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SUMMARY. Living mulch cover crops can improve soil health and build organic
matter, yet their use in fruit orchards comes with a risk of encouraging meadow vole
(Microtus pennsylvanicus), a rodent that can be destructive to fruit trees. Several
living mulch cover crop species were assessed in an apple (Malus ·domestica) orchard
understory along with wood chip mulch and bare ground. Desired species
characteristics were weed competitiveness, low growth habit, nitrogen fixation, and
potential rodent repellency. Legume species included birdsfoot trefoil (Lotus
corniculatus), medic (Medicago spp.), and subterranean clover (Trifolium
subterraneum), which were planted in solid stands as well as mixtures. Nonlegume
species included sweet woodruff (Galium odoratum), sweet alyssum (Lobularia
maritima), creeping thyme (Thymus serpyllum), and colonial bentgrass (Agrostis
tenuis). Meadow vole presence was evaluated in fall and spring with point-intersect
and run-length measurements. A legume mix (medic, birdsfoot trefoil, subterranean
clover, and colonial bentgrass) had the highest meadow vole presence, with no
reduction under the ‘‘sandwich’’ system of tilling either side of the tree trunks while
leaving a cover crop in a narrow strip with the trunks. The nonlegume mix [colonial
bentgrass, sweet alyssum, creeping thyme, and fivespot (Neomophila maculata)] had
similar results. However, the sweet woodruff (planted in the ‘‘sandwich’’ system)
had significantly lower presence of meadow voles than the other living mulches.
Wood chip mulch, cultivation, and bare ground control were all similar, with very
low presence, indicating low risk of meadow vole damage. The results from the
sweet woodruff suggest that we need more research on the potential to select living
mulches that are nonattractive or repellent to meadow voles for use in orchards.

C
over crops are gaining popu-
larity in orchards and vine-
yards for their ability to

improve soil health and increase bio-
diversity (Ingels et al., 1998). Apple
orchards typically have a weed-free
zone in the tree row to reduce com-
petition and minimize habitat for
rodent pests. In organic orchards, this
is commonly achieved by cultivation,
which can degrade soil health and
organic matter, damage roots, and
compromise future tree performance
(Granatstein et al., in press; Merwin
and Stiles, 1994; Sánchez et al.,
2007). The U.S. Department of Agri-
culture (USDA) National Organic

Standards stipulate that soil health
be maintained or enhanced in organic
systems [7 CFR, 205.203 (USDA,
2000)], and cover crops offer one
strategy for achieving this objective.
Cover crops, especially when used as a
living mulch, enhance soil organic
matter and microbial communities,
reduce soil erosion, alleviate soil com-
paction, and increase water retention
in orchards (Oliviera and Merwin,
2001; Proebsting, 1958), and con-
tribute nitrogen when they consist of
leguminous species. However, cover
crop biomass also creates a favorable
habitat for rodent pests (Sullivan and
Hogue, 1987), and legumes are
known to be a preferred rodent food
source (Thompson, 1965). Rodents,

particularly meadow voles, feed di-
rectly on tree trunks and can girdle
trunks of all ages, causing irreparable
damage (Byers, 1984; Hansson,
1979; Sullivan and Sullivan, 2006).
In a previous trial that included white
clover (Trifolium repens) as an in-row
cover crop (D. Granatstein, unpub-
lished data), meadow voles actively
fed on the white clover during the
winter months, helping lead to its
virtual disappearance after the second
winter, thus curtailing the multiple
benefits the white clover provided.

Management of the orchard
understory can influence whether
meadow voles become a problem
(Merwin et al., 1999; Sullivan and
Sullivan, 2006). Bare soil in the tree
row inhibits meadow voles by mini-
mizing habitat cover, and the ‘‘sand-
wich’’ system (Weibel et al., 2007),
which tills the sides of the tree row
while maintaining a narrow cover crop
strip in the tree line, is hypothesized
to discourage meadow vole activity.
Wood chip mulch has performed
well for weed control and tree growth
in previous trials (Granatstein and
Mullinix, 2008), but its impact on
meadow vole activity was not moni-
tored, thus discouraging adoption by
growers due to the uncertainty of
meadow vole damage. The ground-
cover, sweet woodruff, contains cou-
marin (Fern, 1997), a compound
used in rodent poisons that is a
potential deterrent to meadow vole
feeding. Thompson (1965) found a
related species, northern bedstraw
(Galium boreale), to have significantly
lower feeding preference compared
with several grasses and legumes,
including white clover. As part of a
larger orchard floor management
experiment, we sought to determine
how in-row cover crop species (‘‘liv-
ing mulch’’), wood chip mulch, and
tillage on each side of the trunks (i.e.,
the ‘‘sandwich’’ system) would influ-
ence meadow vole presence relative to
a bare ground control.

Units
Units To convert U.S. to SI,
multiply by U.S. unit SI unit

To convert SI to U.S.,
multiply by

0.3048 ft m 3.2808
0.0929 ft2 m2 10.7639
2.54 inch(es) cm 0.3937

27.3403 inch/ft2 cm�m–2 0.0366
0.4536 lb kg 2.2046
1.1209 lb/acre kg�ha–1 0.8922
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Materials and methods
The research was initiated in a

new ‘Pinova’/M.7, East Malling-
Long Ashton (M.7 EMLA) apple
block planted in Apr. 2005 at the
Wenatchee Valley College teaching
orchard in East Wenatchee, WA. Tree
spacing was 5.5 · 13 ft (623 trees/
acre). Tree row plots were 5 ft wide ·
44 ft long, each with six sample trees
and guard trees at each end of the
plot. On 26 May 2005, drive alleys
were planted to a standard compan-
ion grass mix (Northwest Wholesale
Inc., Wenatchee, WA) of 20% ‘Fiesta’
perennial ryegrass (Lolium perenne),
50% sheep fescue (Festuca ovina), and
30% chewing’s fescue (Festuca rubra)
at a rate of 30 lb/acre and were
mowed four to five times per season.
The experimental design was a ran-
domized complete block with five
replicates. Orchard floor manage-
ment treatments of the tree row
included: 1) bare ground control
(CTL); 2) wood chip mulch 4 to 6
inch depth (WC); 3) clean cultivation
using a rolling cultivator [WW (Won-
der Weeder�; Harris Mfg., Burbank,
WA)]; 4) living mulch legume {LML
[mix of birdsfoot trefoil, ‘Afghan’
black medic (Medicago lupulina),
burr medic (Medicago polymorpha),
‘Mt. Barker’ subterranean clover,
and colonial bentgrass]}; 5) living
mulch nonlegume [LMNL (mix of
sweet alyssum, creeping thyme, fives-
pot, and colonial bentgrass)]; 6) the
‘‘sandwich’’ system legume [SWL (a
1.75-ft tilled strip on each side of the
tree line and a 1.5-ft strip of living
mulch in the tree line; same species as
LML)]; and 7) the ‘‘sandwich’’ sys-
tem nonlegume {SWNL [same tillage
as SWL, planted with alternating
plugs of the groundcovers sweet
woodruff and corsican mint (Mentha
requienii) every 6 inches between the
trunks]}. Cover crops were planted
from seed (except for plugs in SWNL)
once in May 2005. Living mulch
treatments were mowed to a 4-inch
height every 2 to 3 weeks during each
season with a string weed trimmer,
primarily to control weeds. Weeds
in the CTL plot were controlled
with hand pulling and a string weed
trimmer to cut them at the soil sur-
face. The entire orchard floor was irri-
gated with sprinklers (R-10 rotators;
Nelson Irrigation, Walla Walla, WA),
generally using 9-h sets every 4 d, but

scheduled with tensiometers to avoid
overirrigating. Chicken manure com-
post was hand-applied around each
tree at a rate of 34 lb per tree, split
into three applications per year (208
lb/acre total N; estimated 92 lb/acre
N available in season of application).
Pocket gophers (Thomomys talpoides)
were controlled seasonally with
mechanical traps to protect the young
trees (Sullivan et al., 2001).

Additional cover crop species
and cultivars were tested in small plots
in a satellite trial consisting of two
rows of trees in the same planting
immediately adjacent to the trial de-
scribed above.

Plots were established in May
2005, with three replications in a
randomized complete-block design.
One row contained 21 different living
mulch groundcover treatments (LM
Satellite), with plots 3.0 · 2.5 ft. Each
plot extended from the trunks to
the edge of the drive alley (half
the ‘‘weed strip’’). The treatments
were pure stands of sweet alyssum,
six subterranean clover cultivars, six
medic cultivars, kura clover (Trifo-
lium ambiguum), three birdsfoot tre-
foil cultivars, fivespot, creeping thyme,
and colonial bentgrass, with a bare-
ground control. A second row used
the ‘‘sandwich’’ system (Sandwich Sat-
ellite) and placed the groundcovers
(mostly from plugs) in the tree row
between the trunks, with plots 10.5 ft
long · 1.5 ft wide. The nine ground-
cover treatments were white clover,
subterranean clover mix (‘Clare’, ‘Mt.
Barker’, and ‘Nungarin’), phlox (Phlox
subulata), potentilla (Potentilla neu-
manniana), creeping thyme, ajuga
(Ajuga reptans), veronica (Veronica
repens), black medic, and bare-ground
control.

Meadow vole presence was eval-
uated by evidence of meadow vole
activity and meadow vole damage to
the trees. Meadow vole surface run-
ways, feeding, holes, or feces were
counted using a 0.5-m2 grid of 36
intersection points (Hansson, 1979)
and were subsampled three times per
plot (once per plot in Satellite rows).
Surface runway length was measured
in each 0.5-m2 grid area using a
flexible rope (Hansson, 1979). Sam-
pling times were Nov. 2005 and Feb.
2006 (Year 1), and Oct. 2006 and
Mar. 2007 (Year 2, main trial only).
In Feb. 2006, trunk injury was
assessed in the main trial by visually

examining every tree in one replicate
plot, and then 1 month later, examin-
ing every other tree in all five replicate
plots. Tree injury was determined by
inspecting and measuring the area of
chewing damage to the trunk near
where it meets the ground. Statistical
analyses were conducted with SAS
(version 8; SAS Institute, Cary, NC)
using analysis of variance, and means
were compared with Fisher’s least
significant difference test at P < 0.05.

Results and discussion
Most of the cover crops estab-

lished well and formed solid ground-
cover where they were planted. The
corsican mint in the SWNL plots died
within weeks, apparently due to dis-
eased planting stock; thus, that treat-
ment became solely sweet woodruff,
which filled the trunk line area and
beyond, but was contained by the
tillage. Over the course of the study,
the most competitive species predo-
minated in each species mixture. The
LML and SWL plots became a 1:1
ratio of birdsfoot trefoil to colo-
nial bentgrass, and the LMNL plots
became mostly colonial bentgrass with
creeping thyme. Creeping thyme did
expand in biomass and area after year
1, but the competition by the colonial
bentgrass limited its contribution to
the stand. Sweet alyssum and fivespot
did not reseed, and the medics and
subterranean clover did not return
after year 1.

Meadow vole populations were
at the peak of their normal 3- to 4-
year population cycle during year 1
(T. Sullivan, personal communica-
tion), providing favorable conditions
for assessment of orchard floor man-
agement treatment impacts. By the
end of year 2, the population had
dropped dramatically and it was diffi-
cult to find signs of meadow vole
presence in any treatment (Fig. 1).
The point-intersect data and run-
length data generally indicated the
same treatment effects (Table 1). Liv-
ing mulches (LML and LMNL) had
the most meadow vole presence for
both sample dates in year 1, along
with SWL (Table 1). SWNL (with the
sweet woodruff) had significantly
lower meadow vole presence than
the other cover crop treatments, but
greater than the CTL, WW, or WC
plots (for run length). These results
suggest that the ‘‘sandwich’’ system
may not deter meadow voles just by
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virtue of the bare ground it provides
on either side of the cover crop
because LML and SWL were not
different. The choice of legume ver-
sus nonlegume species also made no
difference in meadow vole presence in
LML and LMNL. Physical cover

(habitat) may have been more of a
determining factor in this young or-
chard than food preference. Meadow
vole presence was significantly lower
in the sweet woodruff despite good
physical cover, and direct feeding
studies would be needed to determine

whether the lower presence was due
to a lower feeding preference, as re-
ported by Thompson (1965). Com-
mercial peppermint (Mentha ·piperita)
growers in the state have reported few
meadow voles in mint fields com-
pared with other crops (G. Colley,
personal communication), but the
corsican mint in this trial did not
survive to provide any evaluation.

While sweet woodruff exhibited
lower meadow vole presence than the
other cover crops, we did measure
more run length in this cover crop at
both sampling dates in year 1 (non-
significant for Feb. 2006) than in the
noncover crop plots. Differences for
the point-intersect data were much
smaller. Meadow vole presence in WC
was not different from the bare plots
(CTL and WW), verifying previous
observations by us and others of the
low meadow vole preference for that
material. Less than 2% of the trees
sampled across the entire trial had
evidence of meadow vole feeding on
the trunks (data not shown).

In the LM Satellite row, seven
of 21 living mulch treatments had
signs of meadow vole presence in
Feb. 2006 (data not shown). Only
four treatments had measurable run
length [three birdsfoot trefoil culti-
vars (30–78 cm�m–2) and ‘Santiago’
burr medic (80 cm�m–2)], but differ-
ences were nonsignificant (data not
shown). No evidence of meadow
vole presence was found for any of
the treatments for the Oct. 2006
sampling.

In the Sandwich Satellite row,
point-intersect and run-length data
indicated meadow vole presence for
all treatments in Nov. 2005. Differ-
ences were significant for point inter-
sects, but no clear pattern by species
was evident (Table 2). Ajuga, creep-
ing thyme, and veronica plots tended
to have the least meadow vole pres-
ence then and in Feb. 2006, and were
not different from the control. Al-
though the results from the main trial
and the Sandwich Satellite row can-
not be statistically compared, the lat-
ter was directly adjacent to the last
row of the main trial, and all part of
the same orchard planting with the
same management other than the
treatments. The Sandwich Satellite
row had tillage on both sides of its
entire length, whereas the ‘‘sandwich’’
plots in the main trial were inter-
spersed with plots with no tillage.

Table 1. Evidence of meadow vole presence under different orchard floor
management treatments in an organic apple orchard by surface runway length
measurements, East Wenatchee, WA.

Treatmentz

Sample date

Nov. 2005 Feb. 2006 Oct. 2006 Mar. 2007

Surface runway length (cm�m–2)y

LML 297.3 ax 196.7 b 51.3 0
LMNL 188.0 c 286.0ab 45.3 0
SWL 264.0ab 354.0 a 43.0 0
SWNL 117.3 c 90.0 c 63.3 0
WC 18.7 d 17.3 c 0 0
CTL 33.3 d 4.0 c 0 0
WW 5.3 d 26.0 c 0 0
P <0.001 0.018 0.112
zCTL = bare ground control; WC = wood chip mulch 4 to 6 inch (10.2–15.2 cm) depth; WW = clean cultivation
using a rolling cultivator (Wonder Weeder�; Harris Mfg., Burbank, WA); LML = living mulch legume (mix of
birdsfoot trefoil, ‘Afghan’ black medic, ‘Mt. Barker’ subterranean clover, and colonial bentgrass); LMNL = living
mulch non-legume (mix of sweet alyssum, creeping thyme, fivespot, and colonial bentgrass); SWL = ‘‘sandwich’’
system legume [1.75 ft (0.533 m) tilled strip on each side of the tree line and a 1.5 ft (0.457 m) strip of living mulch
in the tree line; same species as LML]; SWNL = ‘‘sandwich’’ system nonlegume (same tillage as SWL, planted with
alternating plugs of the groundcovers sweet woodruff and corsican mint every 6 inches between the trunks).
y1 cm�m–2 = 0.0366 inch/ft2.
xMean separation test in columns by Fisher’s least significant difference at P < 0.05.

Fig. 1. Change in meadow vole presence in an apple orchard over two winters as
measured by the point intersect method at East Wenatchee, WA (number of
intersect points per square meter with meadow vole presence of 72 possible points; 1
point/m2 = 0.0929 point/ft2). Orchard floor management treatments: CTL = bare
ground control; WC = wood chip mulch 4 to 6 inch (10.2–15.2 cm) depth; WW =
clean cultivation using a rolling cultivator (Wonder Weeder�; Harris Mfg.,
Burbank, WA); LML = living mulch legume (mix of birdsfoot trefoil, ‘Afghan’
black medic, ‘Mt. Barker’ subterranean clover, and colonial bentgrass); LMNL =
living mulch nonlegume (mix of sweet alyssum, creeping thyme, fivespot, and
colonial bentgrass); SWL = ‘‘sandwich’’ system legume [1.75 ft (0.533 m) tilled
strip on each side of the tree line and a 1.5 ft (0.457 m) strip of living mulch in the
tree line; same species as LML]; SWNL = ‘‘sandwich’’ system nonlegume (same
tillage as SWL, planted with alternating plugs of the groundcovers sweet woodruff
and corsican mint every 6 inches between the trunks).
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Therefore, if the tillage were to have
any deterrent effect on the meadow
voles, we would have expected to see
it in the Sandwich Satellite row. We
did not; in fact, overall run lengths
were greater there than the treatments
with the least meadow vole presence
in Trial 1. There were few signs of
meadow voles in these plots in Oct.
2006.

While a larger plot size and
groundcover management that
spanned multiple rows to create an
orchard-level treatment area would
be more desirable for a field study of
meadow voles, our method was of the
same scale of that used by Byers
(1981) for detecting activity and sign
of woodland voles (Microtus pineto-
rum). As reported by Hansson
(1979), the method is sound for these
indirect assessments of the presence
of meadow voles, which is not a
measure of populations. The trial
was surrounded on three sides by a
mature apple orchard that provided
ample meadow vole habitat. We did
not see any block effect for meadow
vole presence that would suggest un-
equal meadow vole pressure on the
plots from in-migration. The results
from these trials reinforce the obser-
vation that the use of any living mulch
in the tree row will elevate the risk
of tree damage from meadow voles.
None of the legume species or culti-
vars appeared to have a markedly low-
er attractiveness for meadow voles
than others. Nonlegume species that
provided ample cover also experienced
meadow vole presence. The drop in
meadow vole presence in the cover

crops in year 2 can be attributed to the
meadow vole population cycle, as the
cover crops provided ample cover and
had new tissue growth from the peri-
odic mowing in both years. Sweet
woodruff had significantly lower
meadow vole presence than other
cover crops, perhaps due to the cou-
marin contained in the plant tissue
(Fern, 1997), suggesting a potential
for repellency through choice of cover
crop species. The ornamental plant
japanese pachysandra (Pachysandra
terminalis) exerted repellency to
meadow voles that was linked to ster-
oidal alkaloids in the tissue (Curtis
et al., 2003). Weibel et al. (2007)
use mouseear hawkweed (Hieracium
pilosella) as the cover crop in their
‘‘sandwich’’ system in Switzerland,
and that plant reportedly also contains
a coumarin-like compound and has
allelopathic properties (Wikipedia,
2009). Wood chip mulch was similar
to bare ground for meadow vole pres-
ence, a finding that suggests wood
chips be given more consideration
as a mulching material. In contrast,
growers have observed meadow vole
presence with other mulch materials
such as straw and weed fabric (S. Ela,
personal communication). While little
damage to trees was observed in these
trials, even in plots with high meadow
vole presence, the risk of injury from
meadow vole activity is very real. The
greatest risk would occur when a cover
crop, a peak in the meadow vole
population cycle, and a winter with
prolonged, deep snow cover coincide.
Economic losses from such a situa-
tion could be severe. Therefore, more

targeted studies for controlling mead-
ow vole populations in organic or-
chards are needed before further
innovations in cover crop and living
mulch use can be employed.
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