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ABSTRACT
In a newly planted blueberry trial, ‘Draper’ plants were transplanted from 1-gal pots into the field in
March 2015. Greenhouse-grown living mulch plants, creeping buttercup (Ranunculus arvensis L.) and
sweet woodruff (Galium odoratum (L.) Scop.), were transplanted to a density of 1 plant/ft2 at the same
time as blueberry. Other plots were treated with 5 cm of sawdust or by an experimental BDM made of
black spunbond polylactic acid. These treatments were applied to cover all bare soil. Soil in the fifth
treatment was left bare. BDM provided good to excellent weed control, reducing weeding time by 64%
over the two years in the trial as compared to bare ground plots, including a 90% reduction in 2015.
Sawdust and creeping buttercup also reduced weeding time by 57 and 41%, respectively, performing
better than sweet woodruff (increased weeding time by 15%). Meadow vole (Microtis spp.) damage
was extensive in all plots by the end of the second year and was considered to be the primary cause of
blueberry mortality and was responsible for poor plant growth. Number of live blueberry plants at the
end of two growing seasons was greatest in sawdust (96% survival), contrasted with 26 to 48% survival
in the other treatments. Shoot and root biomass after two growing seasons was also maximized in
sawdust-grown blueberry (331 and 1085 g/plant, respectively) compared to 220 g/plant or less for
shoots or 448 g/plant or less for roots among the other treatments. Despite this, 85% of sawdustmulched plants were considered to be unhealthy due to poor growth and early senescence of leaves.
Blueberry root and shoot growth was best in BDM and sawdust plots, indicating that these living
mulches were not a good option in newly planted blueberry. When blueberry plants were characterized
according to their visible health, biomass of unhealthy blueberry plants was only 8 to 29% of the
biomass from healthy blueberry plants. If used in organic production, managers will have to take special
precaution to manage vole activity regardless of mulch type to improve the likelihood of successful
blueberry plant establishment. In a separate trial in well-established ‘Duke’ blueberry, creeping
buttercup and sweet woodruff were transplanted as described above in March 2015 and their effects on
weeds and blueberry were compared to those from sawdust mulch. Living mulches did not affect handweeding time in 2015, or mean berry weight and berry yield in either year.
PROJECT DESCRIPTION
The trials were conducted at two locations. The first was on newly planted blueberry at WSU Mount
Vernon NWREC and the second in established blueberry near Burlington, Washington.

Newly planted Trial. ‘Draper’ blueberry (1-gal container plants) were transplanted March 20, 2015.
Greenhouse-grown living mulch plants, creeping buttercup (Ranunculus arvensis) and sweet woodruff
(Galium odoratum), were transplanted to a density of 1 plant/ft2 at the same time as blueberry. Other
plots were treated with 2 inches of sawdust or with an experimental BDM made of black spunbond
polylactic acid. These treatments were applied to cover all bare soil. Soil in the fifth treatment was left
bare. The organic herbicide, Weed Pharm (20% acetic acid), was applied to bare soil plots June 29, July
8, and August 12, 2015 and May 2, May 15, and July 27, 2016; living mulch plots were treated with Weed
Pharm July 8 and August 12 and May 2, May 15, and July 27, 2016; all plots (except BDM) were treated
with Stinger (clopyralid) September 28, 2015 to control white clover (Trifolium repens L.), dandelion
(Taraxacum officinale F.H. Wigg.), and Canada thistle (Cirsium arvense L.). Bare soil plots received initial
hand-weeding in April, 2015 to control encroaching weeds. All plots were hand-weeded and weeding
time was recorded May 29 and July 16-20, 2015 May 18-21, June 27-29, and August 11-12, 2016.
Blueberry shoot extension from the 2015 growing season was recorded December 14, 2015. The three
longest current-season shoots were measured on each of five blueberry plants within each plot.
Blueberry plants were rated as living, dead, or unhealthy (leaf canopy was thin and leaves prematurely
dying) September 20, 2016. Living plants were then dug, cut into shoot and root fractions, dried at 75 C
for three days, and biomass recorded. Also on September 20, 2016, a 1-m section across the entire
width of each bed was clipped at the soil level and living mulch plants and weeds were separated, dried
at 75 C for three days, and above-ground biomass recorded. The experimental design was a randomized
complete block with three replicates. Means were separated using Tukey’s Honestly Significant
Difference procedure (P ≤ 0.05).
Established Trial. Plots were established March 20, 2015, when living mulch plants were transplanted
under established ‘Duke’ as described in the newly planted blueberry trial. Other plots contained only
existing sawdust mulch and were maintained with hand weeding as necessary. Two adjacent blueberry
plants of roughly the same size and health were marked in each plot for berry harvest, and all fruit was
hand-picked from those plants July 8, 2015 and July 11, 2016. Total fruit weight and 50-berry mean
weight were recorded. All plots were hand-weeded and weeding time was recorded July 20-22, 2015.
Weeding time was not evaluated in 2016 due to the cooperator’s weeding crew removal of weeds
immediately following harvest of the field. Blueberry shoot extension from the 2015 growing season
was recorded December 14. The three longest current-season shoots from the upper portion of the
canopy were measured post-pruning on each of the two recorded blueberry plants in each plot. The
experimental design was a randomized complete block with four replicates. Means were separated
using Tukey’s Honestly Significant Difference procedure (P ≤ 0.05).
OUTPUTS
• Overview of Work Completed (Discussion):
Newly planted Blueberry Trial.
Total weeding time in 2015 was greatest for plots containing the two living mulches or in
bare ground/acetic acid plots (Table 1). Sawdust and BDMs provided the best weed control,
requiring 2.9 and 0.8 minutes of hand-weeding time/meter/person, respectively. Weeding time
in 2016 was greatest (about 18 min/m/person) for sweet woodruff and bare ground/acetic acid
plots, while other plots required only 5.2 to 8.4 min/m/person. Creeping buttercup was
particularly easy to weed, as pruning shears could be used to quickly clip around blueberry
plants. Total weeding time for the two years of the trial were lowest for BDM and sawdust
treatments, taking 9.2 and 11.0 min/m/person, respectively. Sweet woodruff and bare

ground/acetic acid treatments required the most maintenance, averaging 29.4 and 25.6
min/m/person in total for both years.
Table 1. Weeding time and newly planted blueberrya growth in biodegradable
and living mulch treated plots (2015 and 2016).
Hand-weeding timec
b
Treatment
2015
2016
2-year total
min/m/person min/m/person min/m/person
BDM
0.8 b
8.4 b
9.2 c
Creeping buttercup 10.0 a
5.2 b
15.2 b
Sweet woodruff
11.5 a
17.9 a
29.4 a
Acetic acid
7.6 a
18.0 a
25.6 a
Sawdust
2.9 b
8.2 b
11.0 bc

Means within a column and followed by the same letter or not followed by a letter are not significantly
different (P ≤ 0.05).
aNine blueberry plants transplanted/plot March 20, 2015.
b
BDM = biodegradable mulch; 20% acetic acid was applied to herbicide plots June 29, July 8, and August 12,
2015 and May 2, May 15, and July 27, 2016; living mulch plots were treated with 20% acetic acid July 8
and August 12, 2015 and May 2, May 15, and July 27, 2016; sawdust plots were treated with 20% acetic
acid May 2, May 15, and July 27, 2016; all plots (except BDM) were treated with clopyralid September 28,
2015.
c
Plots were weeded by hand May 29 and July 16-20, 2015 and May 18-21, June 27-29, and August 11-12,
2016.

Living mulch plant biomass at the end of the experiment verified that creeping buttercup
was extremely dense in those plots (Figure 1). Creeping buttercup biomass was about three
times greater than sweet woodruff (Table 2), indicating that creeping buttercup is much better
suited to the northwestern Washington environment than sweet woodruff. A few creeping
buttercup were found in sawdust plots, but not in BDM or bare ground/acetic acid plots; sweet
woodruff did not expand beyond the plot area. The most common weed in the trial was
dandelion, accounting for half the weed biomass in each plot. Dandelion biomass was greatest
(122 g/m2) in sweet woodruff and bare ground/acetic acid-treated plots. Dandelion biomass in
other treatments ranged from 12 to 41 g/m2. Similarly, total weed biomass was greatest in
sweet woodruff and bare ground/herbicide-treated plots. Creeping buttercup was equally
effective as BDM and sawdust in suppressing other weed species in this trial.

Figure 1. Creeping buttercup living mulch plot; blueberry plant
circled (photo by Tim Miller).

Table 2. Cover crop and weed dry biomass in blueberry plots grown in
compostable/biodegradable and living mulch treatments (2016).
Treatmenta
Living mulch
Dandelion
g/m2
g/m2
BDM
0c
41 b
Creeping buttercup
240 a
12 b
Sweet woodruff
68 b
122 a
Acetic acid
0c
122 a
Sawdust
<1 c
21 b

Total weeds
g/m2
46 b
17 b
154 a
130 a
47 b

Means within a column and followed by the same letter or not followed by a letter are not significantly different (P ≤ 0.05).
aBDM = biodegradable mulch; 20% acetic acid was applied to herbicide plots June 29, July 8, and August 12, 2015 and May 2,
May 15, and July 27, 2016; living mulch plots were treated with 20% acetic acid July 8 and August 12, 2015 and May 2, May
15, and July 27, 2016; sawdust plots were treated with 20% acetic acid May 2, May 15, and July 27, 2016; all plots (except
BDM) were treated with clopyralid September 28, 2015.
bLiving mulch plants and weeds were clipped September 20, 2016.

There was substantial mortality among the nine ‘Draper’ plants initially transplanted in each
plot (Table 3). In sawdust-mulched plots, there were still 8.7 living blueberry plants by
September, 2016, a statistically similar number as in bare ground/herbicide plots (4.3
plants/plot). While nearly all blueberry plants were alive in sawdust-treated plots, 7.7 plants
were considered “unhealthy”. Blueberry ranged from 2.3 to 3.3 living plants/plot in other
treatments, and did not differ statistically.
Table 3. Living, unhealthy, and dead blueberrya plant numbers at the end of two years
in compostable/biodegradable and living mulch treated plots (2016).
Treatmentb
Livingc
Unhealthyc
Deadc
plants/plot (%)
plants/plot (%)
plants/plot (%)
BDM
3.3 (37) b
1.3 (15) b
5.7 (63) a
Creeping buttercup
2.3 (26) b
1.7 (19) b
6.7 (74) a
Sweet woodruff
2.7 (30) b
1.7 (19) b
6.3 (70) a
Acetic acid
4.3 (48) ab
1.3 (15) b
4.7 (52) ab
Sawdust
8.7 (96) a
7.7 (85) a
0.3 (4) b

Means within a column and followed by the same letter or not followed by a letter are not significantly different (P ≤ 0.05).
a
Nine blueberry plants transplanted/plot March 20, 2015.
bBDM = biodegradable mulch; 20% acetic acid was applied to herbicide plots June 29, July 8, and August 12, 2015 and May 2,
May 15, and July 27, 2016; living mulch plots were treated with 20% acetic acid July 8 and August 12, 2015 and May 2, May
15, and July 27, 2016; sawdust plots were treated with 20% acetic acid May 2, May 15, and July 27, 2016; all plots (except
BDM) were treated with clopyralid September 28, 2015.
cBlueberry plants rated September 20, 2016.

Shoot biomass of living blueberry plants was reduced most in creeping buttercup living
mulch compared to sawdust mulch (Table 4). Plants were quite variable in shoot growth,
however, as biomass was similar for most treatments despite a wide range (from 42.7 to 179.2
g/plant). Root biomass of living blueberry plants was greater than shoot biomass for all
treatments, but treatments performed generally the same as for shoot biomass. Blueberry
plants grown with living mulch produced less root biomass than plants in sawdust, and displayed
intermediate productivity in BDM and bare ground/acetic acid-treated plots. Root:shoot
biomass ratio did not differ among treatments, although sawdust and bare ground/acetic acidtreated plots tended to be show a numerically greater ratio than other treatments.

Table 4. Shoot and root dry weights and root:shoot ratios of living two-year-old
blueberry plants grown in biodegradable and living mulch treated plots (2016).
Dry weightc
b
Treatment
Root:shoot ratio
Shoot
Root
g/plant
g/plant
BDM
139.5 ab
267.5 ab
1.78
Creeping buttercup
42.7 b
82.8 b
1.86
Sweet woodruff
83.7 ab
127.0 b
1.87
Acetic acid
83.1 ab
212.8 ab
3.11
Sawdust
179.2 a
585.1 a
3.18

Means within a column and followed by the same letter or not followed by a letter are not significantly different (P ≤ 0.05).
aNine blueberry plants transplanted/plot March 20, 2015.
b
BDM = biodegradable mulch; 20% acetic acid was applied to herbicide plots June 29, July 8, and August 12, 2015 and May 2,
May 15, and July 27, 2016; living mulch plots were treated with 20% acetic acid July 8 and August 12, 2015 and May 2, May
15, and July 27, 2016; sawdust plots were treated with 20% acetic acid May 2, May 15, and July 27, 2016; all plots (except
BDM) were treated with clopyralid September 28, 2015.
cLiving blueberry plants destructively harvested September 20, 2016.

Tunneling by meadow voles was severe in all treatments, and root browsing appeared to be
the leading cause of death for most of the plants in the trial, as well as for unhealthy plants
(Figure 1). Vole damage was obvious when blueberry plants were destructively harvested for
biomass measurement, as roots of most plants were heavily browsed (Figure 2). Except for low
mortality in sawdust mulch, there was no difference in blueberry plant mortality among the
treatments, indicating that voles did not display a preference for living mulch, BDM, or acetic
acid-treated plots for their activity. Vole activity had also apparently enticed dogs or coyotes to
tear through the BDM in those plots at the end of Year 1. Other than where ripped by animals,
the BDM performed well in this trial. Weeding time was minimized in these plots, while the
material remained mostly intact throughout the two years of this trial.

Figure 2. Tunnelling and root browsing by meadow voles in sawdust mulch
(photo by Tim Miller).

Figure 3. Blueberry crown with extensive root pruning from vole feeding
(photo by Tim Miller).

Established Blueberry Trial.
Weeding time in 2015 was not significantly affected by presence or absence of living mulch
plants growing under established blueberry bushes (data not shown). There was a trend in the
data that plots planted to living mulches were more difficult to weed, however, requiring 3.8 to
5 minutes per meter per person. Most of the time required for hand-weeding was due to the
difficulty that workers experienced in accessing the beds underneath the bushes. Blueberry
plants generally were a meter or more tall and living mulch plants and sawdust were quite
shaded underneath, which likely reduced weed seed germination and weed growth.
Berry yield did not differ among treatments in 2015, ranging from 744 to 935 grams of fruit
per bush (Table 5). This was not an unexpected result, as our previous research has shown that
blueberry and other perennial plants often do not respond to weed control strategies employed
during a single growing season. Harvested fruit size ranged from 1.8 to 1.9 grams per berry
regardless of living mulch treatment. As in 2015, neither 50-berry weight nor berry yield
differed among treatments in 2016. Yield was 5 to 6 times greater in 2016 than in 2015,
however, for two reasons. Summer 2015 was very warm and dry compared to 2016, and lower
blueberry yield was observed throughout the region in 2015. The ‘Duke’ field was also a year
older, and was not heavily pruned during the winter of 2015-16. These factors which, coupled
with the low fruit load in 2015, led to greater flowering and fruiting in 2016. The two-year
average 50-berry weight and berry yield also did not differ by treatment, although the general
trend in the data was for higher yield and larger fruit in sawdust plots than in living mulch plots.

Table 5. Blueberry fruit yield and fifty-berry weights from established blueberry plants grown
with living mulches or sawdust.
2015
2016
Total
50-Berry
Fruit
50-Berry Fruit
50-Berry Fruit
a
a
a
a
Treatment
weight
yield
weight
yield
weighta
yielda
g/berry
kg/bush g/berry
kg/bush g/berry
kg/bush
Creeping buttercup
1.9
0.74
2.0
4.93
1.9
5.68
Sweet woodruff
1.8
0.94
2.0
4.88
1.9
5.82
Sawdust
1.9
0.85
2.1
5.86
2.0
6.71
Means within a column and followed by the same letter or not followed by a letter are not significantly different (P ≤ 0.05).
aBerries from two adjacent, similarly-sized blueberry plants were harvested July 8, 2015 and July 11, 2016.

•

Publications, Handouts, Other Text & Web Products:
A poster was presented at the XI International Vaccinium Symposium held in Orlando, Florida on
April 10-14, 2016 (full-text article of 2015 results was accepted for publication by Acta
Horticulturae: Miller, T.W. and L.W. DeVetter. 2017. Effectiveness of living and compostable mulches
for weed control in Pacific Northwest highbush blueberry). A journal article (likely for HortScience)
for the newly planted blueberry trial is currently being written by Miller and DeVetter.

•

Outreach & Education Activities:
Results were included in presentations at the Washington Small Fruit Conference in Lynden,
Washington on December 3, 2015 and November 30, 2016, and also included in the North
Willamette Horticulture Association annual meeting in Canby, Oregon on January 14, 2016 and
January 12, 2017. Newly planted plots at NWREC were also featured on several site visits by
students and growers during 2015 and 2016.

IMPACTS
• Short-Term: Creeping buttercup was very effective at reducing growth of other weeds, but
young blueberry root and shoot biomass were dramatically reduced in that planting. Sweet
woodruff was not as effective on controlling weed growth as buttercup, but blueberry growth
was as poor in sweet woodruff plots as in buttercup. Compostable mulch gave outstanding
weed control, although blueberry biomass was similarly reduced as in living mulch plots. Taking
weed control and blueberry growth into consideration, then, sawdust was the best mulch for
blueberry establishment of young blueberry plantings.
• Intermediate-Term: Compostable mulches can provide effective weed control in newly planted
blueberry, provided control of voles is adequate. Because of negative effects on blueberry
growth and survival, living mulches are not recommended for young blueberry plantings. In
established blueberry, living mulch did not significantly affect yield or weeding time, and
therefore do not appear to be worth the time and cost of establishment as compared to
sawdust mulching.
• Long-Term: None.

ADDITIONAL FUNDING APPLIED FOR / SECURED
Project co-funding was unsuccessfully sought from Western Region Integrated Pest Management Center
and the Washington Blueberry Commission. DeVetter and Miller (joined by WSU faculty Sablani and
Hoheisel, and WSU postdoc Harteveld) also unsuccessfully applied for an Organic Agriculture
Research and Extension Initiative (OREI) proposal for more extensive testing of compostable and
living mulches in 2016.
GRADUATE STUDENTS FUNDED
None.
RECOMMENDATIONS FOR FUTURE RESEARCH

Continued research on these living mulch species in blueberry does not appear to be warranted based
on results from these trials, especially in young blueberry plantings. At least one northwestern
Washington organic blueberry grower is currently using purslane (Portulaca oleracea L.) as a living
mulch, or actually more as a companion crop, in well-established blueberry plants. He is able to
harvest and sell the purslane leaves/stems as salad greens as well as harvesting blueberries from the
same plots.
It is clear that the living mulch species tested in these trials were not suitable for use in newly planted
blueberry. While other plant species may potentially provide an adequate level of weed control in
blueberry while not reducing blueberry growth, it appears young blueberry is likely to be negatively
affected by living mulch competition. Vole feeding on blueberry plant roots was a major negative
factor in the newly planted trial. Consequently, additional focus on vole control should be
implemented in future trials of living mulch. Compostable/biodegradable mulch provided excellent
weed control, particularly the first year of blueberry establishment, and additional testing of
different products is warranted.

