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SUMMARY

Stock cultures of Heterodera schachtii were treated monthly with low doses of nonfumigant nematicide (NFN) for three
continuous years (stressed populations). Soils from these stressed cultures and from a wild population culture were washed and
the aqueous supernatant was freed of nematodes and eggs (leachings). Following incubation of one-half of the leachings with 10 %
AC Medium for 24 hours, the microbial populations were increased approximately three-thousand-fold. The other half of the
leachings were kept at 5¢ for 24 hours. These leachings were then added to test posts inoculated with wild-type H. schachtii (J2)
juveniles. Two days later the pots were treated with NFN once daily for three consecutive days. Extraction of nematodes two months
later indicated no detectable qualitative differences between the microbial populations in NFN-stressed vs wild-stock nematode
cultures. However, leachings from NFN-stressed cultures appeared to have influential factors of unknown origin. In the absence
of NFN treatment, certain leaching components stimulated nematode activity. Conversely, when treated, certain leaching
components appeared to have both an additive and/or synergistic reaction with the applied NFN.

RisuME

Réle joué dans les essais nématicides contre Heterodera schachtii par les populations microbiennes des sols traités
pendant de longues périodes avec un nématicide non fumigant

Des élevages de base d’ Hererodera schachtiiont été traités tous les mois avec de faibles doses d’un nématicide non fumigant (NNF)
pendant une période de trois ans (populations sensibilisées). Le sol correspondant & ces populations sensibilisées, et celui provenant
d’élevages sauvages sont mis en suspension dans de I’eau; la phase liquide supérieure (ou « filtrat ») est ensuite débarrassée des
nématodes et de leurs ceufs. Aprés incubation pendant 24 heures de la moitié¢ du filtrat, additionnée de 10 % du milieu AC, le
peuplement microbien croit d’un facteur approximatif de 3 000. L’autre moitié du filtrat est laissée 24 heures a 5¢. Les deux types
de filtrat sont ajoutés 4 des pots inoculés avec des juvéniles (J2) de la souche sauvage d’H. schachtii. Deux jours aprés les pots sont
traités avec un NNF une fois par jour pendant trois jours. L’extraction des nématodes aprés deux mois ne permet de détecter aucune
différence qualitative entre les peuplements microbiens liés aux élevages des populations sensibilisées ou sauvages. Cependant les
filtrats provenant des élevages sensibilisés paraissent recéler des facteurs actifs d’origine inconnue. En I'absence de traitement avec
un NNF, certains composants du filtrat stimulent Pactivité du nématode. Réciproquement, s’il y a traitement, certains composants:
du filtrat paraissent avoir une action complémentaire et/ou synergétique vis-a-vis du NNF.

An increasing concern for environmental safety has others have found no correlation between carbofuran

prompted extensive studies into the role played by
microorganisms in pesticide decomposition (Helling,
Kearney & Alexander, 1971; Harris, 1972; Laveglia &
Dahm, 1977; Woodcock, 1978). This concern has grown
with the increased emphasis upon soil-applied nonfumi-
gant organophosphates and carbamates. There is a
general agreement on chemical decomposition and the
role of several edaphic factors on nonfumigant nema-
ticide (NFN) degradation (Bromilow, 1973; Caro et al.
1973; Smelt et al, 1978a, b; Bromilow et al, 1980;
Gorder, Dahm & Tollefson, 1982). There are, however,
opposing views on the magnitude and contribution of
microbial mediated NFN decomposition. For example,
some studies have indicated that microorganisms play a
major role in carbofuran degradation (Williams, Peppin
& Brown, 1976; Felsot, Maddox & Bruce, 1981), while

degradation and microbial enrichment of the soil (Ven-
kateswarlu, Siddarama Gowda & Sethunathan, 1977;
Ahmad, Walgenback & Sutter, 1979). Furthermore, the
various NFN’s appear to have different effects on the
soil microorganism population (Mathur, Hamilton &
Vrain, 1980). To complicate the picture, microbial
populations previously observed to degrade one particu-
lar NFN, may adapt to degrade related and unrelated
pesticides as well (Kaufman & Edwards, 1982).
Previous greenhouse (Yamashita, Viglierchio &
Schmitt, 1986), and laboratory (Yamashita & Viglier-
chio, 1987 a) trials indicated that species of plant-parasitic
nematodes had developed increased tolerance and/or
resistance to selected NFN’s. The various nematode
populations used in greenhouse and laboratory tests had
been stressed with monthly low doses of NFN for more
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than three years. Casual observations, via dilution plat-
ing, had also indicated differential microbial population
levels in the various NFN-stressed nematode stock
cultures. ‘

The significance of microbial-mediated NFN degra-
dation extends to several practical considerations, one of
which involves NFN persistence and, thus, the existence
of selective pressures for development of NFN resist-
ance. If long-term monthly stressing of nematode stock
cultures could also condition the microbial population
for an enhanced decomposition of the NFN, the appli-
cation of a soil-free suspension (leaching) from these
stock cultures to nematode-inoculated test pots could pos-
sibly provide a protection from subsequent NEN treat-
ments. This phenomenon was observed in a previous
study (Yamashita, Viglierchio & Schmitt, 1986). Of
equal interest would be the differential effects of leach-
ings from the various stressed nematode stock cultures.
If the application of a particular NFN can alter the
of leachings from various NFN-stressed cultures of H.
schachtii in comparison to leachings taken from a
nematode stock population with no previous history of
NEN stressing.

Materials and methods

Seedlings of sugarbeets (Beta vulgaris) were started in
12.5 cm sterilized clay pots with an autoclaved mixture
of two parts river sand to one part fine white sand.
Following two months’ growth, all test pots were in-
oculated with an aliquant of 2 000 freshly-extracted J2
stages of H. schachrii having no previous history of NFN
treatments (wild population). One week following inocu-
lation 200 test pots were divided into five groups. Each
group (40 pots) was, then, drenched with 150 ml of
leachings taken from H. schachtii stock cultures of either
a : a) wild population (W-P); b) carbofuran-stressed
population (C-S-P); ¢) oxamyl-stressed population
(Ox-S-P), d) phenamiphos-stressed population (P-S-P);
e) aldicarb-stressed populations (A-S-P). Stressed popu-
lations were generated by treating an initial wildtype
population (no previous history of NFN treatment) with
monthly sublethal doses for over a year before use herein
(for details, see Yamashita, Viglierchio & Schmitt, 1986;
Viglierchio, Brown & Fan-Kuo, 1989).

Leachings were collected from stock cultures in the
following manner : 16 000 cm? of soil from each stock
culture was washed in 8 dm? of tap water. After five
minutes, the suspension was passed through a series of
sieves with pore diameters of 833 wm, 147 pm and
25 um. The leachings were allowed to settle before
siphoning off the supernatant, which was further clari-
fied through 75 um and 25 pm pore sieves. One-half of
the clarified leachings were amended with 3.2 gr/dm? of
AC Broth Medium, aerated and incubated for 24 hours
at room temperature. The remaining half was stored,
unamended, for 24 hours at 5°. One-half of each group
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(20 pots) was drenched with amended leachings; the
remaining 20 test received unamended leachings.

Two days after the addition of leachings, test
pots were treated for three successive days with cither
water (control) or subnematicidal levels (NFN,) for
unamended leachings and a ten-fold higher concen-
tration (NFN,) for amended leachings. The follow-
ing NEN concentrations were used for treatments : car-
bofuran and oxamyl (NFN = 0.008 mM, NFN, =
0.08 mM); phenamiphos and aldicarb (NFNg; =
0.0012 uM, NFN, = 0.012 mM). The methods of
treatment were as outlined in an earlier study (Yamas-
hita, Viglierchio & Schmitt, 1986).

An additional group of pots, which had been dren-
ched with amended leachings, were treated with nemati-
cidal concentrations of NFN’s made up in 50 mM
phosphate buffer, adjusted to pH 6.0. During incuba-
tion of leachings with AC Medium, microbial popula-
tions generated ammoniacal odors. The use of the acidic
phosphate buffer was an attempt to prevent or minimize
spontaneous chemical breakdown of NFN’s, which
might have been mediated by an increase in pH.

Two months following treatment, all pots were har-
vested. Sand and roots were washed three times suc-
cessively and the suspension passed through an 833 um
and onto a 246 pm pore sieve. In addition, roots were
gently cleaned under a gentle stream of water (over the
246 um sieve) to catch dislodged cysts and white fema-
les. All cysts and white females, caught on the 246 um
sieve, were later dried on filter paper then counted.
Fibrous, nonstorage roots were blotted dry and the
weights recorded. Populations were evaluated following
a Log,, (cysts + white females/gr root) transformation,
where each treatment had four replicates. ANOVA was
conducted using a three-factor univariate analysis.
Duncan’s Multiple Range Test was used for mean
comparisons with an upper significance level of 5 %.

Results

There were no appreciable differences observed at a
significance level of 5 % (Tab. 2). The influence of
nematicide treatments with respect to leachings (Fig. 1)
and the converse effects of leachings in relation to
nematicide treatments (Fig. 2) are graphically illustrated.
In general, NEN;, treatments on pots receiving unamen-
ded (w/o AC Medium) leachings yielded the highest
population levels, mostly above the grand mean. NFN,,
treatments on _pots with amended (w/AC Medium)
leachings gave lowest nematode numbers, mostly below
the grand mean. Following the partitioning of factors,
it appeared that the ten-fold increase in NFN concentra-
tion was primarily responsible for this dichotomy
(Tab. 1). Of the NFN treatments, oxamyl and aldicarb
appeared to be the main chemicals responsible for
significant population reductions (Tab. 1, Fig. 1).

Revue Nématol. 11 (3) : 351-358 (1988)



Microbial populations and nematicides on Heterodera schachtii

Table 1
Isolated effects of different factors on Heterodera schachrii

A. Effects of Leachings B. Effects of nematicides

WILD 200 a CONTROL 301b
CARBOFURAN 2592 CARBOFURAN 196 ab
OXAMYL 225a OXAMYL 160 a
PHENAMIPHOS 163 a PHENAMIPHOS 255 ab
ALDICARB 213a ALDICARB 169a

C. Effects of Incubating Lea- D. Effects of Subnematica-
chings in AC Medium dal o5 Nematicidal Le-~
vels of NFN

wlo AC Me-
dium 330a
w/AC Medium 133 a

E. Effects of Acidified Buf-

Subnematicidal 358 b
Nematicidal 110 a

fer
w/o Buffer 123 a
w/Buffer 142 a

Numbers represent the mean populations of (cysts + white females/
gram of root) for the respective variables. Those not followed by a
common letter are different at a significance level of 5 % or less.

Leachings, AC Medium and acidified buffer did not
appreciably affect the population levels (Tab. 1, A, C,
E). For example, all test pots which were drenched in
amended or unamended leachings or left untreated
(controls) were statistically similar (Tab. 2). Further-
more, when unamended and amended controls were
compared (e.g., WILD w/o AC Medium vs WILD w/AC
Medium) it was apparent that the incubation of leach-
ings with AC Medium and concomitant increases in
microbial populations had no marked effect on nema-
tode population levels (Tab. 2).

LEACHINGS WITHOUT AC MEDIUM

Trends which may have practical importance are
depicted in Figures 1 and 2. Untreated (control) pots,
receiving leachings from carbofuran, oxamyl and phen-
amiphos stock cultures tended towards generally high
population levels, while untreated pots drenched with
wild and aldicarb stock culture leachings produced the
lowest nematode numbers (Figs 1, 2). Of every leaching
without AC, except for oxamyl, subnematicidal carbofu-
ran (C,) treatments vielded either the highest or second
to highest populations (Fig. 1). It appeared as though
some form of synergistic activity between the oxamyl
leachings and C, treatment had occurred. Pots drenched
with leachings from oxamyl stock cultures produced the
largest number of nematodes except when treated with
carbofuran, which gave the lowest number. In a similar
manner, pots that had received leachings from C-S-P
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stock cultures gave consistently high nematode numbers
except when treated with aldicarb. Conversely, pots
which had been drenched with leachings from A-S-P
stock cultures tended to have low numbers (Fig. 2,
subnematicidal series A).

LEACHINGS WiTH AC MEDIUM

Untreated pots previously drenched with leachings
from C-S-P and A-S-P cultures yielded the highest
nematode numbers (Fig. 2 w/AC Medium, B). While the
leachings from C-S-P were consistent with the results
without AC, the leachings from A-S-P were a complete
reversal from results without AC Medium. Further-
more, incubating leachings from Ox-S-P and P-S-P
stock cultures allowed for the development of some
factor(s) that reduced nematode population levels
(Fig. 2 B), in contrast to the effects obtained in pots
without AC Medium (Fig. 2 A).

Pots receiving amended leachings from the W-P
stock cultures appeared unaffected by all NFN, treat-
ments (Tab. 2, WILD w/AC Medium). However, pots
drenched with amended leachings from all stressed
population stock cultures were significantly reduced
in nematode numbers by one or more NFN,, treatments
(Tab. 2, w/AC Medium series) : a) carbofuran w/AC;
CTL = 446 vs C, = 104, C, + Buffer = 90 and
Ox, = 98, b) oxamyl w/AC; CTL = 215 vs C, = 33,
¢)- phenamiphos w/AC; CTL = 230 vs A, = 36 and
Ox,, = 56 (7 % level), d) aldicarb w/AC; CTL = 516 vs
Ox, = 83.

Discussion

Preliminary casual observations (dilution plating),
indicating a several-fold greater microbial population in
stressed than in wild population stock cultures, were
consistent with results of field applications of NFN’s on
the microbial populations (Mathur, Hamilton & Vrain,
1980). The amendment of a 10 % AC Broth (designed
for culturing aerobic microorganisms) to -leachings,
though in part arbitrary, was intended to provide a
moderate enhancement of the aerobic segment of the
microbial population. Following the 24 hour incubation
of leachings with AC Medium, dilution plating indi-
cated an approximate three-thousand-fold increase
in the microbial population, largely represented by
various species of bacteria and very few fungi.

There was an absence of significant differences either
within or between control pots drenched in leachings
with or without AC Medium. Microbial numbers and
effects of leachings, AC Medium and buffer exhibited
a negligible impact on nematode pdpulations; however,
nematicidal concentrations proved significant. The inte-
ractions between leaching, AC Medium and nematicide
reveal possible trends towards certain unique qualities
in the various leachings.
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Table 2
Microbial population effects on control of Heterodera schachtii with nonfumigant nematicides

Nematicide Treatment

Leachings

Control Carbofuran Oxamyl Phenamiphos Aldicarb
WILD
w/o AC Medium 170 cdefghijk 442 hijk 299 defghijk 303 defghijk 233 cdefghijk
CARBOFURAN
w/o AC Medium 493 jjk 514 ik 415 ghijk 603 k 212 cdefghijk
OXAMYL
w/o AC Medium 532 jk 299 defghijk 545 jk 646 k 401 ghijk
PHENAMIPHOS
w/o AC Medium 461 jjk 389 fghijk 191 cdefghijk 229 cdefghijk 368 efghijk
ALDICARB
wfo AC Medium 156 cdefghijk 330 defghijk 253 defghijk 182 cdefghijk 289 defghijk
WILD :
w/AC Medium 167 cdefghijk 173 cdefghijk 93 abedef 298 defghijk 88 abcde

*180 cdefghijk
CARBOFURAN
w(/AC Medium 446 hijk 104 abcdefgh 98 abedefg 165 cdefghijk 132 abedefghij
*90 abcde
OXAMYL
w/AC Medium 215 cdefghijk 33a 80 abed 201 cdefghijk 128 abcdefghij
*169 cdefghijk
PHENAMIPHOS
w/AC Medium 230 cdefghijk 88 abcde 55 abc 117 abedefghi 36 ab
*134 bedefghi)
ALDICARB
w/AC Medium 516 ik 186 cdefghijk 83 abed 205 cdefghijk 176 cdefghijk
*155 cdefghijk

Numbers represent the mean population of (cysts + white females/gram of root). w/AC Medium = leachings incubated following addition of
3.2 gr/LL AC Broth Medium (Difco Laboratories, Detroit, Michigan) for 24 hours prior to drenching of test pots. Pots which received leachings
wjo AC Medium were treated with a subnematicidal concentration of nonfumigant nematicide. Pots which received leachings w/AC Medium were
treated with a ten-fold higher concentration of nonfumigant nematicide, (*) = the nonfumigant nernaticide was applied in a 50 mM phosphate
buffer, pH = 6.0. Numbers not followed by a common letter are different at a significance level of 5 % or less.

Pots drenched with wild population leachings without
AC Medium appeared unaffected by all NFN' and
control treatments. Yet, with every series of amended
leachings from NFN-stressed population stock cultures,
at least one or more NFN treatments resulted in a
significant difference. In all cases, this difference was a
population decrease, instead of the expected increase
from protection by the microbial enrichment of the soil.
Three observations suggest a possible explanation :

a) absence of leaching effects within the controls,

-b) absence of NFN treatment effects in all pots dren-
ched with wild population leachings with AC Medium,
¢) significant population reductions from NEN treat-
ment to pots drenched with leachings from NFN-
stressed population stock cultures. If carbofuran and
its breakdown constituents were present in leach-
ings, -application of this NFN would augment control,
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an effect observed with amended leachings from the
C-S-P and C, treatments. An alternative explanation
involves a synergistic effect whereby a chemical moiety,
possibly from pesticide degradation, enhances an ap-
plied NFN effect as illustrated with enhanced N-methyl
carbamate control of the green rice leafhopper (Yama-
moto, Takahaski & Kyomura, 1983). Related effects
have been observed with mixtures of organophosphates
and carbamates (or vice versa) for enhanced control of
insect populations (Ozaki, 1983), Neither can it be
excluded that elevated concentrations of degradation
products added with the leachings inhibited the
forward reaction leading to degradation; thereby,
allowing a longer period of higher nematicide concen-
trations to act on the nematodes.

From an earlier test in which pots of Meloidogyne
incognita and Xiphinema index were drenched in
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Fig. 1. Heterodera schachtii population levels of leachings as modified by treatments.

Leachings in (B) were incubated for 24 hours following the addition of 3.2 gr/L. AC Broth Medium (Difco Laboratories, Detroit, Mighigan) prior
to drenching the test pots. Test pots receiving leachings without AC Medium were treated with subnematicidal elvels, while those receiving leachings
with AC Medium were treated with a ten-fold higher concentration of nonfumigant nematicide. Treatments are abbreviated as follows : CTL = Control,
C = Carbofuran, Ox = Ozamyl, P = Phenamiphos, A = Aldicarb, subscript s = subnematicidal, subscript n = nematicidal or 10 X concentration

of s. (*) = nonfumigant nematicide applied in 509 mM phosphate buffer, pH = 6.0.
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Fig. 2. Heterodera schachtii population levels of treatments as modified by leachings.
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Leachings in (B) were incubated for 24 hours following the addition of 3.2 gr/L. AC Broth Medium (Difco Laboratories, Detroit, Michigan) prior
to drenching the test pots. Test pots receiving leachings without AC Medium were treated with subnematicidal levels, while those receiving leachings
with AC Medium were treated with a ten-fold higher concentration of nonfumigant nematicide. Leachings are abbreviated as follows : W = Wild
Populations, C = Carbofuran-Stressed Population, Ox = Oxamyl-Stressed Population, P = Phenamiphos-Stressed Population, A = Aldicarb-Stressed
Population. (*) = nonfumigant nematicide applied in 50 mM phosphate buffer, pH = 6.0.
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leachings taken from NFN-stressed population stock
cultures (Yamashita, Viglierchio & Schmitt, 1986),
Ox-S-P leachings on X. index and Ox-S-P, C-S-P and
P-S-P leachings applied to M. incognita pots resulted in
markedly lower nematode numbers than undrenched
pots following NFN treatments. However, X, index pots
drenched in C-S-P and P-S-P leachings had higher
population levels over undrenched pots following NFN
treatment. The present study is consistent with a
previous one (Yamashita & Viglierchio, 1986) for a
stimulatory response in nematodes to subnematicidal
levels of NFN. Perhaps this may be suspected in the
apparent stimulatory response following drenches with
C-8-P, Ox-S-P and P-S-P leachings without AC Me-
dium (controls), i.e., low levels of NFN residues in
leachings may have been complicating the response.
Steele (1977) observed a stimulatory action of low
aldicarb and carbofuran concentrations (ca. 1 pg/ml) on
H. schachrii hatching because cysts, treated with other-
wise suppressive concentrations but later freed of the
NFN, exhibited markedly higher hatching than untreat-
ed cysts.

Depending on conditions, the half-life of many
NFN’s have been reported to range from 2-50 weeks
(Getzin, 1973; Smelt et al, 1978a, b; Johnson et al.
1981; Smelt, 1983). NFN persistence within the soil of
stressed stock cultures could have been possible because
they were treated one month prior to extraction of
leachings (carbofuran and oxamyl applied at 1.84 pg/ml;
phenamiphos and aldicarb applied at 0.23 pg/ml.

Because J, were allowed to establish for over a week

prior to leaching and NFN applications, the differential
systemic capacities of the NFN’s and of the different
breakdown constituents may have additional bearing in
this experiment. Moreover, the specific physiological
changes in the plant associated with NFN applications
(Milne, Van Lelyveld & Villiers, 1977; Steifert &
Davidek, 1978; Sarah, 1981) may be factors in relation
to altered biochemical mechanisms of plant resistance to
nematodes (Giebel, 1979) that was complexed further by
the specific leaching nematicide-nematicide level-AC
Medium interactions leading to reduced nematode
populations.

Conclusive statements

Based upon the conditions under which this test was
conducted, several conclusions can be drawn : a) the soil
microbial population from stock cultures of H. schachtii,
whether treated monthly with NEN or left untreated,
appeared similar with respect to qualities of microbial-
mediated protection of nematodes from NFN’s, b)
an approximate three-thousand-fold increase in the
microorganism population had negligible effects on
microbial-mediated protection from NFN’s, c) possible
pH-induced degradation of NFN’s from ammonia-like
substance in AC Medium-incubated leachings appeared
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insignificant, d) certain factors in stock culture leachings
appeared to react synergistically with nematicidal levels
of certain NFN’s for enhanced control of nematodes,
e) certain factors in stock culture leachings appeared to
induce stimulatory-like responses in nematodes, f) incu-
bation of certain leachings for 24 hours in 10 % AC
Medium appeared to reveal components which were
manifested by an increase or decrease in corresponding
control populations, g) at concentrations used, oxamyl
and aldicarb, with relatively higher systemic activity,
appeared to provide better control than did carbofuran
or phenamiphos. ’

The observations of NFN resistance, indifference,
habituation and increased susceptibility in greenhouse
(Yamashita, Viglierchio & Schmitt, 1986), laboratory
(Yamashita & Viglierchio, 19874) and field studies (Ya-
mashita & Viglierchio, 19875) in various nematode spe-
cies have prompted a major concern for the contribution
of microbial-mediated NFN degradation. This latter
phenomenon, which has been correlated often with a
soil’s previous history of NFN treatments, implicated
microbial enrichment. However, for H. schachtii and
based on the criterion of cysts + white females/gr root,
there were no detectable qualitative differences in the
soil microbial populations of monthly NFN-stressed
cultures and cultures which had never been treated with
NFN’s. These observations merit confirmation with
other nematodes in different environments and in field
trials of field soil microbial populations with histories of
NFN treatments.
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