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SUMMARY. The biosolid soil amendment N-Viro Soil (NVS) and a Streptomyces
isolate (S 99-60) were tested for effects on root-knot nematode [RKN (Meloidogyne incognita)] egg populations on cantaloupe (Cucumis melo). Application of
3% NVS (dry weight amendment/dry weight soil) in the soil mixture resulted
in significant (P ≤ 0.01) suppression of RKN egg numbers on cantaloupe roots
compared to all other treatments, including 1% NVS and untreated controls.
Ammonia accumulation was higher with the 3% NVS amendment than with any
other treatment. Adjustment of soil pH with calcium hydroxide [Ca(OH)2] to
the same levels that resulted from NVS amendment did not suppress nematode
populations. When cultured in yeast-malt extract broth and particularly in nutrient broth, S 99-60 was capable of producing a compound(s) that reduced RKN
egg hatch and activity of second-stage juveniles. However, when this isolate was
applied to soil and to seedling roots, no suppression of RKN egg populations
was observed on cantaloupe roots. Combining S 99-60 with NVS or Ca(OH)2
did not result in enhanced nematode suppression compared to treatments applied
individually. The results indicated that NVS application was effective at suppressing RKN populations through the accumulation of ammonia to levels lethal to
the nematode in soil.

R

oot-knot nematodes (Meloidogyne spp.) are major pathogens
of crop plants worldwide and
cause extensive damage on a number
of economically important hosts, including melon (Koenning et al., 1999;
Netscher and Sikora, 1990). High
preplant populations of the root-knot
nematode M. incognita can result in
reduced melon fruit yields (Ploeg and
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Phillips, 2001). To decrease economic
losses caused by RKN, innovative
methods for managing these nematodes are needed in melon production. The current study was therefore
conducted to evaluate the efficacy of
a biosolid amendment and a beneficial
microbe for management of RKN
populations on cantaloupe.
The biosolid amendment used
in this study was N-Viro Soil (NViro International, Toledo, Ohio).
The N-Viro process mixes dewatered
municipal biosolids with alkaline admixtures (i.e., cement kiln dust, fly ash
or quicklime) to yield a pathogen-free,
solid material with many beneficial
agronomic properties (Logan and

Burnham, 1995). The agricultural
value-added benefits of NVS include
improved soil fertility, addition of
organic matter and suppression of
plant-parasitic nematodes (Welacky
and Topp, 2001; Zasada and Tenuta,
2004).
In laboratory tests, the lethal
concentration of NVS that killed 90%
(LC90) of second-stage juvenile (J2)
populations was 1.4% dry weight
amendment/dry weight sand for
RKN and soybean cyst nematode
[SCN (Heterodera glycines)]. The LC90
values for eggs were 2.6% and >3.0%
NVS for RKN and SCN, respectively
(Zasada and Tenuta, 2004). Nematode
mortality caused by NVS was positively correlated with sand suspension
pH levels and to a lesser extent with
ammonia accumulation following
amendment (Zasada, 2005; Zasada and
Tenuta, 2004). Greenhouse and field
experiments have also demonstrated
some suppression of SCN with NVS
(Alptekin, 2001; Welacky and Topp,
2001).
The beneficial microbe examined
in this study as a potential biocontrol
agent for RKN was an isolate of the
bacterium Streptomyces. Species of
Streptomyces are well known to produce many antibiotics (Challis and
Hopwood, 2003). Some of these antibiotics, such as avermectins and related
compounds, are active against plant
pathogens, including phytopathogenic nematodes (e.g., Blackburn et
al., 1996; Cayrol et al., 1993; Jansson
and Rabatin, 1998). Beneficial species of Streptomyces have been widely
investigated for management of plantpathogenic fungi, and are marketed
under names such as Actinovate (S.
lydicus; Natural Industries, Houston)
and Mycostop (S. griseoviridis; Verdera
Oy, Helsinki, Finland) (APS Biological
Control Committee, 2003). Species of
Streptomyces have also been tested as
potential biocontrol agents for nematodes. Research with RKN has yielded
varying but often positive results from
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laboratory, greenhouse, and field tests
(Chubachi et al., 1999; Dicklow et al.,
1993; El-Sherif et al., 1995; Krechel
et al., 2002; McSorley and McGovern,
2001). The current study focused on a
Streptomyces isolate (S 99-60) that had
shown some activity against soilborne
plant-pathogenic fungi (Roberts et al.,
2005). If the isolate was also found to
be efficacious for suppressing plantparasitic nematodes, it would be particularly useful as a biocontrol agent,
because plants are usually challenged
by multiple pathogens.
The specific objectives of this
study were to determine: 1) how an
NVS amendment affected soil pH,
ammonia accumulation and plant
growth in amended soil; 2) if S 99-60
produced compounds toxic to RKN;
and 3) whether nematode suppression
on cantaloupe roots would occur in
greenhouse trials with NVS amendment, S 99-60 application, increased
pH level without the presence of NVS
(and consequently without ammonia
accumulation), or combinations of
these agents.

Materials and methods
CULTURE

OF

STREPTOMYCES

ISO-

LATE 99-60. Streptomyces isolate 99-60

was obtained from wheat rhizosphere
in a field in Warsaw, Va., and maintained in the USDA-ARS, Sustainable
Agriculture Systems Laboratory, Beltsville, Md. To assay for production of
compounds toxic to RKN, S 99-60 was
grown for 3 and 9 d in 50 mL nutrient
broth [NB (Difco; Becton, Dickinson
and Co., Sparks, Md.)] or yeast extract
broth containing malt extract [YME
(Pridham et al., 1957)]. Cultures
were maintained at room temperature
and 200 rpm in 250-mL Erlenmeyer
flasks. Biomass was then removed by
centrifugation (9150 × g for 20 min
at 4 °C) and the culture supernatant
was filtered through 0.2-µm bottle
filters. The pH of each culture filtrate
was recorded.
To prepare S 99-60 for greenhouse studies, the bacterium was grown
on potato dextrose agar (Difco) and
then inoculated into two 1-L baffled
flasks, each containing 500 mL of
YME. The flasks were placed in a rotary
shaker and incubated for 4 d at 30 °C
and 230 rpm. After 4 d, 166 mL of S
99-60 YME culture were placed into
each of six new flasks, and an additional
334 mL YME were then added to each
of the six flasks to make a total volume
636

of 500 mL per flask. The cultures in
the six flasks were incubated 8 d at 30
°C and 230 rpm in the rotary shaker.
The cultures were then centrifuged for
30 min at 13,200 × g. A total of 70 g
wet S 99-60 biomass were collected
and blended in a commercial blender
on low for 15 s in 500 mL water,
and the bacterial suspension was then
diluted in a total of 3 L water. This
suspension contained about 5.4 × 107
spores per mL.
CULTURE OF RKN. Meloidogyne
incognita race 1, originally isolated
from a field near Salisbury, Md., was
cultured in the USDA-ARS, Nematology Laboratory greenhouse (Beltsville,
Md.) on pepper (Capsicum annuum)
cultivar PA-136. For microwell assays,
RKN was prepared as described by
Nitao et al. (1999, 2002), with the following differences: RKN was cultured
on greenhouse-grown pepper plants,
and eggs were surface-sterilized in 0.5%
sodium hypochlorite for 4 min. Eggs
for greenhouse experiments were extracted from the roots of 3-month-old
pepper plants and used immediately.
MICROWELL ASSAYS FOR PRODUCTION OF TOXIC COMPOUNDS BY S 9960. Procedures were similar to those
described in Meyer et al. (2004). Following preparation of culture filtrates,
0.9 mL of culture filtrate or control,
and 0.1 mL aqueous suspension of surface-sterilized nematode eggs (about
470 eggs), were placed into individual
wells of 24-well tissue culture plates
(Costar, Corning, N.Y.), for a total
volume of 1 mL/well. The following
seven treatments were tested: 1) sterile
water control, 2) sterile YME control,
3) sterile NB control, 4) YME culture
filtrate after 3 d S 99-60 growth, 5)
YME culture filtrate after 9 d S 99-60
growth, 6) NB culture filtrate after 3
d S 99-60 growth, and 7) NB culture
filtrate after 9 d S 99-60 growth. The
sterile water controls were used to
determine viability of the eggs and J2.
After 7 d incubation at 28 °C, the total
number of hatched J2 in each well was
counted to determine egg hatch. At
the same time, each hatched J2 was
also counted as active or inactive. J2
were counted as active if they exhibited
any movement when observed with
light microscopy, and inactive if no
movement was observed. No probe
was applied to initiate movement.
Five replicate wells were used for each
treatment, and the experiment was
conducted twice.

GREENHOUSE STUDIES. A soil composed of 1:5 compost:sand mixture,
pH 7.6, was steamed and then treated
with NVS (pH 12.2 in water), or
Ca(OH)2, or left untreated. NVS was
incorporated at 1% and 3% dry weight
amendment/dry weight soil (w/w).
Ca(OH)2 was applied to the soil at
0.05% and 0.08% Ca(OH)2 (w/w);
these rates were previously determined
to achieve comparable pHs to those
measured after the NVS amendments.
The amended or unamended soil was
placed into 1-quart sealable plastic
bags (450 g per bag) and moistened to
70% of water holding capacity (Cassel
and Nielsen, 1986); 5000 RKN eggs
were then inoculated into half of the
bags from each treatment. The bags
were sealed and the contents were
gently mixed. The sealed bags were
placed in the dark at approximately
24 °C for 5 d.
Cantaloupe ‘Hearts of Gold’ seeds
were planted in flats of Terra-Lite
Redi-Earth Peat Lite mix (ScottsSierra Horticultural Products Co.,
Marysville, Ohio), and the seeds were
germinated on propagation mats (21
to 27 °C) in a greenhouse maintained
at temperatures between 24 and 29
°C. Flats were removed from the
propagation mats after 5 d. Natural and
supplemental lighting were combined
to achieve a 16-h day length. Seedlings
were transplanted 18 d after planting.
Immediately prior to transplanting, soil
treatments in plastic bags were mixed
with either 5 mL S 99-60 suspended
in water, or 5 mL water. The soil in
each bag was placed into a 4-inch-diameter pot, and another 5 mL S 99-60
suspension was added to soil already
treated with S 99-60. All other pots
received an additional 5 mL water. At
transplant, the root systems from all
plants were rinsed in water. Roots of
seedlings to be transplanted into soil
treated with S 99-60 were then dipped
into an aqueous suspension of S 9960 (about 2 mL suspension adhered
to each root system), while all other
seedlings were dipped in water. One
cantaloupe seedling was transplanted
into each pot. Plants were fertilized
with 3 g Osmocote Plus 15N–3.9P–
10K fertilizer (Scotts-Sierra) 8 d after
transplanting, and harvested 30 d (trial
1) or 33 d (trial 2) after transplant.
The greenhouse experiment
was conducted twice, for a total of
two trials. Ten pots were planted per
treatment in the first experimental
●
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trial, and 12 pots were planted per
treatment in the second trial (only 10
pots per treatment were used for data
collection in the second trial, so there
were 20 replications per treatment
when the two trials were combined).
The pots in each trial were arranged
in a completely randomized design.
There were 20 treatments per trial: 1)
untreated soil; 2 and 3) 1% NVS ± S
99-60; 4 and 5) 3% NVS ± S 99-60;
6 and 7) 0.05% Ca(OH)2 ± S 99-60; 8
and 9) 0.08% Ca(OH)2 ± S 99-60; 10)
S 99-60; and 11–20) all 10 treatments
repeated with nematode inoculum
added. The treatment structure was a
5 × 2 × 2 factorial.
At harvest, shoot heights were
measured from the soil line to the tips
of the main stems. Shoot dry weights
(all plant parts above the soil line) were
determined after removal of the shoots
from the pots and oven-drying for 15
d at 74 °C. Soil and roots from each
pot were collected and placed in a cold
room (4 °C) until processing for root
weights and RKN egg counts. Root
fresh weights were determined; root
dry weights were not used because
roots were destroyed in the process
of collecting nematode eggs.
RKN egg collection and enumeration were similar to previously
described procedures (Nitao et al.,
2002; Meyer et al., 2000), with the
following exceptions: eggs were not
counted from soil outside the rhizosphere, and roots were macerated with
scissors and then in a mini food processor. Eggs external to roots were labeled
“external eggs,” and eggs inside plant
roots were labeled “internal eggs.”
All aqueous egg suspensions were
refrigerated until counted. Aliquots
were counted to estimate numbers of
internal and of external eggs per gram
of fresh root, and these numbers were
combined to estimate total numbers of
eggs per gram of fresh root.
To determine presence or absence
of S 99-60 in the soil at harvest, 5 g of
soil were removed from each of two
pots per treatment and suspended in
25 mL water, and 1 mL of the suspension was then diluted in 9 mL water.
Each suspension was plated onto two
YME plates.
SOIL AMMONIA AND PH MEASUREMENTS. From all of the bags not
inoculated with nematodes, soil slurry
pH was measured at 1, 5, and 30 d
after treatment. Five grams of soil were
removed from each bag and placed in a
●
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50 mL tube, and 20 mL distilled water
added. The slurry was agitated using
a reciprocal shaker at 350 rpm for 15
min, the supernatant was allowed to
clear for 15 min, and the pH of the
supernatant was then determined.
In a separate experiment, 15 g
portions of the soil mix were amended
to 1% or 3% NVS, or 0.05% or 0.08%
Ca(OH)2, and placed in 50-mL tubes.
An untreated control was included. Distilled water was added to the mixtures
to achieve 70% water-holding-capacity,
and the tubes were sealed and placed
at 24 °C for 1 h. The tubes were then
placed in a cold room (4 °C) and all
subsequent sample preparations were
performed at this temperature in sealed
vessels containing minimal headspace
to limit ammonia loss. Fifteen milliliters
cold deionized water were added to
each tube and the tubes were agitated
using a reciprocal shaker at 350 rpm
for 30 min, and then were allowed to
stand for 5 min. The pH of each slurry
supernatant was then determined. For
ammonium plus ammonia analysis,
1 mL of the slurry supernatant was
removed and passed through a 0.2µm filter into a 1.5-mL Eppendorf
tube. The ammonia plus ammonium
concentration of the filtered slurry
supernatant was measured using a
colorimetric method utilizing the
Berthelot reaction (Rhine et al., 1998).
Ammonia concentration in soil slurry
was estimated using the HendersonHasselbach equation describing the
pH-dependent equilibrium between
ammonium and ammonia (Tenuta and
Lazarovits, 2002a). The experiment
was repeated twice.
STATISTICAL ANALYSIS. Data from
the greenhouse studies were analyzed
using SAS release 9.1 (SAS Institute,
Cary, N.C.). Prior to analysis the
appropriate variance groups were assigned to treatments. A mixed linear
model was used to determine the
significance of main effects and interactions between main effects and
treatment effects. Experimental trials
were combined. Means were separated
using Sidak P-value adjustments for
multiple comparisons (P ≤ 0.01). For
microwell assays, mean total numbers
of hatched J2 from all treatments
were separated by an F-protected
least significant difference (LSD) at P
≤ 0.05 using a general linear model.
The two trials were combined prior to
analysis. Mean numbers of active and
inactive J2 with standard deviations

were determined for each treatment.
For comparisons of J2 activity among
treatments, proportions of active to
inactive J2 were determined as (active
– inactive)/inactive J2.

Results
MICROWELL ASSAYS. In three of
the four culture filtrate treatments, S
99-60 produced a compound(s) that
suppressed RKN egg hatch (Fig. 1).
Culture filtrate from S 99-60 grown
in YME for 3 d was the one exception;
this treatment appeared to stimulate
egg hatch, and resulted in the highest
total numbers of hatched J2. The next
highest numbers of hatched J2 were in
the YME and NB controls, followed
by the water control. Conversely,
treatment of eggs with culture filtrate
from YME after 9 d S 99-60 growth
resulted in a significant decrease in the
total numbers of hatched J2 compared
to the 3-d YME culture filtrate, and
to the water, NB and YME controls.
Culture filtrate from S 99-60 grown
in NB for either 3 or 9 d contained a
compound(s) that highly suppressed
RKN egg hatch, with total numbers
of hatched J2 in the sterile NB control
7.1 to 10.8 times greater than in the
NB culture filtrates.
Effects of culture filtrates on J2
activity were somewhat similar to the
results with egg hatch, with a trend
toward greater J2 activity generally
occurring in treatments with the highest egg hatches (Fig. 1). However, the
mean proportion of active to inactive
J2 was significantly higher in the water
control than in any other treatment,
including filtrate from 3-d-old S 99-60
cultures in YME. Numbers of active
and inactive J2 were not different from
each other in either of the two YME
culture filtrates. Of the small numbers
of J2 that hatched from eggs in NB
culture filtrates, few were active in the
3-d NB culture filtrate, and only one
J2 was active in the 9-d NB culture
filtrate. The proportion of active to
inactive J2 in S 99-60 culture filtrate
grown for 9-d in NB was significantly
lower than the proportion in any of
the controls.
GREENHOUSE STUDIES. Numbers
of internal, external and total eggs
per gram fresh root were strongly affected by treatment with NVS (Fig. 2).
Numbers of eggs produced internally
and externally, and consequently total
numbers of eggs, were lowest with the
3% NVS treatment, with or without
637
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Fig. 1. Effects of Streptomyces (S 99-60) culture filtrates on total numbers of
hatched root-knot nematode (RKN) second-stage juveniles (J2), and on activity
of the hatched J2 in microwell assays. YME = yeast-malt extract broth; NB = nutrient broth. Numbers of hatched J2, and of active vs. inactive J2, were counted
7 d after placement of eggs into water, broth controls, or culture filtrates from
S 99-60 grown for either 3 or 9 d in YME or NB. Each well received about
470 eggs; values shown are from two trials, each with five replicate wells per
treatment (n = 10 per treatment). “Total” J2 means with different letters were
significantly different (P ≤ 0.05). Standard deviation bars represent one standard
deviation from the mean and indicate differences between active and inactive J2
within a treatment.
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S 99-60. Amendment with 1% NVS
alone also resulted in total egg numbers
lower than numbers in several other
treatments, although the total egg
numbers were not lower than those in
untreated soil or in 0.05% Ca(OH)2.
Amendment with 1% NVS resulted in
lower total egg numbers than treatment
with 1% NVS + S 99-60, indicating that
S 99-60 may have negated the effects
of 1% NVS on the egg populations.
Treatment with Ca(OH)2 or S 99-60
(except 3% NVS + S 99-60) did not
suppress egg numbers compared to
the untreated control.
Analysis of shoot heights and dry
weights indicated that there was no
effect due to S 99-60 inoculation, so
similar treatments with and without
S 99-60 were combined for statistical
analysis (Table 1). There was some
tendency for shoots to be longer in
plants not inoculated with RKN when
compared with identically treated
plants inoculated with RKN, but this
was not statistically significant, and
was reversed in shoot heights from
untreated controls. Treatment with
1% NVS tended to result in the longest
and heaviest shoots, while shoots that
were small in both height and weight
were recorded from 3% NVS and 0.08%
Ca(OH)2, both plus RKN.
Plants inoculated with RKN tended to have heavier root systems than
plants not inoculated with nematodes.
The range of mean root fresh weights
from each treatment was 6.5 g to 10.0
g for uninoculated plants, while the
range for plants infested with RKN was
7.2 g to 12.3 g. However, there was
overall no effect among treatments with
or without RKN or S 99-60, and the
data were combined. Treatment with
Fig. 2. Effects of treatment with NViro Soil (NVS), calcium hydroxide
[Ca(OH)2], Streptomyces (S 99-60),
or combinations of either NVS or
Ca(OH)2 + S 99-60 on root-knot
nematode (RKN) egg populations
from greenhouse-grown cantaloupe
roots. Internal = number of eggs inside roots; external = number of eggs
in the rhizosphere; total = external +
internal eggs. Numbers are eggs/g
root (1 g = 0.0353 oz). Within each
egg category (internal, external, and
total eggs per gram of root), values
with the same letter were not significantly different (P ≤ 0.01). Error bars
represent SE.
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Table 1. The effects of N-Viro Soil (NVS), calcium hydroxide [Ca(OH)2], and
root-knot nematode (RKN) infestation on shoot growth of greenhouse-grown
cantaloupe. Plants were harvested about 30 d after transplant of 18-d-old seedlings. Similar treatments with and without Streptomyces (S 99-60) were combined
for analysis as this treatment did not affect measured parameters.
Treatment

Shoot ht (cm)z

Shoot dry wt (g)z

87.1 a
79.8 abc
81.6 abc
73.2 bc
78.4 abc
73.5 c
72.2 bc
72.1 c
79.2 abc
82.5 ab

3.6 a
3.2 ab
2.6 cd
2.5 d
3.1 abc
3.1 abc
3.3 ab
2.5 d
2.9 bcd
2.9 bcd

NVS 1%
NVS 1% + RKN
NVS 3%
NVS 3% + RKN
Ca(OH)2 0.05%
Ca(OH)2 0.05% + RKN
Ca(OH)2 0.08%
Ca(OH)2 0.08% + RKN
Untreated
Untreated + RKN
z

Values shown were from two trials, each with 10 replications per treatment (n = 20). Because treatments were
combined, n = 40 for the analysis. Within a column, values followed by the same letter were not significantly different (P ≤ 0.01); 1 cm = 0.3937 inch, 1 g = 0.0353 oz.

Table 2. The effects of N-Viro
Soil (NVS) and calcium hydroxide
[Ca(OH)2] on root fresh weights
of greenhouse-grown cantaloupe.
Plants were harvested about 30 d
after transplant of 18-d-old seedlings.
Similar treatments with and without
root-knot nematode (RKN), and with
and without Streptomyces sp. (S 9960), were combined for analysis as the
treatments did not affect root fresh
weight.
Root fresh wt (g)z

Treatment
NVS 1%
NVS 3%
Ca(OH)2 0.05%
Ca(OH)2 0.08%
Untreated

9.8 a
7.3 c
9.4 ab
9.3 ab
8.3 bc

z

Values shown were from two trials, each with 10 replications per treatment (n = 20). Because treatments
were combined, n = 80 for the analysis. Values followed
by the same letter were not significantly different (P ≤
0.01); 1 g = 0.0353 oz.

1% NVS resulted in the heaviest root
system (Table 2); this treatment also
had the largest shoots (Table 1). The
lightest root systems were from the 3%
NVS treatment; small shoots were also
produced from treatment with 3% NVS
+ RKN, and small shoot weights from
3% NVS amendment with or without
RKN (Table 1).
No S 99-60-like colonies were
recovered from soil in trial 1. In trial
2, only a few S 99-60-like colonies
were recovered from a pot treated with
0.05% Ca(OH)2 + S 99-60 + RKN,
and from a pot treated with 1% NVS
+ S 99-60 + RKN.
AMMONIA AND PH MEASUREMENTS. Amendment of soil with NVS
●
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or Ca(OH)2 resulted in an immediate increase in pH. Within 1 h after
addition of the amendments, the
unamended soil pH was 7.5, while
the pH values in soil amended with
NVS or Ca(OH)2 ranged from 9.1
to 10.1 (Table 3). The higher rates of
the amendments tended to raise the
pH values more than the lower rates
of the same amendments, although in
the case of Ca(OH)2, the pH values of
the higher and lower rates were not
significantly different. The pH in each
of the amended soils remained high
after one d, but dropped within 5 d
after the treatments were added. After
30 d, the amended and unamended
soils all had similar pH values.
In amended soils, ammonia levels
were lowest after amendment with
0.05% and 0.08% Ca(OH)2, although
the 0.08% Ca(OH)2 amendment resulted in an ammonia level similar to
that recorded with 1% NVS (Table 3).
After 1 h, amendment with 3% NVS

resulted in an ammonia level more
than six times higher than amendment
with 1% NVS.

Discussion
This is the first published report
demonstrating that NVS has the capacity to suppress RKN populations on
plant roots. NVS was toxic to RKN and
to SCN in laboratory assays (Zasada,
2005; Zasada and Tenuta, 2004), and
it could suppress SCN populations in
greenhouse and field studies, although
results were variable (Alptekin, 2001;
Welacky and Topp, 2001). Our study
demonstrates that the NVS effect extends to RKN egg populations on roots
of greenhouse-grown cantaloupe, with
significant suppression at the higher
NVS application rate. Amendment
with 3% NVS reduced egg populations within the roots as well as in the
rhizosphere. The activity against the
nematodes presumably occurred prior
to plant infection by the nematode, or
was systemic.
The effect of NVS application on
pH values and ammonia accumulation
has been evaluated in prior studies
(Zasada, 2005; Zasada and Tenuta,
2004). In our study, increasing soil pH
with Ca(OH)2 to levels similar to those
generated after NVS amendment did
not suppress RKN egg populations,
indicating that the high pH resulting from NVS amendment was not
solely responsible for causing nematode mortality. The main chemical
difference between soils treated with
the two amendments appeared to be
accumulation of ammonia. Ammonia
levels were substantially higher with 3%
NVS than with any other treatment,
including 1% NVS amendment, which
did not result in the same level of

Table 3. Soil slurry pH and ammonia (NH3) levels (millimolar) after the incorporation of N-Viro Soil (NVS) or calcium hydroxide [Ca(OH)2].

Treatment

Rate
(% dry w/w)x

Unamended
Ca(OH)2
Ca(OH)2
NVS
NVS

0
0.05
0.08
1
3

1h

pHz
Mean ± SDy
1d
5d

7.5 ± 0.1 7.7 ± 0.2
9.6 ± 0.2 9.7 ± 0.5
10.1 ± 0.3 10.2 ± 0.4
9.1 ± 0.2 9.3 ± 0.3
10.1 ± 0.2 10.2 ± 0.4

7.8 ± 0.1
9.1 ± 0.1
9.4 ± 0.1
8.9 ± 0.1
9.2 ± 0.1

30 d

NH3
(mM)w

6.7 ± 0.5
7.3 ± 0.3
7.3 ± 0.3
7.4 ± 0.4
7.6 ± 0.3

0
0.4 ± 0.1
0.6 ± 0.1
0.8 ± 0.2
5.1 ± 0.5

z
For the 1-h measurement, pH was determined on supernatant from a slurry of 15 g of amended or unamended
soil in 15 mL water; for 1-, 5-, and 30-d measurements, pH was determined on supernatant from a slurry of 5 g
soil in 20 mL water; 1 g = 0.0353 oz; 1 mL = 0.0338 fl oz.
y
Values shown are the means of two experiments with five replications for each treatment (n = 10).
x
w/w = weight of amendment/weight of soil.
w
NH3 concentration estimated using Henderson-Hasselbach equation, pH and NH3+NH4+ (ammonia plus ammonium) levels 1 h after amendment.
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nematode suppression. Increased levels
of ammonia in soil were lethal to various pathogenic fungi and nematodes
(Chun and Lockwood, 1985; Oka
et al., 1993; Oka and Pivonia, 2002;
2003; Tenuta and Lazarovits, 2002a;
Tsao and Oster, 1981). It is probable
that the accumulation of ammonia
in soil amended with 3% NVS killed
most of the RKN eggs during the 5-d
incubation period prior to cantaloupe
transplant into the amended soil. It
is important to note that previous
laboratory studies evaluating NVS for
nematode suppression did not use a
closed system (Zasada, 2005; Zasada
and Tenuta, 2004). The closure of the
bags after NVS amendment in this experiment means that RKN was exposed
to higher ammonia concentrations for
a longer period of time than in earlier
investigations.
The largest plants were in soil
amended with 1% NVS (particularly the
plants without nematodes); enhanced
soybean growth has been reported
after a 4% NVS amendment to sand
(Alptekin, 2001). The smallest plants
overall were in soil amended with 3%
NVS (especially when nematodes were
present). Residual ammonia in soil,
combined with high pH, may have
initially inhibited plant growth at the
higher NVS amendment rate. High pH
associated with NVS application may
pose several challenges to crop production. pH levels above 8.5 may induce
ammonia toxicity in soils receiving
coincidently a source of ammoniacal
fertilizer or having high residual ammonium. High pH can pose nutrient
limitations to the crop, particularly
phosphorus and micronutrients (e.g.,
iron). Thus NVS should be applied
to soils capable of buffering the rise
in pH following NVS application
to levels below pH 8 within days or
several weeks after application. The
nutrients found in a 1% NVS application rate may have enhanced plant
growth; the NVS used in this study
contained approximately 0.002 mg/kg
plant available nitrogen, 0.008 mg/kg
phosphorus, 0.002 mg/kg potassium,
and 0.06 mg/kg sulfur. Measurements
of yields in a field experiment would
determine whether the RKN population reductions obtained with a high
NVS amendment rate also translate to
meaningful market increases.
The tested Streptomyces isolate, S
99-60, produced a compound(s) toxic
to RKN in laboratory assays, decreasing
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both egg hatch and J2 activity. There
was an exception; filtrate from 3-d YME
cultures increased numbers of hatched
eggs. Toxic activity was particularly
present in filtrates from NB cultures,
and it is interesting to note that in preliminary trials, a volatile compound(s)
produced by S 99-60 grown in NB
prevented hatch of most of the eggs in
the assay plates, necessitating separation of treatments. Despite the capacity
for toxin production, S 99-60 did not
suppress RKN populations on cantaloupe in this study, nor in a test on
cucumber in the greenhouse (S.L.F.
Meyer and D.P. Roberts, unpublished).
The greenhouse conditions may not
have been right for S 99-60 to generate lethal levels of the nematotoxic
compound(s). Also, despite the addition of large numbers of spores, S 9960-like colonies were rarely detected
after harvest, which may also account
for lack of efficacy in the greenhouse
experiment. However, while some
beneficial bacteria are aggressive root
colonizers (Siddiqui and Mahmood,
1999), a strain of the fungus Lecanicillium lecanii (= Verticillium lecanii)
that suppressed RKN egg numbers on
roots of greenhouse-grown cantaloupe
plants was not reisolated from soil
at harvest (Meyer, 1999), indicating
that long-term survival is not always
necessary for suppression of RKN by
beneficial microbes.
NVS rates of 1% and 3% correspond to field application rates of 20
and 60 dry t·ha–1 per furrow slice (Zasada and Tenuta, 2004). The 3% rate
is extremely high for practical use by
producers. However, where economically damaging levels of RKN occur in
patches within fields, spot application
with higher rates may be considered.
Also, in crops applied on raised beds,
it may be practical to apply higher rates
of NVS to the bedded areas of the field.
Research is underway combining NVS
treatment with other control strategies
to reduce rates to feasible application
levels in the field. Our study, combined
with results from laboratory assays
with SCN and RKN (Zasada, 2005;
Zasada and Tenuta, 2004), indicate
that the higher NVS rate suppressed
RKN populations in soil conducive to
ammonia accumulation after amendment. Tenuta and Lazarovits (2002b;
2004) showed ammonia to accumulate
in soils of low organic matter and high
sand content following addition of an
organic nitrogen amendment (meat

and bone meal). It is likely that NVS
treatment will be most effective in such
soils. Future studies will demonstrate
whether NVS can decrease RKN
populations and improve plant vitality
and yields with varying soil conditions
and changes in other environmental
parameters.
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