Factors Affecting the Infection of
Alfalfa Seedlings by Ditylenchus dipsaci’
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Abstract: Experiments were conducted to determine the effects of plant confinement, soil type, watering practices,
stage of seed germination, inoculum level, and method of applying inoculum on stem nematode (Ditylenchus
dipsaci) infection of alfalfa { Medicago sativa) seedlings grown in soil. Results indicated that (i) confining seedlings
together with the nematodes in small vials offered no advantage over growing plants in large flats, (i) a very fine
sandy-loam soil was superior to a fine sand for stem-nematode penetration, (iii) nematodes penetrated seedlings
more readily if the soil was not watered immediately after planting and inoculation, (iv) germinating seeds with a
radicle length of 0.6-1.3 cm had the highest nematode penetration, and (v) highest penetration occurred when the
nematodes were placed directly upon germinating seeds. The optimum inoculum level was 50 nematodes per

seedling. Key words: nematodes, inoculation.

Many scientists (1-6, 8-13) have developed
methods to evaluate resistance and
susceptibility of alfalfa, Medicago sativa L.,
to the stem nematode, Ditylenchus dipsaci
(Kiihn) Filipjev, and they have described
various factors which influenced the success
of their methods. In particular, Bingefors (2)
and Bingefors and Eriksson (4), working with
both alfalfa and red clover, Trifolium
pratense L., and Grundbacher (9) and Hanna
and Hawn (10), working with alfalfa, have
investigated factors affecting nematode
infection of seedlings germinated in filter
paper rolls and inoculated after emergence of
the cotyledons.

In developing methods for evaluating stem-
nematode resistance of alfalfa seedlings
growing in a soill medium (6), we were
confronted with variation among tests and
were prompted to investigate several factors
affecting nematode infection of the seedlings.
Initially, we were interested in the effects of
close physical confinement of the nematodes
with the seedlings, and the need for isolating
one seedling from another for screening and
evaluation. Secondly, because Wallace (14,
15) had found that stem nematodes move
quickly through soils of coarse particle sizes
(100-1,300 um) and less rapidly through those
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of smaller particle sizes (< 100 um), and stem-
nematode infested crop lands around Prosser,
Washington, are typically fine or very fine
sandy loams (average particle size << 100 um),
we needed to determine the influence of fine
sand, which we had used in earlier studies, vs.
a very fine sandy-loam field soil on the
penetration of D. dipsaci into alfalfa
seedlings. Thirdly, we needed to evaluate the
effects of watering practices after inoculation
and the stage of seed germination at time of
inoculation on nematode infection. And,
finally, because there were always escapes, we
wanted to determine the level of inoculum
needed for all plants to become infected, and
the most effective method of applying
inoculum. Results of studies to provide
answers to these questions are reported
herein.

MATERIALS AND METHODS

Nematodes for all studies were reared
monoxenically in alfalfa tissue culture (7).

Plastic vials vs. a metal flat were used to
determine effect of confining nematodes to
the immediate vicinity of the plant on
nematode infection. The vials (1.3 X 6.5 cm)
were filled with steam-pasteurized fine sand,
moistened, and arranged in eight groups of 25
each, One germinating seed of moderately
susceptible alfalfa cultivar DuPuits was
placed in each vial; 1 ml of water suspension
containing about 25 stem nematodes was
applied to each seed; and the seeds were
covered with fine sand. A metalflat (38 X 54 X
7.5 cm) was also filled with steam-pasteurized
sand, planted (eight rows 7 cm apart with 25
seeds each at 1-cm intervals), inoculated, and
covered in a similar fashion. The vials and flat
were placed in a growth chamber at 22 C with
16-hour photoperiod at 23,672 lux (2, 200 ft-
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¢). Twenty-four days after inoculation, the
seedlings were removed, stained with acid
fuchsin in lactophenol (9), and the numbers of
nematodes in the seedlings were determined
with the aid of a stereomicroscope.

To elucidate the effect of soil types on
infection, three metal flats (replications) were
filled with steam-pasteurized fine sand
(particle size, 100-250 um) and three with a
very fine sandy loam (average particle size <
100 pum). Twenty-five germinating DuPuits
seeds were planted at 1-cm intervals in a single
row in each flat, inoculated with 25
nematodes, covered with soil, and placed in
the growth chamber as described above. After
3 days, seedlings were removed from the soil,
the seedlings were stained, and nematode
counts were made.

To determine the effects of watering
practices on nematode penetration, 24 10-cm
diam pots filled with steam-pasteurized very
fine sandy-loam soil were watered uniformly
to moisten the soil and placed in a growth
chamber as described above. Additional
water was added to 12 of the pots until the soil
was thoroughly saturated. Ten germinating
seeds of DuPuits were planted in each of the
24 pots, inoculated with 25 nematodes, and
covered with soil. Following seeding and
inoculation, four pots (replicates) containing
moistened soil and four containing saturated
soil were watered with 0.6 cm of water over the
soil surface; four pots each were watered
lightly (sprinkled); and four each received no
water. No pots were watered further. After 5
days, the numbers of nematodes penetrating
the seedlings were determined.

To determine the effects of stage of seed
germination on nematode penetration,

susceptible DuPuits and resistant Lahontan
were tested at five stages of seed germination:
(i) dry seeds (no germination), (ii) water-
imbibed seeds (before radicle protrusion), (iii)
seeds with slight protrusion of the radicle, (iv)
seeds with radicle length 0.6 cm, and (v) seeds
with radicle length 1.3 cm. Two metal flats
(replicates) were filled with steam-pasteurized
very fine sandy-loam soil. Ten seeds of each
cultivar and germination stage were planted at
2.5-cm intervals in rows spaced S cm apart,
inoculated, and covered with soil. The flats
were placed in the growth chamber and were
watered lightly 3 days later. Seven days after
planting, the numbers of nematodes in the
seedlings were determined.

Twenty-eight treatments were used to
determine the level of inoculum needed for all
plants to become infected, and the most
effective method of applying inoculum, a
single or split application. Treatments
consisted of combinations of four inoculum
levels (25, 50, 100, or 200 stem nematodes per
seedling) and seven methods of application: (i)
all nematodes were applied directly to the
seeds; (ii) all nematodes were applied to the
soil surface after seeds were covered with 1.0
cm of soil; (iii) all nematodes were applied to
the soil surface as the seedlings were emerging;
(iv) half of the nematodes were applied to the
seeds, and half were applied after the seeds
were covered with soil; (v) half of the
nematodes were applied to the seeds, and half
were applied as the seedlings emerged; (vi)
half of the nematodes were applied after the
seeds were covered with soil, and half were
applied as the seedlings emerged; and (vii)
one-third of the nematodes were applied to
the seeds, one-third after the seeds were

TABLE 1. Influence of inoculation method and inoculum levels on numbers of Ditylenchus dipsaci in alfalfa

seedlings 7 days after inoculation.

inoculum levels (no. nematodes per seedling) of:

Numbers of nematodes penetrating® with

Method of application Mean
25 50 100 200
All on seeds 104 a 230a 355a 64.7 a 334a
All after planting 6.0a 10.6 b 25.8 ab 41.5 cd 210 ¢
All as emerging 22a 85hb 189 b 34.8 de 16.1d
1/2 on seeds, 1/2 after planting 94a 15.7 ab 28.7 ab 58.5 ab 28.1 b
1/2 on seeds, 1/2 as emerging 78 a 14.5 ab 27.9 ab 46.7 ¢ 24.2 be
1/2 after planting, 1/2 as emerging 29a 104 b 192 b 270e 149d
1/3 on seeds, 1/3 after planting, 1/3 as emerging 53a 17.8 ab 344 a 51.1 be 27.2b

Mean 6.3d

144 ¢ 272 b 46.3a

*Means within a column (except the general means for inoculum levels below each column) having letters in common do
not differ, 7 = 0.05. The general means are compared within their row.
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FIG. 1. Frequency of nematode penetration in soil-grown alfalfa seedlings 7 days after inoculation of germinating
seeds (radicle length, 0.6 cm) with 25, 50, 100, and 200 Ditylenchus dipsaci. Inoculum was placed directly on the seeds at

planting just before they were covered with soil.

covered with soil, and one-third as the
seedlings emerged. Each of 112 10-cm diam
pots filled with steam-pasteurized very fine
sandy-loam soil was seeded with 10
germinating S; seeds (radicle length 0.6 cm) of
a highly susceptible clone selected from
DuPuits alfalfa. Pots were distributed into
four equal groups (replicates), and a single
treatment was applied to each pot. The
experiment was conducted in a greenhouse at
about 23 C with a 14-hour photoperiod. No
water was applied until 2 days after planting,
and then only as needed. Most seedlings had
emerged after 3 days. Seven days after
planting, all seedlings were removed and the
numbers of nematodes within the tissues
determined.

RESULTS AND DISCUSSION

Greater numbers of nematodes were found

in seedlings grown in flats (42.4
nematodes/seedling) than in vials (21.6
nematodes/seedling).  Evaluating alfalfa

seedlings for stem-nematode infection was
easier and faster when they were grown in flats
than in vials. Confining the nematodes to the
plants in small vials offered no apparent
advantage over the grouping of plants grown
in flats.

More stem nematodes penetrated seedlings
grown in very fine sandy-loam soil (5.6
nematodes/seedling) than those grown in fine
sand (0.5 nematode/seedling). Based on
Wallace’s (14, 15) observations, these
nematodes are less mobile in media of small
than of coarse particle size. With less mobility
inthe very fine sandy-loam soil than in the fine
sand, more nematodes would remain near and
penetrate developing seedlings. Nematodes
may have been moved from the area of the
seedlings in the fine sand by water
percolation.

No significant difference in numbers of
nematodes which penetrated seedlings was
found between the soils moistened and
saturated before seeding and inoculation (6.2
vs. 6.4 nematodes/plant). However,
significant effects were observed for watering
practices applied after seeding and
inoculation (3.1, 6.2, and 9.6
nematodes/plant for 0.6 c¢m of water,
sprinkled, and no additional water,
respectively). Apparently, watering after
seeding should be avoided because it moves
the nematodes away {rom the plants before
they penetrate.

Significant differences were found for
nematode penetration among stages of seed
germination. Seeds with radicle length of 0.6



Alfalfa Seedlings/ Ditylenchus dipsaci: Elgin, et al. 383

(3.4 nematodes/plant) and 1.3 cm (3.1
nematodes/plant) had more nematode
penetration than dry (0.5 nematode/plant) or
imbibed (1.5 nematodes/plant) seeds. Those
with slight radicle protrusion were
intermediate (2.4 nematodes/plant). No
difference in penetration was found between
DuPuits and Lahontan, and no cultivar X
stage of germination interaction was
indicated. Under conditions of our test,
germinating seeds with radicle lengths of
approximately 0.6-1.3 cm were most suitable
for nematode penetration.

Inoculum levels and methods of application
also influenced penetration by D. dipsaci
(Table 1). Generally, placing all of the
inoculum directly on the germinating seeds
was the most efficient method of application.
Placing one-half or one-third of the inoculum
directly on the germinating seeds was second,
applying the nematodes after covering with
soil was third, and inoculating as the seedlings
were emerging was fourth in efficiency.
Significant inoculum levels X methods of
application interactions were obtained.

Ideally, the optimum inoculum level should
result in penetration of at least 10 nematodes
into most plants, which would provide for
fairly rapid population increase in the plants
through reproduction, while avoiding severe
initial damage from penetration by large
numbers of nematodes. Figure | reveals the
effects of increasing inoculum levels on the
frequencies of plants with various levels of
infection when all nematodes were placed on
the germinating seeds. At the 25-nematode
inoculum level, 21 of 40 plants contained
fewer than 10 nematodes. When the 50- or
100-nematode inoculum levels were used,
only 2 and 1 plants, respectively, had fewer
than 10 nematodes. There were no plants with
fewer than 10 nematodes at the 200-nematode
level, but seedlings were damaged severely.
Based on the number of plants with 10-20
nematodes, applying 50 nematodes directly to
the germinating seed is most efficient.

The data show that even when nematodes
were applied directly to germinating seeds,

only about 40% of the nematodes were
recovered in young seedlings. Similar rates of
recovery have been obtained in our other
studies. Remaining nematodes apparently
were lost into surrounding soil.
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