behavior was linked with a fungus 
that decreased egg viability. While this 
study demonstrated that the mutant fun- 
gus, certain bioregulators, and two fungus- 
bioregulator combinations effectively re- 
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duced nematode population densities, 
there was not a synergistic effect with ei- 
ther tested combination. Fungus-bioreg- 
ulator combinations may or may not im- 
prove efficacy under other conditions. Vi- 
ability studies on one prill batch indicated 
that the fungus does not survive as long in 
alginate prills containing vanillic acid as in 
alginate prills without vanillic acid (19). If 
this proves to be a consistent result, it 
would have to be taken into account in 
commercial uses where storage over many 
months is an important feature. The  
greenhouse studies did indicate that some 
of the tested agents, particularly syringic 
a c i d ,  v a n i l l i c  a c i d ,  4 - h y d r o x y - 3 -  
methoxybenzonitrile, and VerticiUium leca- 
nil, are candidates for further research. 
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