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A Nematicide Seed Treatment to Control 
Ditylenchus dipsaci on Seedling Alfalfa 1 

F. A.  GRAY 2 AND D.  H.  SOH s 

Abstract: Three  nematicides were evaluated as seed treatments  to control the alfalfa stem nematode 
(Ditylenchus dipsaci) on seedling alfalfa. Alfalfa seeds were soaked for 10 hours in a 0.5% (formulated 
by weight) concentrat ion of ei ther  carbofuran,  phenamiphos or  oxamyl in acetone with no adverse 
effect on seed germination. All three  t reatments  decreased nematode damage and increased survival 
of 'Ranger '  (susceptible) and 'Lahontan '  (resistant) alfalfa plants, when seeds were planted in soil 
infested with D. dipsaci. Mean live plant counts after 6 weeks in the untreated control, acetone alone, 
carbofuran,  phenamiphos,  and oxamyl treatments,  respectively, were 4.3, 6.3, 19.0, 19.8, and 19.0 
for Lahontan and 4.5, 1.5, 18.5, 19.3, and 18.0 for Ranger f rom 20 seeds/pot.  Nematicide seed 
treatments  resulted in significantly healthier  Ranger alfalfa plants 4 months  after planting. The  
combination of  seed t reatment  and host resistance may provide a means of  establishing alfalfa in 
an alfalfa monocropped system where soil populations of  D. dipsaci are high. 

Key words: alfalfa, carbofuran,  Ditylenchus dipsaci, host resistance, Medicago sativa, oxamyl, phen- 
amiphos, seed t reatment ,  stem nematode. 

The  alfalfa stem nematode, Ditylenchus 
dipsaci (Kuhn) Filipjev, is a major pathogen 
of  alfalfa in the western United States 
(4,5,10). It is controlled by rotation of  fields 
with nonhost crops and planting of  resis- 
tant cuhivars (4). In fields where the stem 
nematode becomes established, stands of  
susceptible alfalfa cultivars may decline 
rapidly (5). Many of these fields are either 
renovated (harrowed and interseeded with 
alfalfa) or plowed and reseeded. If  this is 
done when environmental conditions are 
favorable for infection of  D. dipsaci, severe 
injury or death of  seedlings may occur be- 
fore or after emergence. If  fields are re- 
seeded with a susceptible cultivar, stands 
may be severely reduced or  lost. Severe 
damage may occur even if a resistant cul- 
tivar is planted because nematode pene- 
tration and injury occurs equally in resis- 
tant and susceptible plants (7,8,11,18). 
Although stands of  resistant cultivars usu- 
ally recover during the second year, yield 
may be nil the first year and severely re- 
duced the second year. 

The  feasibility of  using nematicides as a 
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seed treatment in controlling parasitic 
nematodes has been investigated on sev- 
eral annual crop species (12-14,17,19). In- 
fection of  seedling alfalfa by the lesion 
nematode, Pratylenchus penetrans (Cobb) Fi- 
lipjev & Schuumans Stekhoven, and the 
northern root-knot nematode, Meloidogyne 
hapla Chitwood, was reduced by treating 
seeds with oxamyl (15,16). Plants grown 
from seed treated with oxamyl produced 
62% more forage in P. penetrans-infested 
soil and 32% more in soil infested with M. 
hapla, as compared with plants grown from 
untreated seeds. Infection by P. penetrans 
and root galls caused by M. hapla were also 
significantly reduced. Oxamyl content of  
treated seeds did not decline after 26 
months of storage. 

The  purpose of  this study was to deter- 
mine the optimum nematicide concentra- 
tion and soak time for alfalfa seeds that 
would provide maximum control against 
high populations of  D. dipsaci without ad- 
versely affecting seed germination. A pre- 
liminary report  has been published (6). 

MATERIALS AND METHODS 

Nematicide concentration: In experiment 
1 seeds of  'Ladak' alfalfa were soaked for 
0.5 minutes in either water or acetone con- 
taining carbofuran (40.64% a.i.), phenami- 
phos (36% a.i.), and oxamyl (24% a.i.) at 
concentrations of: 0, 0.25, 0.50, 1.25, 1.50, 
2.50, and 5.0% (formulated by weight). 
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Seeds were treated under a vented hood 
at the rate of 1 ml nematicide solut ion/g 
seed. After soaking, seeds were air dried 
for 12 hours on absorbent paper and stored 
until used. Seeds were germinated in plas- 
tic petri dishes (100 seeds per dish, three 
dishes per treatment) on Whatman #1 fil- 
ter paper, moistened with 5 ml sterile dis- 
tilled water. Petri dishes were stacked in 
plastic bags and stored in the laboratory at 
23-27 C, and germination was determined 
after 10 days. The experiment was a two 
factorial with 28 treatments and three rep- 
lications. 

Time of exposure to nematicide: In experi- 
ment 2, seeds of  Ladak and 'Lahontan'  al- 
falfa were soaked in acetone containing 
5.0% (formulated by weight) carbofuran, 
oxamyl, or phenamiphos for 30 seconds, 
1.0 minute, 1 hour or 10 hours. The  ex- 
periment was a three factorial with 24 
treatments and four replications. 

Experiment 3 was similar to experiment 
2, but 'Ranger'  alfalfa (also susceptible to 
D. dipsaci) replaced Ladak. Seeds were 
soaked for 30 seconds, 1, 10 or 24 hours 
and seeds were soaked in water alone and 
acetone alone in addition to the three ne- 
maticide-acetone solutions (total of 40 
treatments). 

Nematicide e3ficacy: In experiment 4, seeds 
of  Ranger and Lahontan alfalfa were 
soaked for I0 hours in a 5.0% (formulated 
by weight) concentration of carbofuran, 
oxamyl, or phenamiphos in acetone; soaked 
in acetone alone, or were untreated. After 
treatment, seeds were pregerminated in 
petri dishes containing sterile, moistened 
filter paper and sowed in rows in 10-cm 
plastic pots filled with an autoclaved soil 
(Rock River Series, 67% sand, 13% silt, 
20% clay, 2.1% organic matter; pH 7.6): 
sand (1:1, v:v) mixture. Stem nematode 
inoculum (adults and juveniles) was pro- 
duced in a greenhouse on a stem nema- 
tode-susceptible Ladak alfalfa clone and 
extracted from infected stem buds as pre- 
viously described (2). Seeds were sprinkled 
with a commercial preparation of Rhizo- 
bium meliloti Rangeard, inoculated with an 
aqueous suspension of  nematodes (1 ml 

containing 200 nematodes/seedling) and 
then covered with soil. An equal amount 
of  water was applied to the uninoculated 
controls. There  were two furrows in each 
pot and 10 seeds in each furrow. Pots were 
placed in a controlled-environment cham- 
ber set at 21 C with a 16-hour photoperiod. 
Lights were off for the first 8 hours after 
planting to minimize soil water evapora- 
tion and increase nematode infection. The 
experiment was a three factorial with 20 
treatments; it was placed in a randomized 
complete block design with three replica- 
tions. 

Stand counts were taken weekly for 5 
weeks and at 16 weeks when the experi- 
ment was terminated. Seedlings were ex- 
amined after 1 week for distortion of cot- 
yledons and swelling of the cotyledonary 
node region and after 16 weeks when plants 
were removed, washed free of  soil, and ob- 
served for swollen, distorted, and stunted 
stems and stem buds. Although nematode 
reproduction is a more direct criterion for 
susceptibility, symptoms in both seedling 
and older plants have been positively cor- 
related with nematode infection and rep- 
resent an indirect criterion for plant sus- 
ceptibility (1,18). 

An analysis of  variance (ANOV) test was 
conducted to determine significant data 
sets. When F values were significant, means 
were separated using the least significant 
determination test. 

RESULTS 

Nematicide concentration: There  were no 
significant differences among nematicides, 
concentrations, or their interaction (ne- 
maticides x concentrations) in experiment 
1. Germination of  Ladak seed ranged from 
66.7 to 95.0% and was unaffected by either 
of the three nematicides in either water or 
acetone, even at the highest concentration. 

Time of exposure to nematicide: There  were 
significant (P = 0.05) differences among 
cultivars and nematicides but not among 
soak times or their interaction (cultivar x 
nematicide, cultivar × soak time, nemati- 
cide x soak time) in experiment 2. Mean 
germination was 81.4 for Ladak and 72.7 
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FIG. 1. Efficacy o f  t h ree  nematicides,  appl ied in acetone  as a seed t rea tment ,  in control l ing Ditylenchus 
dipsaci. Ranger  is susceptible and Lahontan  is resistant to D. dipsaci. Data points  are  the  number  o f  surviving 
plants pe r  pot  o f  20 total and are  the  mean  o f  t h ree  replications. 

for Lahontan. Mean germination for the 
three nematicide-acetone treatments was 
74.7 for carbofuran, 75.1% for phenami- 
phos, and 79.3% for oxamyl. The  germi- 
nat ion rate  of  c a rbo fu ran - t r ea t ed  and 
phenamiphos-treated seeds were signifi- 
cantly lower (P = 0.05) than for oxamyl- 
treated seeds but  were not different from 
each other. Soaking seeds up to 10 hours 
did not adversely affect seed germination 
of  either cultivar. 

There  were highly significant (P = 0.01) 
differences among cultivars but  not among 
nematicides or soak times in experiment 3. 
The  cultivar x nematicide and cultivar x 
soak time interaction were also signifi- 
cantly different. Combined means of  the 
four soak times were significantly different 
in Lahontan but  not in Ranger. Lahontan 
had significantly lower germination (61.8%) 
when seeds were treated with water alone, 
compared with all other treatments, and 
germination in Lahontan was lower than 
germination in Ranger in all treatments. 
Means for the water, acetone, carbofuran, 
phenamiphos, and oxamyl treatments, re- 
spectively, were 81.5, 81.8, 84.3, 78.3, and 

81.3 for Ranger and 61.8, 72.0, 70.0, 72.5, 
and 70.3 for Lahontan. When means of  
the five seed treatments were combined, 
the 10-hour and 24-hour soak times sig- 
nificantly reduced germination in Lahon- 
tan, compared with the 1-hour soak time, 
but not the 30-second soak time. Means 
for the 30-second, 1-hour, 10-hour, and 
24-hour soak times, respectively, were 79.4, 
81.4, 83.4, and 81.4 for Ranger and 68.4, 
73.4, 67.4, and 68.0 for Lahontan. Again, 
germination in Lahontan was significantly 
lower than in Ranger. 

Nematicide efficacy: Survival of both in- 
oculated Lahontan and Ranger plants from 
week 1 through week 16 was significantly 
(P = 0.05) better  for seeds treated with any 
of  the three nematicides than the untreat- 
ed or from the acetone alone treated con- 
trols (Fig. 1). There  was no difference be- 
tween cultivars or nematicides. When the 
stem nematode was not present, emer- 
gence in either cultivar was unaffected by 
treatments. Based on symptoms produced 
by D. dipsaci, a high level of  infection had 
occurred after 1 week in seedlings of  both 
Ranger (93%) and Lahontan (91%) in the 
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TABLE 1. Percentages of Ranger and Lahontan 
alfalfa plants exhibiting symptoms of parasitism by 
Ditylenchus dipsaci at 1 and 16 weeks following treat- 
ment  with nematicides. 

Ranger Lahontan 

1 wk 1 6 w k  1 wk 1 6 w k  

Untrea ted  93 53 91 0 
Acetone alone 100 13 79 4 
Carbofuran-acetone 47 20 34 0 
Phenamiphos-acetone 32 10 17 13 
Oxamyl-acetone 19 11 21 15 

LSD~.0~ 19 NS 28 NS 
LSD0.10 14 38 23 NS 

Values are the mean of four replications. Ranger is sus- 
ceptible and Lahontan is resistant to D. d~psaci. 

untreated controls (Table 1). All three ne- 
maticides reduced (P = 0.05) damage as- 
sociated with nematode infection (1,17). A 
lower percentage of  plants in both cultivars 
had symptoms at 16 weeks than at 1 week. 
In the susceptible cultivar Ranger, the per- 
centage of  plants showing symptoms at 16 
weeks was still lower (P = 0.05) in each of  
the three nematicide treatments than in 
the untreated control, but was not differ- 
ent from the acetone alone treatment. 
There  were no differences among treat- 
ments in the resistant cultivar Lahontan 
after 16 weeks. 

DISCUSSION 

Previous studies have provided strong 
evidence of  the feasibility of  using a ne- 
maticide seed treatment to protect plants 
from plant-parasitic nematodes (12-17,19). 
Our results are in agreement with those of  
Townshend and Potter (15,16) that their 
results showed oxamyl seed treatment to 
be efficacious in controlling root-parasitic 
nematodes on alfalfa; we showed carbo- 
furan, phenamiphos, and oxamyl to be ef- 
ficacious in controlling a stem and crown 
parasite. 

Significant differences in seed germina- 
tion of Lahontan and Ranger in experi- 
ments 2 and 3 were due to differences in 
seed lots before seed treatment and there- 
fore were not due to the treatment effect. 
Generally, we found that soaking seeds for 
10 hours in a 5.0% (formulated by weight) 

concentration of  either nematicide had no 
detrimental effect on seed germination. 
Although the nematicide seed treatments 
provided similar protection to both resis- 
tant and susceptible cultivars, use of a sus- 
ceptible cultivar would not be recom- 
mended because infection would eventually 
occur under field conditions after the ne- 
maticide had dissipated. Seed treatment  of 
the resistant cultivar (moderate level of  re- 
sistance or higher) should provide growers 
a means of establishing and maintaining a 
stand of  alfalfa in fields having a high pop- 
ulation of D. dipsaci. Studies are presently 
underway in Wyoming to evaluate the ef- 
ficacy of  these seed treatments under field 
conditions. 

Carbofuran, a broad spectrum carba- 
ma te ,  is presently registered for applica- 
'tion on established alfalfa stands for con- 
trol of  the alfalfa weevil, Hypera postica 
(Gyllenhal). The possibility of extending its 
label as a seed treatment to aid in the con- 
trol of  D. dipsaci should be pursued. Oxa- 
myl is presently being used as a seed treat- 
ment in Australia to control the cereal cyst 
nematode, Heterodera avenae Woll., in wheat 
(3) which provides evidence of  the com- 
mercial feasibility of  such a control prac- 
tice. 

The  potential use of  this seed treatment 
is applicable in controlling D. dipsaci not 
only on alfalfa, but also on nonhost crops 
planted in fields following alfalfa. Seedling 
loss in sugarbeets and tomatoes can also be 
caused by penetration damage from the 
alfalfa stem nematode (9). Even though D. 
dipsaci (alfalfa race) is host specific relative 
to reproduction, it is nonspecific relative 
to penetration. 
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