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Abstract: The stunt nematode, Tylenchorhynchus claytoni, was found to cause a reduction in root 

volume (cm3) of loblolly pine at population densities equivalent of 125 nematodes/100 cm3 (6 in3) 

soil and greater. The results of a host range test conducted in containers under controlled condi

tions determined that buckwheat cultivar (Fagopryum esculentum 'Mancan'), velvetbean (Mucuna 

pruriens) , Kobe lespedeza (Lespedeza striata 'Kobe'), bicolor lespedeza (Lespedeza bicolor') , and 
purple nutsedge (Cyperus rotundus) are suitable hosts for the stunt nematode. Previous container 

studies concluded that pearl millet (Pennisetum glaucum) hybrid 'ET-300' was a nonhost for the stunt 

nematode. A 2-year field test of sorghum-sudangrass hybrid 'Sugar Graze,' pearl millet hybrid 'lifleaf 3,' 

and fallow found that the use of pearl millet as a cover crop greatly restricts population development 

of the stunt nematode in infested fields, and its use would be a good alternative to fallow. 
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Introduction -----------------------------------------------------------------------
Loblolly (Pinus taeda) and slash pine (P. elliottii) are known hosts for the stunt nematode, Tylenchorhynchus clay toni 

(Ruehle 1966), and stunting of loblolly pine seedlings has been associated with high population densities of this nematode 
(Hopper 1958; Ruehle 1969). However, the only southern pine species that has been shown to be stunted by this nematode is 
longleaf pine (P. palustris) (Ruehle 1973). The population densities at which T. clay toni can damage loblolly and slash pine 
seedlings remains a basic gap in our understanding of this nematode and the impact it has on pine seedling production. 

Cover crops are alternated with tree seedlings in southern forest tree nurseries for maintaining organic matter and soil 
stabilization, as well as other benefits (Boyer and South 1984). In the southern United States, sorghurn-sudangrass, corn, 
rye, and oats have been common cover crops in forest nurseries (Boyer and South 1984). Unfortunately, these cover crops 
are hosts for the stunt nematode T. clay toni (Cram and Fraedrich 2007). Based on host range tests conducted under con
trolled conditions, hybrid pearl millet (Pennisetum glaucum) 'ET-300' cultivar from the East Texas Seed Company (Tyler, 
TX) appeared to be a nonhost for T. clay toni (Cram and Fraedrich 2007). The search for other nonhosts and the testing of 
common cover crops used by southern nursery managers, as well as a noxious weed (purple nutsedge [Cyperus rotundus]), 
is continued in this paper. The growth chamber tests provide a practical way of screening species for host status, but field 
testing is necessary to determine crop performance and nematode population changes over time under field conditions. 

Materials and Methods -----------------------------------------------------------
PathogeniCity 

The effect of T. clay toni population density on loblolly and slash pine seedlings was evaluated in a growth chamber ex
periment. Containers were filled with approximately 400 cm3 (24 in3) of a loamy sand soil that was microwaved in 2,000-g 
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(70.5-oz) batches for 8 minutes. Containers were planted 
with five germinating loblolly pine seeds. Nematodes were 
reared on roots of loblolly pine seedlings and subsequently 
extracted with Baermann funnels (Shurtleff and Averre 
2000). Nematodes were added to containers at rates of 0, 
500,1,000,2,000, and 4,000 individuals/container, and there 
were four replications of each nematode dose. Containers 
were placed in growth chambers at 25°C (77 OF) with a 
14-hour photoperiod and watered every 1 to 3 days, as needed. 
After 10 weeks, plants were removed from the containers 
and placed in tap water for 15 to 30 minutes to remove soil 
and nematodes from plant roots. These nematodes were 
washed back into the soil sample using a 325-mesh screen, 
and soil samples were mixed thoroughly. Roots were placed 
in plastic bags and stored at 6°C (43 OF). Root volume (cm3) 

was calculated by WinRHIZO Version 2003b scanning system 
(Regent Instruments, Quebec, Canada). Nematodes were 
extracted from 100 cm3 (6 in3) of soil using the centrifugal
flotation method (Shurtleff and Averre 2000). The relation
ship between the initial T. clay toni dose and root volumes 
were determined by regression analysis using a nonlinear, 
negative exponential model. The analysis was conducted 
using the regression analysis package of SigmaPlot@, Ver
sion 8.0 (SYSTAT, San Jose, CA). The criteria for fit of the 
model were based on the mean square error (MSE), r-square 
values, and the significance of the overall regression. 

Host Suitability 

Host suitability was evaluated for loblolly pine, buckwheat 
(Fagopryum esculentum 'Mancan'), velvetbean (Mucuna 
pruriens), Kobe lespedeza (Lespedeza striata 'Kobe'), bicolor 
lespedeza (Lespedeza bicolor), and purple nutsedge (Cyperus 
rotundus). A fallow treatment was also included. Soil was 
treated as previously described and each container held about 
1,600 cm3 (98 in3) of the loamy s~d soil. In each experiment, 
four containers for each plant species were sown. Stunt nema
todes were produced as previously described, extracted with 
Baermann funnels, and 500 nematodes were added to each 
container. Containers were placed in a growth chamber at 
25 °C(77 OF) with a 14-hourphotoperiodfor 12 weeks. Plants 
were removed from the containers and placed in water for 
15 to 30 minutes to separate the soil and nematodes from 
the roots. Nematodes were extracted from the water using a 
325-mesh screen, washed back into the soil sample, and soil 
samples were thoroughly mixed. Nematodes were extracted 
from 100 cm3 (6 in3) of soil using the centrifugal-flotation 
method (Shurtleff and Averre 2000). Statistical comparisons 
were conducted among treatments on the final population 
densities of nematodes by an ANOVA and Tukey's HSD 
test. Data were transformed with the log10(x +l) transforma
tions prior to analysis, but only non-transformed values are 
presented in tables. 

Field Cover Crop Trial 

The site selected for a field trial was surveyed in 2005 and 
found to be infested with the stunt nematode T. clay toni 
(Cram and Fraedrich 2007). The soil type of the field was a 
sandy loam soil in the Wagram Sand soil series. The field 
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had been fumigated in the fall of 2004 with methyl bromide 
(67%) and chloropicrin (33%), then sown with loblolly pine 
seeds in 2005. In spring 2006, a test was established of 
sorghum-sudangrass hybrid 'Sugar Graze,' pearl millet 
hybrid 'Tifleaf 3,' and fallow treatments. Each treatment 
had five blocks. 'Tifleaf 3' was selected because this cultivar 
was readily available to the nursery, and the nursery was 
switching from sorghum-sudangrass to the pearl millet and 
was using this cultivar operationally. A previous test found 
this cultivar was not a host of the stubby-root nematode 
Paratrichodorus minor, and we hypothesized that 'Tifleaf 
3' would also prove to be a nonhost for the stunt nematode 
T. clay toni. 

The checkerboard pattern of plots was created by dividing 
the field into three 3-m (10-ft) widths by ten 15.3-m (50-ft) 
lengths and leaving sections between the treatment plots as 
fallow buffers (fig. 1). Sorghum-sudangrass and pearl millet 
were sown on 25 April 2006 and again on 4 May 2007. The 
sowingratewas33.6kg/ha(30Ib/ac)forsorghum-sudangrass 
and 16.8 kg/ha (15 lb/ac) for pearl millet. The study area 
was watered with approximately 2.5 cm (1 in) of water per 
week for 12 weeks. One application of granular ammonium 
nitrate at a rate of 57.2 kg/ha (51 lb/ac) of N was applied 
after 6 weeks. Fomesafen sodium (RefleX®) and lactofen 
(Cobra®) were each applied at 2.3 Llha (1 qtlac) in fallow 
areas at sowing. Glyphosate (Gly-4 Plus) was added as a 
5% solution as needed during the growing season. 

Soil samples were obtained in April (prior to sowing), May, 
June, September, and November each year. The soil was 
systematically sampled from the center of each treatment 
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Figure 1. Field diagram of stunt nematode populations by plot in April 
2006. 
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plot and consisted of six cores taken to a 15 cm (6 in) depth. 
Soil samples from each plot were compo sited and nematodes 
were extracted from a 100 cm3 (6 in3) subs ample using the 
centrifugal-flotation method (Shurtleff and Averre 2000). 
The percentage of organic matter for soil samples collected 
in April 2007 and 2008 was determined using the Dumas 
combustion elemental analysis at the University of Geor
gia Institute of Ecology, Soil Biology Laboratory (Athens, 
GA). 

Statistical comparisons were conducted on the nematode 
population densities between cover crop treatments by an 
ANOVA using the PROC GLM procedure of SAS® software 
(SAS Institute Incorporated, Cary, NC), and mean separation 
was performed by Tukey's HSD test. Prior to analysis, block 5 
was removed due to low initial nematode population. Data 
were transformed with the square root (x + 112) transforma
tions prior to analysis, but only nontransformed values are 
presented in graphs. 

Results 
-----------------------------------

Loblolly and slash pine root volume decreased with respect 
to the initial populations of the stunt nematode T. clay toni 
(fig. 2). The relative fit of the negative exponential model, 
based on the R2 values and MSEs, was slightly better for 
loblolly pine (MSE = 0.0027; R2 = 0.92) than slash pine (MSE 
= 0.0073; R2 = 0.82). Initial population densities as low as 
500 nematodes per 400 cm3 (25 in3) soil (125/100 cm3 [6 in3]) 

reduced the root volume of both pine species. The level of 
damage was similar for all doses of the stunt nematode. 

Host Range Tests 

All crops and purple nutsedge were hosts for the stunt 
nematode T. clay toni (table 1). Only the fallow treatment 
had a lower population of stunt nematodes than the original 
inoculum of500 nematodes. In all crop and weed treatments, 
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Figure 2. Relationship between initial population of stunt nematode 
(T. c/aytom) and root volume (cm3) of seedlings after 10 weeks. 
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Table 1. Population densities of stunt nematodes in containers with 
various crop and weed species 12 weeks after infestation with 
500 stunt nematodes/container (1600 cm3 [98 in3] soil). 

Stunt 
nematodes 
per 100 cm3 Stunt nematodes 

Plant species (6 in3) soila per container" 

Buckwheat 'Mancan' 798 a 12760 a 
Velvetbean 615 a 9840 a 
Loblolly pine 318 a 5080 a 
Kobelespedeza 243 a 3880 a 
Bicolor lespedeza 159 a 2540 a 
Purple nutsedge 135 a 2160 a 
Fallow 5 b 80 b 

"Non-tranformed means followed by the same letter do not differ significantly 
(a= 0.05) according to Tukey's HSD test. Logarithmic transformation of nematode 
counts performed before analysis. 

the number of nematodes increased. No significant differ
ences in stunt nematode population densities were observed 
among hosts. 

Field Test 

The stunt nematode T. clay toni was the predominant 
nematode species isolated from treatment plots in the 
field study. Some plots also had stubby-root nematodes, 
Paratrichodorus minor, at less than 10 individuals/100 
cm3 (6 in3), and predacious nematodes (Mylonchulus spp., 
Mononchus spp.) at less than 15 individuals/100 cm3 (6 in3) 

soil. One other plant parasitic nematode, Paratrichodorus 
porosus, was found during the second year of the field test in 
the sorghum-sudangrass treatments only. Population densi
ties of P. porosus were usually less than 50 nematodes/100 
cm3 (6 in3) soil. 

The population densities of the stunt nematode within 
plots at the time of sowing in April 2006 ranged from 0 to 788 
individuals/100 cm3 (6 in3) soil. The stunt nematodes were not 
uniformly distributed among plots, and few to no nematodes 
were found in some treatment plots of block 5 (fig. 1). 

Over a 2-year period, the average population densities of 
the stunt nematode decreased significantly in the fallow and 
pearl millet cover crop treatments (fig. 3). The population 
of stunt nematodes in the fallow treatment fell below 100 
indi viduals/1 00 cm3 (6 in3) soil by the end of the first year. The 
number of stunt nematodes within the pearl millet treatment 
did not fall below 100 individuals/100 cm3 (6 in3) soil until 
the second year. An examination of the average population 
densities of the stunt nematode in the sorghum-sudangrass 
over the 2-year study indicated nematode densities decreased 
during August and September sampling dates and increased 
greatly in the winter and spring. 

The population densities of the stubby-root nematode 
P. minor were greater in the sorghum-sudangrass and 
pearl millet plots than in the fallow, although the densities 
remained under 100 nematodes/100 cm3 (6 in3) soil dur
ing the 2 years (fig. 4). Population densities of predacious 
nematodes remained low (0.5 to 17.5 predators/100 cm3 

[6 in3]) throughout the 2-year study and did not appear to 
be affected by season. 
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Table 2. Percentage of carbon as a measure of organic matter in soil 
by cover crop after the first and second year of treatment. 

April 2007 April 2008 
Cover crops carbon (%)a carbon (%)8 

Sorghum-sudangrass 0.79 ab 0.89 a 
Pearl millet 'Tifleaf 3' 0.89 a 0.86 a 
Fallow 0.57 b 0.51 b 

"Means within columns followed by the same letter to not differ significantly 
(ex = 0.05) according to Tukey's HSD test. 

Soil organic matter was similar for the sorghum-sudangrass 
and the pearl millet treatments by April of both years (table 2). 
Pearl millet significantly improved the percentage of organic 
matter in the soil as compared to the fallow treatment. 

Discussion ---------------------------
The results ofthe dosage response trials indicate that the 

stunt nematode, T. clay toni, can directly cause stunting of 
loblolly and slash pine root systems when the nematode 
is present during seed germination and growth of young 
seedlings. The impact ofthe stunt nematode on loblolly and 
slash pine seedlings during the first 10 weeks in this study 
is similar to what occurs on these pine species in nursery 
beds (Hopper 1958; Ruehle 1973). The results of our pathoge
nicity test also suggest that the high densities of the stunt 
nematodes present in the field study on 25 April 2006 would 
probably have led to areas of seedling damage and losses 
had the nursery produced pine seedlings in the field. 

Our host range test failed to identify a new nonhost of 
the stunt nematode, although some of the crops may be 
less favorable hosts than others. The buckwheat cultivar 
'Mancan,' Kobe lespedeza, and bicolor lespedeza have been 
grown in some southern forest tree nurseries, and are now 
confirmed hosts for the stunt nematode. Our finding that 
purple nutsedge is a host for the stunt nematode adds to the 
list of common weeds that are hosts of T. clay toni. Other 
host weeds include: crabgrass (Digitaria ischaemum and 
D. sanguinalis), redwort pigweed (Amaranthus retroflexus), 
witchgrass (Panicum capillare), stinkgrass (Eragrostis cil
ianensis), carpet weed (Molugo verticillata), and dandelion 
(Taraxacum officinale) (Miller and Ahrens 1969). 

The velvetbean species, M. pruriens, had shown some 
promise as a less favored host than sorghum-sudangrass 
for the stunt nematode in Florida (Crow and others 2001). 
Extracts from velvetbean stems and roots have also been 
shown to have nematicidal effects on a root-knot nematode 
when tested under laboratory conditions (Zasada and others 
2006). Our results indicate that this species of velvetbean 
is a good host for the stunt nematode T. clay toni; however, 
we did not test the potential toxic effects of this species on 
nematode populations after plant parts are incorporated into 
the soil. Perhaps more research on velvetbean is warranted 
before it is entirely ruled out as a control option for fields 
infested with the stunt nematode. 

The hybrid pearl millet, 'Tifleaf3,' is not a host for the stunt 
nematode T.claytoni and appears to be a good alternative to 
fallow as a means to decrease nematode populations in fields. 
These field results mirror the container study with pearl 
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millet 'ET-300' and fallow treatment (Cram and Fraedrich 
2007). Other pearl millet cultivars have also been found 
to be resistant to plant-parasitic nematodes, including P. 
minor, Meloidogyne spp., Belonolaimus longicaudatus, and 
Pratylenchus brachyurus (Timper and others 2002; Timper 
and Hanna 2005). 

The host test conducted under controlled conditions in a 
previous paper found that pearl millet 'ET-300' and 'Tiff 
(abbreviated for 'Tifleaf 3') were nonhosts for the stubby
root nematode P. minor, and that sorghum-sudangrass was 
a preferred host (Cram and Fraedrich 2007). Our field test 
results for the stubby-root nematode in this study did not 
mirror the results of previous container studies. The low levels 
of stubby-root nematodes in the sorghum-sudangrass plots 
could be the result of many factors including less favorable 
environmental conditions and competition by stunt nema
todes. In general, the densities of stubby-root nematodes in 
the field were too low to have expected substantial damage 
on loblolly or slash pine seedlings (Ruehle 1969). 

The predacious nematodes (Mylonchulus spp., Mononchus 
spp.) appeared to have no impact on the stunt nematode 
population, as their densities did not change over time. The 
low population of predators and lack of effect on other nema
todes has been noted in other studies that have monitored 
these nematodes (Ferris and others 1996; MacGuidwin and 
Layne 1995). Predacious nematodes are only one component 
of the organisms that control plant parasitic nematodes, and 
it is possible that they are neither effective, nor even suited, 
as predators of the stunt nematode. 

The threshold population density of stunt nematodes that 
young loblolly and slash pine seedlings can tolerate without 
stunting remains unknown, but seedling size can be signifi
cantly reduced at 125 stunt nematodes/100 cm3 (6 in3), as 
indicated by the pathogenicity test. Although population 
levels ofnematodes are lowered significantly by pearl millet 
in 1 year, it may take 2 years to get population densities 
sufficiently low that they will not damage pine seedlings. 
Nurseries that use a 2:1 rotation of seedling production to 
cover crops may be better off using fallow (or a combination 
of organic matter treatments and fallow). Unfortunately, 
stunt nematode populations in the fallow treatments were 
not reduced to zero in all plots over the 2 years of this study. 
Managers need to be aware that populations of the stunt 
nematode T. clay toni can explode quickly because its lifecycle 
is relatively short (31 to 38 days) (Wang 1971), and each 
female can produce 1 to 15 eggs (Krusberg 1959). 

Fields that have stunt nematodes may not be able to have 
successive pine crops without the use of a fumigant before 
each crop. Other options depend on nursery land base and 
access to organic amendments. Managers may consider 
alternative cropping strategies, such as a 1:1 rotation of 
pine with fallow (including organic amendments if needed). 
Crop rotations with hardwoods, pine, and cover crops may 
also be possible. Associations between the stunt nematode 
and stunting of hardwood tree seedlings have not been well 
documented (Ruehle 1968). The only known nonhost hard
wood species identified to date is sweetgum (Liquidambar 
styraciflua), while yellow poplar (Liriodendron tulipifera) 
is a very poor host (Ruehle 1971). Hardwoods tolerant to 
stunt nematodes could be used in a rotation with a pine crop 
(for example, a pine crop followed by summer fallow with weed 
control and fall planting of hardwoods). Further investigation 
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into nematode population response to hardwood crops over 
time may be required before implementing a hardwood/pinel 
cover crop rotation. 

Acknowledgments ______ _ 
We wish to thank the nursery manager who cooperated 

with us to establish and care for the field study. A special 
thanks also goes to Susan Best for her assistance in sample 
processing and data collection, and to Dr. Zafar Handoo for 
identifying nematodes to species. 

References ------------------------------
Boyer JN, South DB. 1984. Forest nursery practices in the South. 

Southern Journal of Applied Forestry 8(2):67-73. 
Cram MM, Fraedrich SW. 2007. Detection and management of stunt 

and stubby-root nematodes in a southern forest nurseries. In: Riley 
LE, Dumroese RK, Landis TD, technical coordinators. National 
Proceedings: forest and conservation nursery associations - 2006. 
Fort Collins (CO): USDA Forest Service, Rocky Mountain Research 
Station. Proceedings RMRS-P-50. p 91-96. 

Crow WT, Weingartner DP, Dickson DW, McSorley R. 2001. Effect 
of sorghum-sudangrass and velvetbean cover crops on plant
parasitic nematodes associated with potato production in 
Florida. Journal of Nematology 33(4S):285-288. 

Ferris H, Venette RC, Lau SS. 1996. Dynamics of nematode com
munities in tomatoes grown in conventional and organic farming 
systems, and their impact on soil fertility. Applied Soil Ecology 
18:13-29. 

Hopper BE. 1958. Plant-parasitic nematodes in the soils of southern 
forest nurseries. Plant Disease Reporter 42:308-314. 

Krusb~rgLR. ~959. Investigation on the life cycle, reproduction, 
feedmg habIts and host range of Tylenchorhynchus clay toni 
Steiner. Nematologica 4:187-197. 

Stunt Nematode (Tylenchorhynchus claytom) Impact on Southern Pine Seedlings .. . 

MacGuidwin AE, Layne TL. 1995. Response of nematode commu
nities to sudangrass and sorghum-sudangrass hybrids grown as 
green manure crops. Journal of Nematology 27(4S):609-616. 

Miller PM, Ahrens JF. 1969. Influence of growing marigolds, weeds, 
two cover crops and fumigation of subsequent populations of 
parasitic nematodes and plant growth. Plant Disease Report 
53:642-646. 

RuehleJL. 1966. Nematodes parasitic on forest trees I. Reproduction 
of ectoparasites on pine. Nematologica 12:443-447. 

RuehleJL. 1968. Plant-parasitic nematodes associated with southern 
hardwoods and coniferous forest trees. Plant Disease Reporter 
52:837-839. . 

Ruehle JL. 1969. Influence of stubby-root nematode on growth of 
southern pine seedlings. Forest Science 15:130-134. 

RuehleJL.1971. Nematodes parasitic on forest trees. III. Reproduc
tion on selected hardwoods. Journal of Nematology 3:170-173. 

Ruehle JL. 1973. Nematodes and the forest trees-types of damage 
to tree roots. Annual Review of Phytopathology 11:99-118. 

Shurtleff MC, Averre CW III. 2000. Diagnosing plant diseases 
caused by nematodes. St Paul (MN): The American Phytopatho
logical Society. 

Timper P, Hanna WW. 2005. Reproduction of Belonolaimus lon
gicaudatus , Meloidogynejavanica, Paratrichodorus minor, and 
Pratylenchus brachyurus on pearl millet (Pennisetum glaucum). 
Journal of Nematology 37:214-219. 

Timper P, Wilson JP, Johnson AW, Hanna WW. 2002. Evalua
tion of pearl millet grain hybrids for resistance to meloidoghne 
spp. and leaf blight caused by Pyricularia grisea. Plant Disease 
86:909-914. 

Wang LP. 1971. Embryology and life cycle of Tylenchorhynchus 
clay toni Steiner. Journal of Nematology 3:101-107. 

Zasada IA, Klassen W, Meyer SLF, Codallo M, Abdul-Baki AA. 
2006. Velvetbean (Mucuna pruriens) extracts: impact on Melo
idogyne incognita survival and on Lycopersicon esculentum and 
Lactuca sativa germination and growth. Pest Management Sci
ence 62:1122-1127. 

The content of this paper reflects the views of the authors, who are responsible for the facts and accuracy of the information presented herein. 

100 USDA Forest Service Proceedings RMRS-P-58. 2009 


