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Abstract: Soil-incorporated rotation/green manure crops were evaluated for management of potato early dying caused by Verti-
cillium dahliae and Pratylenchus penetrans. After two years of rotation/green manure and a subsequent potato crop, P. penetrans
numbers were less after ‘Saia’ oat/’Polynema’ marigold, ‘Triple S’ sorghum-sudangrass, or ‘Garry’ oat than ‘Superior’ potato or
‘Humus’ rapeseed. The area under the disease progress curve (AUDPC) for early dying was lowest after Saia oat/marigold, and
tuber yields were greater than continuous potato after all crops except sorghum-sudangrass. Saia oat/marigold crops resulted in the
greatest tuber yields. After one year of rotation/green manure, a marigold crop increased tuber yields and reduced AUDPC and P.
penetrans. In the second potato crop after a single year of rotation, plots previously planted to marigolds had reduced P. penetrans
densities and AUDPC and increased tuber yield. Rapeseed supported more P. penetrans than potato, but had greater yields. After
two years of rotation/green manure crops and a subsequent potato crop, continuous potato had the highest AUDPC and lowest
tuber weight. Rotation with Saia oats (2 yr) and Rudbeckia hirta (1 yr) reduced P. penetrans and increased tuber yields. AUDPC was
lowest after R. hirta. Two years of sorghum-sudangrass did not affect P. penetrans, tuber yield or AUDPC. These results demonstrate
that P. penetrans may be reduced by one or two years of rotation to non-host or antagonistic plants such as Saia oat, Polynema
marigold, or R. hirta and that nematode control may reduce the severity of potato early dying.

Key words: Avena sativa, Avena strigosa, black-eyed Susan, Brassica napus, green manure, marigold, management, Pratylenchus
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The potato early dying disease results in premature
vine senescence and can limit potato (Solanum tu-
berosum) tuber yield by as much as 30 to 50% (Rouse,
1985; Rowe et al., 1985, 1987). Early dying is primarily
caused by Verticillium dahliae, a fungal vascular wilt
pathogen, but co-infection of potato by both V. dahliae
and the lesion nematode, Pratylenchus penetrans, can
greatly increase the severity of disease (Martin et al.,
1982; Rowe et al., 1987; MacGuidwin and Rouse, 1990).

Disease management has primarily been achieved by
soil fumigation with broad-spectrum fungicide/
nematicides, but both cost and environmental consid-
erations may limit fumigant use (Rowe et al., 1987). A
number of nonchemical controls are being investi-
gated, but each has limitations. Verticillium-resistant po-
tato cultivars are under development, but are not yet
commercially accepted (Lynch et al., 1997). Manage-
ment of irrigation and soil nutrient levels may reduce
the development of early dying disease in a potato crop,
but other cultural practices need to be integrated with
these to increase efficacy (Francl et al., 1990; Cappaert
et al., 1994). Additional alternative practices include
the use of soil amendments. The addition of compost
to soil can reduce diseases caused by soilborne fungi
(Zhang et al., 1996; Hoitink et al., 1997) and increase
water holding and ion exchange capacity of the soil
(Maynard, 1994). Maynard (1994) noted that Verticil-
lium wilt of eggplant was reduced in compost-amended
plots, and LaMondia et al. (1999) concluded that the
use of spent mushroom compost increased marketable
tuber yield and decreased area under the disease prog-

ress curve (AUDPC) in soils infested with early dying
pathogens. The addition of organic matter to potato
fields also was associated with reduced populations of
Pratylenchus spp. (Florini et al., 1987; LaMondia et al.,
1999).

The use of rotation crops to manage early dying
pathogens has often focused on Verticillium (Davis et al.,
1996) or on the lesion nematode (Kimpinski et al.,
2000; Alexander and Waldenmaier, 2002; Ball-Coelho
et al., 2003; Belair et al., 2005), rather than a combina-
tion of both pathogens. Rotation crops may be ineffec-
tive, even after long-term rotation away from potato
(Davis et al., 1994). However, green manures (incorpo-
ration of either sudangrass or corn) were found to be
more effective in reducing early dying (Davis et al.,
1996). While lesion nematodes contribute to the early
dying complex, it is uncertain whether nematode con-
trol by rotation with nonhost or nematode-antagonistic
crops would effectively manage potato early dying.

The objective of our research was to determine the
effects of one or two years of rotation/green manure on
lesion nematode populations, potato early dying dis-
ease, and potato tuber yield.

Materials and Methods

Experiment 1: Microplots were established in Windsor,
CT, that consisted of plastic waste cans (37.5-cm-diam.
top, 30-cm-diam. bottom, 45-cm deep, open at the bot-
tom) buried in soil to within 10 cm of the top and filled
with methyl-bromide-fumigated loamy sand field soil
(78.0% sand, 16.9% silt, 5.1% clay; 2.8% organic mat-
ter; pH 5.6). Soil surrounding the microplots was not
fumigated. One hundred and twenty microplots had
been previously infested with four pathogen treatments
(no pathogens, Verticillium dahliae alone, Pratylenchus
penetrans alone, and both V. dahliae and P. penetrans)
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and amended or not with spent mushroom compost
(2.7 liter/plot, Franklin Mushroom Farms, Franklin,
CT) added annually from 1992 to 1995 to the top of
appropriate microplots (approximately 2.5 cm in depth
= 15 metric tons/ha) and incorporated with a small
shovel. By the fall of 1995, microplots containing the
four pathogen treatments all contained some level of
lesion nematode and V. dahliae pathogens (LaMondia
et al., 1999). Pratylenchus populations ranged from non-
detectable to 1,365 individuals/g of rye roots.

Microplots were tilled to turn in the rye cover crop
and fertilized with 50 kg N/ha 5–10–10 on 9 May 1996.
Plots were blocked by previous treatment (previous
pathogen infestation level and compost amendment or
no compost amendment), and 24 replicate plots of five
crops were planted. Lesion nematode numbers aver-
aged 240.5 and 297.5 in the previously nematode-
infested treatments and 5.0 and 56.0 in the two nonin-
fested treatments. Verticillium was also present at low
levels in the previously noninoculated plots and at high
levels in microplots which had been inoculated with the
pathogen. A single B-sized tuber of ‘Superior’ potato
was planted in appropriate plots on 9 May 1996, and
‘Humus’ rapeseed (Brassica napus, 10 cm3 seed/plot),
‘Saia’ oat (Avena strigosa, 20 cm3 seed/plot), ‘Garry’ oat
(Avena sativa, 20 cm3 seed/plot) and ‘Triple S’ sor-
ghum-sudangrass (Sorghum bicolor × S. sudanense, 20 cm3

seeds/plot) were seeded in the other microplots on 15
May 1996. Microplots were side-dressed with 5–10–10
on 11 June 1996 (25 kg N/ha for potato and 12.5 kg
N/ha for rotation crops). Plant shoots were cut and
tilled into microplot soil by hand on 8 and 9 August
1996 and tilled again on 10 and 11 September 1996.
Garry oat was seeded as a cover crop at 50 cm3 seeds/
plot on 23 September. Four subsamples of oat were
sampled per plot on 15 or 24 October, and 2 g root/
microplot were washed free of soil and placed in a flask
containing 50 ml water on a wrist-action shaker for 7 d.
The oat cover crop was winter-killed due to cold tem-
peratures on 3 November 1996.

Rotation crops were grown again in 1997. Plots were
tilled and fertilized as described above on 25 April,
and rotation crops seeded on 13 May 1997. The Saia
oat treatment was replaced by ‘Polynema’ marigold
(Tagetes erecta × T. patula, 50 seeds/plot). Microplots
were side-dressed as above on 24 June 1997. Plant
shoots were cut and tilled as described above on 2 Oc-
tober 1997. No winter cover crop was seeded.

Superior potatoes were grown in all plots in 1998.
Certified B-sized seed potatoes were planted 5 to 8 cm
below the soil surface in the microplots (1 tuber/
microplot), between each microplot within rows, and in
border rows (20-cm spacing). Weed control was
achieved by the application of Prowl 4E (1.75 liter/ha)
Lexone DF (0.74 kg/ha) and Roundup (4.67 liter/ha).
Colorado potato beetles and foliar diseases, such as
early or late blight, were controlled by applications of

insecticides and fungicides as necessary. Admire 2F was
applied to plants at 0.9 liter/ha. Bravo 500 (2.3 liter/
ha) and Manzate D (2.2 kg/ha) were rotated. Overhead
irrigation (approximately 2.5 cm) was applied when
less than 2.5 cm rain fell in the preceding week, and
plots were lightly irrigated to cool the plants when air
temperatures were greater than 30°C.

Plants were evaluated weekly for up to 8 wk starting
with the first symptoms of senescence and continuing
until almost all plants had died. The number of live or
dead stems and number of compound leaves with or
without chlorosis or wilt symptoms were counted weekly
for each microplot. The ratio of symptomatic leaves to
maximum number of leaves and the ratio of dead stems
to total number of stems were integrated over the
length of the epidemic and expressed as area-under-
the-disease (senescence)-progress-curve (AUDPC)
(LaMondia et al., 1999). Plants were not destructively
sampled to recover V. dahliae, but microsclerotia were
associated with senescent stems on early senescing
plants. Verticillium dahliae was recovered from similar
stems after destructive sampling in other experiments
(LaMondia et al., 1999).

Plots were harvested after the vines had died. Tubers
were dug with a forked spade, graded for size and
weighed. Grade A-sized tubers were greater than 5 cm
in diameter, grade B-sized tubers were between 3.8 and
5 cm, and culls were less than 3.8 cm in diameter. A-
and B-sized tubers constituted marketable yield, and all
tubers, regardless of size, were included in total yield.
After harvest, plots were seeded with a standard rye
cover crop (20 cm3 seeds/plot). Because vines had died
over a period of up to 4 wk and nematode recovery
efficiencies differ markedly from roots and soil, nema-
todes were recovered from roots of the rye cover crop
to allow consistent comparison between plots. Four sub-
samples of rye were removed per plot in the fall. Roots
were shaken and washed free of soil, and P. penetrans
was extracted from 2 g root/plot on a rotary arm shaker
after 7 d.

Experiment 2: In early May 1999, microplot soil was
removed from all microplots in four blocks of 30, and
soil within each block was mixed repeatedly to make
pathogen densities as uniform as possible. Rotation
crops were fertilized and seeded as above on 20 May,
after placing the mixed soil into new microplot con-
tainers. Rotation crop shoots were cut and incorpo-
rated into soil as green manures on 27 August. The
effects of a single year of rotation crop on weed ratings
were determined on 11 April 2000. A rating of 0 rep-
resented no weeds present in plots, and a rating of 10
indicated complete ground cover.

The effects of a single year of a rotation/green ma-
nure crop on P. penetrans, early dying development, and
tuber yields were evaluated by planting 60 microplots to
‘Kennebec’ potatoes in 2000. The effects of 2 yr of ro-
tation/green manure on P. penetrans, early dying devel-
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opment, and tuber yields were evaluated in an addi-
tional 60 microplots planted for a second year of the
same rotation/green manure crop. Black-eyed Susan,
Rudbeckia hirta, was substituted for the standard oat cul-
tivar (Garry oat) in the second year of the experiment
(2000). Plots were fertilized and planted as described
above on 1 May 2000.

Weed and insect management of potato plots was
achieved as described earlier. Foliar potato pathogens
were managed by biweekly application of Acrobat MZ
(1.12 kg/ha) fungicide. Potato plots were side-dressed
on 29 June as described above. Potato plants were
evaluated weekly for 13 wk starting 28 June prior to the
first symptoms of senescence and continuing until al-
most all plants had died. The number of live or dead
stems and number of compound leaves with or without
chlorosis or wilt symptoms were counted weekly for
each microplot. The ratio of symptomatic leaves to
maximum number of leaves and the ratio of dead stems
to total number of stems were integrated over the
length of the epidemic and expressed as AUDPC. Plots
were harvested after the vines had died on 25 Septem-
ber 2000, and tuber yield determined as described
above. Rye was planted to microplots after the potato
harvest was complete. Rotation crops were tilled into
soil on 27 September 2000. Nematodes were recovered
from roots of 4 subsamples of rye/microplot taken 10
October 2000. Roots were shaken and washed free of
soil, and P. penetrans was extracted from 2 g root/plot
on a rotary arm shaker after 7 d.

All 120 microplots were planted to Kennebec pota-
toes in 2001. Plots were tilled, fertilized and planted on
13 April and side-dressed on 21 May as described above.
Potato plants were evaluated weekly starting on 22 June,
prior to the first symptoms of senescence and continu-
ing for 11 wk until almost all plants had died. Tubers
were harvested on 19 September, and ‘Porter’ oats
planted as a winter cover. Four subsamples of oat plants
per microplot were taken on 3 and 10 October 2001.
Roots were shaken and washed free of soil, and P. pen-
etrans was extracted from 2 g root/plot on a rotary arm
shaker after 7 d.

Data were analyzed by Analysis of Variance and
means separated by Fisher’s Least Significant Differ-
ence Test.

Results

Experiment 1: After two years of rotation and green
manure crops and a subsequent potato crop, P. pen-
etrans populations extracted from cover crop roots fol-
lowing the potato crop were less (P = 0.001) for micro-
plots which had been planted to Saia oat/Polynema
marigold or Triple S sorghum-sudangrass, than in mi-
croplots planted to Superior potato or Humus rapeseed
(Table 1). Lesion nematode numbers were greater (P =
0.001) in plots that had been previously amended with

spent mushroom compost. The AUDPC was reduced
(P = 0.0001) after Saia oat/Polynema marigold, com-
pared with all other treatments. The previous applica-
tion of spent mushroom compost had no effect on the
AUDPC.

Total, marketable, and A-sized tuber yields were
greater (P = 0.01) than continuous potato after all ro-
tation crops except Triple S sorghum-sudangrass
(Table 2). Saia oat/Polynema marigold rotation crops
resulted in the greatest tuber yields and were more than
all other rotation/green manure crops except Humus
rapeseed (P = 0.05). Microplots previously amended
with spent mushroom compost had greater tuber yields
than nonamended microplots (P = 0.002). Humus
rapeseed was a host of the lesion nematode, had no
effect on AUDPC, and had increased yields compared
with potato, but not the standard oat rotation crop.

Experiment 2: After a single year of rotation/green
manure, a Polynema marigold rotation crop resulted in
lower P. penetrans numbers in roots of rye grown after
the potato crop than continuous potato, had greater

TABLE 1. The effect of rotation crops in 1996 and 1997 and
compost amendment on lesion nematode densities from rye cover
crop roots and potato early dying development, 1998.

1996 Rotation crop
1997 Rotation

crop
Pratylenchus/2 g

root AUDPCa

Superior potato Superior potato 219 bcb 14.7 b
Humus rapeseed Humus rapeseed 376 c 14.0 b
Saia oat Polynema marigold 3 a 9.9 a
Triple S sorghum-

sudangrass Triple S 8 a 12.8 a
Garry oat Gary oat 124 ab 14.7 b
P = 0.001 0.0001
Compost 296 12.8
No compost 71 13.3
P = 0.001 ns

a Area under the Disease Progress Curve.
b Means within columns followed by the same letter are not different

(ANOVA and Fishers LSD, P = 0.05).

TABLE 2. The effect of rotation crops in 1996 and 1997 and
compost amendment on potato tuber yield in microplots, 1998.

Rotation crops Grade ‘A’ and ‘B’a

Tuber wt (g)

TotalGrade ‘A’ wt

Superior potato 763 cb 273 d 851 c
Humus rapeseed 984 ab 569 b 1,030 ab
Saia oat/Polynema

marigold 1,076 a 733 a 1,138 a
Triple S sorghum-

sudangrass 867 bc 387 cd 906 bc
Garry oat 932 b 511 bc 987 b
P = 0.009 0.0001 0.01
Compost 1,034 658 1,082
No compost 875 421 938
P = 0.001 0.0001 0.002

a Marketable tuber weight.
b Means within columns followed by the same letter are not different

(ANOVA and Fishers LSD, P = 0.05).
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marketable tuber yields than potato and all other crops,
and reduced AUDPC for early dying symptoms over the
season compared with continuous potato or all other
crops (P = 0.05) (Table 3). Humus rapeseed had higher
P. penetrans densities than all other plants and early
senescence as measured by AUDPC. Marketable tuber
yields were similar for all crops except marigold.

In the second potato crop grown after a single year of
rotation, P. penetrans populations remained less than
continuous potato (P = 0.05), AUDPC was lower, and
tuber yields were higher after Polynema marigold.
Rapeseed, which maintained higher lesion nematode
numbers than potato or the standard oat rotation crop,
resulted in higher tuber yields than either continuous
potato or the standard oat rotation crop (Table 4).
Humus rapeseed had the highest P. penetrans densities
of all crops grown, similar AUDPC values to all crops
except marigold, yet had higher tuber yields than ei-
ther continuous potato or the standard oat rotation
crop.

Weed growth ratings (on a scale of 0–10) were sup-
pressed by rotation/green manure crops compared to
potato (P = 0.001). Sorghum-sudangrass (rating of 1.5)
and rapeseed (1.7) reduced weed ratings more than
the other rotation crops (2.4 to 2.8) or potato (3.9) (P
= 0.05). The predominant weeds present were winter
annuals such as whitlowwort, Draba verna, and common
chickweed, Stelloria media (data not shown).

After two years of rotation and green manure crops
and a subsequent potato crop, AUDPC was highest and
marketable tuber weight lowest for continuous potato.
Lesion nematode densities were low after two years of
Saia oat, Polynema marigold or after R. hirta growth
(after oat) in the second year (Table 5). Rotation with
Saia oat (two years) and R. hirta (one year) reduced
lesion nematode numbers and increased tuber yields.
The AUDPC was lower after R. hirta than for any other
treatment. Two years of sorghum-sudangrass did not
have significant impacts on P. penetrans populations,
tuber yield or AUDPC. Humus rapeseed had higher
lesion nematode densities than all other crops, similar

AUDPC values to all crops except continuous potato,
yet still had high marketable tuber weights similar to
Polynema marigold and oat followed by R. hirta.

Discussion

Soil-incorporated rotation/green manure crops,
such as sudangrass, have previously been demonstrated
to reduce potato early dying disease more than fallow
or rotation crop growth without incorporation (Davis et
al., 1996; Kratochvil et al., 2004). The effects of a green
manure on early dying were attributed to both reduced
V. dahliae inoculum in soil and also to other undeter-
mined factors (Davis et al., 1996). Sudangrass and sor-
ghum-sudangrass hybrids have been shown to reduce
root-knot (Viaene and Abawi, 1998) and lesion nema-
tode populations in soil (Thies et al., 1995; LaMondia
et al., 2002; Kratochvil et al., 2004). One possibility for
the reduction in potato early dying without reduced V.
dahliae propagules might be an impact on lesion nema-
tode populations contributing to the disease complex.
Other possibilities include the indirect effects of rota-
tion/green manure crops on the physical effects of soil
structure and nutrient availability (Davis et al., 1996)

TABLE 5. The effect of rotation/green manure crops in 1999 and
2000 on potato tuber yield, potato early dying development, and
lesion nematodes in microplots, 2001.

1999 Rotation crop
2000
Crop

‘A’ and ‘B’
tuber wta AUDPCb Pratylenchus

Superior potato Potato 550.5 dc 39.2 c 1,135 b
Humus rapeseed Humus 950.2 a 35.3 ab 2,165 c
Saia oat Saia 773.2 bc 36.8 bc 205 a
Polynema marigold Polynema 887.7 ab 35.9 b 30 a
Triple S sorghum-

sudangrass Triple S 726.4 c 36.8 bc 598 ab
Garry oat R. hirta 934.9 ab 33.2 a 184 a

P = 0.0001 0.001 0.001

a Marketable tuber weight.
b Area under the Disease Progress Curve.
c Means within columns followed by the same letter are not different

(ANOVA and Fishers LSD, P = 0.05).

TABLE 3. The effect of a single year of rotation/green manure in
1999 on Pratylenchus populations, tuber yield, and potato early dying
development in microplots, 2000.

Rotation crops Pratylenchus ‘A’ and ‘B’ tuber wta AUDPCb

Superior potato 554 bc 782.0 b 26.2 bc
Humus rapeseed 1,160 c 858.8 b 28.8 d
Saia oat 430 b 809.7 b 27.8 cd
Polynema marigold 23 a 1,224.5 a 21.1 a
Triple S sorghum-

sudangrass 206 ab 826.7 b 24.3 b
Garry oat 307 ab 760.9 b 26.8 cd
P = 0.001 0.005 0.0001

a Marketable tuber weight.
b Area under the Disease Progress Curve.
c Means within columns followed by the same letter are not different

(ANOVA and Fishers LSD, P = 0.05).

TABLE 4. The effect of a single year of rotation/green manure
crops in 1999 on a second year of potato tuber yield, potato early
dying development, and lesion nematodes in microplots, 2001.

1999 Rotation crop
2000
Crop

‘A’ and ‘B’
tuber wta AUDPCb Pratylenchus

Superior potato Potato 787.7 cc 35.9 bc 665 b
Humus rapeseed Potato 945.1 ab 36.6 bc 1,279 c
Saia oat Potato 793.8 c 38.1 c 259 ab
Polynema marigold Potato 1,051.7 a 32.5 a 150 a
Triple S sorghum-

sudangrass Potato 887.0 bc 35.1 ab 259 ab
Garry oat Potato 799.5 c 37.5 bc 508 ab

P = 0.0001 0.001 0.001

a Marketable tuber weight.
b Area under the Disease Progress Curve.
c Means within columns followed by the same letter are not different

(ANOVA and Fishers LSD, P = 0.05).
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and the indirect effects on soil microbes, some of which
may be antagonistic to soilborne pathogens (Wiggens
and Kinkel, 2005). Annual application of spent mush-
room compost increased potato growth and yield, de-
layed senescence and reduced lesion nematode densi-
ties after potato (LaMondia et al., 1999). In the present
study, microplots which had previously received com-
post had increased tuber yield, but no reduction in
AUDPC. Lesion nematode densities were higher after
potatoes grown in plots which had previously received
compost application (one to five years before), in direct
contrast to the reduced nematode densities observed
after annual application of spent mushroom compost
prior to planting tubers (LaMondia et al., 1999). Spent
mushroom compost may influence potato nutrition or
physiology, the physical properties of soil, pathogen
populations, microbial ecology in soil, antibiosis, and
possible systemic-acquired-resistance in relation to po-
tato early dying (LaMondia et al., 1999). The mecha-
nism(s) of the previously observed suppression appears
to be associated with the annual application of fresh
spent mushroom compost.

Our results have demonstrated that P. penetrans den-
sities may be reduced by one or two years of rotation to
nonhost or antagonistic plants such as Saia oat,
Polynema marigold, or R. hirta. Saia oat has been shown
to control lesion nematodes (Townshend, 1989; Vrain
et al., 1996; LaMondia et al., 2002). Polynema marigold
has nematicidal activity against root-knot (Ploeg, 2002)
and root lesion nematodes (Riga et al., 2005). Rudbeckia
hirta reduced root-knot nematode populations
(LaMondia, 1997) and lesion nematode densities in
pots (Potter and McKeown, 2002) and in vitro due to
root exudation of nematicidal thiarubrine C (de Viala
et al., 1998). Polynema marigold and R. hirta had the
most significant impacts on lesion nematode densities.
A single year of rotation to these plants was sufficient to
reduce nematode densities, delay potato senescence
(reduce AUDPC) and increase tuber yields. However,
the effects of rotation/green manure crops on V.
dahliae were not directly determined in these experi-
ments. Soil dilution plating can be quite variable and
may not correlate well with disease development (Ter-
morshuizen et al., 1998). Rather, the ratio of symptom-
atic leaves to maximum number of leaves was inte-
grated over the length of the epidemic and expressed
as AUDPC. The direct effects of these plants on V.
dahliae propagules will need to be determined to evalu-
ate whether the impact on potato early dying is primar-
ily through the fungal or nematode component of the
disease complex, or by some other means.

Simply reducing lesion nematode populations in mi-
croplots did not always result in reduced early dying
disease (expressed as AUDPC) and increased tuber
yields in these experiments. For example, two years of
sorghum-sudangrass resulted in low P. penetrans popu-
lations, but AUDPC was not different from potato, and

tuber yields were not increased relative to continuous
potato. On the other hand, Humus rapeseed main-
tained the highest levels of lesion nematodes through-
out the course of the experiments, greater than potato,
but still resulted in increased tuber yields. The AUDPC
values following Humus rotation were similar to con-
tinuous potato or oat rotation crops, suggesting that V.
dahliae was involved in potato early dying senescence.

Brassica spp., including rapeseed, have been investi-
gated as a biofumigant crop for managing plant-
pathogenic nematodes and fungi with isothiocyanates,
volatiles and other chemicals (Olivier et al., 1999;
Zasada and Ferris, 2004; Matthiessen and Kirkegaard,
2006). Brassicas have been inconsistent in efficacy, per-
haps for several reasons. Rapeseed has been reported as
a host (Mojtahedi et al., 1991) or a poor host of M.
chitwoodi (Al-Rehiayani and Hafez, 1998), but green ma-
nure incorporation of shoots reduced densities of M.
chitwoodi but not P. neglectus and increased marketable
potato yields. Brassicas reduced P. neglectus densities
(Potter et al., 1998), but different cultivars with differ-
ent glucosinolate profiles may affect different nema-
todes or additional Pratylenchus spp. differently (Webb,
1996; Zasada and Ferris, 2004). Brassica juncea but not
B. napus reduced Xiphinema index densities as green ma-
nures (Aballay et al., 2004). Brassica spp. and cultivars
also likely differ in efficacy against V. dahliae (Olivier et
al., 1999). Wiggens and Kinkel (2005) reported that
canola green manure did not reduce Verticillium wilt
of potato compared to fallow.

Our results differ from Davis et al. (1996) in that
sorghum-sudangrass did not control potato early dying.
The lack of control in our experiments may be ex-
plained by sudangrass vs. sorghum-sudangrass differ-
ences, differences in cultivars, location effects, or dif-
ferences in soil microbial ecology that may affect plant
breakdown products or soil nutrient levels. A lack of
yield response may also be due to the slow breakdown
of woody stalks and effects on available nitrogen or the
buildup of plant breakdown products that may reduce
plant growth response (Ball-Coelho et al., 2001). The
incorporation of sorghum-sudangrass residues sup-
pressed winter annual weed growth in Experiment 2,
and potato growth may also have been affected by these
residues.

The increased tuber yields that were observed in
these experiments after growth and green manure in-
corporation of rotation crops such as Polynema mari-
gold and Rudbeckia hirta, or rapeseed in the absence of
nematode control or reduction in the AUDPC, may be
due to indirect effects rather than direct effects on
pathogen densities in soil. Green manure treatments
may contribute to disease management by changing the
Streptomycete communities in soils, leading to pathogen
suppression (Wiggins and Kinkel, 2005) or resulting in
bacterial communities that may induce plant systemic
resistance (Cohen et al., 2005).
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While these results demonstrate the potential for ro-
tation/green manure crops to manage lesion nema-
todes, reduce the expression of potato early dying as
measured by AUDPC, and increase tuber yields, they
are not immediately practical. Saia oat is not commer-
cially available. In addition, although Polynema mari-
gold and R. hirta seeds are commercially available, nei-
ther plant has commercial value beyond its use as a
rotation/green manure crop. Both plants are difficult
to establish and do not compete well with weeds. Addi-
tional research will be necessary either to aid in the
establishment of these plants or identify additional
plants better able to manage practically potato early
dying.
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