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Abstract: The  Columbia root-knot nematode, Meloidogyne chitwoodi race 2, is associated with several 
plant species, including members  of the tribe Triticeae. We evaluated 15 diploid species for M. 
chitwoodi gall and reproductive indices from the following genera: Agropyron, Pseudoroegneria, Hor- 
deum, Psathyrostachys, and Thinopyrum. Species from the genus Thinopyrum (Thinopyrum bessarabicum; J 
genome) and Psathyrostachys (Psathyrostachys fragilis, P. juncea, P. stoloniformis; N genome) expressed 
more resistance to M. chitwoodi than species within the genera Agropyron (Agropyron cristatum and A. 
mongolicum; P genome), Pseudoroegneria (Pseudoroegneria spicata, P. stipifolia, A. aegilopoicles, P. liban- 
otica; S genome), and Hordeum (Hordeum bogdanii, H. brevisubulatum, H. californicum, and H. chilensis; 
H genome), al though there was variation among individuals within P. spicata, P. juncea, and P. 

fragilis. The variation among genera and within species indicates that it would be possible to select 
Triticeae grasses for resistance to M. chitwoodi in order  to identify and introgress genes for resistance 
into cultivated cereals. 
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The perennial grasses of  the tribe Trit- 
iceae are among the worlds' most valuable 
forages and an important gene source for 
wheat (Triticum aestivum), barley (Hordeum 
vulgare), and rye (Secale cereale) breeders. 
The tribe includes about 250 species from 
most temperate and subarctic regions of  
the world (3). Hybridization between and 
within annual and perennial Triticeae spe- 
cies has been used to transfer disease and 
insect resistance since the 1930s, when 
Tsitsin demonstrated that Thinopyrum pon- 
ticum, T. intermedium, and T. junceum hy- 
bridized readily with various species of  
Triticum (17). Sharma and Gill (15) pub- 
lished a review on wide hybridization with 
wheat and its related relatives. 

Plant-parasitic nematodes can reduce 
the productivity of  cereals and the longev- 
ity and productivity of  perennial grasses 
(4,5). Several species of root-knot nema- 
todes are associated with grasses (1,5,11, 
13), including the Columbia root-knot  
nema tode ,  Meloidogyne chitwoodi. This  
nematode is a serious pest of  potato (Sola- 
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num tuberosum) in the western Uni ted  
States, where potato is often rotated with 
cereals (6). Development  of  nematode-  
resistant cereals would reduce the yield 
losses in potato production. 

The objective of  this study was to evalu- 
ate diploid perennial Triticeae species for 
possible sources of  resistance to M. chit- 
woodi. 

MATERIALS AND METHODS 

Seeds of  35 accessions representing 15 
diploid (2n = 14) species (five genera) 
within the perennial Triticeae (Table 1) 
were obtained from the USDA Agricul- 
tural Research Services U.S. Living Collec- 
tion of  Perennial Triticeae Grasses (Forage 
and Range Research Laboratory, Logan, 
UT). Within each accession, 58-81 individ- 
uals were screened for response to M. chit- 
woodi. 

Meloidogyne chitwoodi race 2 from a po- 
tato field at Beryl, Utah, was cultured on 
barley (cv. Steptoe) in the greenhouse at 24 
+ 3 C. Eggs were collected by the NaOC1 
method (9). 

Seeds were germinated in moist vermic- 
ulite and planted into plastic tubes (6-cm- 
d, 30 cm long) containing 540 cm ~ steam- 
sterilized Kidman fine sandy loam (coarse- 
loamy mixed mesic Calcic Haploxeroll ;  
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TABLE 1. Root gall and reproductive indices ofMeloidogyne chitwoodi on diploid Triticeae species and plant 
introductions (PI). 

Nematode reproductive 
Root gall rating~ index:~ 

Standard Standard 
Species Genome§ n Mean error Mean error 

Agropyron cristatum P 
PI229574 58 4.8 1.0 32.7 20.0 
PI297870 80 3.6 1.5 14.6 35.5 
P1315357 78 2.2 1.0 6.3 10.1 
Species mean 216 3.4 1.6 16.5 26.8 

A. mongolicum P 
D2778 76 2.9 1.2 4.0 5.4 
PI499392 80 2.3 1.2 4.9 6.9 
Species mean 156 2.6 1.2 4.5 6.2 
Genome mean  P 372 3.1 1.5 11.4 21.60 

A. aegilopoides S 
PI499637 79 3.5 1.2 13.1 15.4 
PI499638 75 3.6 1.3 16.1 13.0 
Species mean 154 3.5 1.2 14.5 14.3 

Pseudoroegneria libanotica S 
PI222959 80 3.7 1.2 8.1 7.4 
PI229581 73 3.2 1.5 7.1 8.8 
PI401338 74 2.1 1.1 3.2 5.8 
Species mean 227 3.0 1.4 6.2 7.7 

P. spicata S 
D2844 77 1.5 0.6 0.7 1.1 
P1232117 80 1.7 0.8 0.6 1.5 
PI236681 79 2.0 0.8 2.8 4.8 
'Whitmar '  76 1.6 0.9 0.5 1.7 
Species mean 312 1.7 0.8 1.2 2.9 

P. stipifolia S 
PI313860 79 2.7 1.1 5.2 5.7 
PI325181 79 2.2 1.1 3.7 6.4 
PI440000 81 2.0 1.0 2.3 11.8 
Species mean 239 2.3 1.1 3.7 8.5 
Genome mean S 932 2.5 1.3 5.2 9.5 

Hordeum bogdanii H 
PI269406 79 3.2 0.9 73.3 67.3 
PI401386 76 4.0 1.1 96.9 66.0 
Species mean 155 3.6 1.1 84.9 67.5 

H. brevisubulatum H 
PI531774 77 3.3 1.0 22.9 18.8 

H. californicum H 
PI531779 80 1.2 0.4 0.5 1.5 

H. chilensis H 
PI5317811 79 1.1 0.3 0.1 0.3 
Genome mean H 391 2.5 1.4 38.3 58.0 

Psathyrostachys fragilis N 
PI343190 79 2.7 1.3 2.2 3.1 
PI401394 76 2.3 1.1 1.5 9.9 
Species mean 155 2.5 1.2 1.8 7.3 

Psathyrostachys juncea N 
PI314668 76 2.3 0.9 3.0 4.8 
PI499673 59 1.5 0.7 0.3 0.6 
'Bozoisky' 61 1.3 0.5 0.3 0.9 
'Vinall' 77 2.1 1.0 1.0 2.7 
Species mean 273 1.9 0.9 1.2 3.1 

Psathyrostachys stoloniformis N 
D2562 80 1.8 1.0 0.9 1.9 
D3376 80 1.7 0.9 0.4 1.1 
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Nematode reproductive 
Root gall ratingS" index:~ 

Standard Standard 
Species Genome§ n Mean error Mean error 

Species mean  160 1.7 0.9 0.6 1.6 
Genome mean N 588 2.0 1.0 1.2 4.4 

Thinopyrum elongatum E 
PI531719 81 2,7 1.2 6.2 10.8 
PI547326 81 2.7 1.0 8.1 8.6 
Genome mean E 162 2.7 1.1 7.2 9.8 

T. bessarabicum J 
AJC305 72 1.9 1.0 2.1 4.1 
PI431711 76 2.3 0.9 3.0 3.6 
PI531712 77 1.9 0.9 1.0 2.2 
Genome mean J 225 2.0 0.9 2.0 3.5 

Genome LSD (P = 0.05) 0.2 4.2 

+ Root galling rating: 1 = no galls; 2 = 1-10% root tissue galled; 3 = 11-30%; 4 = 31-50%; 5 = 51-80%; and 6 = 
81-100% root tissue galled. 

Reproductive index = Pf/Pi, where Pf = the final number of M. chitwoodi eggs per plant and Pi = the initial number of 
eggs per plant. 

§ Letter designation given for the basic number of chromosomes for a given genus of organisms. 

85% sand, 8% silt, 7% clay; pH 7.1; 0.5% 
organic matter). Thirty days after plant- 
ing, each tube was infested with ca. 2,160 
eggs from an egg suspension in deionized 
water, poured into four 10-cm deep holes 
in the soil around each plant. Plants were 
arranged in a randomized complete block 
design with four replications and 20 plants 
per replication; however, within some rep- 
lications all 20 plants did not survive. The 
replications were randomized within a 
greenhouse maintained at 24 -+ 3 C. Sup- 
plemental light for a 19-hour daylength 
was provided by high-output fluorescent 
lamps. Plants were watered daily and fer- 
tilized monthly with a complete nutrient 
solution (16). All plants were harvested 
120 days after inoculation and root gall in- 
dices were determined: 1 = no galling; 2 
= 1-10%; 3 = 11-20%; 4 = 21-50%; 5 = 
51-80%; and 6 =- 81-100% root tissue 
galled. Nematode  eggs were extracted 
f rom each root  system by the NaOCI 
method (9). Eggs were counted and the 
nematode reproductive index (Pf/Pi = fi- 
nal nematode population per  plant/initial 
nematode population per plant) was calcu- 
lated. Data were analyzed as a randomized 
complete block with PROC GLM (14) de- 

signed for unequal sample sizes. Checks 
were A. cristatum (7) and P. spicata (8). 

RESULTS AND DISCUSSION 

Root galls were observed on roots of  all 
accessions. Root-gall indices were relatively 
low (1.1-4.8); however, there were differ- 
ences (P < 0.01) among accession of  the 
same species, among species, and between 
genera (Table 1). The lowest gall index 
was on Hordeum chilensis PI531781 from 
Argentina and the highest index was on A. 
cristatum PI229574, an introduction from 
Iran. The most variation was expressed in 
the genus Hordeum, in which gall ratings 
ranged from 1.1. in H. chilensis to 4.0 in H. 
bogdanii PI401306. 

The genus Agropyron sensu stricta con- 
tains only two diploid species, A. cristatum 
and A. mongolicum. Based on the nematode 
reproductive index, both taxa were suit- 
able hosts for M. chitwoodi. Average root 
galling and the reproductive index were 
significantly lower for A. mongolicum than 
for A. cristatum. These results are consis- 
tent to those previously reported for A. 
cristatum (7). Agropyron has been hybridized 
with Triticum (bread wheat) (2), but  due to 
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the chromosome-pa i r ing  regulators  in 
wheat it may not be possible to transfer 
genes from Agropyron to the cereals with- 
out the use of  biotechnological techniques. 
Better sources of  resistance are available 
within the perennial Triticeae. 

Pseudoroegneria, a recently constructed 
genus, consists of  about 15 species that 
were previously included in Agropyron or 
Elytrigia. All taxa are diploid (2n = 14) and 
tetraploid (2n = 28), and contain only the 
S genome or some variation of  it. We eval- 
uated four diploid species (A. aegilopoides, 
P. libanotica, P. stipifolia, and P. spicata). 
The overall reproductive index within the 
S genome was similar to that in diploid T. 
elongatum, which contains the E genome. 
Pseudoroegneria spicata (bluebunch wheat- 
grass), the only native North  America 
taxon of the genus Pseudoroegneria, had a 
low reproductive index compared with A. 
aegilopoides, P. libanotica, and P. stipifolia. 
Within  P. spicata, accessions D-2844, 
PI232177, and cv. Whitmar had reproduc- 
tive indexes below 1.0. This is consistant 
with reproductive indexes previously re- 
ported for P. spicata (8) under  the same 
conditions. The inability of M. chitwoodi to 
increase on P. spicata indicates that P. spi- 
cata may contain gene(s) for resistance to 
the nematode. The distant relationship be- 
tween the genomes in Triticum and Pseu- 
doroegneria will make it difficult to transfer 
the resistance in P. spicata by conventional 
breeding methods. 

Hordeum is genomically heterogeneous 
(15) and accounts for almost half of the 
total diploid taxa in the perennial Trit- 
iceae. The largest variation in nematode 
reproductive index occurred within this 
group, ranging from 0.1 in H. chilensis 
PI531781 to 96.9 in H. bogdanii PI401386. 
Hordeum californicum PI531779, from Cali- 
fornia, was not a suitable host for M. chit- 
woodi (a reproductive index of  0.5). Host 
suitability for M. chitwoodi appeared to be 
highly species-specific within the genus 
Hordeum. Hybrids have been reported be- 
tween Hordeum spp. and Triticum spp. (3); 
however, there  was little chromosome 
pairing in hybrids of H. chilensis and six 

tetraploid taxa of Triticum (12). Artificially 
developed amphiploids and addit ional  
lines ofH.  chilensis with T. aestivum provide 
a possible solution to the hybridization 
problems and may have some promise as 
new species. 

Psathyrostachys is a small genus of  about 
10 species, all of which contain the basic N 
genome. All species of  Psathyrostachys stud- 
ied to date are diploid (2n = 14). Psathy- 
rostachys was not significantly more resis- 
tant than species represented in the genus 
Thinopyrum (J genome), but its mean re- 
productive index was lower (P < 0.05) 
than that of species in the genus Pseudo- 
roegneria, Hordeum, Agropyron, and Thinopy- 
rum (E genome). Within Psathyrostachys, ac- 
cessions of P. juncea PI499673 and cv. Bo- 
zoisky, and accessions of  P. stoloniformis 
D-2562 and D-3376 had reproductive in- 
dices of less than 1. The only successful 
hybrid between this genus and the cereals 
was a hybrid between P. fragilis and H. vul- 
gare (10). 

Thinopyrum is a recently erected genus 
that, according to Dewey's (3) definition, 
encompasses about 20 species that were 
previously considered in the traditional 
Agropyron or Elytrigia. This genus is cen- 
tered around the diploid J genome of  T. 
bessarabicum and another diploid, T. elong- 
atum, composed of the E genome. Species 
of the genus Thinopyrum have been of  great 
interest to wheat breeders because T. pon- 
ticum, T. intermedium, and T. junceum hy- 
bridize readily with various Triticum spe- 
cies (15). The reproductive index of  T. 
bessarabicum was significantly (P < 0.01) 
lower than that of  T. elongatum. Accession 
PI531712 of T. bessarabicum had a repro- 
ductive index of 1.0. 

The nematode reproductive indices in 
species found in the genus Psathyrostachys 
and Thinopyrum were lower (P < 0.01) than 
those taxa in the genus Agropyron, Pseudo- 
roegneria, and Hordeum; however, there 
was variation in resistance among individ- 
uals within Pseudoroegneria spicata, Psathy- 
rostachys juncea, and P. fragilis that contain 
germplasm resistant to M. chitwoodi. The 
variation among the different genera and 
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within species for resistance to the root- 
knot nematode indicates that it would be 
possible to screen and select plants for re- 
sistance within the grasses themselves, and 
to introgress resistant gene(s) from the 
wild grasses into cultivated cereals. 
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