Influence of Seeding Rate and Interplanting with Tall Fescue
on Virus Infection of White Clover

G. E. BRINK, Research Agronomist, and M. R. McLAUGHLIN, Research Plant Pathologist, USDA-ARS-CSRL,
Forage Research Unit, Mississippi State, MS 39762

ABSTRACT

Brink, G. E., and McLaughlin, M. R. 1990. Influence of seeding rate and interplanting with
tall fescue on virus infection of white clover. Plant Dis. 74: 51-53.

The effects of white clover seeding rate and tall fescue seeding method on virus infection of
white clover were determined in field plots during 1986 and 1987. Incidence of peanut stunt
virus (PSV) in the cultivar Regal in July and November 1986 was greater where clover had
been sown at 0.56 kg/ha than where it had been sown at 1.68 or 3.36 kg/ha. Clover yield
measured after virus sampling of plots sown at the two higher rates was similar and was greater
than that of plots sown at the lowest rate. Although clover yield in July 1987 was similar
across clover seeding rates, incidence of PSV decreased as seeding rates increased. Incidence
of white clover mosaic virus (WCMV) was lower and that of alfalfa mosaic virus (AMYV)
was higher in 1987 at successively greater seeding rates. The method of seeding tall fescue
(broadcast vs. drilled) did not influence the incidence of virus infection. Reduced incidence
of WCMYV and AMV infection of white clover sown with tall fescue compared with monoculture

was a benefit of this forage combination.

White clover (Trifolium repens L.) is
a perennial forage legume commonly
established in perennial grass pastures in
the southeastern United States to im-
prove forage productivity and quality.
Stands of white clover often begin to
decline in the second year after estab-
lishment (3). This decline in yield and
persistence has been associated with a
number of factors, among them virus
infections (7,19). Several viruses,
including alfalfa mosaic virus (AMYV),
clover yellow vein virus (CYVYV), peanut
stunt virus (PSV), and white clover
mosaic virus (WCMYV), are known to
infect white clover in the southeastern
United States (1,18). Studies docu-
menting the significant negative effects
of single and multiple infections by these
viruses on clover yield, quality, and per-
sistence have been thoroughly reviewed
4).

Although persistence of white clover
has been improved under experimental
conditions by pesticide application
(3,8,11), broad use of pesticides in pas-
tures may be uneconomical and eco-
logically undesirable. Lewis et al (14) and
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Scott (22) reported that initial incidence
and rate of spread, respectively, of
WCMV in red clover (T. pratense L.)
were reduced when the clover was inter-
planted with ryegrass (Lolium multi-
florum Lam.). Other management
factors influencing virus incidence
include the number of years a pasture
remains planted to perennial clover and
whether the clover persists from year to
year as a perennial plant or by annual
reseeding (1).

In the present study, we examined two
management practices that can be
employed to alter the ecology of grass-
clover pastures, i.e., white clover seeding
rate and grass seeding method. The
effects of reducing white clover seeding
rate and drilled vs. broadcast seeding of
tall fescue (Festuca arundinacea Schreb.)
were compared in terms of clover virus
incidence. Grass drilled in rows may act
as a barrier against the spread of viruses
across the sward, similar to the manner
in which corn planted between suscep-
tible soybean crops prevents the spread
of peanut mottle virus (5). The primary
objective of this study was to determine
the effects of these management practices
on the incidence of PSV. Although PSV
is considered the most prevalent and
damaging virus disease of white clover
in the Southeast (6,18,19), the incidences
of other viruses known to infect white
clover in this region were also measured.
These were CYVV and AMV (aphid-
transmitted) and WCMYV (mechanically
transmitted). The reported incidence of
CYVV among white clover bait plants
in the region is significantly higher than
that of AMV and WCMV (18). AMV
and WCMYV were included, however, be-
cause they are reported to increase in

incidence among experimental plants
subjected to repeated cutting (10,18) and
because our study used periodic har-
vesting practices.

MATERIALS AND METHODS

Seed of tall fescue cultivar Kentucky
31 free of endophyte (Acremonium
coenophialum Morgan-Jones & Gams)
infection was broadcast or drilled in rows
25 cm apart on 3 X 5 m plots at 16.8
kg/ha, and white clover cultivar Regal
was oversown at 0.56, 1.68, and 3.36 kg/
ha, the recommended rate (13), in late
August of 1985 at Mississippi State,
Mississippi. White clover was also sown
in monoculture at 3.36 kg/ha. White
clover seedling density was determined
14 days after seeding by counting
seedlings within two randomly placed
0.25-m* quadrats. The experiment was
a three-by-two factorial (three white
clover seeding rates and two tall fescue
seeding methods) with one control treat-
ment (monoculture white clover sown at
3.36 kg/ha) arranged in a randomized
complete block design with four repli-
cations. Lime, phosphorus, and potas-
sium were added to the Catalpa silty clay
soil (fine, montmorillonitic, thermic Flu-
vaquentic Hapludoll) according to soil
test recommendations and were main-
tained at recommended levels through-
out the experiment.

Whenever plot sward height reached
approximately 25 cm in 1986 and 1987,
forage yield was measured by cutting two
0.5-m swaths at a 70-mm stubble height
through each plot with a rotary mower.
A 600- to 800-g subsample was taken
from each yield sample and dried at
65 C for 48 hr to determine forage dry
matter. Botanical composition of each
plot was determined by harvesting
duplicate 0.125-m* quadrats at a 70-mm
stubble height outside the harvest swaths
and manually separating the white clover
and tall fescue components.

The incidence of PSV, CYVV, AMV,
and WCMYV in white clover was assessed
before harvest on 1 July and 10 Novem-
ber 1986 and on 2 July 1987. On each
sampling date, 10 samples, each
consisting of six to eight intact clover
leaves, were collected at 1-m intervals on
a square grid pattern 1 m from the long
edge and 0.5 m from the short edge of
each plot. Samples were held between
layers of moist paper towels and stored
at 5 C until processed for virus testing.
Within 24-48 hr of collection, samples
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were homogenized with a motorized sap
extractor in 0.02 M sodium phosphate
buffer, pH 7.3, containing 0.05% (v/v)
Tween 20 and 0.02 M sodium diethyl-
dithiocarbamate. Homogenates were
tested for the presence of viruses by the
double antibody sandwich enzyme-linked
immunosorbent assay (ELISA) (17),
using antisera to AMV, CYVV, WCMV,
and PSV in 1986 and to AMV, CYVV,
and WCMV in 1987 (16). Absorbance
measurements for ELISA were made at

405 nm on a BioTek Model 307 EIA
Reader (BioTek Instruments, Inc.,
Burlington, VT) in 1986 and a BioTek
Model EL 309 EIA Reader in 1987.
Positive and negative control wells were
included with all tests. Test wells were
rated positive if their absorbance ex-
ceeded the mean absorbance plus two
standard deviations of negative control
values. Tests for PSV in 1987 were
conducted by mechanically inoculating
the primary leaves of 8-day-old cowpea
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Fig. 1. Effect of white clover seeding rate on peanut stunt virus (PSV) incidence in white
clover on three dates. Percentages within a sampling date having the same letter are not different

at P=0.05.
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Fig. 2. Effect of white clover seeding rate on total and clover dry matter yield at five harvest
dates during 1986. Total or clover dry matter yields within a harvest date having the same
letter are not different at P = 0.05. * = Harvest date immediately following virus sampling.
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seedlings (Vigna unguiculata (L.) Walp.
‘California Blackeye’) with aliquots of
the sap homogenates prepared for
ELISA, using 600-mesh Carborundum
and cotton-tipped applicators. Cowpea
plants infected by PSV developed
chlorotic local lesions on primary leaves
and systemic veinclearing and mosaic
symptoms in trifoliolate leaves. Plants
were evaluated for characteristic PSV
symptoms 14 days after inoculation.

Data were analyzed by analysis of
variance (ANOVA) using the Statistical
Analysis System (21). Comparisons
between treatments were made using
Fisher’s least significant difference
(LSD) test (P = 0.05), except where
noted.

RESULTS AND DISCUSSION

Average densities of white clover
seedlings 14 days after seeding at 0.56,
1.68, and 3.36 kg/ha were, respectively,
71, 238, and 448 seedlings per square
meter. There was no significant differ-
ence in seedling density where white
clover had been sown at a similar rate
in monoculture or with broadcast or
drilled tall fescue.

Incidence of PSV infection of white
clover in the first year (sampled on 1 July
and 10 November 1986) was greater
where white clover had been sown at 0.56
kg/ha than where it had been sown at
1.68 and 3.36 kg/ha (Fig. 1). In the
second year, PSV incidence was lower
at successively greater seeding rates. A
similar trend was observed by Heathcote
(9), who found that incidence of beet mild
yellow virus of sugar beet at 17,500 plants
per hectare was 51%, compared with 15%
when at 126,500 plants per hectare. The
increase in PSV incidence with successive
sampling dates was likely due to the
combined initial movement of virus into
the plots from external sources of pri-
mary inoculum and subsequent second-
ary movement of virus within plots.

Unlike the sugar beet plants utilized
by Heathcote (9), white clover plants
increase in size by lateral growth of root-
ing stolons, particularly where compe-
tition from grass is minimal, thus com-
pensating for initial differences due to
density of seedlings. Marshall and James
(15) reported that stolon density of white
clover cultivar Olwen established at 48
and 100 plants per square meter was
similar (99 vs. 84 m/m?) but was greater
than that established at nine plants per
square meter (50.3 m/m?). On the 8 July
and 12 November 1986 harvests after
virus sampling, clover yields among seed-
ing rate treatments were greater at 1.68
and 3.36 kg/ha than at 0.56 kg/ha (Fig.
2). Thus, the quantity of leaf and stem
tissue available for virus infection was
similar at the two higher seeding rates
but greater than that available at the
lower rate. Although there were signif-
icant differences in PSV incidence among
the seeding rate treatments on 2 July 1987



(Fig. 1), there were no differences in
clover yield among the three seeding rates
at the 14 July 1987 harvest (Fig. 3).
Severe drought may have been a major
factor influencing clover yield at this time
in the growing season.

Overall incidence of CYVV was very
low (means of 1, 2, and 13%, respectively,
on 1 July and 10 November 1986 and
2 July 1987) and precluded detection of
effects of seeding on CYVYV incidence on
all three sampling dates. Incidence of
AMY and WCMY were affected by seed-
ing rate only on the final sampling date
(2 July 1987). Similar to PSV incidence,
WCMV incidence was lower at suc-
cessively greater seeding rates (43, 36,
and 29% at 0.56, 1.68, and 3.36 kg/ha,
respectively). In contrast, AMV inci-
dence was greater (P = 0.10) at suc-
cessively greater seeding rates (18, 28,
and 35% at 0.56, 1.68, and 3.36 kg/ha,
respectively). These opposing trends
indicate that different epidemiological
factors likely influenced movement and
buildup of these viruses. The spread of
WCMYV, a monopartite genome potex-
virus with no known insect vector (2),
was presumably due to mechanical trans-
mission by the rotary mower used in
harvesting. Spread of PSV, a multi-
partite genome cucumovirus (20), and
AMYV, a multipartite genome virus (12),
both of which may be mechanically or
nonpersistently aphid-transmitted, was
presumably due to the rotary mower and
aphids. Thus, differences in viral genome
encapsidation and in mechanism of
transmission (mechanical vs. aphid)
cannot readily account for the difference
in response to seeding rate for AMV
compared with PSV and WCMV.

Tall fescue seeding method (broadcast
vs. drilled) did not influence white clover
virus incidence at any of the three
sampling dates. An agronomic advan-
tage that drilling had over broadcasting
tall fescue was to increase annual clover
yield both years. Annual white clover
yield was less at the 1.68 kg/ha seeding
rate than at the 3.36 kg/ha rate when
tall fescue was broadcast (2-yr mean of
3,161 vs. 3,362 kg/ha, C.V. = 10%) but
was equivalent at the two seeding rates
when tall fescue was drilled (3,585 vs.
3,464 kg/ha, C.V. = 8%).

Similar to results observed by Lewis
et al (14) for red clover-ryegrass mix-
tures, seeding white clover with tall
fescue (drilled or broadcast) compared
with white clover in monoculture re-
duced AMYV incidence at the last two
sampling dates from 35 to 10% and from
80 to 35%, respectively, whereas inci-
dence of WCMV was reduced from 95
to 30% at the last sampling date. Thus,
although tall fescue often vigorously
competes with clover in a pasture for
other limiting resources, interplanting
these species is beneficial to clover
production in terms of reduced virus
incidence.
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Fig. 3. Effect of white clover seeding rate on total and clover dry matter yield at five harvest
dates during 1987. Total or clover dry matter yields within a harvest date having the same
letter are not different at P = 0.05. * = Harvest date immediately following virus sampling.
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