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Abstract. Weed management, training time, and irrigation practices were evaluated from
2013 to 2014 in a mature field of trailing blackberry (Rubus L. subgenus Rubus Watson)
established in western Oregon. The field was planted in 2010 and certified organic in
2012, before the first harvest season. Treatments included two cultivars (Marion and
Black Diamond), three weed management practices [nonweeded, hand-weeded or bare
soil, and weed mat (black landscape fabric)], two irrigation strategies (irrigation
throughout the growing season and no postharvest irrigation), and two primocane
training dates (August and February). When averaged over the other treatments,
‘Marion’ and ‘Black Diamond’ had similar yields in both years. However, the presence
of weeds reduced vegetative growth and yield, especially in ‘Black Diamond’, while weed
mat increased growth and yield over hand-weeded plots by 13%. Withholding irrigation
after harvest reduced water use by an average of 44% each year without adversely
affecting yield in either cultivar. The effects of training time were primarily seen in 2014
after a cold winter. August-trained ‘Marion’ plants had more cold damage than
February-trained plants and, consequently, had fewer and shorter canes, less biomass,
fewer nodes, and 1 kg/plant less yield than February-trained plants. ‘Black Di-
amond’ was cold hardier than ‘Marion’, but was more readily infested by raspberry
crown borer (Pennisetia marginata Harris). As the planting reached maturity, yields in
the best performing organic production systems (both cultivars under weed mat and
‘Marion’ that was February-trained) averaged 11 and 9 t-ha~!, for ‘Black Diamond’
and ‘Marion’ respectively, similar to what would be expected in conventional
production.

About 6000 ha of blackberry (Rubus L.
subgenus Rubus, Watson) was harvested in
the United States in 2012 [U.S. Department
of Agriculture (USDA), 2014]. Oregon was
the leading producer with 2500 ha, most of
which were trailing types grown predomi-
nantly for the processed market (Strik and
Finn, 2012; USDA, 2014). There were only
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200 ha of organic blackberry harvested
from certified and exempt organic farms in
the United States in 2008, although world-
wide production was 2500 ha (Strik et al.,
2008; USDA, 2010). Consumer demand for
organic products has been steadily increas-
ing, creating a price premium for organic
fruit and strong interest in organic production
systems.

There is a growing body of research
dedicated to blackberry growth and produc-
tion (e.g., Strik and Finn, 2012), but there has
been relatively little published on the organic
production of blackberry. The Appropriate
Technology Transfer for Rural America has
published a general organic production guide
that is mainly focused on small-scale produc-
tion of erect and semierect types of blackberry
for the fresh market with little information on
the production of trailing types for the pro-
cessed market (Kuepper et al., 2003). In or-
ganic trailing blackberry systems, Harkins et al.

(2013, 2014) studied weed management and
cultivar impacts during establishment, and
Fernandez-Salvador et al. (2015a, 2015b) in-
vestigated several cultivar and fertilizer options.

Weed management can be one of the most
challenging and expensive issues to address
in organic production, as Organic Materials
Review Institute (OMRI)-listed materials for
weed control are limited, and removing
weeds by hand is expensive. Therefore, some
growers allow weeds to grow in organic
blackberry plantings and remove them only
before harvest. However, weeds compete
with blackberry plants and can significantly
reduce yield when left unmanaged (Harkins
et al., 2013; Meyers et al., 2014). The use of
a perforated landscape fabric, or “weed mat,”
as a barrier to weeds within the blackberry row
has been successful in blackberry plantings
during establishment (Harkins et al., 2013;
Makus, 2011; Meyers et al., 2014).

Most of the research published to date on
trailing blackberry has been in ‘Marion’ or
other older cultivars (Bell et al., 1995a, 1995b;
Cortell etal., 1997a, 1997b; Julian et al., 2009;
Mohadjer et al., 2001; Sheets et al., 1972;
Takeda et al., 2002). However, many newer
thornless cultivars, such as ‘Black Diamond’,
are desirable to producers because they reduce
training time and cane damage and eliminate
the risk of finding thorny petioles in the
machine-harvested, processed end product
(Strik and Buller, 2002). Thornless cultivars
of trailing blackberry are also reported to be
cold hardier (Finn et al., 2005). ‘Marion” and
‘Black Diamond’ together accounted for
>75% of the 2914 ha of blackberry produced
in Oregon in 2012 (USDA, 2013).

Trailing blackberry canes are typically
trained onto a two-wire trellis in either late
summer or late winter. Bell et al. (1995a)
found that ‘Marion’ plants trained in August
produced 46% greater yield than those
trained in February. Despite the potential
increase in yield, many growers still train in
February, as canes left on the ground through
the colder winter months are better protected
from cold damage (Bell et al., 1992).

Irrigation practices in blackberry are
varied. Most fresh market plantings are irrigated
by drip irrigation, while blackberry grown for
processed markets are most commonly irri-
gated using moveable pipe with overhead
sprinklers or big gun systems (Strik and Finn,
2012; B.C. Strik, personal observation).
Some growers in Oregon do not irrigate at
all, even though blackberry plants have high
water demands during fruit production (Bryla
and Strik, 2008; Strik and Finn, 2012) and
there is relatively little precipitation in sum-
mer (U.S. Department of Interior, 2013).
There may be an option for an intermediate
solution of turning off irrigation to black-
berry after harvest instead of irrigating
throughout the summer because irrigation
demand drops off after fruit production
(Bryla and Strik, 2008). Drip irrigation may
be especially beneficial in organic production
by reducing weed presence outside the drip
zone and disease problems in the canopy
when compared with overhead systems.
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Applying fertilizers through the drip irrigation
system (fertigation) has worked well using
OMRI-approved products in organic black-
berry (Fernandez-Salvador et al., 2015a).

The objective of this study was to evaluate
various production practices (cultivar, weed
management, training time, and irrigation)
for their effect on growth and organic pro-
duction of mature trailing blackberry that
were machine-harvested for the processed
market. Two cultivars, ‘Marion’ and ‘Black
Diamond’, were included in the study, along
with three weed management strategies, non-
weeded, hand-weeded, and weed mat. Two
training dates, August and February, and two
irrigation strategies, continuous summer irri-
gation and no irrigation after fruit harvest,
were also included.

Materials and Methods

Study site. The study was carried out in
2013 and 2014 in a mature trailing blackberry
planting at the North Willamette Research
and Extension Center in Aurora, OR [latitude
45°16'47"N, longitude 122°45'23"W; USDA
hardiness zone 8b (U.S. Department of Interior,
2013); elevation 56 m]. The soil is a Willamette
silt loam, classified as a fine-silty, mixed,
superactive mesic Pachic Ultic Argixeroll.
The site was certified as organic by a USDA-
accredited agency (Oregon Tilth, Certified
Organic, Corvallis, OR).

The field was planted with tissue-cultured
plug plants on 26 May 2010. Annual devel-
opment of the planting during establishment
was described by Harkins et al. (2013). Plants
were trained on a two-wire vertical trellis
system in each row with the wires attached to
steel posts at 1.0 and 1.6 m above the ground.
Primocanes that grew in year 1 (2010, the
planting year) were removed in the following
winter (Feb. 2011) to increase subsequent
growth and promote plant establishment, as
per standard commercial practice (Strik and
Finn, 2012). In year 2 (2011), primocanes
were trained to the trellis wires as they grew.
By year 3 (2012, the first fruiting season)
through year 5 (2014), plants had primocanes
and floricanes (the previous year’s primo-
canes). New primocanes were bundled and tied
to the bottom trellis wire, below the floricane
canopy, until August each year. Primocanes
were then trained to the upper trellis wires in
late August or February, depending on treat-
ment (see “Primocane training” below), by
dividing the primocanes produced by each
plant into two bundles and looping half in
one direction from the upper to middle trellis
wire and bringing it back toward the plant with
one or two twists; the other half was looped in
the opposite direction. An every-year produc-
tion system was chosen because it is the pre-
dominant production method used by growers
(Strik and Finn, 2012). Refer to the work by
Harkins et al. (2013) for further details on site
preparation and establishment.

Experimental design. Treatments were
arranged as a split-split-split plot design with
five replicates and included a row of ‘Marion’
and a row of ‘Black Diamond’ blackberry as
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main plots, two irrigation strategies (posthar-
vest and no postharvest irrigation) as split
plots, and a combination of three weed man-
agement strategies (weed mat, hand-weeded,
and nonweeded), and two primocane training
dates (August and February) as split-split
plots. Each split-split plot consisted of four
plants spaced 1.5 m apart in-row and was
separated from plants in adjacent plots by
3.0 m (to provide space for clearing the
machine harvester). In-between row spacing
was 3.0 m (2222 plants/ha). The planting also
had a plot of four border plants at the end of
each row, and a border row on each side.
Overall, there were 12 rows of 104 m each
(0.4 ha) and a total of 120 treatment plots.

Weed management. The three weed man-
agement strategies were applied to each plot
individually. Weeds were only removed from
the nonweeded plots during the first year after
planting (2010) to aid in plant establishment.
In subsequent years, weeds in the nonweeded
plots were cut to soil level just before
machine harvest (early July) to avoid any
interference with the catcher plates. The bio-
mass removed was left in the row except for
a 0.25 m? section located between the center
plants in each plot and on the west side of the
row that was collected, dried, and weighed to
calculate biomass/m?. In hand-weeded plots,
weeds were removed by hand hoeing through-
out the establishment years (2010-12) and on
22 Mar., 10 May, and 19 June in 2013 and
28 Mar., 28 May, 8 July, and 8 Aug. in 2014.
The extra day of hoeing in 2014 was needed
to compensate for increased weed presence.
The weed mat treatment plots were covered
in a 1.4-m-wide strip of black, woven poly-
ethylene groundcover (TenCate Protective
Fabrics; OBC Northwest Inc., Canby, OR)
centered on the row and secured using 0.1-m
long nails. According to the manufacturer,
the weed mat had a density of 0.11 kg-m 2 and
a water flow rate of 6.8 L-h-m™2. The weed
mat was placed on top of the row just before
planting, and openings were cut for each
plant (planting hole). Weeds were removed
from the planting hole area and seams in the
weed mat, as required, on 31 May 2013 and
10 June and 8 Aug. 2014. Any weeds re-
moved from the hand-weeded and weed mat
plots were left between the rows. Labor hours
required to maintain the three weed manage-
ment treatments were recorded.

Irrigation. Each treatment was irrigated
with a single lateral of drip tubing (UNIRAM,;
Netafim USA, Fresno, CA). The tubing had
pressure-compensating emitters (1.9 L-h™! in-
line) spaced every 0.6 m and was placed along
the ground at the base of the plants under the
weed mat or was attached to a third trellis wire
located 0.3 m above the ground in the non-
weeded and hand-weeded plots. The cultivar,
irrigation, and weed management treatment
combinations were irrigated independently
using a manifold with electric solenoid valves
and an automatic timer.

Irrigation was scheduled weekly based on
the estimates of crop evapotranspiration
(ET), but was adjusted as needed each week
to maintain similar leaf water potentials

(LWP) among treatments. Crop ET was
calculated by multiplying reference ET by
a crop coefficient for blackberry that was
downloaded daily along with weather data,
including air temperature and precipitation,
obtained from a Pacific Northwest Coopera-
tive Agricultural Weather Network AgriMet
weather station (U.S. Department of the In-
terior, 2013; Table 1). The weather station
was located in a field of tall fescue [Lolium
arundinacea (Schreb.) S.J. Darbyshire],
~0.5 km from the site. Leaf water potential
was measured weekly throughout the 2012—
2014 seasons after irrigation was started,
using a pressure chamber (Model 1000; PMS
Equipment, Albany, OR). The measurements
were made between 1200 and 1500 HR on one
recent fully expanded primocane leaf in three
replicate plots per treatment before the post-
harvest irrigation treatment was implemented
and in four replicates thereafter. Irrigation
was increased by 10% above the previous
week’s rate when mean weekly water poten-
tial in a given weed management treatment
was lower than the mean of any other weed
management treatment in the cultivar. In
2012, LWP was measured only on primocane
leaves. Harkins et al. (2013) speculated that
a cane type by weed management interaction
was responsible for treatment differences seen
in fruit characteristics in 2012 so floricane
LWP were added in 2013. The interaction was
not observed in 2013, so in 2014, only
primocane LWP data were collected. Water
applications were measured in each treatment
using turbine water meters (model 36M201T;
Netafim USA) installed in the irrigation mani-
fold. There was no evidence of water runoff
during irrigation in any treatment.

Soil water content was measured weekly,
beginning after the final fruit harvest and
continuing until the rainy season, using a Trase
I time domain reflectometry (TDR) system
(Soilmoisture Equipment Corp., Santa Barbara,
CA). The TDR system was equipped with
a pair of 0.4-m stainless steel waveguides
and a waveguide connector. The waveguides
were installed vertically in the middle of the
row between two plants in three replicates of
‘Marion’ plots receiving no postharvest irri-
gation, which included all of the training time
and weed management combinations. The
waveguides were located underneath or next
to the drip line and 0.75 m from two adjacent
plants.

Irrigation was applied in the postharvest
irrigation treatment from 9 May 2012 to
8 Oct. 2012, 17 May 2013 to 27 Sept. 2013,
and 28 May 2014 to 23 Sept. 2014. In the no
postharvest irrigation treatment, irrigation was
started on the same dates but withheld after the
last fruit harvest on 30 July 2012, 19 July 2013,
and 15 July 2014. Thus, these latter plots did
not receive water other than minimal rainfall
until the rainy season began on 12 Oct. 2012, 21
Sept. 2013, and 23 Sept. 2014 (Table 1).

Primocane training. Primocanes in the
August-trained treatment were trained to the
upper trellis wires on 13—14 Aug. 2012, 27-29
Aug. 2013, and 14 Aug. 2014 using the method
described above. In the February-trained
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173
258
258

237 237
218

36
18

33

162
212

161

219

29.8

34.6

7.1

10.8

6.5

16.7

17.7

June

304
419
233

37.1

34.0

8.8

10.2

21.8

20.6

July

14

174
191

158

342 34.8

10.0

21.9

20.7

August

28

129

86
44

7.9 352 36.1

6.8
-6.3

19.1 6.5
—0.8

17.1

September
October

172

26
90
48
719

55
28

29.9

25.0

14.7

10.8

19

17.7

17.3

44

-12.4

8.0

7.1
13.0

7.3

November

173
1,065

16
1,105

13.1 17.8

-3.8

2.1

December

604

797 1,009

1,535

986

26.6

254

2.1

0.8

11.7

Total/average

“Weather data were obtained from a nearby AgriMet weather station (Aurora, OR) (U.S. Department of the Interior, 2013).

YIrrigation in May and June includes the time the system was used for fertigation.

Postharvest irrigated plots received irrigation from 17 May to 27 Sept. 2013 and 28 May to 23 Sept. 2014.

X“‘Hl‘l’ig.”

No postharvest irrigated plots received irrigation from 17 May to 19 July 2013 and 28 May to 29 July 2014.

W“—IlTig.”

treatment, primocanes were left on the wire
for the drip lines, just above ground-level,
throughout the growing season and subse-
quent winter until they were wrapped and tied
to the upper two trellis wires on 21-25 Feb.
2013 and 21-28 Feb. 2014. Primocane train-
ing was done by replicate to avoid any
possible date effects within treatment over
the days required to train.

Fertilization. An OMRI-approved fish hy-
drolysate and fish emulsion blend was diluted
1:1 (v/v) with water and applied through the
drip system using a combination of a water-
driven pump fertilizer injector (Mix-Rite 571
CW; DEMA, St. Louis, MO) and an electric,
low-volume chemigation pump system (Insec-
tigator III; Agri-Inject, Inc., Yuma, CO). While
only one injector was needed, the electric
pump was installed to reduce injection
time (=1.5 h/application compared with
~4.5 h/application with the water-driven
pump). Converted Organics 421 (4N-0.8P—
0.8K; True Organic Products Inc., Spreckels,
CA) was used for the first four applications in
2013 and True Organics 512 (SN-0.4P-1.7K;
True Organic Products Inc., Spreckels, CA)
was used for the last four applications in 2013
and for all applications in 2014. The fertilizer
(s) was split into eight equal applications
(about every 2 weeks from 5 Apr. to 12 July
2013 and 19 Mar. to 25 June 2014) and applied
at a total rate of 90 kg-ha™' N per year (based
on percentage of N as stated on the label).
Irrigation was run for 30 min before injection
to fully pressurize the system to 303.4 kPa and
run for 2 h after injection to flush the drip lines.

Plant growth and fruit production. Primo-
canes (at 0.3 m height) were counted on two
separate plants in each four-plant plot on 24
Jan. 2013 (for growth in 2012), 20 Feb. 2014
(for growth in 2013), and 18 Dec. 2014 (for
growth in 2014) and average primocanes per
plant was calculated. Individual primocanes
were defined as originating at the crown or at
a branch below 0.3 m and extending at least to
the lower training wire (1.0 m).

Ripe fruit were harvested twice weekly from
24 June to 18 July in both years, using an over-
the-row rotary harvester (Littau Harvesters Inc.,
Stayton, OR). ‘Black Diamond’ was harvested
on every date in both years whereas ‘Marion’
was not harvested on the first or last date in
either year. Marketable yield and unmarketable
fruit (culls, including overripe, damaged, rotten,
or underripe fruit) were weighed separately.
A subsample of 25 berries was randomly
selected from the machine-harvested, market-
able yield of each plot and weighed; a weighted
average individual fruit weight was calculated
for the fruiting season. The subsample was used
to measure percent total soluble solids (TSS;
°Brix) on 5, 8, and 11 July in 2013 and 3, 10,
and 15 July in 2014. The subsamples were
crushed by hand in a 1-L polyethylene re-
sealable bag, and the juice was used to measure
TSS with a temperature-compensated digital
refractometer (Atago, Bellevue, WA). A 25-
berry subsample per treatment plot was shipped
overnight to Brookside Laboratories (New
Bremen, OH) for analysis of fruit percent
moisture on 8 July 2013 and 7 July 2014.
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Senescing floricanes were removed by
pruning at the base of the plant (=0.1 m
high) after fruit harvest on 29 July to 5 Aug.
in 2013 and 30 July to 1 Aug. in 2014, per
standard commercial practice (Strik and
Finn, 2012). Two floricanes were randomly
selected per plot, and floricane length was
measured, and number of nodes per cane,
laterals per cane, and fruit per lateral (sub-
sample of 10 laterals) were counted. The
number of nodes per plant was calculated
by multiplying the canes per plant by the
nodes per cane. Percent budbreak was
calculated from the nodes per cane and
the laterals per cane. The total fresh bio-
mass of the pruned floricanes was deter-
mined per plot. A subsample of the pruned
canes in each plot was shipped overnight to
Brookside Laboratories for analysis of per-
cent moisture content. Dry weight was then
calculated. After pruning and data collec-
tion, the floricanes were left between the
rows and flail mowed (chopped), per stan-
dard commercial practice.

During August training in 2013, primo-
canes were wilted or “flagging” at the cane tip.
These canes broke at the crown easily. Larvae
were found in these affected canes and iden-
tified as raspberry crown borer (P. marginata
Harris). The presence of crown borer was
assessed in August of both years by counting
the number of plots in which at least one
infested primocane was discovered when
training (broken at base with larval presence
identified) or a cane showed symptoms of
flagging. The percentage of crown borer
infestation was then calculated for each
treatment.

An unusually early and extreme cold event
for the region occurred in Dec. 2013 (Table 1).
Following relatively warm autumn tempera-
tures, the air temperature dropped to —12.4 °C
on 9 Dec. By Spring 2014, cold damage was
evident, based on reduced and delayed bud-
break and primocane necrosis. All plots were
surveyed for damage on 21 Apr. using a rating
system, where 1 indicated 100% of normal
budbreak (no visible damage) and 5 indicated
extreme damage (<5% of normal budbreak).
Plots were rated as an average of the four
plants.

Data analysis. Data were analyzed by
year due to large differences in the annual
weather conditions (Table 1). Within year,
data were analyzed as a split-split-split plot
design with cultivar as the main plot factor,
postharvest irrigation as the split-plot fac-
tor, and weed management and training time
as split-split plots, using PROC MIXED in
SAS (version 9.3; SAS Institute Inc., Cary,
NC). Residuals were plotted to assess ho-
mogeneity of variance (residual by fitted
value plot). When strong fanning was ob-
served in the residual plots, the data were
log transformed before analysis to improve
homogeneity of variance and to assess pro-
portional effects. Data were back trans-
formed for presentation. Normality was
assessed using a histogram of the residuals.
Means from significant effects were com-
pared using a Tukey’s honestly significant
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difference test with a0 = 0.05. Mean compar-
isons from significant interactions were com-
pared using Least Square Means (LS Means)
with o = 0.05.

Results and Discussion

This study was a continuation of the work
done by Harkins et al. (2013) to assess the
impact of weed management and cultivar
during the establishment years. Our study
was conducted in the same planting and
implemented the additional treatments of no
postharvest irrigation and training time.

Fruit production in 2013. ‘Black Dia-
mond’ tended (P = 0.08) to have greater yield
than ‘Marion’ in 2013 (Table 2). Harkins
etal. (2013) also found that ‘Black Diamond’
had greater yield than ‘Marion’ during the
first year of production in 2012. Total yield
declined ~30% from the first (Harkins et al.,
2013) to the second fruiting year (2013;
Table 2). Yield was relatively high in 2012
because this was the first year in which the
plants were cropped, and thus, primocanes
grew without competition from floricanes in
2011 (Harkins et al., 2013). In contrast, the
primocanes that grew in 2012 competed with
a high number of fruiting canes (Harkins
et al., 2013), which has been shown to reduce
primocane growth (Cortell and Strik, 1997b;
Mohadjer et al., 2001). Consequently, 2013
was expected to be a recovery year, in which
fruit production on the floricanes would be
lower as the planting transitioned to full
production every year (Strik and Finn,
2012). Average yield from both cultivars
was comparable to what would be expected
from a mature, conventionally managed field
grown in an every-year production system
(Julian et al., 2009).

The nonweeded plots had 100% weed
coverage during the course of this study (data
not shown), and the aboveground weed bio-
mass in late June was 25.3 g-m 2. The hand
labor required to control weeds was 81, 412,
and 95 h/ha in the weed mat, hand-weeded,
and nonweeded (to cut off the aboveground
biomass before machine harvest) manage-
ment strategies, respectively. Weed manage-
ment, on average, improved yield by 54%
over nonweeded plots (Table 2). The weeds
in the nonweeded plots were predominantly
grasses (E. Dixon, unpublished data), which
may have had a more negative impact on the
blackberry plants than an intentionally
planted nitrogen-fixing cover crop such as
clover. Plants grown with weed mat produced
a 13% greater yield than those in hand-
weeded plots (Table 2), similar to the positive
impact of weed mat reported by Harkins et al.
(2013) and found in erect blackberry and
blueberry (Vaccinium corymbosum L.) (Krewer
et al., 2009; Makus, 2011; Meyers et al., 2014).
Increasing the width of the weed-free strip
within the row from 0 to 2 m also increased
yield in erect blackberry (Meyers et al.,
2014). Since hand-weeded plots were hoed
several times during the season, it is possible
that even the relatively young weeds present
before each hoeing event competed with the

blackberry plants, leading to a reduction in
yield.

‘Black Diamond’ fruit were heavier and
contained relatively more water than ‘Marion’
fruit (Table 2). Average fruit weight was 6%
and 12% greater for plants grown with weed
control than those grown in nonweeded plots
for ‘Marion’ and ‘Black Diamond’, respec-
tively. Weeds also reduced fruit water con-
tent, particularly in ‘Black Diamond’. Other
studies have demonstrated the negative im-
pact of weeds on fruit weight and fruit water
content (Harkins et al., 2013; Meyers et al.,
2014). Through 4 years after planting, ‘Black
Diamond’ was not able to compete as effec-
tively with weeds as ‘“Marion’.

There was a cultivar by training time
interaction on fruit water content and TSS.
Fruit from February-trained plants contained
higher TSS than fruit from plants trained in
August, which was likely a concentration effect,
as the fruit from the February-trained treatment
also had lower water content (Table 2). Fruit
TSS was also affected by a three-way in-
teraction among cultivar, irrigation, and
weed management (Fig. 1). ‘Marion’ fruit
had higher TSS than ‘Black Diamond’ for all
of the treatment combinations, as reported by
others (Fernandez-Salvador et al., 2015a;
Harkins et al., 2013). Fruit from both culti-
vars had the highest TSS in the nonweeded
plots, consistent with the findings of Harkins
etal. (2013). Meyers et al. (2014) also found that
increasing the width of a weed-free strip within
the row decreased TSS in erect blackberry. In
our study, fruit from the nonweeded plots were
smaller and had lower water content, and
thus TSS may have been more concentrated,;
this effect was more pronounced in ‘Black
Diamond’ than in ‘Marion’ (Fig. 1).

Weeds had a negative effect on many yield
components. Plants grown in nonweeded plots
had fewer primocanes than those grown with
weed control, but there was no effect of weed
management on primocane length or the
number of nodes per plant, similar to what
was observed by Harkins etal. (2013; Table 2).
Meyers et al. (2014) found no effect of weeds
on primocane length or number in erect
blackberry. When primocanes became flori-
canes, their dry weight at pruning in August
was significantly less in nonweeded plots,
particularly in ‘Black Diamond’ (Table 2).
There was no significant difference between
weed mat and hand-weeded plots for primo-
cane vigor or floricane dry weight (Table 2).
Makus (2011) observed increased vigor when
erect blackberry were grown with weed mat
as compared with bare soil. In our study,
there was a cultivar by weed management
interaction effect on floricane dry weight
because there was a greater reduction in dry
weight in nonweeded plots compared with
weed mat in ‘Marion’ (38%) than in ‘Black
Diamond’ (24%). Since floricanes were more
than twice as long in ‘Marion’ as in ‘Black
Diamond’ (Table 2), and ‘Marion’ has thorny
canes, there likely was more cane breakage
when primocanes were pulled up and trained
in the weedy plots. Our findings were similar
to those reported by Harkins et al. (2013).

HortScience VoL. 50(8) Aucust 2015



*(359) ouaIeyyIp JueoyTuSIS APSouoy s, AN 600 < J) WRIRPIP APuedyrusIs JoU oI UOT)ORISIUT IO UWN[OD B UMM I9)39] dUIes ) Aq POMO[[OF SUBIA[,

'$10J0B] JUROYTUSIS 10 papiaoid senjea g SueoyruSisuou = SN,
"3y (S[qeId[IEBW-UOU) [[NO PUL J[qEIINIBW [J0q SIPN[OUI P[AIA [BIO L,

queld 1od 1oqunu suedownid Aq sueoowid 12d sopou SuiAdnnuw £q pejenores sem jueld 1od sopoN,

"€10T "9 Ul pauIuIago(,

SN SN SN SN SN SN SN SN SN SN LXMXIXD
SN SN SN SN SN SN SN SN SN SN IXMXI
SN SN SN SN SN SN SN SN SN SN LXMXD
SN SN SN SN SN SN SN 1220°0 SN SN LXIXD
L2070 SN SN SN SN 120°0 SN SN SN SN MXIXD
SN SN SN SN SN SN SN SN SN SN LXM
SN SN SN SN SN SN SN SN SN SN LXI
50070 YTr00 SN SN SN SN SN SN SN SN LXD
1L10°0 SN SN SN SN SN SN SN SN SN M XT
1000°0> 16200 €€10°0 SN SN SN SN SN L800°0 SN M XD
SN SN SN SN SN SN SN SN SN SN IXD
1000°0> 100 1000°0> SN SN 9100°0 SN SN SN SN L
1000°0> 1000°0> 1000°0> 1000°0> SN SN SN SN 1000°0> GETO'0 M
SN SN SN SN SN 681070 SN SN SN SN I
1000°0> 20000 610070 SN S000°0 ¢100°0 SN 1000°0> LS00°0 SN o]
~JUBOYTUTIS
B6II qves LR Y L'E 98 q8¢ we Y 0y L'e Areniqoq
QeI BLES q¢6¢s L'E L8 B9 0s¢ 8Y L'e (44 sngny
(1) Sururer,
qell 28C8 LR AT qav's LRAY BYY 88 65 9LE LS 09 qee LR 4 Jeur pao\
avil dLT8 BTC8 CRaY e19 q6'¢ 98 19 L9¢ I's BGS q87T BEY popaam-pueH
Byl P8I8 q9¢8 216 q¢6's dLT S8 19 v6¢ 8 qL¢ 21¢ qv'e PIpa9MUON
UOLIEIA] puowrer]  UOMEJN  pUOWEI( UOLIB[|  puouwrer(q () yuswoFeurw pod Ay
Aoerd Aoerd Aoerd
811 9'¢8 LS L'E L8 B9 60¢ 0°S L'e 'y 1soateysod oN
911 9'¢8 Y Le 9'8 q8¢ €8¢ ¥'S 0y 6'¢ ISOAIBISO]
(1) uvonesuuy
Gl 967l 21°C8 qLT8 qes £¢ arL q9% CLE BEL BO'S 8¢ UOLIBIN
2701 P 001 BLYS e 8¥8 B6'S 0v B0l ByL (1143 q0¢ AqLT (44 puowreld yoe[g
A1enigoq 1snny Areniqog jsngny (D) 1eADIND
(%) sp1jos (%) WUQuUod (3) 1 ymag «(yuerd/3y) [exd1e] (%) Auerd xod (w) p3usp (301d/3Y) Auerd 1od juouIeAI],
a1qnjos ynI| 101eM NI PIQIA [B10], /iy Jeaiq png sopou QuEBdLIOY SOUEBDLIOY 3} souedowLd
Jo 'oN Jo 'oN o3eroay Jom A1g Jo "oN

‘€107 Ul YO ‘eromy

‘19)U9)) UOISUIXH PUB YIIBISIY NAWR[[IA\ YMON 3 18 umoisd A11oqyoe[q Surjres; oruedio arnjew ur Aijenb jniy pue praik ‘qimoid uo swn Sururen pue ‘Judwddeue paom ‘uonediu 3soateyisod eanino jo syoedwy 'z o[qe],

1169

HorTScience VoL. 50(8) Aucgust 2015



16 - B Non-weeded A. 2013
B Hand-weeded b
14 - MWeed mat 2cd d
=121 & f
g gh | g gh
8 10
2 g -
2
3 61
a
4 -
2
0
Postharvest No postharvest Postharvest No postharvest
irrigation irrigation irrigation irrigation
Black Diamond ‘ Marion
16 - ONon-weeded B. 2014
B Hand-weeded
14 -| Mweed mat 2 a g
g 12 41 " b
£104 = C ¢
2 8 -
2
S 6
o
w 4 -
2
0
Postharvest No postharvest Postharvest No postharvest
irrigation irrigation irrigation irrigation
Black Diamond Marion

Fig. 1. Effects of cultivar, irrigation, and weed management on fruit soluble solids of ‘Black Diamond’ and
‘Marion’ in 2013 (A) and 2014 (B) in mature organic trailing blackberry grown at the North Willamette
Research and Extension Center, Aurora, OR. Mean + sg; means followed by the same letter within the
interaction presented are not significantly different (P > 0.05).

‘Black Diamond’ typically has a compact
growth habit with densely spaced, short
laterals (Fernandez-Salvador et al., 2015a;
Finn et al, 2005; Harkins et al., 2013).
‘Marion’ tends to have more of a sprawling
habit with very long canes, low percent bud-
break, and long laterals (Fernandez-Salvador,
etal., 2015a; Finn et al., 1997; Harkins et al.,
2013). In our study, cane length was affected
by a cultivar X irrigation X training time
interaction (Fig. 2). Cane length in ‘Black
Diamond’ was unaffected by training time or
postharvest irrigation, whereas ‘Marion’
canes were shorter when grown without post-
harvest irrigation and when trained in Au-
gust. August training caused visible signs of
stress on the plants, such as wilting, likely
a result of the primocanes (next year’s flo-
ricanes) being sometimes bent or kinked
when they were wrapped around the trellis
wires and from leaves being torn or ripped
off when the primocanes were untangled
(E. Dixon, personal observation). Further-
more, August training was done when tem-
peratures were warm (Table 1). More kinking
and cane damage would be expected when
training the longer, thorny canes of ‘Marion’
as compared with the shorter, thornless canes
of ‘Black Diamond’. A significant amount of
primocane growth occurs postharvest (Cortell
and Strik, 1997b). No postharvest irrigation
coupled with the stress of August training led
to a shorter cane length in ‘Marion’ plants in
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this treatment (Fig. 2; Table 2). In contrast,
plants that were irrigated after harvest pro-
duced canes of similar length, regardless of
training time (Fig. 2).

Percent budbreak on the floricanes was
affected by a cultivar X irrigation X weed
management interaction (Fig. 2). ‘Marion’
had less budbreak than ‘Black Diamond’
across all irrigation and weed management
treatments. Within a cultivar, long canes tend
to have lower budbreak, likely a result of
resource limitation in trailing blackberry
(Bell et al., 1995a; Cortell and Strik, 1997b).
‘Marion’ floricanes had the lowest percent
budbreak when the primocanes (in the pre-
vious year) grew in hand-weeded or weed
mat plots with postharvest irrigation, which
was likely a response to increased cane length
(Fig. 2). Primocanes that were trained in
August had greater budbreak in the following
spring than those trained in February (Table 2).
August-trained primocanes receive better
light exposure during fruit bud development
(Takeda et al., 2002), which leads to greater
budbreak the following spring relative to
February training (Bell et al.,, 1995a). The
opposing effects of the cultivar, irrigation,
and training time treatments on floricane length
and budbreak led to no differences in yield,
except for the effect of weed management.

Fruit production in 2014. Yield was
affected by every treatment, except irrigation
in 2014 (Table 3).’Black Diamond’ produced

a similar yield in both years of the study,
whereas the yield of ‘Marion’ increased 24%
from 2013 to 2014 when primocanes were
February-trained, but declined 12% for
August-trained plants (Tables 2 and 3). Con-
sistent yield from year to year is expected in
every-year production systems (Julian et al.,
2009), barring any adverse environmental
effects such as cold injury. The training time
effectin ‘Marion’ (Table 3) was likely a result
of a treatment effect on winter cold damage to
canes (see “winter cold injury” below). August-
trained ‘Marion’ plants yielded ~1 kg/plant less
than the other cultivar and training time treat-
ment combinations. Commercial producers in
Oregon also experienced low ‘Marion’
yields—there was a 37% reduction in total
‘Marion’ yield from 2013 to 2014, while all
other cultivars experienced an 8% increase
(U.S. Department of Agriculture, 2015). The
low yield in August-trained ‘Marion’ plants
was reflected in a training time effect on
several yield components, including fewer
primocanes per plant and shorter primocanes
relative to those on February-trained plants.
‘Black Diamond’ produced 60% of the
floricane dry weight of ‘Marion’ (Table 3),
likely a result of ‘Marion’ producing very
long fruiting laterals with large leaves, as
discussed previously. ‘Black Diamond’ flo-
ricane dry weight at pruning was unaffected
by training time, while ‘Marion’ floricane dry
weight was almost 2 kg less in August-
trained plots than in February-trained plots.
‘Marion’ also produced fruit that weighed less
when August-trained compared to February-
trained plots, contributing to the low yield of
this treatment. Training time had an effect on
fruit per lateral, with February-trained ‘Black
Diamond’ producing fewer fruit per lateral
than the other cultivar and training time
combinations. Previous studies have reported
between 4.1 and 7.4 fruit/lateral in ‘Marion’
(Bell et al., 1995a; Cortell and Strik, 1997b;
Harkins et al., 2013) and between 5.5 and 10.9
fruit/lateral in ‘Black Diamond’ (Fernandez-
Salvador et al., 2015a). Bell et al. (1995a)
found that ‘Marion’ had fewer fruit per lateral
when February-trained (5.1) than when August-
trained (6.5), and berry weight was inversely
correlated with the number of fruit per lateral.
In our study, February-trained ‘Black Dia-
mond’ plants produced fewer but larger fruit/
lateral than the other treatments. However, we
did not find a similar relationship between fruit
per lateral and fruit weight across or within
cultivars in 2013 (Table 2) or during the
establishment years (Harkins et al., 2013).
There was a cultivar by training time
interaction on fruit TSS (Table 3). ‘Black
Diamond’ fruit had less TSS than ‘Marion’
fruit. While there was no effect of training
time on ‘Marion’ fruit TSS, August training
resulted in lower fruit TSS than February
training in ‘Black Diamond’. ‘Marion’ pro-
duced small fruit with low fruit water con-
tent, resulting in concentrated TSS. ‘Black
Diamond’ August-trained plants produced
smaller fruit than February-trained plants
with no effect on fruit water content.
This response to August training could be
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Fig. 2. Effects of cultivar, irrigation, and weed management on floricane length of ‘Black Diamond’ and
‘Marion’ (A) and percent budbreak of ‘Black Diamond’ and ‘Marion’ (B) in mature organic trailing
blackberry grown at the North Willamette Research and Extension Center, Aurora, OR, 2013. Mean +
si; means followed by the same letter within the interaction presented are not significantly different (P >

0.05).

a disadvantage for fresh market growers, as
many small fruit could reduce hand harvest
efficiency. However, this is less of an issue
for the machine-harvest, processed market.
‘Black Diamond’ had a longer fruiting
season than ‘Marion’, consistent with what
was observed in the prior year (data not
shown) and during the establishment year
(Harkins et al., 2013), as well as with findings
of others (Fernandez-Salvador et al., 2015a).
There was also a cultivar by weed manage-
ment interaction on yield (Table 3). The
response of ‘Black Diamond’ to weed man-
agement was similar to what was observed in
2013 and during establishment (Harkins
et al., 2013), but the magnitude of the re-
sponse was greater in 2014. Weed control
increased yield by 61% compared with non-
weeded plots in ‘Black Diamond’ (Table 3).
In ‘Marion’, weed control improved yield by
19% (Table 3), which was also more than
what was observed in 2013 (Table 2). The
high yield in weed mat plots was mainly
a result of more canes per plant (particularly
with February training), a high number of
nodes per plant, greater fruit weight (com-
pared with nonweeded), and more floricane
biomass per plot (Table 3). Archbold et al.
(1989) also found that high plant biomass
resulted in larger fruit size in semierect
blackberry. Interestingly, high yields have
been related to several yield components in

HorTScience VoL. 50(8) Aucgust 2015

trailing blackberry, including cane number,
cane diameter, cane length, node number, berry
size, fruit per lateral, and internode length (Bell
et al., 1995a; Cortell et al., 1997b; Fernandez-
Salvador et al., 2015a; Harkins et al., 2013).
The most common factors associated with high
yield across these studies and in both years of
our study appear to be berry weight and cane
number per plant. The high yield in our study
occurred despite a lower percent budbreak in
weed mat plots when primocanes were trained
in February.

Weeds reduced fruit weight and percent
water content and increased TSS in 2014
(Table 3), as was observed in 2013 (Table 2).
Irrigation and training time had an effect on
the amount of weed biomass removed from
the nonweeded plots before harvest in late
June. Plots with postharvest irrigation (in
2013) that were not trained until Feb. 2014
had 10 g-m™ less weed biomass than those
that were August-trained (P = 0.013; data not
shown). Weed pressure was significantly re-
duced in February-trained plots because the
primocanes lying along the ground from
August to February reduced weed growth
through shading. This effect was also no-
ticed, although no data were collected, in the
hand-weeded plots during the early hoeing
dates (E. Dixon, personal observation).

Plots that received no irrigation posthar-
vest for two consecutive years (2012—-13) had

significantly shorter canes in early 2014, but
this had no effect on yield (Table 3). In
contrast, in machine-harvested erect black-
berry and raspberry, grown in Fayetteville,
AR, and Kent, UK respectively, plants that
were not irrigated postharvest produced
lower yields of smaller berries than plants
that were irrigated (Goode and Hyrycz, 1968;
Morris et al., 1978). Similar results were
found in Arkansas when plants were not
irrigated at all in erect blackberry (Morris
and Sims, 1985; Sims and Morris, 1982).
Morris et al. (1978) also found that irrigation
postharvest was necessary for good fruit
production the following year. Raspberry
plants in Pullman, WA, which received post-
harvest irrigation produced more fruit per
lateral than those that did not, although total
yield was not presented (Crandall et al.,
1974). In our study, the number of fruit per
lateral was unaffected by irrigation. A similar
cultivar X irrigation X weed management
interaction was seen for fruit TSS in 2014
(data not shown) as was described for 2013
(Fig. 1). ‘Marion’ fruit had a greater TSS than
‘Black Diamond’ fruit, but TSS in ‘Marion’
was unaffected by irrigation or training time.
In contrast, ‘Black Diamond’ fruit from non-
weeded plots that received no postharvest
irrigation had higher TSS than the other
treatment combinations. It is not clear why
the fruit TSS from nonweeded, postharvest
irrigated plots did not follow the same pattern
as seen in 2013. Makus (2011) found that
erect blackberry grown with weed barriers
had higher TSS than those grown on bare soil,
a response not observed in our study.

Irrigation. Primocane LWP averaged —0.84
MPa before fruit harvest when all treatments
were being irrigated, but after harvest LWP
averaged —0.87 and —0.96 MPa in the post-
harvest and no postharvest irrigation treat-
ments, respectively (average of 2012—14; data
not shown). This reduction was not significant
enough to warrant concern about the water
status of the plants. ‘Black Diamond’ grown
without postharvest irrigation had primocanes
with lower LWP than those that were irrigated
in 2012 and 2013, and there was a larger
difference between irrigated and nonirrigated
plants than was measured in “Marion’ (Fig. 3).
The same trend was seen in 2014, but it was not
significant (data not shown). The magnitude of
the difference in primocane LWP between
‘Marion’ and ‘Black Diamond’ decreased from
2012 to 2014 with no significant difference
among cultivars in 2014 (Fig. 4). Although
there were some significant differences in
primocane LWP between cultivars, weed man-
agement treatments, and training times, the
differences were <0.1 MPa, and no treatment
resulted in a primocane LWP less than—1.00 MPa
in 2013 or 2014.

In 2013, floricane LWP was compared
with primocane LWP during the periods
before and during fruit harvest when all plots
were being irrigated. From 24 May through
19 July, primocane LWP averaged —0.81
MPa and was higher than floricane LWP
(P < 0.0001), which averaged —0.92 MPa.
Over that same period, there was a time
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X cultivar X cane type interaction that is
shown in Fig. 5. Primocane and floricane
LWP diverged further once fruit harvest
began, especially in ‘Marion’. ‘Black Di-
amond’ floricane LWP dipped at the onset
of harvest, but recovered more than in ‘Mar-
ion’. These results are consistent with those
of Bryla and Strik (2008) and support their
hypothesis that primocanes and floricanes
are hydraulically independent. Harkins et al.
(2013) speculated that competition from weeds

may have limited water more in floricanes than
in primocanes, resulting in lower fruit water
content and higher TSS. However, our study did
not find an interaction between cane type and
weed management.

Postharvest irrigation did not have a large
effect on aboveground vegetative growth. In
2013, the cultivars differed in their response
to the postharvest irrigated treatment. ‘Black
Diamond’ floricanes were longer when they
had been trained in February (as primocanes),

but in ‘Marion’, primocane training in Au-
gust resulted in longer floricanes (Table 2). In
2014, plants that received irrigation post-
harvest tended to have longer floricanes and
had a higher floricane dry weight than those
that were not irrigated after harvest (Table 3).
The greater growth in irrigated plants did not
lead to greater yield, indicating that these
plants did not require irrigation after harvest
for good fruit production. Both cultivars
were deeply rooted at the site, and with no
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o

o B —e— Black Diamond i o 23 [l

= -6 ’ \

= —o— Marion /‘\ m\\

g kK / /}\ 3 / \\\ q\

£ -8 ANV Y Vi /)\

= * hkk, \ A el

8. ) /Ni Kk & !/ \:J \’J/ \E\\ /{/

5 -1.04 14 /g’\ L I T a7

E SNV I V!

& 15 o | H

0]

Q —IL : : : :
24 July  T7Aug. 21Aug. 4 Sept 18Sept. 26July 9Aug. 23 Aug. 6 Sept. 20 Sept. 22July 5Aug. 19Aug. 2 Sept. 16 Sept.

2012

2013

2014

Fig. 4. Effect of cultivar and sample date on primocane leaf water potential of mature organic trailing blackberry grown at the North Willamette Research and
Extension Center, Aurora, OR, 2012-2014. Mean =+ sk. Significance provided by sample date (* = P < 0.05; ** = P <(.01; *** = P <0.001).

0.0 - -# - Black Diamond floricane
—=8— Black Diamond primocane
02 = =0 = Marion floricane
: —O0— Marion primocane
g
s 04 E
g
c -0.6
]
]
o
5 -0.8
-1
m
H
‘% -1.0
@
3
-1.2
-1.4

24 May 31 May

7 June

14 June 21 June

2013

28 June

5 July 12 July 19 July

Fig. 5. Effect of cultivar and sample date on primocane and floricane leaf water potential of mature organic trailing blackberry grown at the North Willamette
Research and Extension Center, Aurora, OR, 2013. Mean + st. Significance provided by sample date (* = P < 0.05; ** = P <0.01; *** = P <(.001).

HorTScience VoL. 50(8) Aucgust 2015

1173



irrigation after harvest, the plants extracted
water down to a soil depth of at least 1.8 m
(L. Valenzuela-Estrada, unpublished data).
Peak water use in blackberry occurs during
fruit development and declines sharply after
harvest (Bryla and Strik, 2008), a response
that also occurs in raspberry (Kongsrud,
1976) and blueberry (Bryla and Strik,
2007), and may help explain why such a
limited response was seen to no postharvest
irrigation in our study.

Soil water content was measured only to
a depth of 0.4 m, which was not deep enough
to accurately represent blackberry access to
water (L. Valenzuela-Estrada, unpublished
data). Soil water content in the no postharvest
irrigation plots was similar under the three
weed management treatments in both years,
decreasing throughout the season until it was
replenished by a rain event (Table 1; Fig. 6).
In 2013, there were significant rain events in
August and September. Soil water content
tended to be higher under weed mat than the
other weed management treatments in both
years, but soil water content did not increase
as quickly under weed mat after rainfall,
indicating that the perforated, polyethylene
groundcover is somewhat of a barrier to rain
water. Weed mat plots were also much drier
than the other treatments when soil samples
were collected in October after significant
rain (E. Dixon, personal observation). In
a study conducted on raspberry establish-
ment, Trinka and Pritts (1992) found that
weed mat increased soil moisture compared
with hand-weeded or nonweeded treatments,
resulting in better growth and higher yield,
especially in regards to the nonweeded treat-
ments. They hypothesized that the higher
moisture found under the weed mat led to
the development of larger root systems and
greater growth during establishment, which
would then carry over into following years.
Further work is needed to determine if there

38
36 -
34

32

30

28

Soil moisture (%)

24 ;

20

19 July 26 July

—h—\Weed mat

2 Aug.

were larger root systems under the weed mat
in our study. If so, they may have been
responsible for the increased biomass mea-
sured aboveground.

Winter cold injury. Many of the treatment
effects observed in 2014, which were not
present in 2013, were caused by an extreme
cold event that occurred in Dec. 2013 (Ta-
ble 1). ‘Marion’ is not very cold hardy (Finn
et al., 1997) and winter cold injury has been
documented in the cultivar during previous
cold winters (Bell et al., 1992). ‘Marion’ buds
have been shown to have an LTsy of -5 to
—23 °C, depending on the primocane growing
conditions and management (Bell et al.,
1995b; Cortell and Strik, 1997a). The air
temperature dropped to —12 °C in 2013,
within the range of temperatures known to
cause damage. The average damage rating
for ‘Black Diamond’ as a result of this cold
event was 1.1, essentially no injury (data not
shown). In the Pacific Northwest, ‘Black
Diamond’ is considered to be cold hardy,
and there have been few reports of winter
cold injury since its release (Finn et al.,
2005). The yield of ‘Black Diamond’ was
similar in 2013 and 2014 (Tables 2 and 3),
confirming there was no winter cold injury. In
contrast, ‘Marion’ plants in all treatments
experienced some level of damage (Table 4).
‘Marion’ plants grown without postharvest
irrigation had less damage than those that
received irrigation, an effect also seen in
raspberry, where plants experiencing a water
deficit in the fall had the best winter survival
(Hoppula and Salo, 2006). Plants with post-
harvest irrigation grew later into the fall than
those without irrigation and may have not
been fully dormant at the time they were
exposed to the cold temperature (9 Dec.
2013). However, Bell et al. (1995b) found
that sampling date had no effect on hardiness
in controlled freezing experiments. Factors
that increase vegetative growth in the autumn,

Non-weeded
Hand-weeded

9Aug. 16 Aug. 23 Aug.

2013

30 Aug.

6 Sept.

such as excessive irrigation, have been found
to negatively affect winter survival in rasp-
berry (Hoppula and Salo, 2006; Jennings and
Cormack, 1969; Jennings et al., 1972; Sako
and Hiirsalmi, 1980). In our study, ‘Marion’
plants had the most cold injury when grown
in non- and hand-weeded plots and when
August-trained. However, when February-
trained weed mat plots showed more cold
injury. Primocanes of plants in February-
trained, hand-weeded or weed mat plots may
have been more vigorous, delaying acclima-
tion relative to those in weedy plots; this may
also have increased cold injury. August train-
ing stresses the primocanes, as described pre-
viously, which may increase risk of cold
injury. However, in contrast to February train-
ing, where canes are left near the soil surface (a
warmer microclimate), August-trained canes
are on the trellis throughout the winter and
exposed to wind and colder air temperatures.
This effect of training time on winter cold
injury would explain the yield decline observed
in August-trained ‘Marion’ from 2013 to 2014
compared with the increase that occurred in
February-trained plots, as described above. The
effect of cold damage on yield of August-
trained ‘Marion’ plots can clearly be seen in
Fig. 7, where these plots lagged behind the
February-trained plots for the entire harvest
season. In contrast, ‘Black Diamond’ had the
same progression in yield and cumulative yield,
regardless of training time. Bell et al. (1992)
observed cold damage in ‘Marion’ after air
temperatures dropped to —18 °C in Dec. 1991.
Fields that had been trained in August that year
had twice the number of dead canes as those
trained in February. In addition, yield declined
by 43% in August-trained fields compared with
36% in February-trained fields (Bell et al.,
1992).

Crown borer. Raspberry crown borer has
a 2-year life cycle in Oregon. Eggs are laid
singularly on the underside margins of leaves

13 Sept.

20 Sept. 27 Sept.

Fig. 6. Effect of weed management and sample date on soil water content in mature organic trailing blackberry not irrigated postharvest and grown at the North
Willamette Research and Extension Center, Aurora, OR, in 2013. Measurements were taken weekly (beginning after fruit harvest and continuing until the
rainy season) at a depth of 0—0.4 m in plots with no postharvest irrigation. Rain events that resulted in >5 mm of accumulation are indicated with arrows and the

volume (mm) of the event. Mean + sE.
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Table 4. Impact of postharvest irrigation, weed
management, and training time (August or
February) on cold injury sustained in mature
‘Marion’ organic trailing blackberry grown at
the North Willamette Research and Extension
Center, Aurora, OR after exposure to damaging
cold temperatures in Dec. 2013.

Treatment Rating”
Trrigation (I)
Postharvest 2.5a*
No postharvest 19b
Weed management (W) August February
Nonweeded 31a 1.5¢
Hand-weeded 2.7a 1.9 be
Weed mat 1.9 be 2.1b
Training (T)
August 25a
February 1.8b
Significance”
I 0.0007
W NS
T <0.0001
IxW NS
IxT NS
W xT 0.0001
IXWxXT NS

“A higher rating indicates more cold damage. 1 =
normal budbreak (no visible damage), 2 = light
damage (75% of normal budbreak), 3 = moderate
damage (50% of normal), 4 = heavy damage (25%
of normal), 5 = extreme damage (<5% of normal
budbreak). Plots were rated based on the average
damage of the four plants on 21 Apr. 2014.

’Ns = nonsignificant; P values are provided for
significant factors.

*Means followed by the same letter within
a column or interaction are not significantly
different (P > 0.05; Tukey’s honestly significant
difference test).

during August and September and hatch in 40
to 60 d, at which point, the larvae crawl down
the cane and bore into the crown of the plant
and overwinter. They spend the next growing
season tunneling through the crown and the
base of the new primocanes and, then, over-
winter again, to emerge as adults in the next
summer (Breakey, 1963; Raine, 1962). Be-
cause of their 2-year lifecycle, an infestation
may go unnoticed in the field until it is
relatively severe. Crown borer can be a seri-
ous pest in blackberry. In severe infestations,
30% of plants may be lost (Lovett, 1921). In
organic production, where options for pest
control are limited, the recommended control
method for raspberry crown borer is removing

and burning infested plants (DeFrancesco
et al., 2015). A sex pheromone component
for raspberry crown borer has recently been
developed and was successful in capturing
males in wing traps (Judd et al., 2012;
Teasdale et al., 2013). In our study, wing
traps with the pheromone bait (Evergreen
Growers Supply, Clackamas, OR) were
deployed during the second year, as per the
recommendations by Teasdale et al. (2013).
However, no adult crown borers were cap-
tured, despite the presence of the larvae in the
field.

Although statistical analysis for this dam-
age was not possible with these data, clear
trends were apparent (Table 5). ‘Black Di-
amond’ was affected by this insect pest
during the study and ‘Marion’” was not. It is
possible that the thornless canes and dark
green foliage found in this cultivar are more
attractive to the pest than the thorny canes
and lighter green leaves found in ‘Marion’.
Interestingly, Breakey (1963) found that
crown borer had no cultivar preference in
several studies done in red raspberry in
Washington. Although August-trained plots
appeared to be more heavily infested than
February-trained plots (Table 5), data were
collected during August training, which
probably caused bias (as the plots that were
to be February-trained still had canes on the
ground, making it more difficult to observe
canes for symptoms of crown borer infesta-
tion). Plots receiving postharvest irrigation
had about half the incidence of crown borer
as those that were not irrigated. The reason
for this positive response to postharvest
irrigation is unclear. Nonweeded plots also
had a reduced presence of crown borer when
compared with plots receiving weed control.
Weed cover may provide habitat for benefi-
cial insects or predators of the crown borer.

On the basis of our results, it is not clear
what effect the crown borer infestation had
on growth and yield of ‘Black Diamond’. The
infestation may have been present in the field
earlier but was not discovered, which may
have also had an effect on the relatively low
numbers of crown borer seen in 2014. The
low temperatures in Dec. 2013 also probably
had an effect on the crown borer, but the cold
tolerance of this pest is not known. Alternate-
year production should be considered as

20 -
= 18 —&— Black Diamond Aug. training
k] 16 ==0—Black Diamond Feb. training
% 14 ==& =-Marion Aug. training
5 ==0==Marion Feb. training
© 12
%. 10
% 8
5 6
5 ooie-
& ___.-.--a’g"z'
0+ o=

24 June 30 June

3 July

7 July
Harvest date (2014)

10 July

a cultural method of reducing crown borer
pressure, as all canes would be removed
every 2 years, perhaps disrupting the life-
cycle of the pest.

Conclusions

Withholding irrigation after harvest saved
an estimated 1 million L-ha™" over the 2 years
of the study (Table 1). Goode and Hyrycz
(1968) also found that deficit irrigation after
harvest was an effective method to reduce
water requirements in raspberry. In this case,
raspberry plants irrigated only once during
fruit expansion performed just as well as
those irrigated throughout the season. Such
reductions in irrigation after harvest in black-
berry could result in considerable water and
energy savings, as well as in environmental
benefits. However, additional research is
needed to verify that the plants in nonirri-
gated plots were not getting water from
irrigated plots in adjacent rows (although this
was unlikely as plants were drip irrigated and
there was no relationship between subplot
location in the field and yield) and to ensure
that similar effects would be seen in a heavy
cropping year or in other cultivars and soil
types.

The impacts of weed management, when
considered across the mature years of this
study and the establishment years (Harkins
et al., 2013), indicate that weed control is
critically important for good blackberry pro-
duction, and no weeding is a poor manage-
ment option. Blackberry plants in the
nonweeded treatment consistently produced
fewer canes, less biomass, and a lower yield
of lighter fruit than in either weed control
treatment. In addition, plants grown with
weed mat often produced more biomass and
had a greater yield than those that were hand-
weeded, consistent with Harkins et al. (2013).
Weed mat is, thus, an effective and econom-
ical (Harkins et al., 2013) method of weed
control in this type of blackberry.

Although August training has been shown
to increase yield in ‘Marion’ (Bell et al.,
1995a; Sheets et al., 1972), this response was
not observed in our study. August-trained
plants produced the same yield as February-
trained plants in 2013. In 2014, while training
time did not affect yield in ‘Black Diamond’,

15 July 18 July

Fig. 7. Effect of cultivar and training time on cumulative yield of mature organic trailing blackberry grown at the North Willamette Research and Extension

Center, Aurora, OR, 2014. Mean =+ sk.
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Table 5. Impact of cultivar, postharvest irrigation, weed management, and training time on raspberry
crown borer (Pennisetia marginata Harris) infestation in mature organic trailing blackberry grown at
the North Willamette Research and Extension Center, Aurora, OR.*

Plots infested by crown borer (%)*

Treatment 2013 2014 Total
Cultivar
Black Diamond 30 7 37
Marion 0 0 0
Irrigation
Postharvest 8 3 11
No postharvest 22 3 25
Weed management
Nonweeded 10 0 10
Hand-weeded 20 5 25
Weed mat 15 5 20
Training
August 17 7 24
February 13 0 13

“Data collected during August training. Plots found during training in Feb. 2013 indicate equal presence in

August- and February-trained plots.

YPercent of plots in each treatment where crown borer larvae were discovered or suspected in at least one

cane during August training.

there was more cold injury and less yield
when ‘Marion’ was August-trained. The re-
sults of training time may not be conclusive
in this study because 2013 was a low-yield
year, and 2014 was unusual because of
winter injury. However, August training
appears to be risky in ‘Marion’ and is, thus,
not recommended for organic production. In
addition, February training was an advan-
tage in both cultivars for reduced weed
pressure in the hand-weeded plots. Our
study also showed that production systems
that promote late-season growth such as
weed mat and postharvest irrigation in-
creased winter cold injury.

Further study is needed to develop effec-
tive organic control of the raspberry crown
borer. Since there seems to be significant
differences in cultivar attractiveness or sus-
ceptibility, cultivar selection might be one of
the most important tools. Other cultural tools,
such as alternate-year production and early
scouting, may also be effective. There has
been some work done with biological control
agents, although complete control was not
achieved (Capinera et al., 1986; McKern
et al., 2007). There is also a need for further
work with pheromone trapping, as the avail-
able lure was ineffective in our study.

Contrary to previous work (Fernandez-
Salvador et al., 2015a; Harkins et al., 2013),
‘Black Diamond’ did not produce a higher
yield than ‘Marion’ in 2013, and in 2014,
only produced higher yield under optimal
weed management and when ‘Marion’ had
been damaged by winter cold injury. Weeds
caused a much greater reduction in yield in
‘Black Diamond’ than in ‘Marion’, so it is
possible that ‘Black Diamond’ grown under
ideal conditions in this production system
(i.e., with weed mat) would outperform
‘Marion’ over time. Interestingly, conven-
tional blackberry fields are expected to yield
3.5 kg/plant (Julian et al., 2009). In our study,
the best treatment combinations yielded be-
tween 4 and 5 kg of fruit per plant in both
years, indicating that high yields are possible
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in organic blackberry production, provided
the weeds are controlled.
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