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Efficacy of Organic Soil Amendments for Management
of Heterodera glycines in Greenhouse Experiments

ZANE J. GRABAU AND SENYU CHEN

Abstract: In a repeated greenhouse experiment, organic soil amendments were screened for effects on population density of
soybean cyst nematode (SCN), Heterodera glycines, and soybean growth. Ten amendments at various rates were tested: fresh plant
material of field pennycress, marigold, spring camelina, and Cuphea; condensed distiller’s solubles (CDS), ash of combusted CDS, ash
of combusted turkey manure (TMA), marigold powder, canola meal, and pennycress seed powder. Soybeans were grown for 70 d in
field soil with amendments and SCN eggs incorporated at planting. At 40 d after planting (DAP), many amendments reduced SCN
egg population density, but some also reduced plant height. Cuphea plant at application rate of 2.9% (amendment:soil, w:w, same
below), marigold plant at 2.9%, pennycress seed powder at 0.5%, canola meal at 1%, and CDS at 4.3% were effective against SCN with
population reductions of 35.2%, 46.6%, 46.7%, 73.2%, and 73.3% compared with control, respectively. For Experiment 1 at 70 DAP,
canola meal at 1% and pennycress seed powder at 0.5% reduced SCN population density 70% and 54%, respectively. CDS at 4.3%,
ash of CDS at 0.2%, and TMA at 1% increased dry plant mass whereas CDS at 4.3% and pennycress seed powder at 0.1% reduced
plant height. For Experiment 2 at 70 DAP, amendments did not affect SCN population nor plant growth. In summary, some
amendments were effective for SCN management, but phytoxicity was a concern.

Key words: Calendula, Camelina sativa, canola meal, condensed distiller’s solubles, Cuphea, field pennycress, Glycine max, green
manure, Heterodera glycines, management, marigold, organic fertilizer, organic soil amendment, soybean, soybean cyst nematode,
spring camelina, Thlaspi arvense, turkey manure ash.

Soybean cyst nematode (SCN), Heterodera glycines, is
the major yield-limiting pathogen of soybean (Glycine
max) in the United States, causing an estimated 3 billion
kilograms of soybean yield loss in 2009, representing
one-quarter of the total yield loss to disease (Koenning
and Wrather, 2010). Current management strategies in
the midwestern United States rely on SCN-resistant
cultivars and crop rotation. While resistant soybean
cultivars are effective (Chen et al., 2001a; Chen, 2007),
sources of resistance are limited (Kim et al., 2011), and
SCN populations are adapting and diversifying to
overcome these sources of resistance (Zheng et al., 2006;
Niblack et al., 2008). Annual rotation of SCN-susceptible
soybean with corn, the primary crop in the Midwest, does
not adequately manage SCN on its own (Chen et al.,
2001b; Porter et al., 2001) and longer corn sequences
reduce corn yield (Crookston et al., 1991; Porter et al.,
1997). Additionally, environmental concerns and in-
creased regulation have reduced availability of chemical
nematicides (Noling and Becker, 1994; Rich et al., 2004),
while cost and inconsistent efficacy generally excludes
use of the remaining nematicides for SCN management
in the Midwest (De Bruin and Pedersen, 2008; Rotundo
et al., 2010). So, alternative SCN management strategies
with limited negative environmental impact are needed
to reduce reliance on current management strategies.

One alternative strategy is applying organic soil
amendments that suppress nematode populations.
Some organic soil amendments are known to be nema-
ticidal, with constituent compounds directly impacting
nematodes (Walker, 1996; Insunza et al., 2001; Riga
et al., 2005; Szakiel et al., 2008; Warnke et al., 2008;
Doligalska et al., 2011). Amendments may also act as
green manures that suppress nematode population
growth by altering the microbial community (Matthiessen
and Kirkegaard, 2006; Oka, 2010; Moore, 2011). Organic
soil amendments in the form of incorporated rotation or
cover crops (Ploeg, 1999; Reynolds et al., 2000; Ploeg,
2002; Perez et al., 2003; Warnke et al., 2008; Owen et al.,
2010; Villate et al., 2012), incorporated plant residue
from outside sources (Wang et al., 2001), and processed
plant products (Mazzola et al., 2009; Zasada et al., 2009)
have demonstrated value for managing various plant-
parasitic nematodes. Despite this, few organic soil
amendments have been tested on SCN.

In addition to efficacy at managing plant-parasitic
nematode populations, viable organic soil amendments
must be readily available and their application econom-
ically feasible. Amendments used in this study (Table 1)
are currently produced or are being developed for pro-
duction in the Midwest and fall into three categories:
(i) byproducts of corn ethanol (CDS), or electricity pro-
duction (TMA); (ii) fresh plant material of alternative
crops (marigold [Calendula officinalis], field pennycress
[Thlaspi arvense], spring camelina [Camelina sativa], and
Cuphea [interspecies hybrid ‘MNPSR23’, cigar plant]);
or (iii) processed plant products (field pennycress seed
powder, canola [Brassica napus] meal, and marigold
plant powder).

Many of these products can detrimentally affect
nematodes, fungal pathogens, insects, or weeds. As a
soil amendment, CDS has reduced fungal pathogen
populations and corresponding root diseases in potato,
radish, and cucumber due in part to toxicity of various
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organic acids (Abbasi et al., 2007, 2009). Various
C. officinalis plant extracts were nematicidal or nemato-
static in vitro to Xiphinema americanum sensu lato (Insunza
et al., 2001), and Heligmosomoides species, an animal-
parasitic nematode (Szakiel et al., 2008; Doligalska
et al., 2011). Additionally, soil amendment with
C. officinalis flowers effectively reduced Meloidogyne art-
iellia population density in growth chamber assays (Perez
et al., 2003).

Plant species in the Brassicaceae family, including
spring camelina, field pennycress, and canola, contain
glucosinolates that are converted to isothiocyanates in
the soil (Morra and Kirkegaard, 2002), which can act as
biofumigants against plants, microbes, and nematodes
depending on application rate (Bending and Lincoln,
1999; Morra and Kirkegaard, 2002; Balesh et al., 2005;
Matthiessen and Kirkegaard, 2006; Vaughn et al., 2006;
Gimsing and Kirkegaard, 2009; Oka, 2010; Hu et al.,
2011). Three specific glucosinates have been identified
in Camelina (Berhow et al., 2013), and camelina seed
meal reduced Phymatotrichopsis omnivora (causal agent
of cotton root rot) growth in field trials (Hu et al.,
2011). However, crop rotation with spring camelina in
greenhouse studies did not affect Xiphinema index
(Villate et al., 2012) or SCN populations (Warnke et al.,
2006). Similarly, pennycress seed meal has exhibited
phytotoxic activity against plant seedlings in vitro
(Vaughn et al., 2005, 2006) although neither penny-
cress plant material nor seed meal has been reported to
be tested against nematodes.

Canola has been tested as a rotation crop for man-
agement of SCN in greenhouse and in vitro assays
(Warnke et al., 2006, 2008). In one greenhouse assay
simulating crop rotation, incorporation of canola into
soil reduced SCN population density compared with

incorporation of other crop residues (Warnke et al.,
2008), but this effect was not consistent as it did not
reduce SCN population in another greenhouse assay
(Warnke et al., 2006). Similarly, canola plant residue
extract was nematicidal to SCN J2 in vitro, while fresh
canola plant extract had no effect (Warnke et al., 2008).
Canola meal as a soil amendment has suppressed Me-
loidogyne arenaria on tomato (Solanum lycopersicum) in
the greenhouse (Walker, 1996), Pratylenchus penetrans
on apple (Malus domestica) rootstock in the greenhouse
(Mazzola et al., 2009), and P. penetrans as well as Meloi-
dogyne incognita in soil laboratory tests (Zasada et al.,
2009).

The objectives of this study were to: (i) screen various
organic soil amendments for utility in SCN population
management, (ii) assess the impact of those amend-
ments on soybean growth, and (iii) determine rela-
tionship between SCN population density and soybean
growth in this study to elucidate potential mechanisms
of amendment utility in a greenhouse setting.

MATERIALS AND METHODS

Organic amendments: Ten organic soil amendments at
various application rates for a total of nineteen treat-
ments (Table 1) were screened for efficacy in managing
SCN under greenhouse conditions. Treatments in-
cluded higher application rates to facilitate detection of
amendment effects while also testing lower application
rates more realistic for field application. Source mate-
rial for fresh plant amendments were from plants
grown in greenhouses in St. Paul, MN. Mature plants
were harvested and all aboveground plant parts except
seeds were cut into 2-cm sections and incorporated into
soil within one day of harvest.

TABLE 1. Organic amendments tested in greenhouse experiments.

Soil amendment
Application
rates (w:w) Further description Source

Nonamended control 0
Condensed distiller’s

solubles (CDS)
1%, 4.30% Liquid/paste byproduct

of corn ethanol production
Corn Plus ethanol plant, Winnebago, MN

Ash of CDS 0.20%, 1.00% Raw combusted CDS ash Corn Plus ethanol plant, Winnebago, MN
Turkey manure ash (TMA) 0.20%, 1.00% Raw combusted TMA Fibrominn power plant, Benson, MN
Marigold powder 0.20%, 1.00% Calendula officinalis dry plant

matter ground in electric blender
Marigold plant residue from Russ Gesch,

Agricultural Research Station (ARS),
Morris, MN

Canola meal 0.20%, 1.00% byproduct of canola oil extraction CHS, Inver Grove Heights, MN
Field pennycress

seed powder
0.10%, 0.50% Thlaspi arvense seeds ground

in coffee grinder
Seeds from Don Wyse, UMN, St. Paul, MN

Field pennycress plant 1.07% Fresh T. arvense plant cut
in 2-cm sections

Seeds from Don Wyse, UMN, St. Paul, MN

Camelina plant 1.07% Fresh Camelina sativa cut
in 2-cm sections

Seeds from Russ Gesch, ARS, Morris, MN

Marigold plant 1.07%, 2.86% Fresh marigold plant
(Calendula officinalis var. Carolla)
cut in 2-cm sections

Seeds from Russ Gesch, ARS, Morris, MN

Cuphea plant 2.86%, 0.64% Fresh Cuphea plant (interspecies
hybrid ‘MNPSR23’) cut
in 2-cm sections

Seeds from Russ Gesch, ARS, Morris, MN
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Experimental setup: For each treatment except CDS
treatments, the appropriate soil amendment in appro-
priate quantity (Table 1) was added to 1.4 kg of a 3:1
(soil:sand by weight) mixture of untreated SCN-free
Webster clay loam field soil and sterile sand. The mix-
ture was inoculated with SCN eggs at a rate of 2,000
eggs/100 cm3 soil, and mixed thoroughly in 7-liter
plastic bags. This mixture was placed in 16-cm-diam.
pots and planted with six seeds of SCN-susceptible
‘Sturdy’ soybean that were thinned to three plants per
pot following germination. Because CDS is a semi-liquid
paste, mixing CDS with soil in bags was not practical, so
CDS was drench-applied at the soil surface after plant-
ing. Pots were arranged on greenhouse benches in a
randomized complete block design with four replicates.

Data collection: At 40 DAP, corresponding to about
one SCN reproductive cycle, plant heights were recor-
ded, and a soil sample consisting of seven 1-cm-diam.
soil cores taken to a depth of 15 cm and totaling around
100-g soil were collected from each pot. Cysts were
extracted from the entire soil sample by hand decant-
ing and then sucrose centrifugation, crushed using
a mechanical crusher (Faghihi and Ferris, 2000), and
SCN population density (eggs/100 cm3 soil) was de-
termined for each pot. At 70 DAP, corresponding to
about two SCN reproductive cycles, plant heights were
recorded, and soybeans were cut at the soil line.
Aboveground soybean plant dry mass was measured
after drying for 48 hr at 908C. Soil was removed from
pots and mixed thoroughly by hand. Soybean roots
were rubbed by hand to dislodge cysts into the soil.
Cysts were extracted from a 100-cm3 subsample of soil
and crushed to determine SCN egg population density.
The experiment was conducted twice, with Experiment
1 planted on 22 April 2011, and Experiment 2 planted
on 11 January 2012. During Experiment 1, soil tem-
perature was measured from 13 May to the end of the
experiment. During this time, mean soil temperature
was 27.78C with standard deviation 3.348C and range
22.38C to 43.78C. Soil temperature during Experiment
2 averaged 25.98C with standard deviation 2.278C and
range 19.5 to 328C.

Statistical analysis: At 40 DAP, there were no signifi-
cant interactions between experiment and treatment
effects for SCN population or mean plant height (P .

0.1), therefore data from the two experiments were
combined. At 70 DAP, there was significant interaction
between experiment and treatment effect for SCN
population (P # 0.01), so data were analyzed separately
by experiment.

SCN egg population density at 40 and 70 DAP; mean
plant height at 40 and 70 DAP; and soybean shoot mass
at 70 DAP were each analyzed as dependent variables
using analysis of variance (ANOVA). ANOVA models
were checked for homogeneity of variance using Levene’s
test and for normality of residuals graphically (Levene,
1960; Cook and Weisburg, 1999). When necessary,

dependent variables were transformed to meet these
assumptions. Mean plant height at 40 DAP for com-
bined experiments was transformed by loge x before
analysis. For Experiment 1 at 70 DAP, no variables were
transformed. For Experiment 2 at 70 DAP, plant height
was transformed by x2 before analysis.

Because of substantial treatment effects on plant
height and shoot dry mass, analysis of covariance
(ANCOVA) was conducted to correct for plant growth
effects on SCN population. For 40 DAP Experiments
1 and 2 combined data, ANCOVA was conducted with
SCN egg population density as dependent variable,
plant height at 40 DAP as covariate, and soil amend-
ment treatment as treatment factor (Table 2). A similar
ANCOVA model was constructed for 70 DAP Experi-
ment 1 data except with plant height and plant mass
at 70 DAP as covariates in a single model (Table 2).
ANOVA models are not displayed for these ANCOVA
models. For 70 DAP Experiment 2 data, ANCOVA was
not conducted because treatments did not affect plant
growth in previously described ANOVA (P . 0.05).
SCN egg population at 40 DAP for combined experiments
was transformed by x1/3 before analysis, but SCN egg den-
sity at 70 DAP was not transformed for either experiment.
Treatment means compared to non-amended control
were separated using Fischer’s LSD at P # 0.05.

Linear regression analysis was performed to further
determine the relationship between SCN egg popu-
lation and plant growth in these experiments, to help
determine the relationship between amendment ef-
fects on plant growth and amendment efficacy against
SCN. At 40 DAP, linear regression of SCN egg pop-
ulation on Experiment and plant height was conducted
for the two experiments combined. For 70 DAP Ex-
periment 1 data, linear regression of SCN egg pop-
ulation on plant height as well as linear regression of
SCN egg population density on plant mass were con-
ducted. Linear regression of 70 DAP Experiment 2 data

TABLE 2. Analysis of covariance (ANCOVA) on soybean cyst
nematode egg population density with plant height and mass as co-
variate preceding soil amendment treatment.

Source of variation Df Mean square F value

40 DAP Experiments 1 and 2 combined
Experiment (E) 1 8,110.8 694.1 ***
Block/experiment 6 75.2 6.4 ***
Mean plant height 1 224.7 19.2 ***
Treatment (T) 18 74.4 6.4 ***
E 3 T 18 17.2 1.5
Residuals 102 11.7

70 DAP Experiment 1
Block 3 1.77 3 1010 5.5 *
Mean plant height 1 8.43 3 1010 26.3 ***
Plant mass 1 1.88 3 1010 5.9 *
Treatment 18 7.22 3 109 2.3 *
Residuals 52 3.20 3 109

*, *** Significant at P # 0.05 and P # 0.001, respectively.
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was not conducted because amendments did not affect
plant growth. Linear regression models were checked
for homogeneity of variance (using Levene’s test) and
normality of residuals (graphically) and transformed
when necessary. SCN egg population density at 40 DAP
of the two experiments combined was transformed by
x1/3 before linear regression analysis, while SCN egg
population density at 70 DAP for Experiment 1 was
transformed by x1/2 before analysis. Data was analyzed
using R 2.15 software (The R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Effects of soil amendments on SCN: For the two experi-
ments combined, soil amendment treatment affected
SCN population density at 40 DAP based on ANCOVA
(P # 0.001, Table 2). Cuphea plant materials at an ap-
plication rate of 2.9% (amendment:soil, w:w, same be-
low), marigold plant materials at 2.9%, pennycress seed
powder at 0.5%, canola meal at 1%, and CDS at 4.3%
were effective, reducing SCN population density 35.2%,
46.6%, 46.7%, 73.2%, and 73.3% compared with con-
trol, respectively (Fig. 1).

In Experiment 1, soil amendment treatment affected
SCN egg population density at 70 DAP based on
ANCOVA (P # 0.05, Table 2). Canola meal at 1% and
pennycress seed powder at 0.5% significantly reduced
SCN egg population density (70% and 54%, respec-
tively) compared with control (Fig. 2). In contrast, CDS
at 1% and marigold powder at 0.2% increased egg

population 61% and 54% respectively compared with
control. In Experiment 2, there was no difference in
SCN egg population density among treatments at 70 DAP
based on ANOVA (P . 0.10). The slightly better
amendment efficacy at 70 DAP in Experiment 1 than
in Experiment 2 may be attributable to lower SCN
population—possibly caused by higher temperature—in
Experiment 1 than in Experiment 2. SCN egg pop-
ulation density at 70 DAP was high at 172,000 and
165,000 eggs/100 cm3 soil for Experiments 1 and 2,
respectively.

Effects of soil amendments on plant growth: Soil amend-
ment treatment also affected plant height at 40 DAP for
combined experiments (P # 0.001) resulting in similar
or reduced plant height compared with control. Cuphea
plant at 2.9%, CDS at 4.3%, pennycress seed powder at
0.5%, and marigold plant at 2.9% had strongest impact
reducing plant height 22%, 24%, 29%, and 39% com-
pared with control, respectively (Fig. 3).

Plant height at 70 DAP Experiment 1 was also af-
fected by soil amendment treatment (P # 0.05). Only
pennycress seed powder at 1% and CDS at 4.3% re-
sulted in significant differences (P # 0.05) from control
with 20% and 22% reductions, respectively (data not
shown). In addition, soybean aboveground dry mass at
70 DAP was affected by soil amendment treatment (P #

0.001). CDS at 4.3%, ash of CDS at 0.2%, and ash of
turkey manure at 1% rates resulted in 42%, 34%, and
28% increases in plant mass compared with control (data
not shown). At 70 DAP Experiment 2, no difference in

FIG. 1. Soybean cyst nematode (SCN) egg population densities at
40 d after planting in soil treated with various organic amendments
(Experiments 1 and 2 combined). Values are means of eight repli-
cates and bars represent standard error. CDS = condensed distiller’s
soluble. *Indicates soil amendment treatment is significantly different
from control (LSD, P # 0.05).

FIG. 2. Soybean cyst nematode (SCN) egg population density 70 d
after planting in soil treated with various organic amendments (Ex-
periment 1). Values are means of four replicates and bars represent
standard error. CDS = condensed distiller’s soluble. *Indicates soil
amendment treatment is significantly different from control (LSD,
P # 0.05).
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plant mass (P . 0.10) or plant height (P . 0.05)
among treatments was observed.

Relationship between plant growth and SCN: A linear
model of SCN egg population based on mean plant
height (both at 40 DAP), experiment (a factor with
value of 0 for Experiment 1 and value of 1 for Experi-
ment 2), and plant height by experiment interaction
was fit resulting in a linear model with separate inter-
cepts and slopes for the two experiments (Fig. 4). The
model was significant (P # 0.001) with the following
equation:

SCN eggsð Þ 1=3ð Þ ¼�1:628þ 21:473Experimentð Þ
þ 0:62253Plant heightð Þ
þ �0:44743 Plant height3Experiment½ �ð Þ

which, for Experiment 1, is equivalent to the following
equation:

SCN eggsð Þ 1=3ð Þ ¼ �1:628þ 0:6225 3 Plant heightð Þ

or for Experiment 2, to the following equation:

SCN eggsð Þ 1=3ð Þ ¼ 19:84þ 0:1751 3 Plant heightð Þ

The coefficients for experiment (P # 0.001), plant
height (P # 0.001), and experiment by plant height
interaction (P # 0.05) were also significant. The positive
coefficient for experiment reflects the higher average
SCN population density in Experiment 2 (17,923 eggs/
100 cm3 soil) than Experiment 1 (1,842 eggs/100 cm3

soil) at 40 DAP, which may have been influenced by the
higher temperature for Experiment 1. Additionally, the
positive coefficients for plant height demonstrate a
positive linear relationship between SCN population
density and mean plant height at 40 DAP. Adjusted R2

was 0.73, showing experiment and mean plant height
accounted for 73% of variation in SCN egg population
density.

At 70 DAP Experiment 1, the linear regression of
SCN population density on mean plant height pro-
duced a significant model (P # 0.001) with the fol-
lowing equation:

SCN eggsð Þ 1=2ð Þ ¼ 87:62þ 10:80 3 Plant Heightð Þ

The positive slope coefficient for plant height was also
significant (P # 0.001), indicating a positive relation-
ship between plant height and SCN population
density (Fig. 5). However, the adjusted R2 was 0.175,
suggesting the model accounted for only 17.5% of
variation in SCN egg population.

The regression of SCN population density on plant
mass at 70 DAP Experiment 1 also produced a signifi-
cant (P # 0.001) model as follows:

SCN eggsð Þ 1=2ð Þ ¼ 184:6þ 39:54 3 Plant massð Þ

The positive slope coefficient for plant mass was
also significant (P # 0.001), indicating a positive rela-
tionship between plant mass and SCN egg population
density (Fig. 6). However, adjusted R2 was 0.198,

FIG. 3. Plant height at 40 d after planting in soil treated with var-
ious organic amendments (Experiments 1 and 2 combined). Values
are means of eight replicates and bars represent standard error. CDS =
condensed distiller’s soluble. *Indicates soil amendment treatment is
significantly different from control (LSD, P # 0.05).

FIG. 4. Linear regression of soybean cyst nematode (SCN) egg
population density on mean plant height (both at 40 d after planting)
with separate intercepts for each experiment. Solid and dashed lines
are equations for Experiments 1 and 2, respectively. Solid square and
hollow circle points represent pots from Experiments 1 and 2,
respectively.
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meaning the model accounted for only 19.8% of varia-
tion in SCN population density.

DISCUSSION

Organic soil amendments—including pennycress
seed powder, marigold plant material, Cuphea plant
material, condensed distiller’s soluble, and canola
meal—effectively reduced SCN population density in

this study. However, except for canola meal and pen-
nycress seed powder in Experiment 1, amendment
efficacy against SCN dissipated by 70 DAP or approxi-
mately two generations. This suggests effective amend-
ments caused an acute SCN population density
reduction event, possibly because of nematoxic com-
pounds, but SCN population density rebounded after
two generations. Short-term amendment efficacy sug-
gests nematicidal compounds in amendments were not
persistent long term in the soil (Oka, 2010). In this
greenhouse study where soybean root density was high
and environmental conditions were managed, SCN egg
density was very high by 70 DAP averaging 168,000
eggs/100 cm3 soil. Field conditions—including tem-
perature extremes, water stress, lower root density—
rarely support such high SCN population densities
(Chen et al., 2001a; Porter et al., 2001; Chen and Liu,
2007; De Bruin and Pedersen, 2008; Rotundo et al.,
2010), so amendments may suppress SCN for longer
duration at lower SCN population densities that would
be present in the field. Despite only short-term SCN
suppression in this study, application of soil amend-
ments may still aid in limiting soybean damage from
SCN by reducing early SCN infection.

Some amendments tested in this study, or similar
products, are known to be nematicidal including
marigold (Insunza et al., 2001; Szakiel et al., 2008;
Doligalska et al., 2011), and canola meal (Walker,
1996). This suggests SCN reduction by marigold and
canola meal in this study was due partly to nematicidal
activity. Other amendments may also have nematicidal
activity, particularly those known to be toxic to other
organisms such as CDS (Abbasi et al., 2007, 2009), and
field pennycress seed meal (Vaughn et al., 2005, 2006).

Beside nematicidal activity, other mechanisms for
SCN population reduction by soil amendments are
possible. Mechanisms of action may also vary by
amendment, and multiple mechanisms may exist for a
single amendment. In particular, the observed plant
growth reduction under some soil amendment treat-
ments may have contributed to SCN population density
reduction as this would decrease food resources for
SCN as suggested elsewhere (Riggs et al., 2000). Linear
models showed a positive relationship between SCN
population density and plant growth meaning SCN
population density was decreased when plant growth
was decreased. This raises the possibility that reduced
plant growth suppressed SCN population, but does not
prove causation as the linear models show correlation
only and represent trends across treatments which
influenced both plant growth and SCN population.

Soil amendments that decreased plant growth—
including pennycress seed powder, marigold powder,
marigold plant, Cuphea plant, spring camelina plant,
condensed distiller’s solubles, and canola meal—may
contain chemical compounds that are phytotoxic as
well as nematotoxic. No obvious phytotoxic effects such

FIG. 5. Linear regression of soybean cyst nematode (SCN) egg pop-
ulation density on mean plant height (both at 70 d after planting—
Experiment 1).

FIG. 6. Linear regression of soybean cyst nematode (SCN) egg
population density on plant mass (both at 70 d after planting—-
Experiment 1).
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as scorching or stunting were observed in this study.
However, some of the amendments in this study or re-
lated products are known to be phytotoxic at certain
rates including pennycress seed meal at rates as low as
0.1% (w/w) (Vaughn et al., 2005, 2006) because of
isothiocyanates (Vaughn et al., 2005), canola meal at
3% (w/w) on tomato (Walker, 1996), and corn gluten
meal (similar to CDS) on perennial ryegrass (Lolium
perenne) roots in vitro because of dipeptide compounds
(Liu and Christians, 1994). Impact of the observed
plant height and mass reductions on final yield was not
determined, so the agronomic importance of this po-
tential phytotoxicity is uncertain.

One option for avoiding phytotoxic effects is adjust-
ing amendment rate such that application suppresses
SCN population without adversely affecting plant
growth. More research would be needed to determine if
such an optimum application rate exists. A second op-
tion is delaying planting after amendment application
so amendment concentration in soil is not phytotoxic
by planting but nematode suppression still occurs. Re-
duction in instances of negative plant growth effects at
70 DAP suggest any amendment phytotoxicity dissipates
over time. In another study, delaying planting 20 d after
canola meal application successfully eliminated phyto-
toxic effects on tef (Eragrostis tef ) (Balesh et al., 2005).

While plant growth reduction by soil amendments
could have contributed to SCN population reduction in
this study, evidence from ANCOVA and linear re-
gression models suggest it was not the only cause. SCN
population reductions were disproportionately large
compared with plant growth reductions. Additionally,
the significant soil amendment treatment effects even
after accounting for plant growth in ANCOVA models
and the moderate variation that plant growth accoun-
ted for in linear models support this point. This sug-
gests that effective soil amendments reduced SCN
population densities directly using nematotoxic com-
pounds and indirectly by decreasing soybean growth,
possibly because of phytotoxic compounds. However,
the contribution of each mechanism for each amend-
ment is impossible to determine precisely from this
study. Other recognized mechanisms of nematode
population reduction, such as stimulating microbial
antagonists of nematodes or inducing host plant re-
sistance (Oka, 2010), could have also contributed to
SCN population reduction in this study.

Although most amendments reduced plant growth,
some amendments showed promise as soybean fertil-
izers such as TMA, CDS ash, and, under some condi-
tions, CDS. Other amendments may be useful fertilizers
in certain doses or when strategies to mitigate potential
phytotoxic effects are employed such as delaying plant-
ing after amendment application (Balesh et al., 2005).
Additionally, increase in plant growth may explain in-
crease in SCN population at 70 DAP Experiment 1 with
CDS 1% amendment.

In summary, some of the soil amendments screened—
pennycress seed powder, marigold plant material, Cuphea
plant material, condensed distiller’s soluble, and canola
meal—showed potential as nematode management
agents although phytoxicity and duration of nematode
suppression are concerns. This highlights the impor-
tance of monitoring for phytoxicity of nematode-
management products, and statistical techniques for
initial separation of nematotoxic and phytotoxic ef-
fects are demonstrated in this paper. Additionally,
some amendments show potential as soybean fertil-
izers, particularly condensed distiller’s solubles, TMA,
and ash of condensed distiller’s solubles. Further re-
search is needed to determine mechanisms of SCN
population reduction for specific amendments with
particular emphasis on demonstrating nematotoxicity
or phytotoxicity directly and identifying causal com-
pounds. Research should also focus on application
timing and rate to maximize nematode population
reduction while minimizing phytotoxic effects. Even-
tually, the effectiveness of the amendments should be
tested under field conditions.
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