
the concentrations applied. The possibility debarynum and two related species from Agric. Res. 16:356-365.

of metalaxyl resistance (7) in oomycetes geranium. J. Agric. Res. 30:1043-1062. 6. Satour, M. M., and Butler, E. E. 1968.
lertsapplicax orestoinstite () i roocedres 2. Hancock, J. G. 1972. Root rot of cotton caused by Comparative morphological and physiological

alerts applicators to institute a procedure Pythium splendens. Plant Dis. Rep. 56:973-975. studies of progenies from intraspecific mating of
to forestall this development. Alternate 3. Knauss, J. F. 1978. Control of schefflera seedling Phytophthora capsici. Phytopathology 58:183-192.
application of metalaxyl and etridiazole decay with CGA-48988. Plant Dis. Rep. 7. Staub, T., Dahmen, H., Urech, P., and Schwinn,

62:723-726. F. 1979. Failure to select for in vitro resistance tois one possible way of delaying develop- 4. Middleton, J. T. 1943. The taxonomy, host range Phytophthora infestans to Acylalanine fungicide.

ment of fungicide resistance. and geographic distribution of the genus Pythium. Plant Dis. Rep. 63:385-389.
Mem. Torrey Bot. Club 20:1-171. 8. Van der Plaats-Niterink, A. J. 1969. The

5. Robertson, G. I. 1973. Occurrence of Pythium occurrence of Pythium in Netherlands. 11.
LITERATURE CITED spp. in New Zealand soil, sand, pumices and peat Another heterothallic species. P. splendens
1. Braun, H. 1925. Comparative studies of Pythium and on roots of container grown plants. N. Z. J. Braun. Acta Bot. Neerl. 18:489-495.

Frequency of Plant-Parasitic Nematodes Associated with Blue Grama
and Western Wheatgrass in the Western Dakotas

J. M. KRUPINSKY, Plant Pathologist, and R. E. BARKER, Research Geneticist, USDA, ARS, Northern Great Plains
Research Center, Mandan, ND 58554; and P. A. DONALD, Nematologist, 2935 Edgemont, Fargo, ND 58102

uncultivated sites. The samples, with
ABSTRACT intact root systems, were dug with a soil-
Krupinsky, J. M., Barker, R. E., and Donald, P. A. 1983. Frequency of plant-parasitic nematodes sampling spade. The root ball was
associated with blue grama and western wheatgrass in the western Dakotas. Plant Disease 67: trimmed to 10 cm 2 and 15 cm deep and
399-401. placed in a plastic bag for transporting to

Samples of western wheatgrass and blue grama were collected in 24 counties in western North Mandan, ND. Five samples of each grass

Dakota and 28 counties in western South Dakota. Plant-parasitic nematodes occurred in 59% of were collected at each of 1,035 sites from

the 3,101 soil samples analyzed. The most widely distributed plant-parasitic nematodes were late August to early October 1977. All

Helicotylenchus spp., Paratylenchus vexans, Xiphinema americanum, and species of the samples were placed in a glasshouse and
Tylenchorhynchinae. P. vexans was the most common species in North Dakota and ranked second maintained to ensure plant growth. In
for South Dakota. Helicotylenchus was the most common genus in South Dakota and ranked May 1978, soil samples were processed
second in North Dakota. H. leiocephalus, H. glissus, H. exallus, H. pseudorobustus, and H. for nematodes.
digonicus were found in 46, 30, 13, 8, and 5 counties, respectively. H. platyurus was found in one Of the 10,350 collections made, 3,101
county. There were no differences between the grass collections or between North Dakota and were processed for nematodes: 942 Bogr
South Dakota for X. americanum and species of the Tylenchorhynchinae. Tylenchorhynchus nudus, samples and 855 Agsm samples from
Quinisulcius acutoides, T. robustoides, T. maximus, Merlinius stegus, and T. canalis were found in sa 55 Agsm amples fr
26, 25, 10, 9, 7, and 4 counties, respectively. T. pachys was found in one county. Criconemella North Dakota (ND) and 666 Bogr
xenoplax, Hoplolaimusgaleatus, Pratylenchus sp., and Heterodera sp. were found in less than 3% samples and 638 Agsm samples from
of the collections. South Dakota (SD) (Table 1). After

individual plants were taken from the
collection samples, the soil fraction was

Western wheatgrass, Agropyron smithii Occurrence of plant-parasitic nema- passed through a 6-mm wire-mesh screen.
Rydb. (Agsm), and blue grama, Bouteloua todes in native prairies was studied Two 50-ml beakers of screened soil were
gracilis (Willd. ex H.B.K.) Lag. ex previously in the north central region placed in a plastic Ziploc bag and labeled.
Griffiths (Bogr), are two of the (7,10), and Thorne and Malek's study Soil samples were refrigerated at 6 ± 1 C
predominant grasses in the short- and (14) documented nematodes associated for 12-72 hr before processing. Nematodes
mixed-grass prairies of the northern with native grasses. There have been were extracted from the 100-cm 3 soil
Great Plains. A collection of these grasses several previous reports of nematode samples with a modified Baermann
was initiated in the western Dakotas to distribution in North Dakota or South funnel technique (12). A 10-ml sample
obtain germ plasm for breeding work. Dakota (3,5,8,9,11,13). The objective of was taken from the funnel after 24 hr, the
Soil samples associated with the this study was to determine which nematodes were allowed to settle for 30
collections were also obtained for nematodes were most commonly asso- min in test tubes, and the volume was
extraction and identification of plant- ciated with our germ plasm collection reduced to 3 ml. Nematodes were heat-
parasitic nematodes. from the western Dakotas. A preliminary killed by placing the test tubes in a water

report has been made (1). bath at 58-60 C for 1 min. Six milliliters
Mention of a trademark or proprietary product does of a formalin-aceto-alcohol (FAA)
not constitute aguarantee or warranty ofthe product MATERIALS AND METHODS solution (12) was added to the test tubes
by the U.S. Department of Agriculture and does not Soil and root samples of western at a ratio of 2 FAA: 1 water. After the
imply its approval to the exclusion of other products wheatgrass and blue grama were contents of the test tube were stirred, the
that may also be suitable. collected by Soil Conservation Service contents were poured into vials, sealed,

Accepted for publication 11 September 1982. field personnel. Collections were made in and stored until the nematodes were
24 counties in western North Dakota and identified. Permanent mounts for species

Thepuliatoncotsofths rtclweedfrye i prt 28 counties in western South Dakota identification were prepared with
by page charge payment. This article must therefore be (Fig. 1). Sections 36 of alternate dehydrated glycerin.
hereby marked "advertisement' in accordance with 18 tonhpweecsnasolcinsts
U.S.C. § 1734 solely to indicate this fact.tonhpweehsnasclcinsts

because these were designated state RESULTS AND DISCUSSION
This article is inthe public domain and not copy- school lands and a high proportion were Fifty-nine percent of the 3,101
rightable. It may be freely reprinted with cus-
tinary crediting of the source. The American in native range. Thus, collections were collections contained plant-parasitic
Phytopathological Society, 1983. made in a grid pattern 19.3 km apart on nematodes. Plant-parasitic nematodes
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occurred in 61% of the 942 Bogr-ND 28 counties. P. vexans, X. americanum, Helicotylenchus spp. were the most
collections, 62% of the 855 Agsm-ND and species of the Tylenchorhynchinae common plant-parasitic nematodes
collections, 55% of the 666 Bogr-SD were isolated from 26 of the 28 counties in isolated from collections in South
collections, and 56% of the 638 Agsm-SD South Dakota. Dakota, followed by P. vexans, whereas
collections. The most widely distributed Helicotylenchus spp. and P. vexans P. vexans was most commonly isolated
plant-parasitic nematodes in the western were extracted from 27 and 26%, from collections in North Dakota,
Dakotas were Helicotylenchus spp., respectively, of the collections (Table 1). followed by Helicotylenchus spp.
Paratylenchus vexans Thorne & Malek, Helicotylenchus spp. were isolated from P. vexans was the only species present
Xiphinema americanum Cobb, and 34 and 33% of the Bogr and Agsm in the 54 slides containing Paratylenchus.
members of the Tylenchorhynchinae collections, respectively, in South The slides were prepared from samples
(Table 1). In North Dakota, P. vexans, Dakota and only 23% of the Bogr and collected from 24 counties in South
Helicotylenchus spp., and members of Agsm collections in North Dakota. P. Dakota and 15 counties in North Dakota.
the Tylenchorhynchinae were found in all vexans was isolated from 34 and 32% of Eight species of Helicotylenchus were
counties where collections were taken, the Bogr and Agsm collections, respective- identified in the 105 slides of Helicoty/en-
and X. americanum was found in all but ly, in North Dakota and only 15 and 16% chus spp. Slides were prepared from
one county. In South Dakota, Heli- of the Bogr and Agsm collections, samples collected in 23 of 24 counties
cotylenchus spp. were found in 27 of the respectively, in South Dakota. Thus, sampled in North Dakota and from

samples collected in 27 of 28 counties in
mm* , 3 mu m 0 £ South Dakota. In the 50 counties from

R. I ,IIII ,IIINAu R ,IETIE TOWNER CAVALIER PEMBINA which samples were taken, H. leiocepha/us
....... •Sher, H. glissus Thorne & Malek, H.

P0ERCE:::::::W iS *ws exa//us Sher, H. pseudorobustus (Steiner)
....................... Golden, and H. digonicus Perry et al were
.ELS.N GEI .ER.S * ...... PENNINGTON found in 46, 30, 13, 8, and 5 countesRED:respectively. H. p/atyurus Perry et al, was. . . . . .. . . . . . . ...... ............ ii i iii::::::::::::::::... ..............

SHERIDAN WELLS EDDY found in one county. All species except
........... .... . ............ ... N.Rt..LL H. glissus are listed by Norton as being

found. in. native.. prire()BARNES.C. " E X .. americanum and members of the
~Tylenchorhynchinae were isolated from.... ...... ... ....... ..... ': .... ....... 14 and 13% , respectively, of the

i~! !!~i! collections containing plant-parasitic
WLKN nematOdes (Table 1). There were nO

.. : E.E SARGENapparent differences between the Bogr
q-k_•,.ii~i!:ii::NICALAND: i:!"• and Agsm collections or between North

*HDRDNE P": RKJMSii • tMPEE MPHESO BOW:MAS:,r-iDakota and South Dakota for X.......... :V .americanum or Tylenchorhynchinae. X.

........................... . .. ... ... ... . . .... ......

......... .......... DM.NNT americanum was the only dagger
. . . ...... . ................... ............i!iiiiiGRANT nem atode present. Slides w ere prepared

.......... counties sampled in South Dakota and

........... ............i~i~i .. ...............

.............. HA.L LLO from samples collected from all 24.counties sampled in North Dakota. This

.:.i i .... colstudy confirmed that X. americanum

-DD *PP exists in this area, which is in contrast to

.... ..... ......'F F . ... ....

P===============================BUFFALO===ERA=L===R===RN==MINER S"EN the statem ent by Lam berti and Bleve-............. A.SEN..:CDEE RiHEA!R Zacheo (4) that X. americanum is found
.only in the eastern United States. The X.

CHARLS:REEEM::TC:ISEN:E: E LND americanum specimen found in the
m: .......... !!!!!i~i!!i!UECELH S.. . western D akotas m atches the descriptionu. •! <AREGRY BEN YANETE C!.LAY.. given by Lamberti and Bleve-Zacheo as
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ENExoN - were identified. Slides were prepared

Fig. 1. Counties in North Dakota and South Dakota are shaded where collections were made. from samples collected in 23 of 28

Table 1. Frequency of samples containing plant-parasitic nematodes associated with blue grama (Bogr) and western wheatgrass (Agsm) in North
Dakota and South Dakota

North Dakota South Dakota
Bogr 942£ Agsm 855 Bogr 666 Agsm 638 Total (3,101)

Nematodes isolated (no.) (%) (no.) (%) (no.) (%) (no.) (%) No. Percent
Helicotylenchus spp. 221 23 194 23 224 34 211 33 850 27
Paraty/enchus vexans 320 34 273 32 99 15 103 16 795 26
Xiphinema americanum 125 13 132 15 67 10 99 16 423 14Tylenchorhynchinaeb 105 11 128 15 72 11 83 13 388 13
Hoplo/aimus ga/eatus 14 1 11 1 2 0.3 3 0.5 30 1
Criconemella xenop/ax 9 1 4 0.5 11 2 1 0.1 25 1
Pratylenchus sp. 2 0.2 7 1 1 0.1 2 0.3 12 0.4
Heterodera sp. 3 0.3 2 0.2 4 1 2 0.3 11 0.4
aTotal number of samples processed for each of the four groups.

bTylenchorhynchinae includes Tylenchorhynchus, Merlinius, and Quinisulcius.
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counties sampled in South Dakota and Ziebach, Lawrence, Fall River, and advances in the study of anhydrobiotic

from samples collected in 22 of 24 Lyman in South Dakota. The one mature nematodes. Pages 205-206 in: Plant Parasitic
Nematodes. Vol. I1l. B. M. Zuckerman and R. A.

counties sampled in North Dakota. In the specimen, H. galeatus, was in Burleigh Rohde, eds. Academic Press, New York. 508 pp.

45 counties from which samples were County, ND; it is the only species of 3. Donald, P. A., and Hosford, R. M., Jr. 1980.

taken, Tylenchorhynchus nudus Allen, Hoplolaimus ever identified from the Plant parasitic nematodes of North Dakota.

Quinisulciusacutoides(Thorne& Malek) northern Great Plains. The genus Plant Dis. 64:45-47.

Siddiqi, T. robustoides Thorne & Malek, Heterodera was found in nine counties: 4. Lamberti, F., and Bleve-Zacheo, T. 1979. Studies
on Xiphinema americanum sensu lato with

T. maximus Allen, Merlinius stegus Golden Valley, Dunn, Grant, and descriptions of fifteen new species (Nematoda,
(Thorne & Malek) Siddiqi, and T. canalis Emmons in North Dakota; and Harding, Longidoridae). Nematol. Mediterr. 7:51-106.

Thorne & Malek, were found in 26, 25, Meade, Lyman, Fall River, and Shannon 5. Malek, R. B. 1968. The dagger nematode,

10, 9, 7, and 4 counties, respectively. T. in South Dakota. Because mounted Xiphinema americanum, associated with declineof shelterbelt trees in South Dakota. Plant Dis.

pachys Thorne & Malek, was found in nematodes were immature, no species Rep. 52:795-798.

only one county. T. nudus, T. maximus, identification was made for Heterodera. 6. Norton, D. C. 1978. Ecology of plant-parasitic

and T. pachys are listed by Norton as The low frequency of isolation of nematodes. John Wiley & Sons, New York.

being found in native prairies (6). Pratylenchus, C. xenoplax, Hoplolaimus, 268 pp.Criconemella xenoplax (Raski) Luc & and Heterodera make it difficult to 7. Orr, c. c., and Dickerson, 0. J. 1966.

Nematodes in true prairie soils of Kansas. Trans.
Raski, Hoplolaimus galeatus (Cobb) establish definite distribution patterns. Kans. Acad. Sci. 69:317-334.

Filipjev, Schuurmans, & Stekhoven, Thorne believed that nematodes in the 8. Pepper, E. H. 1968. Nematodes in North Dakota.

Pratylenchus sp., and Heterodera sp. northern Great Plains were dispersed by Plant Dis. Rep. 47:102-106.

were recovered less frequently (Table 1). buffalo (14). He speculated that a buffalo 9. Pepper, E. H. 1968. Nematology in the North
Of the 24 North Dakota counties, C. could easily have coated itself with 10-50 Central Region 1956-1966. NCR publication No.

187, Special Report 58. Agric. Home Econ. Exp.
xenoplax, H. galeatus, Pratylenchus sp., lb of soil, which eventually dried and Stn., Iowa State Univ. Sci. Tech., Ames.

and Heterodera sp. were only isolated dropped to the ground, and postulated 10. Schmitt, D. P., and Norton, D. C. 1972.

from 7, 9, 7, and 4 counties, respectively, that this was an excellent means of Relationships of plant parasitic nematodes to

Of the 28 South Dakota counties, C. dispersal because the buffalo roamed sites in native Iowa prairies. J. Nematol.
4:200-206.

xenoplax, H. galeatus, Pratylenchus sp., from wallow to wallow (14). In light of 11. Smolik, J. D., and Lewis, J. K. 1982. Effect of

and Heterodera sp. were isolated from 9, recent work (2), we are finding more range condition on density and biomass of

5, 3, and 5 counties, respectively. nematodes capable of anhydrobiosis. nematodes in a mixed prairie ecosytem. J. Range

Overall, Pratylenchus sp., C. xenoplax, Survival of nematodes in anhydrobiosis .Manage. 35:657-663.
12. Southey, J. F.,ed. 1970. Laboratory methods for

H. galeatus, and Heterodera sp. were in mud on buffalo fur may well have been work with plant and soil nematodes. Tech. Bull.

found in less than 3% of the collections. a very common means of nematode 2. Min. Agric. Fish. Food, London. 148 pp.

Pratylenchus spp. were found in Divide, dispersal. Our work has expanded the 13. Spears, J. F. 1956. Occurrence of the grass cyst

Burke, Mountrail, Ward McKenzie, known distribution of plant-parasitic nematode, Heteroderapunctata, and Heterodera
Bre MonriWr, M eni, koncacti group cysts in North Dakota and

McLean, and Slope counties in North nematodes in the western Dakotas Minnesota. Plant Dis. Rep. 40:583-584.

Dakota, and in Harding, Lawrence, and beyond Thorne and Malek's work (14), 14. Thorne, G., and Malek, R. B. 1968. Nematodes

Mellette counties located in South whereas many of the same nematodes of the Northern Great Plains. Part 1. Tylenchida

Dakota. Pratylenchus sp. identifi- were found by Willard while working on (Nemata:Secernentea). Agric. Exp. Stn., S.D.
Dakoa. Patylnchu ~PState Univ., Brookings. Tech. Bull. 31.

cation was impossible because only the Matador Project in Saskatchewan 15. Willard, J.R. 1972. Technical Report No. 7. Soil

juvenile stages were found. The genus (15-17). Invertebrates: I. Methods of sampling and

Criconemella was found in 16 counties: extraction. Canadian Committee
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