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ABSTRACT

Griffin, G. D., and K. H. Asay. 1996. Biology and pathogenicity of three ectoparasitic nematode spe-
cies on crested wheatgrasses. Nematropica 26:15-25.

Greenhouse and growth chamber studies were conducted to determine the pathological relation-
ship of ectoparasitic nematodes on crested wheatgrass (Agropyrom cristatum and A. desertorum) culti-
vars. Crested wheatgrass cultivars, ‘Hycrest’, ‘Fairway’, and ‘Nordan’, were parasitized by Merlinius
brevidens, Tylenchorhynchus acutus, and Xiphinema americanum under greenhouse conditions. Merlinius
brevidens and T. acutus were more pathogenic than X. americanwum on all grasses. Dry shoot weights of
Fairway and Nordan were reduced (P < 0.05) at Pi of 1.0 and 2.0 nematodes/cm’ soil, whereas shoot
growth of Hycrest was reduced only at 2.0 nematodes/cm’ soil. Root growth of all cultivars was re-
duced by the 3 nematode species at both levels of inoculum with the greatest reductions at 2.0 nem-
atodes/cm® soil. The nematode reproductive factors (Rf = final nematode population/initial
nematode population) were similar for M. brevidensand T. acutus, whereas the X. americanum popula-
tion did not reproduce on any cultivar. Fairway and Nordan were better hosts to M. brevidensand T. acutus
than was Hycrest. Temperature affected the nematode-grass relationship. The greatest reductions in
both shoot and root growth and greatest nematode reproduction occurred at 20 and 25°C. Xiphinema
americanum did not reproduce on any cultivar at any temperature.

Key words: Agropyron cristatum, A. desertorum, Fairway, Hycrest, Merlinius brevidens, Nordan, Tylenchorhyn-
chus acutus, reproduction, susceptible, temperature, tolerant, wheatgrass, Xiphinema americanum.

RESUMEN

Griffin, G. D. y K. H. Asay. 1996. Biologia y patogenicidad de tres especies de nematodos ectoparasitos
de la maleza Agropyron cristatum. Nematrépica 26:15-25.

Estudios realizados en invernadero y cimaras de crecimiento para determinar la patogenicidad de
los nematodos ectoparasitos Merlinius brevidens, Tylenchorhynchus acutusy Xiphinema americanum en va-
riedades de las malezas Agropyron cristatumy A. desertorum, dieron los siguientes resultados: M. brevidens
y T. acutusfueron mas patogénicos que X. americanum en todas las malezas ensayadas. El peso seco de
la parte aérea en las variedaes “Fairway” y “Nordan” se redujo (P< 0.05) cuando el Pi fue de 1.0y 2.0
nematodos/cm’ de suelo. El crecimiento radical se redujo en todas las plantas inoculadas con cual-
quiera de las tres especies de nematodos, a ambos niveles de inoculacién, siendo las mayores reduc-
ciones al nivel de 2.0 nematodos/cm’ de suelo. La tasa reproductiva del nematodo (Rf = poblacién
final/poblacién inicial) fue similar en M. brevidensy T. acutus; mientras que la poblacién de X. ameri-
canum no se reprodujo en ningun cultivo. Las variedades “Fairway” y “Nordan” resultaron mejores
hospedantes para M. brevidensy T. acutus que la “Hycrets”. La temperatura afect6 la relacién nema-
todo-maleza. Las mayores disminuciones de el crecimiento de la planta (follaje y raiz), asi como la
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mayor tasa reproductiva ocurrié a 20 y 25°C. X. americanumno se reprodujo en ninguna variedad bajo

ninguna de las temperatures ensayadas.

»

Palabras clave: Agropyron cristatum, A. desertorum, “Fairway”, “Hycrest”, Merlinius brevidens, “Nordan”,
Tylenchorhynchus acutus, reproduccién, susceptible, temperatura, tolerante, “whetgrass”, Xiphinema

americanum.

INTRODUCTION

Of approximately 153 million ha of
rangelands in the Intermountain Region
of the western United States, nearly 86%
are considered in less than good condition
and are currently producing only 60% of
their natural potential (Schmauty et al,
1980). Some species of plant-parasitic
nematodes in rangeland soils reduce the
establishment, growth, and productivity of
rangeland grasses (Freckman et al., 1979;
Griffin, 1984, 1992; Norton and Schmitt,
1978; Orr and Dickerson, 1967; Thorne,
1974; Thorne and Malek, 1968). Nema-
todes extract energy needed for plant
growth (Smolik, 1974) and can reduce the
resistance of plants to stress including
drought and diseases (Griffin, 1984). The
plant-nematode relationship is influenced
by biological differences in the reproduc-
tive potential of the nematode on the
plant and environmental factors that affect
the biological activity of the nematode and
growth of plant tissue. Nematodes such as
Meloidogyne spp. and Heterodera spp. may
produce several generations per year (Grif-
fin, 1985, 1988), whereas Xiphinema ameri-
canum Cobb produces only one generation
per year (Griffin and Darling, 1964; Malek,
1969; Norton, 1963). These differences in
reproductive potential and nematode reac-
tions to climatic and edaphic conditions
may affect population trends and pathoge-
nicity (Griffin, 1996).

Wheatgrasses are important forage
grasses in western North America, espe-
cially during the spring and early summer
(Asay and Knowles, 1985; Asay et al., 1985).

However, information is lacking on the
relationships between many plant-parasitic
nematodes commonly associated with
rangeland vegetation and the growth and
persistence of crested wheatgrass in the
western United States. We conducted stud-
ies in the greenhouse and growth chamber
to determine if 3 native ectoparasitic nema-
todes, Merlinius brevidens (Allen) Siddiqi,
Tylenchorhynchus acutus Allen, and X. ameri-
canum, parasitize and reproduce on Agro-
pyron crested wheatgrass species and how
temperature affected nematode parasitism.

MATERIALS AND METHODS

Nematode inocula: Due to the difficulty
in culturing ectoparasitic nematodes, inoc-
ula used in greenhouse studies were
extracted from a western wheatgrass plant-
ing in northern Utah with elutriation
(Byrd et al., 1976) and sugar flotation (Jen-
kins, 1964). Nematode species were
extracted from the washings with a
micropipette, surface sterilized with solu-
tions of streptomycin and gentamycin
aretan and rinsed several times with dis-
tilled water (Griffin, 1992). The inoculum
was 98-100% pure and free from any other
plant-parasitic nematode.

Greenhouse experiment: Seedlings (3-6
mm radicle) of crested wheatgrass cultivars
Fairway (Agropyron cristatum (L.) Gaert-
ner), Nordan (A. desertorum Fisch. ex.
Link, Schult) or Hycrest (A. cristatum X A.
desertorum) were planted into individual
6-cm-diam plastic pots containing 540 cm’®
steam sterilized Kidman fine sandy loam
soil [coarse-loamy mixed mesic Calcic
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Haploxeroll (84% sand, 8% silt, 8% clay;
pH 7.4, 1.0% OM)]. After 34 days, plants
were inoculated with mixed stages of
either M. brevidens, T. acutus, or X. ameri-
canum at initial nematode populations (Pi)
of 0, 1, or 2 per cm’ soil. A preliminary
study showed Pi of 1.0-2.0 are maximum
levels of the 3 nematode species encoun-
tered under western rangelands. Nema-
todes in an aqueous suspension of
deionized water were poured into holes at
a soil depth of 3 cm around the hypocotyl.
Control plants were inoculated with fil-
trate from nematode extraction. Contain-
ers were maintained in a muslin-shaded
greenhouse at an ambient temperature of
26+3°C.

The experiment was arranged as a
3x3x3 factorial (3 nematode species, 3
plant species and 3 inoculum densities) in
a randomized complete block design with
10 replications. Supplemental light for a
19-hr daylength was provided by high-out-
put fluorescent lamps. A shading canopy
was introduced immediately above the
plants after inoculation to reduce evapora-
tion, and plants received their first irriga-
tion 3 days after inoculation to minimize
irrigating inocula away from plant roots.
The canopy was removed 14 days after
inoculation. Thereafter, plants were care-
fully watered daily to avoid runoff. Plants
were fertilized monthly with a general pur-
pose N-P-K fertilizer (20-20-20). Shoots
were clipped at 60, 120, and 180 days after
inoculation to a cutting height of 10 cm.
The experiment was terminated 180 days
after inoculation and plant persistence,
cumulative shoot weights, root weights,
and the nematode reproductive factor (Rf
=final nematode population divided by ini-
tial nematode population) were deter-
mined. Nematodes were extracted from
the soil by elutriation (Byrd et al., 1976)
and sugar flotation (Jenkins, 1964). Data
were analyzed using standard analysis of

variance procedures and regression analy-
sis. Means were separated by Duncan’s new
multiple range test. Plant survival data
were arcsine transformed.

Growth chamber experiment: A study simi-
lar to the greenhouse bench experiment
was conducted in temperature-controlled
growth chambers except plants were inoc-
ulated 28 days after planting with Pi of 0,
1.0, or 2.0 nematodes/cm? soil. Tempera-
tures were maintained at 15, 20, 25, or
30°C (£1°C) and a 19-hr daylength was
provided by high-output fluorescent
lamps. The experiment was arranged as a
4x3x3x3 factorial (4 temperatures, 3
nematode species, 3 cultivars, and 3 inocu-
lum densities) in a randomized complete
block design with 5 replications. The exper-
iment was terminated 120 days after inocu-
lation and plant persistence, cumulative
shoot weights, root weights, and the nema-
tode Rf were determined. Data were recov-
ered and analyzed as described previously.

RESULTS AND DISCUSSION

Greenhouse bench experiment: The growth
of Hycrest crested wheatgrass was reduced
only at Pi 2.0 nematode/cm® soil, whereas
shoot growth of Fairway and Nordan were
reduced (P<0.05) at both 1.0 and 2.0 nem-
atodes/cm® soil (Table 1). Average shoot
weights of Nordan, which was the most sus-
ceptible of the 3 grasses, were reduced 34,
31, and 23% by M. brevidens, T. acutus, and
X. americanum, respectively at Pi of 2.0 nem-
atodes/cm’ soil. Comparable reductions
were 27, 28, and 21% for Fairway, and 23,
19, and 11% for Hycrest by M. brevidens,
T. acutus, and X. americanum. Reductions
in root growth paralleled the reductions in
dry shoot weights. Root growth reductions
ranged from 16% for Hycrest at Pi of 1.0
X. americanum to 58% for Nordan at Pi of
2.0 M. brevidens/cm® soil. Shoot and root
growth decreased linearly to increases in Pi
(Tables 2, 3).
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Table 1. Nematode reproductive factors and effects of 3 ectoparasitic nematodes on shoot and root weights of 3
crested wheatgrasses 180 days after inoculation at a greenhouse temperature maintained at 26+3°C."

Wheatgrass cultivar

Inoculum density
Nematode species (no./cm’ soil) Hycrest Fairway Nordan

Dry shoot weight (g)"*

M. brevidens 1 1.67 abA 1.42 bB 1.25 bC
2 1.87 cA 1.11 dB 0.99 cB
T. acutus 1 1.71 aA 1.39 bB 1.25 bB
2 1.44 cA 1.10 dB 1.03 cB
X. americanum 1 1.73 aA 1.39 bB 1.29 bB
2 1.58 bA 1.20 cB 1.16 cC
Uninoculated Control — 1.77 aA 1.52 aB 1.50 aB
Dry root weight (g)”
M. brevidens 1 0.79 bA 0.72 bA 0.58 cB
2 0.62 dA 0.43 cB 0.35 dB
T acutus 1 0.78 bA 0.72 bA 0.61 cB
2 0.59 dA 0.47 cB 0.41 dB
X. americanum 1 0.81 bA 0.67 bB 0.70 bB
2 0.69 cA 0.49 cB 0.51 cB
Uninoculated Control — 0.94 aA 0.91 aA 0.83 aA
Reproductive factor (Pf/Pi ratio)*
M. brevidens 1 2.9 aA 3.5aA 3.4aA
2 1.8 bA 2.3 bA 2.1 bA
T. acutus 1 2.4 aA 3.3aA 3.3aA
2 1.4 bA 2.3 bA 2.2 bA
X. americanum 1 0.7 cA 0.7 cA 0.8 cA
2 0.4 cA 0.5 cA 0.8 cA

YPlants were inoculated at 34 days growth with Pi 0, 1, or 2 nematodes/cm’ soil.

“Values are the means of 10 replicates (1 plant/replicate). Cultivar means for shoot dry weight or root dry weight
within nematode-density combination followed by same letter are not significantly different (P<0.05) according
to Duncan’s new multiple range test. Lower case letters refer to columns, capital letters refer to rows.
*Cumulative total weight of shoots clipped at 60, 120, and 180 days after inoculation.

*Root weight determined after 180 days.

“Pf/Pi ratio = final nematode population/initial nematode population determined after 180 days.
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Table 2. Regression models for effects of nematodes on shoot weight of crested wheatgrass across inoculum

densities of 0, 1, and 2 nematodes/cm® soil.**

Cultivar Intercept r P
Merlinius brevidens
Hycrest 1.88 0.61 ok
Fairway 1.58 0.42 ok
Nordan 1.65 0.51 e
Tylenchorhynchus acutus
Hycrest 1.93 0.53 o
Fairway 1.55 0.42 wk
Nordan 1.50 0.47 ok
Xiphinema americanum
Hycrest 1.89 0.39 ok
Fairway 1.54 0.33 ko
Nordan 1.51 0.45 ok
Combined
Hycrest 1.94 0.55 ok
Fairway 1.59 0.43 e
Nordan 1.50 0.48 o

*Plants were inoculated after 34 days growth and grown for 180 days.

“Values are the means of 10 replicates (1 plant/replicate).

Nematode recovery was similar on all 3
cultivars, and Rf were similar for like inoc-
ulum densities of M. brevidens and T. acu-
tus. Xiphinema americanum populations
failed to increase (Rf<1) on any cultivar
(Table 1). At Pi 1.0, the reproductive fac-
tor ranged from 0.7 for X. americanum on
Hycrest to 3.5 for M. brevidens on Fairway.
At Pi of 2.0, Rf ranged from 0.4 for X. amer-
icanum on Hycrest to 2.5 for M. brevidens
on Fairway. Final nematode densities var-
ied with root weights; densities were great-
est (P<0.05) on Fairway and Nordan with
M. brevidens and T. acutus (Table 4). Nema-
tode reproduction was less on Hycrest, and
Rf was less (P<0.05) on Hycrest across all
nematode populations.

Growth chamber experiment: Temperature
significantly affected the nematode-grass
relationships. The greatest reduction in
shoot growth occurred at 20-25°C (Fig. 1).
As observed in the greenhouse experi-
ment, Hycrest was more tolerant to the 3
nematodes than were Fairway and Nordan,
and X. americanum was the least pathogenic
of the 3 nematode species. The reduction
in dry shoot weights of Fairway at Pi of 2.0
nematodes/cm’ soil were 28, 34, 37, and
17% by M. brevidens, 23, 31, 33, and 13% by
T acutus, and 14, 26, 28, and 13% by X.
americanum at 15, 20, 25, and 30°C, respec-
tively. Shoot weight reductions for Nordan
at similar temperatures were 29, 41, 43,
and 19% by M. brevidens, 27, 30, 40, and
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Table 3. Regression models for effects of nematodes on root weight of crested wheatgrass across inoculum

densities of 0, 1, and 2 nematodes/cm® soil.**

Cultivar Intercept r P
Merlinius brevidens
Hycrest 0.95 0.52 ok
Fairway 0.93 0.48 wE
Nordan 0.83 0.48 ok
Tylenchorhynchus acutus
Hycrest 0.94 0.36 o
Fairway 0.92 0.44 ok
Nordan 0.86 0.42 o
Xiphinema americanum
Hycrest 0.95 0.45 *
Fairway 0.90 0.32 *x
Nordan 0.81 0.33 *x
Combined
Hycrest 0.95 0.41 *
Fairway 0.92 0.45 w
Nordan 0.83 0.41 ok

*Plants were inoculated after 34 days growth and grown for 180 days.

“Values are the means of 10 replicates (1 plant/replicate).

19% by T. acutus, and 17, 30, 31, and 13%
by X. americanum, respectively. Reductions
in dry shoot weight of Hycrest at Pi of 2.0
nematodes/cm® soil at the same tempera-
tures were 9, 16, 22, and 11% by M. brev-
idens, 9, 17, 22, and 11% by T. acutus, and
4, 6, 15, and 10% by X. americanum.
Temperature had a similar effect on
root growth. The reduction in root growth
was particularly evident in Fairway and Nor-
dan and at 20-30°C (Fig. 2). Dry root weight
reductions by M. brevidens at 2.0 nema-
todes/cm?® soil were 29, 41, 46, and 42% for
Fairway, 41, 46, 51, and 49% for Nordan,
and 23, 40, 39, and 36% for Hycrest at 15,
20, 25, and 30°C, respectively. Dry root

weight reductions by T. acutus at 2.0 nema-
todes/cm® soil were 28, 42, 45, and 37% for
Fairway, 31, 46, 44, and 44% for Nordan,
and 22, 34, 38, and 30% for Hycrest at 15,
20, 25, and 30°C, respectively. Dry root
weight reductions by X. americanum at 2.0
nematodes/cm® soil were 33, 37, 41 and
34% for Fairway, 29, 31, 41, and 38% for
Nordan, and 25, 85, 35, and 31% for
Hycrest at 15, 20, 25, and 30°C, respectively.

Little or no nematode reproduction
occurred on any grass at 15°C, whereas
reproduction was greatest at 25°C (Fig. 3).
The relationship between nematode
reproduction and root growth also was
similar to that obtained in the greenhouse.



NEMATROPICA Vol. 26, No. 1, 1996 21

Table 4. Nematodes per g of root tissue of 3 crested wheatgrasses 180 days after inoculation at a greenhouse

temperature of 26+ 3°C.’

Wheatgrass cultivar

Inoculum density

Nematode species (nemas/cm® soil) Hycrest Fairway Nordan
M. brevidens 1 3.7 aA” 49aB 5.9 aB
2 2.9 bA 5.4 aB 6.0 aB
T acutus 1 3.1 bA 4.6 aB 5.4 aB
2 2.4 bA 4.9 aB 5.4 aB
X. americanum 1 0.9 cA 1.0 bA 1.1 bA
2 0.6 cA 1.0 bA 1.6 bA

Plants were inoculated after 34 days growth. Values are the means of 10 replicates (1 plant/replicate).
“Means followed by the same letter are not significantly different (P < 0.05) according to Duncan’s new multiple
range test. Lower case letters refer to columns, capital letters refer to rows.

Numbers of Merlinius brevidens per g of
root at 1.0 nematode/cm?® soil inoculum
level ranged from 0.6 to 4.6 for Hycrest,
0.8 to 6.0 for Fairway, and 1.0 to 6.6 for
Nordan at 15 and 25°C. Values for T. acu-
tus were 0.6 to 3.9 for Hycrest, 0.8 to 8.1
for Fairway, and 1.0 to 6.2 for Nordan.
Populations of Xiphinema americanum did
not increase on any of the grasses, and
nematodes per g of root was > 1 only on
Fairway at 20°C.

The adverse effects of ectoparasitic
nematodes on rangeland wheatgrasses are
consistent with the results of field studies
involving nematicides (Smolik, 1973) and
indicate that these nematodes damage
rangeland grasses. The optimum tempera-
ture for development and reproduction of
M. brevidens and T. acutus on the wheat-
grasses was 25°C; the persistence of X. amer-
icanum did not differ between 20 and
30°C. Hycrest was more resistant to the 3
species of nematodes than were Fairway or
Nordan. The combined density of M. brev-
idens and T. acutus populations per g of
root weight on Fairway was 39% (Pi 1.0)
and 58% (Pi 2.0) higher than on Hycrest.

Similarly, the combined mean final density
of M. brevidens and T. acutus populations
per g of root weight was 53% (Pi 1.0) and
59% (Pi 2.0) higher on Nordan than on
Hycrest. These data support those of a pre-
vious study in which Hycrest was more tol-
erant of nematode parasitism than other
grasses and supported a lower root density
of ectoparasitic and lesion nematodes
(Griffin, 1992).

Results of this work show that root
feeding ectoparasitic plant-parasitic nema-
todes affect the growth of rangeland
grasses (Griffin, 1984, 1992; Ingham and
Detling, 1990; Smolik, 1973). Additional
cooperative research is needed to evaluate
benefits of nematode-tolerant grass culti-
vars in desert ecosystems and the potential
of breeding nematode resistant cultivars.
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