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Summary - Tylenchorhynchus ewingi, a stunt nematode, causes severe injury to slash pine seedlings and has been recently associated 
with stunting and chlorosis of loblolly pine seedlings at some forest tree nurseries in southern USA. Experiments confirmed that loblolly 
pine is a host for T. ewingi, and that the nematode is capable of causing severe damage to root systems. Initial population densities as 
low as 60 nematodes (100 cm3 soil)-1 were sufficient to damage the root systems of loblolly pine seedlings. Populations ofT. ewingi 
increased on pine from two- to 16-fold, depending on the initial population density. Evaluations of various cover crops usc~d in southern 
forest tree nurseries indicated that legumes, rye and several varieties of sorghum were excellent hosts for T. ewingi. Other small grains 
such as ryegrass, oats and wheat were poorer hosts. A cultivar of pearl millet was a non-host for T. ewingi, and a cultivar of brown top 
millet appeared to be either a very poor host or a non-host. Nurseries that have seedling production losses caused by T. ewingi should 
consider rotating with non-host cover crops such as pearl millet or leaving fields fallow as part of their pest management programme. 

Keywords- cover crops, forest tree nursery, nematode control, pest management, stunt nematode. 

Stunt nematodes, Tylenchorhynchus ewingi and T. clay
toni, feed on roots of pine seedlings in forest tree nurs
eries in southern USA and can greatly reduce the size 
of root systems (Hopper, 1958, 1959). Shoots of affected 
seedlings are frequently stunted with chlorotic foliage and 
reduced seedling quality. Tylenchorhynchus ewingi was 
first reported to cause damage to slash pine (Pinus el
liottii) seedlings in forest tree nurseries in Louisiana and 
Texas, USA, in the late 1950s (Hopper, 1959). In more re
cent years, Tylenchorhynchus spp. have been reported to 
cause stunting of pine seedlings at several nurseries across 
southern USA (Carey & Bickerstaff, 1999). In 2001, we 
were contacted by a nursery manager in Texas because of 
stunting of loblolly pine (P. taeda) seedlings. Soil samples 
were obtained from affected areas of the nursery and ne
matodes were extracted and subsequently identified as T. 
ewingi (Handoo, 2000). Since the discovery of T. ewingi 
in 1956, very little information has been collected regard
ing the biology and host range of this nematode, or fac
tors associated with the development of damaging popu
lation levels. Sporadic reports exist of the association of 
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T. ewingi with various other forest, agricultural and or
namental plants. In Bulgaria, T. ewingi has also been as
sociated with roots of two pine species, P. Jrtigra and P. 
sylvestris (Peneva & Choleva, 1994). In Arkansas, USA, 
T. ewingi has been found in fields with soybean (Robbins 
et al., 1987), cotton (Robbins et al., 1989a), wheat (Rob
bins et al., 1989b), switchgrass (Cassida et al., 2005) and 
blueberry (Clark & Robbins, 1994). The nematode has 
also been associated with roots of citrus in Greece (Ko
liopanos & Vovlas, 1977), cotton in Australia (Knox et al., 
2006), and with coffee (Kumar, 1981) and roses (Pathak 
& Siddiqui, 1997) in India. The impact of T. ewingi on the 
production of these plants is not well understood. 

The relationship between the population densities of 
specific plant-parasitic nematodes and damage to crops, 
and the suitability of cover crops as hosts for specific 
plant-parasitic nematodes, is valuable information for 
crop production managers. The objectives of this study 
were to: i) determine the effect of population densi
ties of T. ewingi on root and shoot growth of loblolly 
pine seedlings; and ii) evaluate the suitability of various 
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legumes and grasses used as cover crops in southern for
est tree nurseries as hosts for T. ewingi. 

Materials and methods 

EFFECT OF POPULATION DENSITY ON LOBLOLLY PINE 

SEEDLINGS 

Tylenchorhynchus ewingi was reared in growth cham
bers on roots of loblolly pine seedlings for all experi
ments. Soil containing T. ewingi was initially obtained 
from a forest tree nursery located in Texas, USA, and 
stock cultures were set up to increase the number of 
T. ewingi for experiments. Nematodes were extracted us
ing Baermann funnels (Shurtleff & Averre, 2000), hand
picked, and approximately 30-60 adults and juveniles of 
T. ewingi were placed in containers with loblolly pine 
seedlings. The soil used in containers was a loamy sand 
(86% sand, 9% silt, 5% clay, 1.8% OM; pH 5.6) obtained 
from a site near Byromville, Georgia, USA. The soil was 
microwaved in 2000 g batches for 8 min prior to use. 
Each container (7 em height x 10 em diam.) had appro xi
mately 400 cm3 of soil. Loblolly pine seedlings were pro
duced by surface-sterilising seeds with hydrogen perox
ide (30%) for 60 min (Barnett, 197 6), rinsing with sterile 
distilled water, and stratifying the seeds in plastic bags 
at 6°C for 30-60 days. Seeds were germinated under ster
ile conditions and five germinated seeds were transplanted 
to each container with microwaved soil. Stock containers 
were placed in growth chambers at 25°C for 3-12 months 
prior to extraction of nematodes for experiments. 

The influence of T. ewingi population density on the 
growth of loblolly pine seedlings was conducted by 
adding adult and juvenile nematodes at dosages of 0, 250, 
500, 1000, 2000 and 3000 individuals to containers with 
soil. Four containers were established for each dose and 
the experiment was conducted twice. Container size, soil 
type, soil treatment and handling of loblolly pine seeds 
were as previously described. Nematodes were extracted 
from stock containers using Cobb's sieving and gravity 
technique (Shurtleff & Averre, 2000), and collected on 
sieves with a 44 JLm aperture size. Nematodes were then 
separated from soil and other materials using Baermann 
funnels with Kimwipes® (Kimberly-Clark, Roswell, GA, 
USA) as filters (Shurtleff & Averre, 2000). Nematodes 
were removed from the Baermann funnels within 24 h and 
counts were performed on ten 1 ml samples to determine 
nematode densities. Stock solutions were adjusted to 
provide 25 nematodes per ml and nematodes were added 
to containers at designated dosages in 180 m1 water 
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immediately after planting five germinated loblolly pine 
seedlings in each container. The containers were placed 
in a growth chamber at 25°C with a 14 h photoperiod, 
watered every 1-3 days, as needed, and fertilised every 4-
6 weeks with 100 ml of Miracle Gro® (Scotts Miracle-Gro 
Products, Maryville, OH, USA) at a concentration of 0.5 g 
(1000 ml water)- 1

• 

Seedlings were removed from containers at the end 
of 12 (Experiment 1) or 13 weeks (Experiment 2) and 
shaken gently to remove loosely attached soil on roots. 
The centrifugal flotation method (Shurtleff & Averre, 
2000) was used to recover T. ewingi from 100 cm3 

soil of each container. Roots were soaked in 1000 m1 
water for approximately 20 min, and nematodes were 
then collected on a sieve with a 44 JLm aperture size 
and further separated with Baermann funnels, after which 
the nematodes were counted. The total population of 
T. ewingi in containers at the end of the experiment 
was calculated as the total number of nematodes ( cm3 

soil)-1 multiplied by the total soil volume plus the 
number of nematodes obtained from roots of seedlings. 
Root systems were scanned using an Epson STD 1600+ 
Transparency Scanner and evaluated using WINRHIZO 
(Regent Instrument, Ottawa, ON, Canada) to determine 
the number of root tips and total root lengths of seedlings. 
Roots and shoots were separated at the root collar, dried 
at 80°C for 48 h and weighed. 

The experiment was established as a completely ran
domised design with six treatments (T. ewingi dose) and 
four replications (containers) per treatment. Relationships 
between the initial T. ewingi population and seedling mor
phological characteristics (i.e., total root length, number 
of root tips, and root and shoot dry weights) were de
termined by regression analysis (Draper & Smith, 1981) 
using a non-linear, negative exponential model. There
lationship between initial and final T. ewingi populations 
was characterised using an exponential growth model. 
Parameter estimates were determined with PROC NLIN 
(The SAS System for Windows, Version 8.01; SAS In
stitute, Cary, NC, USA) or with SigmaPlot (Version 8; 
Systat Software, San Jose, CA, USA). The criteria for 
fit of the models were based on the mean square error 
(MSE) and the significance of the overall regression. In 
addition, seedling morphological characteristics were also 
compared among nematode doses by an analysis of vari
ance (ANOVA) and Tukey's HSD procedure (Steel & Tor
rie, 1980). 
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HOST SUITABILITY 

A series of three experiments were conducted with 
T. ewingi to evaluate the host suitability of plant species 
that have been used as cover crops by forest tree nurs
eries. Plant species tested in all experiments were: forage 
sorghum (Sorghum bicolor cvs ET-602 and Cane Sumac), 
sorghum-sudan (Sorghum bicolor cvs SG Ultra and Green 
Graze BMR), wheat (Triticum aestivum cv. VNS), rye (Se
cale cerale cv. Elbon), ryegrass (Lolium multijlorum cv. 
TAM 90), oats (Avena sativa cv. Mora), pearl millet (Pen
nisetum americanum cv. ET-300), brown top millet (Pan
icum ramosum cv. DW-01), cowpea (Vigna unguiculata 
cv. Pink Eye Purple Hull BVR), vetch (Vicia villosa cv. 
AU Early Cover) and alfalfa (Medicago sativa cv. Alfa
graze ). Infested and non-infested loblolly pine treatments 
and a fallow treatment were also included in all experi
ments. 

The soil used in containers was a loamy sand as pre
viously described and microwaved for 8 min in 2000 g 
batches. In the first experiment, containers (7 em height x 
10 em diam.) held approximately 400 cm3 of soil, and in 
the second and third experiments, containers (15 x 12.5 x 
12.5 em) held approximately 1600 cm3 of soil. In each 
experiment, there were four containers (replications) for 
each treatment and five plants were established in each 
container. Stunt nematodes were reared on loblolly pine 
seedlings and extracted from soil with Baermann funnels 
as previously described, and either 100 nematodes (Ex
periments 1, 2) or 500 nematodes (Experiment 3) were 
added to each container within 1-2 weeks after seed ger
mination. Containers were placed in a growth chamber 
at 25°C with a 15 h photoperiod for 9 weeks (Experi
ment 1) or 12 weeks (Experiments 2, 3). Plants were wa
tered and fertilised as previously described. Population 
densities of T. ewingi in 100 cm3 of soil were determined 
at the end of experiments using the centrifugal flotation 
method (Shurtleff & Averre, 2000). In addition, the num
ber of T. ewingi associated with roots in each container 
was determined by placing roots of plants from each con
tainer into approximately 1 1 of water for a minimum of 
15 min, and nematodes were subsequently extracted using 
Cobb's sieving and gravity technique followed by Baer
mann funnel extractions as previously described. Root dry 
weights were determined by placing roots in a drying oven 
at 80°C for 48 h before weighing. The numbers of nema
todes extracted around roots were subsequently expressed 
on a g root dry weight basis. 

The final soil-borne population density of T. ewingi 
(100 cm3 soil)-1 and the number of T. ewingi (g dry 
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weight root)- 1 were compared among treatments within 
each experiment by an ANOVA and Tukey's HSD test 
(Steel & Torrie, 1980; The SAS System for Windows, Ver
sion 8.01, SAS Institute). Data were transformed with the 
log 10 (x + 1) transformation prior to analyses and the back
transformed mean values are presented in tables and text. 

Results 

EFFECT OF POPULATION DENSITY ON LOBLOLLY PINE 

SEEDLINGS 

Root systems of loblolly pine were greatly reduced 
by T. ewingi. Total root lengths (Fig. 1A), number of 
root tips (Fig. 1B), root dry weights (Fig. 1C) and shoot 
weights (Fig. 1D) of seedlings decreased with respect 
to increasing initial population densities of T. ewingi. 
Parameter estimates for the negative exponential model to 
characterise the relationship between T. ewingi population 
density and the seedling variables were similar for the 
two experiments (Table 1). Based on the ANOVA and 
Tukey's HSD test, doses ofT. ewingi at 250 nematodes 
per container and greater significantly reduced root dry 
weight, root length and number of root tips compared 
with controls in both experiments (P < 0.05). In 
Experiment 2, seedling top weights were also significantly 
reduced at doses as low as 250 nematodes per container 
compared with seedlings in containers without nematodes 
(P < 0.05), but in Experiment 1, only doses at 1000 
nematodes and greater significantly reduced seedling top 
weights. Parameter estimates for the exponential growth 
model to characterise the relationship between initial 
and final nematode populations were also similar for 
the two experiments (Fig. 2). Populations of T. ewingi 
increased greatly in containers during the course of 
the experiments, and these increases were particularly 
noticeable at lower initial population levels. For example, 
an initial population of 250 nematodes per container 
increased to over 5000 nematodes in some containers in 
12 weeks, although initial populations of 3000 nematodes 
increased only two-fold. 

HOST SUITABILITY 

Based on the analyses of variance, the final soil
borne population densities of T. ewingi and the number 
of T. ewingi (g dry weight root)- 1 varied significantly 
among crop and fallow treatments in all experiments 
(P < 0.0001). Loblolly pine, the legumes (i.e., cowpeas, 
alfalfa and vetch), and rye were excellent hosts for T. 
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Fig. 1. Relationship between initial population of Tylenchorhynchus ewingi and loblolly pine seedling root length (A), root tips (B), 
and root (C) and shoot (D) weight, 12 (Experiment 1) or 13 (Experiment 2) weeks after inoculation. The relationships are based on the 
negative exponential model (y =a+ b(exp-Ix )) where xis the initial population ofT. ewingi, y is the seedling variable, and a, band 1 
are model parameter estimates. 

ewingi in all experiments (Table 2). Cultivars of sorghum 
and sorghum-sudan were also excellent hosts in most 
experiments, although in Experiment 1, the final soil
borne population densities of nematodes in containers 
with cvs such as Ultra and Sumac were exceptionally low 
and not significantly different from fallow. Oats, wheat, 
and ryegrass were generally poor hosts when compared 
to the legumes, pine and most sorghum cultivars. Brown 
top millet appeared to be a very poor host or a non-host 
because final soil-borne population densities of T. ewingi 
were less than initial populations in all experiments and 
soil-borne population densities did not differ from fallow 
in two of the three experiments. The pearl millet cultivar 
had the best performance in all experiments and this 
species was a nonhost for T. ewingi. Final soil-borne 
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population densities of T. ewingi in containers with pearl 
millet did not differ from fallow containers in any of the 
experiments and there was no evidence of reproduction on 
this grain, and the nematode was rarely recovered from the 
rhizosphere around roots. 

Discussion 

A previous investigation in southern pine nurseries in
dicated that slash pine is a host for T. ewingi (Hopper, 
1959), and results of the present study determined that 
loblolly pine is also an excellent host. In the past it was 
thought that Tylenchorhynchus spp. damaged seedlings 
only when populations reached high levels (Ruehle, 1964; 
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Table 1. Mean square errors (MSE) with degrees of freedom (dj), probability levels and parameter estimates with 95% confidence 
limits for the negative exponential model (y = a+ b( exp-lx )) characterising the relationships between initial population densities (x) 

of Tylenchorhynchus ewingi and seedling variables (y) including root length, root tips, root dry weight and shoot dry weight of loblolly 
pine seedlings. 

Seedling variable Experiment no. MSE (df) Probability level Parameter estimates * 

(with 95% confidence limits) 

Root length (em) 1074.5 (21) <0.0001 a = 69.52 (50.65-88.40) 
b = 270.7 (232.0-309.4) 
l = 0.0063 (0.0036-0.0090) 

2 1887.4 (21) <0.0001 a= 48.6 (23.1-74.1) 
b = 222.3 (170.9-273.6) 
l = 0.0056 (0.0020-0.0092) 

Root tips (number) 8065.6 (21) <0.0001 a= 146.2 (93.1-199.4) 
b = 532.0 (425.7-638.2) 
l = 0.0054 (0.0024-0.00829) 

2 6598.4 (21) <0.0005 a = 111.0 (62.5-159.5) 
b = 426.6 (330.6-522.8) 
l = 0.0051 (0.0021-0.00820) 

Root dry wt. (g) 0.000569 (21) <0.0001 a = 0.0739 (0.0599-0.0879) 
b = 0.1574 (0.1292-0.1856) 
l = 0.0056 (0.0028-0.0084) 

2 0.00116 (21) 0.0002 a = 0.0601 (0.0408-0.0794) 
b = 0.0994 (0.0593-0.1395) 
l = 0.0068 ( -0.0019-0.0155) 

Shoot dry wt. (g) 0.000893 (21) 0.0002 a= 0.1503 (0.1254-0.1752) 
b = 0.0893 (0.0536-0.1249) 
l = 0.00178 (0.00001-0.00356) 

2 0.00230 (21) 0.0005 a= 0.1704 (0.1401-0.2007) 
b = 0.1297 (0.0728-0.1866) 
l = 0.0039 ( -0.00026-0.00808) 

*Parameter 'a' is defined as the lower asymptotic value for the seedling variable (e.g., root length) (y) as nematode density (x) 
approaches infinity (that is, the minimum possible for the seedling variable as nematode density gets very large); 'b' is the maximum 
decrease in the seedling variable (y) as nematode density (x) varies from 0 to infinity; 'a+ b' is the maximum for the seedling variable 
(y) at nematode density of 0; 'l' is the negative exponential rate of decrease (for example, when 'l' = 0 then there is no decrease in 
root length but as 'l' increases, the rate of decrease in root length becomes faster, that is, the decline in root length is faster for 'l' = 0.5 
than for 'l' = 0.1). 

May, 1984b ), but much of this perception arose from the 
manner in which observations were made and studies con
ducted. For instance, Hopper (1958, 1959) observed that 
damage to slash pine seedlings caused by T. ewingi oc
curred at population densities greater than 525 nematodes 
(100 cm3 soil)-1; however, these soil samples were not 
obtained in the spring at seed sowing, but rather during 
the growing season (i.e., summer and autumn months) 
after stunting in seedling shoots was observed. Growth 
and yield of annual crops such as pine seedlings is pri-
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marily a function of pre-plant densities of plant-parasitic 
nematodes (Barker & Olthof, 1976). Furthermore, many 
pathogenicity tests in the past evaluated the effects of Ty
lenchorhynchus spp. on conifers using seedlings with es
tablished root systems, and in some studies seedlings were 
1 or more months old at the time of inoculation (Suther
land & Adams, 1964; Ruehle, 1966, 1973; Gowen, 1971). 
These pathogenicity tests for Tylenchorhynchus spp. often 
did not take into account that young seedlings, attacked 
from the time of seed germination, are affected by plant-
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Fig. 2. Relationship between initial population and final popu
lation of Tylenchorhynchus ewingi, 12 (Experiment 1) or 13 
(Experiment 2) weeks after the inoculation of loblolly pine 
seedlings. The relationship is based on the exponential growth 
model (y = a+ b( 1 - exp-lx )) where xis the initial population 
of T. ewingi, y is the final population, and a, b and 1 are model 
parameters estimates. 

parasitic nematodes and are more prone to injury even at 
low population levels. Studies on agricultural crops with 
various plant-parasitic nematodes have found that delay
ing nematode attacks on plants for even 7-10 days after 
seed germination can greatly increase the size of plants or 
their yield compared with plants inoculated at seed ger
mination (Wong & Mai, 1973; Seinhorst, 1995; Ploeg & 
Phillips, 2001). 

Results of the present study with T. ewingi indicate that 
population densities as low as 250 nematodes per con
tainer (60 nematodes (100 cm3 soil)-1) at seed sowing 
were capable of damaging pine root systems and reduc
ing seedling quality. We cannot rule out the possibility 
that even lower initial populations densities could be a 
problem for pine seedling production, but this hypothe
sis has not yet been tested. The relatively low damage 
threshold for T. ewingi in the present study is consistent 
with previous reports for Tylenchorhynchus spp. on other 
crops. Damage threshold levels for T. claytoni have varied 
from more than 20 individuals (100 cm3 soil)-1 for aza
lea (Barker & Nusbaum, 1971) to 60 individuals (100 cm3 

soil)-1 for soybean (Rickard & Barker, 1982). 
The results of our experiments indicate that populations 

of T. ewingi can increase very rapidly on the roots 
of loblolly pine, even on very young seedlings. The 
density of pine seedlings in a nursery is typically in the 
range of 220 to 270 m-2 , which provides abundant food 
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for nematodes. Although information on the life cycle 
of T. ewingi has not been developed, generation times 
range from 31 to 38 days for T. claytoni (Wang, 1971), 
a nematode similar to T. ewingi and also found in southern 
pine nurseries. Based on the rapid population increase 
of T. ewingi in our experiments, we would expect that 
this nematode has an equally short generation time, and 
capable of increasing very rapidly in pine nursery beds. 

Many forest tree nurseries in southern USA grow 
cover crops in their fields when they are not producing 
seedlings (Boyer & South, 1984; Cram & Fraedrich, 
1997). Pine seedling crops are typically alternated with 
cover crops on a rotation of 1 : 1 (number of years in 
seedling crop/number of years in cover crops), 2 : 1, 
2 : 2, or similar rotation (Boyer & South, 1984; Cram 
& Fraedrich, 1997). The use of cover crops that are 
suitable hosts for T. ewingi can have detrimental effects 
on subsequent pine seedlings crops because nematode 
population densities increase rapidly when host crops are 
continuously cultivated (Dropkin, 1989). At one time, 
legumes such as cowpeas and vetch were preferred by 
nursery managers because they added nitrogen to the 
soil (Wakeley, 1954). More recently, nursery managers 
have favoured various species of grasses such as sorghum 
varieties (Boyer & South, 1984; May, 1984a). In our 
study, cowpeas, vetch, and alfalfa were excellent hosts 
for T. ewingi and greatly increased populations of this 
nematode. The use of these cover crops was likely a 
factor in the damage to loblolly pine seedlings at the 
Texas nursery that experienced problems with T. ewingi. 
Nursery personnel indicated that cowpeas had been grown 
in fields prior to the production of pine seedlings and the 
cowpeas could have increased greatly the populations of 
T. ewingi. Nursery personnel also indicated that several 
sorghum varieties and rye had also been used routinely. 
Although these grains are currently favoured by many 
nursery managers as summer and winter cover crops, they 
can also be excellent hosts for T. ewingi. 

Although the routine use of methyl bromide for soil fu
migation is being phased out worldwide, most forest tree 
nurseries in southern USA continue to fumigate with this 
chemical through critical use and quarantine pre-shipment 
exemptions. Fumigation with methyl bromide and methyl 
isothiocyanate products can provide excellent control of 
nematodes (Ruehle, 1972; Hildebrand & Dinkel, 1988; 
Barnard et al., 1994; Fraedrich & Dwinell, 2005) but fu
migation does not eradicate nematodes in fields (Lem
bright, 1990). Nematodes can survive below the zone of 
fumigant placement and in soil clods where fumigants fail 
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Table 2. Backtransformed log means of the population densities of Tylenchorhynchus ewingi (100 cm3 soilr1 from containers with 
various crop species or fallow, and number ofT. ewingi (g root dry weightr1 obtained around roots, and root dry weights of the crop 
species. 

Experiment no. 1) 

2 

3 

Plant species 'variety' 

Cowpea 
Loblolly pine 
Vetch 
Rye 
Sorghum-sudan 'BMR' 
Sorghum 'ET-602' 
Alfalfa 
Sorghum 'Cane Sumac' 
Wheat 
Oats 
Brown top millet 
Sorghum-sudan 'Ultra' 
Ryegrass 
Pearl millet 
Fallow 

Cowpea 
Alfalfa 
Sorghum 'ET-602' 
Sorghum-sudan 'BMR' 
Rye 
Loblolly pine 
Vetch 
Sorghum 'Cane Sumac' 
Sorghum-sudan 'Ultra' 
Oats 
Ryegrass 
Wheat 
Brown top millet 
Pearl millet 
Fallow 

Cowpea 
Alfalfa 
Vetch 
Sorghum-sudan 'BMR' 
Rye 
Sorghum 'Cane Sumac' 
Sorghum 'ET-602' 
Loblolly pine 
Sorghum-sudan 'Ultra' 
Wheat 
Oats 
Ryegrass 
Brown top millet 
Pearl millet 
Fallow 

Tylenchorhynchus ewingi 

100 cm3 soi12) g dw roots2) 

582 a 
273 ab 
144 abc 

83 abed 
27 abcde 
22 bcde 
17 bcde 
10 cde 
5 cde 
6 cde 
6 cde 
5 de 
4 de 
4 de 
1 e 

1135 a 
287 a 
204ab 
175 ab 
170ab 
168 ab 
142 ab 
115 abc 

16 bed 
13 bcde 
8 cde 
6 de 
5 de 
1 de 
0 e 

3594 a 
1139 ab 
1032 ab 
822 ab 
756 ab 
650ab 
636 ab 
562 b 
305 be 

63 cd 
42 d 
32 d 
14 d 
1 e 
1 e 

781 ab 
1443 a 
538 abc 
203 abed 

22 def 
50 bcde 
54 bcde 
15 def 
16 def 
5 ef 
4 ef 

41 cdefg 
31 def 
2 f 

1003 ab 
132 abc 

23 cdef 
65 bed 
37 cde 

1306 a 
1020 ab 

28 
7 
1 
4 
1 
3 
0 

cdef 
cdefg 

fg 
defg 

efg 
defg 

g 

2748 ab 
179 cde 

3354 a 
291 bed 
480 abed 
499 abc 
167 cde 

3701 a 
140 
37 
29 
23 
13 
0 

cdef 
def 
def 

ef 
fg 
g 

Root dry weight (g) 

2.58 
0.33 
0.19 
1.61 
2.05 
1.73 
1.26 
0.72 
1.56 
1.66 
0.62 
1.07 
1.25 
1.21 

2.60 
9.92 
5.92 
5.00 
3.31 
0.39 
0.24 
3.59 
1.74 
1.95 
4.34 
3.96 
1.54 
1.50 

1.60 
8.78 
0.44 
8.33 
3.82 
5.12 
7.88 
0.49 
3.70 
2.77 
1.58 
8.18 
1.33 
5.66 

The variety is given in quatation marks where applicable. 
!)Experiment 1, containers had 400 cm3 of soil and were inoculated with 100 nematodes; Experiment 2, containers had 1600 cm3 of 
soil and were inoculated with 100 nematodes; Experiment 3, containers had 1600 cm3 of soil and were inoculated with 500 nematodes. 
2)Means followed by the same letter do not differ significantly according to Tukey's HSD procedure (P < 0.05); means based on four 
replications per plant species. 
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