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Greenhouse trials were conducted to détermine the levels of invasion of 
birdsfoot trefoil (Lotus corniculatus) cultivars and lines by the root-lesion 
nématode (Pratylenchuspenetrans). Numbersof nematodesin roots grown 
in 50-cm3 polystyrène starter pots were determined 6 weeks after planting. 
Nematodes were detected in the roots of ail cultivars and lines, though 
the degree of invasion varied significantly. In the first screening trial, 
carried out in 1994 on 23 cultivars and lines, NB90-104, Upstart, and Viking 
harbored the lowest population densities of nematodes with levels below 
1 000 g 1 of dry root, while Fergus and EPF had population densities over 
30 000 g 1 of dry root. In the second screening trial conducted in 1995, ail 
nine cultivars and lines tested, including NB90-104, Upstart, and Viking, had 
nématode levels greater than 7 900 g 1 of dry root. The results indicated 
that the cultivars and lines tested in this study exhibited wide genetic 
variability for invasion by root-lesion nematodes. 

[Envahissement et reproduction du Pratylenchus penetrans dans des 
cultivars de lotier cornicule] 

Des essais en serre ont été menés afin de déterminer les niveaux 
d'envahissement de cultivars et de lignées du lotier cornicule (Lotus 
corniculatus) par le nématode des lésions racinaires (Pratylenchus 
penetrans). Le nombre de nematodes présents dans les racines a été 
déterminé 6 semaines après la plantation dans des pots de démarrage de 
polystyrène de 50 cm3. Des nematodes ont été trouvés dans les racines 
de tous les cultivars et lignées, cependant les degrés d'envahissement 
différaient significativement. Dans le premier essai de triage, effectué en 
1994 avec 23 cultivars et lignées, NB90-104, Upstart et Viking contenaient 
les plus faibles densités de population de nematodes dans les racines avec 
des niveaux inférieurs à 1 000 g 1 de matière sèche, alors que Fergus et EPF 
avaient des densités de population supérieures à 30 000 g 1 de matière 
sèche. Dans le deuxième essai de triage, réalisé en 1995, les neuf cultivars 
et lignées étudiés, y compris NB90-104, Upstart et Viking, avaient des 
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niveaux de nematodes supérieurs à 
résultats montrent que les cult ivars e 
ont une grande variabil i té génétique fa 
des lésions racinaires. 

INTRODUCTION 

The root-lesion nématode Pratylenchus 
penetrans (Cobb) parasitizes forage lé­
gumes in the Maritime région of Can­
ada (Willis et al. 1971), and nematicide 
treatments in the field hâve resulted in 
higher forage yields (Thompson and 
Willis 1970; Willis and Thompson 1973; 
Willis et al. 1982). In greenhouse tests, 
P. penetrans reduced yields of birds-
foot trefoil (Lotus corniculatus LJ, red 
clover (Trifolium pratense LJ, and alfal-
fa (Medicago sativa LJ (Thompson and 
Willis 1970; Willis and Thompson 1969, 
1973). 

Nematicides are expensive for ném­
atode control in forage crops, and there 
are also concerns that residues may 
contaminate groundwater, soil, and 
plant products (Good 1972; Marshall 
1985). Development of nematode-re-
sistant lines is an attractive alternative 
to chemicals for management of nem­
atodes in forage légumes. Genetic ré­
sistance in alfalfa to root-lesion nema­
todes has been reported (Christie and 
Townshend 1992; Nelson et al. 1985), 
and two germplasms with partial field 
résistance hâve been released (Barnes 
et al. 1990). 

No information is available on tolér­
ance or résistance of birdsfoot trefoil to 
P. penetrans. Résistance to root-lesion 
nematodes is needed to ensure the long-
term persistence of birdsfoot trefoil in 
the Maritime région and in other tem-
perate régions of North America. This 
study was conducted to evaluate birds­
foot trefoil cultivars and lines for résis­
tance to root-lesion nematodes in the 
greenhouse. 

MATERIALS AND METHODS 

The nematodes used in this study were 
obtained from a soybean [Glycine max 
(L.) Merr.] field at the Harrington Farm, 

7 900 g 1 de matière sèche. Les 
lignées examinés dans cette étude 

e à l 'envahissement par le nématode 

Agriculture and Agri-Food Canada Re­
search Centre, Charlottetown (lat. 46°21 ' 
N, long. 63°9' W). Two hundred female 
spécimens were selected at random and 
examined under a compound micro­
scope (1000 X). Of thèse, 195 were 
identified as P. penetrans and the rest 
resembled P. crenatus. 

Greenhouse trial, 1994 

One hundred plants from each of 23 
cultivars or lines were started from seed 
and grown individually in 50-cm3 poly­
styrène starter pots. Due to the size of 
the trial (2 300 plants), inoculations were 
staggered and each of three cultivars or 
l ineswereplantedon2,7,10,15,20,23, 
28 June and two on 4 July 1994. Each 
pot contained 40 g of field soil (70% 
sand, 20% silt, 10% clay, 2.5% organic 
matter; pH range of 5.8-6.0) that was 
carefully mixed by hand in an attempt 
to approach a uniform inoculum densi-
ty. The density in each pot was estimat-
ed at 4.0 ± 3.37 SE (n = 20) root-lesion 
nematodes g 1 of soil. Nématode ex­
tractions were initiated 6 wk after plant-
ing, and three procédures were used 
for évaluations. 

In the first procédure, root Systems 
of five seedlings from each cultivar or 
lin-e from each planting date were 
stained in a solution of 0.05% methyl 
blue in lactic acid (Hooper 1986b). After 
24 h, the roots were washed in water 
and destained in 10% lactic acid solu­
tion for 24 h. Individual root Systems 
were placed between glass plates (6 cm 
square, 3 mm thick) and examined un­
der a stereomicroscope. 

The second procédure utilized a 
modification of Young's (1954) incuba­
tion method. The root Systems of five 
seedlings from each cultivar or line were 
removed from the soil, rinsed, and 
placed individually in polyethylene bags 
containing 15 mL of stérile tap water. 
After incubation for 7 d at room tempe-
rature (23 ± 2° C), the water containing 
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nematodes that had exited the roots 
was poured into a count ing dish. 

In the th i rd procédure, the remain ing 
15 plants f rom each cult ivar or line were 
bulked into three sets of f ive plants and 
placed on a f ine screen in the mist 
chamber(Hooper 1986a) f o r 7 d a t 23° C. 
Nematodes that exi ted the roots were 
col lected in test tubes in 10 to 15 mL of 
water and poured into count ing dishes. 

Greenhouse t r ia l , 1995 

Nine cul t ivars or l ines f r om the 23 used 
in 1994 were chosen for fur ther study. 
One hundred plants f rom each of the 
nine cult ivars or l ines were started f r om 
seed and g rown indiv idual ly in 50-cm3 

polystyrène pots. Each pot contained 
40 g of hand-mixed f ie ld soil w i th an 
i n o c u l u m dens i t y of 7.6 ± 3.96 SE 
(n = 20) root- lesion nematodes g 1 of 
soi l . The soi l was f r om a soybean f ie ld 
in the same location at Harr ington that 
was used in the 1994 screening t r ia l . 

Due to the size of the tr ial (900 plants), 
replicates 1, 2, 3, and 4 of each cult ivar 
or l ine were planted on 8, 14, 23, and 
30 June 1995, respectively. Six wk after 
p lan t ing , nematodes were ext racted 
f rom indiv idual root Systems using the 
mist chamber. In addi t ion, t w o stem 
cutt ings were taken f r om each plant in 
wh ich nematode counts in roots were 
zéro. The cutt ings were treated w i th 
r o o t i n g h o r m o n e (Ker ig row®) a n d 
placed indiv idual ly in 50-cm3 polysty­
rène pots conta in ing 50 g of the same 
f ield soil a t t h e same nematode densi ty 
as in the 1995 t r ia l . Af ter 8 wk, root 
Systems were processed in the mist 
chamber. The root staining technique 
and the incubat ion method were not. 
uti l ized in 1995. 

Nematodes and eggs in stained roots 
or live spécimens in count ing dishes 
were examined under a stereomicro-
scope at 20 to 70 magni f icat ion. Af ter 
numbers of nematodes or eggs were 
de termined in roots , t issue samples 
were dr ied for 24 h at 100°C and data 
expressed as numbers g 1 of dry root. 

Expérimental designs and statistical 
analyses 

The expér imental design in each tr ial 
was a randomized complète block w i t h 

four replicates in each treatment. Nem­
atode data were transformed by log10 

(X+1) prior to the analyses of variance 
(Genstat 1993) to achieve homogeneity 
of variance. Tukey's Honestly Significant 
Différence test and Duncan's Mult iple 
Range test (SAS Institute Inc. 1985) were 
used to make comparisons among means. 

RESULTS 

In the 1994 greenhouse t r ia l , the anal-
ysis of variance on log-transformed data 
indicated that the numbers of nema­
todes extracted f r om roots in the mist 
apparatus and the incubat ion method , 
and the numbers of nematodes detect-
ed in stained roots were s imi lar (Table 
1). There fo re , data f r o m the three 
methods was combined for the analy-
sis of var iance to détermine cul t ivar 
dif férences. 

Invasion by root- lesion nematodes 
var ied s igni f icant ly (P > 0.001) among 
ail the cul t ivars and lines tested in 1994 
and 1995 (Table 2). For the 23 entr ies 
tested in the greenhouse in 1994, the 
he r i t ab i l i t y (b road sensé) w a s 70% 
(Becker 1985). In th is t r ia l , NB90-104, 
Upstart and Vik ing had densit ies of root 
l és ion n e m a t o d e s at leve ls b e l o w 
1 000 g 1 of dry root, wh i le Fergus and 
EPF had densit ies over 30 000 g 1 of dry 
root. In the 1995 greenhouse t r ia l , ail 

Table 1. Comparison of methods for 
determining root- lesion nematodes in 
birdsfoot trefoil roots, 6 weeks after planting 
in greenhouse trial (1994) 

Method No. of nematodes g 1 

of dry roota 

Stainb 3.80 a (6 310) 

Mister 3.89 a (7 760) 

Incubat ion 3.73 a (5 370) 

Standard error 
of the mean 0.282 

Log10 means with géométrie means in 
parenthèses; means followed by the same 
letter are not signif icantly différent 
according to Tukey's Honestly Significant 
Différence test (P < 0.05). 

Includes eggs as well as juvéniles and 
adults. 
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Table 2. Numbers of root-lesion nematodes in birdsfoot trefoil cultivars and Unes in the 
greenhouse. 

Cultivar or l ine 1994§ 1995^ 

NB90-104 

Upstart 

Viking 

WIT-II 

CH1 

NB90-102 

NB89-103 

NB91-105 

Léo 

Frilo 

NB91-101 

MN FR 

Bull 

NB90-101 

NB89-100 

NB90-103 

Empire 

Dawn 

Georgia One 

NSACB-2 

BFT-NY 

Fergus 

EPF 

Standard errors of the mean 

2.78 (600)a* 

2.95 (890)a 

2.96 (910)a 

3.70 (5 010)b 

3.71 (5 130)b 

3.72 (5 250)b 

3.74 (5 500)b 

3.77 (5 890)bc 

3.85 (7 080)bcd 

3.86 (7 240)bcd 

3.86 (7 240)bcd 

3.88 (7 590)bcd 

4.00 (10 000)cde 

4.01 (10 230)cde 

4.02 (10 470)de 

4.12 (13 180)e 

4.14 (13 800)e 

4.16 (14 450)e 

4.16 (14 450)e 

4.18 (15 140)e 

4.24 (17 380)e 

4.48 (30 200)f 

4.50 (31 620)f 

0.074 

4.20 (15 850)c 

4.13 (13 490)bc 

4.43 (26 920)d 

3.94 (8 710)a 

4.09 (12 300)bc 

4.03 (10 720)ab 

4.10 (12 590)bc 

3.90 (7 940)a 

4.12 (13 180)bc 

0.053 

§ Combined values from root stains and incubation and mist spray extractions. 
* Mist spray extraction. 
* Log10 mean with géométrie mean in parenthesis; means in a column followed by the same 

letters are not significantly différent (P< 0.05) according to Duncan's multiple range test. 

nine b i rdsfoot t refoi l cult ivars and Unes 
tested had nematode levels greater than 
7 900 g 1 of dry root. A l though NB90-
104, Upstart, and Vik ing had the lowest 
nematode counts in 1994, they were 
among the highest counts in 1995 at 
15 850, 13 490 and 26 920 nematodes 
g -1 of dry root, respectively. Of the 900 
plants examined in 1995, 15 root Sys­
tems were not invaded by nematodes. 
However, in a subséquent test, ail of 
the root Systems developed f r om cut-
t i n g s o f thèse 15 plants were infested at 
levels ranging f r om 6 400 to 126 300 
nematodes g 1 of dry root. 

DISCUSSION 

In the 1994 t r ia l , s igni f icant différences 
were found among the entr ies based 
on nematode numbers in roots. The 
her i tabi l i ty of 70% indicated that most 
of the var iat ion was due to genetic dif­
férences among the entr ies. However, 
in the 1995 t r ia l , the results indicated 
that the var iat ion was due to a more 
complex genetic System. 

It is general ly accepted that a close 
phys io log ica l re la t ionsh ip exists be-
tween root-knot nematodes (Meloido-
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gyne s p p j and their hosts, and breed-
ing for résistance for th is type of nem-
atode has been quite product ive (Sidhu 
and Webster 1981). On the other hand, 
root- lesion nematodes, wh ich migrate 
th rough and feed on cort ical t issue, do 
not hâve the same int imate associat ion 
w i th the host, so breeding for résis­
tance to thèse nematodes has not met 
w i t h t he same d e g r e e of success 
(Christie and Townshend 1992). 

The reaction of b i rdsfoot trefoi l to P. 
penetrans in previous studies (Barnes 
et al. 1990; Nelson et al. 1985) indicated 
a complex mode of inheri tance of résis­
tance to this nematode species. The lack 
of consistent numbers of root- lesion 
nematodes in roots in the t w o tr ials 
could be at t r ibuted to a number of fac-
tors. If the response of b i rdsfoot t refo i l 
to root- lesion nematodes is cont ro l led 
by several gènes, i.e., quant i tat ive in­
heri tance, then several générat ions of 
sélection or a combinat ion of sélection 
and progeny test ing may be necessary 
to achieve progress, as suggested by 
Christie and Townshend (1992). In that 
s tudy, t w o générat ions of d ivergent 
sélection for résistance or suscept ibi l i ty 
resulted in some progress, but there 
was sti l l considérable over lap between 
the t w o populat ions. In our s tudy, we 
repeated the évaluat ion of some cul t i -
vars, each of wh ich had considérable 
genetic var iat ion in the f i rst évaluat ion. 
This genetic var iat ion could hâve con-
t r i bu ted to some of the d i f férences 
between the t w o évaluat ions. Another 
possible reason for the var iable results 
is the genetic diversi ty w i th in the nem­
atode populat ions. The populat ions of 
root-lesion nematodes used in this study 
came f r om the same f ie ld locat ion, but 
they represented samples taken in dif­
férent years, and there is no in forma­
t ion on dif férent races that may hâve 
been présent. In fu tu re , the use of 
greenhouse populat ions of root- lesion 
nematodes wi th in the same genetic pool 
w o u l d help to avoid the genetic heter-
ogenei ty of f ield populat ions. 

Information on root-lesion nematodes 
in forage légumes such as b i rdsfoot 
t refoi l is useful for crop and pest man ­
agement programs. The subst i tut ion of 
a b i rdsfoot trefoi l cul t ivar that harbors 

low populat ions of root- lesion nema­
todes for a species such as red clover, 
a good nematode host, m igh t alleviate 
some of the nematode prob lems in the 
Mar i t ime provinces. For example , if a 
b i rdsfoot t refoi l cul t ivar was found to 
be a poor host for P. penetrans, it could 
be used by g rowers in crop rotat ions 
w i th potatoes, a nematode-suscept ib le 
crop. 

Our results indicated that there may 
be w ide genetic var iabi l i ty among the 
b i rdsfoot t refoi l cul t ivars and lines used 
in th is study. However, in fo rmat ion on 
the impl icat ion of invasion levels on 
s y m p t o m deve lopment and plant per-
sistence is lacking, but studies to fur-
ther def ine th is are current ly underway 
at our research faci l i t ies. A lso , the 
search for degrees of résistance of birds­
foo t t re fo i l géno types to root - les ion 
nematodes is cont inu ing . 
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