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SUMMARY. Sanding and pruning are two practices used in the cranberry (Vaccinium
macrocarpon) industry for vine management and yield stimulation. This study
compared varying levels of sanding and pruning on vine canopy characteristics,
yield, and economic returns for two consecutive growing seasons. Each practice was
applied in Apr. 2006 at four levels. Sand was applied directly onto the vines at four
depths: control (0 cm), light (1.5 cm), moderate (3.0 cm), or heavy (4.5 cm);
pruning was conducted at four severities with a commercial pruner: control (not
pruned), light (one pass with the pruner), moderate (two passes), and heavy (three
passes). Pruning levels had no effect on upright density over the two seasons, but the
heavy sanding treatment decreased the number of uprights per unit area. For the
first season only, light penetration to soil level increased linearly as severity increased
for pruning and sanding. The number of reproductive uprights relative to total
uprights decreased in the first year as severity increased for both practices. This
effect continued in the second year for sanding treatments. Cumulative yield and
net returns were higher in light severity treatments compared to those in the
moderate and heavy treatments. Moderate and heavy sanding treatments were
associated with lower yields and net returns than those for the untreated controls.

C
ranberry is a low-growing
vine, with a perennial growth
habit (Eck, 1990). Native to

North America, cranberry reproduces
vegetatively by horizontal shoots
(stolons), known in the cranberry
industry as runners, or by shorter
vertical shoots, known as uprights,
produced from axillary buds (Roper
and Vorsa, 1997). Individual uprights
bear fruit in a biennial manner (Roper
et al., 1993). After several years,
uprights eventually bow under their
own weight and function as runners
(Eck, 1990).

Excessive vegetative growth in
cranberry can be detrimental to yield

(Davenport and Vorsa, 1999) as a
result of shading or fungal disease.
Shading has been shown to have a
significant negative impact on cran-
berry fruit set (Roper et al., 1995),
and flower bud formation depends
on adequate light penetration (Roper
et al., 1993). In addition to shading,
excessive vegetative growth may
increase the relative humidity under
the canopy, resulting in a microenvir-
onment conducive to fruit rot and
other fungal diseases (Oudemans
et al., 1998).

As with flower bud formation,
fruit anthocyanin production de-
pends on adequate light penetration

(Strik and Poole, 1991; Toledo et al.,
1993). The cranberry fruit must
exceed a minimum anthocyanin con-
tent to be accepted for sale as pro-
cessed fruit; extra compensation may
be awarded to growers for fruit with
high anthocyanin content. Due to
the potentially detrimental effects of
excessive vegetation, it is important to
employ cultural practices that main-
tain good canopy architecture.

Sanding is a cultural practice
used in the northeastern United
States and Wisconsin to manage the
cranberry plant canopy. Typically, this
practice is performed every 2 to 5
years with a 0.5- to 2-inch layer of
sand spread over an ice-covered bed
during the winter (DeMoranville and
Sandler, 2000). The sand is allowed
to melt through the ice to ultimately
settle on the cranberry vines so that
runners are buried and rooting is
encouraged. This stimulates the gro-
wth of new uprights that may bear
fruit the following year (DeMoran-
ville and Sandler, 2000). Previous
studies of sanding have shown mixed
results regarding potential effects on
crop yield. Strik and Poole (1995)
found that heavy sanding (2.5 cm) on
two ‘Stevens’ beds in Oregon was
detrimental to yield, while light sand-
ing (1.3 cm) improved yield in the
year after treatment at only one of the
two sites. Davenport and Schiffhauer
(2000) also showed that heavy sand-
ing was detrimental. In Massachusetts,
sanding decreased the percentage of
light intercepted by uprights and run-
ners and was associated with yield
decreases (Lampinen and DeMoran-
ville, 2003).

Pruning is another method that
can be used for canopy management.
Much like sanding, pruning opens the
canopy and encourages new growth
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(Marucci, 1987), and has the poten-
tial benefit of breaking apical domi-
nance, allowing lateral buds to grow
(Roper et al., 1993). More uprights
are produced that have the potential of
fruiting the following year. Chambers
(1918) performed pruning exper-
iments on a heavily vined bed that
had been steadily declining in pro-
duction and reported a 10% decrease
in yield in the initial year followed by
a 45% increase in the following year.
Strik and Poole (1991, 1992) also
reported reduced yield from heavy
pruning in the years of treatment
but that light pruning yielded more
fruit compared with the control in the
following year.

While sanding and pruning have
shown the potential to be beneficial,
sanding has some shortcomings when
compared with pruning. In addition
to the high costs associated with the
use of a limited resource, measure-
ments of actual sand depths from three
methods of sand application on 24
Massachusetts farms indicated a lack
of uniform deposition (Hunsberger
et al., 2006), which may diminish de-
sired outcomes (e.g., uniform upright
generation and pest management).
Because pruning appears to accom-
plish the same horticultural goals as
sanding with better uniformity and
lower costs, it has been suggested as
a replacement or supplement to sand-
ing. However, these two practices
have not been compared directly
within the same cranberry bed. The
objective of this study was to compare
pruning and sanding treatments on
‘Stevens’ cranberry to determine ef-
fects on crop yield, economic returns,
canopy characteristics, and fruit color.

Materials and methods
EXPERIMENTAL DESIGN. A mature

‘Stevens’ cranberry bed in Myles
Standish State Forest, North Carver,
MA (lat. 41�53#09.74$N, long.
70�41#55.23$W) was used for this
experiment. The bed was renovated
in 2000 and was never pruned before
the study. An application of 0.5 inch
of sand was made to the entire bed in
Apr. 2002. Applications of fertilizers
each year were made to the entire bed,
including the study area, based on
standard nutrition recommendations
(DeMoranville, 2009).

The study was established in
2006 as a randomized complete block
design arranged in a split-plot with

the main effect of sanding or pruning
and the subplot was severity level. All
treatments were replicated four times.
The sanding treatments were applied
on 14 Apr. 2006 using coarse sand,
mined on-site. A commercial sander
(a small self-propelled vehicle with a
hopper and a drop spreader) was used
for on-vine sanding. The sander was
calibrated to deliver a depth of 1.5 cm
sand on each pass. The levels of sand-
ing were determined by the number
of times the sander passed over the
plot: control (0 passes), light (one
pass), moderate (two passes), and
heavy (three passes). Each sanding plot
was 8 ft (the width of the sander) ·
25 ft.

The pruning treatments were
applied on 17 Apr. 2006 using a com-
mercial pruner (a small, self-propelled,
mechanical knife-rake pruner with
revolving blades). A rake mounted
on the back of the pruner collected
the prunings. As with the sanding, the
levels of pruning were determined by
the number of times the pruner passed
over the plots: control (0 passes), light
(one pass), moderate (two passes),
and heavy (three passes). Each prun-
ing plot was 6 ft (the width of the
machine) · 25 ft. Fresh weights of
vines excised during the pruning proc-
ess were collected and weighed in the
field.

UPRIGHT DENSITY, LEAF AREA,
AND DRY WEIGHT. A 6-inch-diameter
ring (28 inch2) was placed randomly in
each plot on 2 June 2006 and again on
4 June 2007. All plant material orig-
inating from within the ring was
removed. This sampling was repeated
twice in each plot. The excised plant
material from each ring was evaluated
as follows. The uprights were removed
at the origin and were counted to
determine density. The leaves were
removed, and leaf area was measured
using a leaf area meter (model LI-
3100; LI-COR, Lincoln, NE). All of
the collected plant material was dried
at 70 �C for 10 d and weighed.

FRUITING UPRIGHTS (UF)/TOTAL

UPRIGHT (UT) RATIO. Once each year
in late summer, random samples of
�25 uprights were collected from
each plot, counted, and evaluated as
fruiting (presence of fruit or persis-
tent pedicels) or nonfruiting. The
ratio of Uf:Ut was then calculated.

LIGHT PENETRATION. Light pen-
etration into the cranberry canopy
was measured in the second week of

July and the third week of August
in both 2006 and 2007 using an
Accupar linear PAR/LAI ceptometer
(model PAR-80; Decagon Devices,
Pullman, WA). An external, unob-
structed sensor was also employed to
determine the ratio of below-canopy
light to above-canopy light (tau). The
ceptometer was placed under the can-
opy in a south-west direction at four
randomly selected locations in each
plot; hence, 32 readings were taken
in each block. Readings were con-
verted to percentage of light penetra-
tion by multiplying tau by 100. In
both years, readings were only taken
from blocks 1 and 2 due to weather
and time restrictions.

LEAF WETNESS. Leaf wetness was
recorded at 0.5-h intervals using
micro-dataloggers and leaf wetness
sensors (Hobo microstation data log-
gers and leaf wetness smart sensors;
Onset Computers, Bourne, MA).
Based on field observations, the
dry/wet threshold was set at 20% to
control for error in the sensor read-
ings. Data were collected for 4 weeks
in each year by deploying eight log-
ger/sensor pairs each time. Block 1
was monitored in the first week of
July 2006; the eight logger/sensor
pairs were relocated to block 2 during
the second week of July 2006. Using
these data, the average of number of
dry hours per week in early July was
determined. Sensors were redeployed
similarly in the third and fourth weeks
of August, and the average number
of dry hours per week in late August
was calculated. The procedure was
repeated in 2007.

PENETRATION OF CHEMIGATION

INTO THE CANOPY. Water-sensitive
papers (TeeJet, Wheaton, IL) were
used to measure spray penetration
through the canopy. The papers
change color (from yellow to blue)
when water contacts the papers.
Attached to a stake, papers were
placed at the base of the canopy and
midway between the base and tips of
the uprights. Irrigation was applied
through a solid-set sprinkler system
for 15 min, simulating a typical chem-
igation event for a pesticide applica-
tion. The papers were allowed to dry,
and were then collected and brought
back to the laboratory for evaluation.
Penetration was visually evaluated
using a grid system and a scale of 0 =
no penetration (all yellow) to 100 =
total penetration (all blue).

• October–December 2009 19(4) 797



BERRY YIELD AND MARKETABLE

YIELD. In 2006 and 2007, berry yield
was estimated using a 1-ft2 template
randomly placed within each plot. All
berries were picked from within the
1-ft2 area, and all viable berries were
weighed. Two subsamples were taken
from each plot, and the data from the
subsamples were averaged. Average
berry weight was also determined
using subsamples from each plot. In
2007, nonmarketable berries (i.e.,
berries deemed too small, rotten, or
insect-damaged) were counted to cal-
culate marketability percentage.

TOTAL ANTHOCYANIN CON-

CENTRATION (TACY). Additional fruit
were collected randomly (outside the
area sampled for yield) at harvest for
TAcy determination. Total anthocya-
nin concentration (milligrams per
100 g of fresh weight) in harvested
cranberry fruit samples was deter-
mined with a modification of the
protocol of Fuleki and Francis
(1968) using an acidified aqueous
extractant (0.2 N hydrochloric acid).

ECONOMIC ANALYSIS. The cost of
treatments, including equipment and
labor costs on a per acre basis, were
assigned based on information pro-
vided by two commercial cranberry
growers (R. Gilmore and M. Beaton,
personal communication). The costs
for light pruning included the prun-
ing machine ($40/h), the buggy to
remove cut vines ($40/h), one equip-
ment operator ($75/h), and five
laborers ($14/h each). The total cost
for 8 h (time to prune 10 acres) was
$1800 or $180 per acre. Costs for the
moderate and heavy pruning treat-
ments were calculated by doubling
or tripling, respectively, the cost of
the light severity treatment as more
severe pruning required multiple
passes with the pruner.

The costs for the light sand-
ing treatment included one front
end loader ($60/h), three sanders
($27.50/h each), four skilled labor-
ers ($30.50/h each), and a daily
move-in charge for the equipment of
$150. The total cost for an 8-h day
(time to sand 7 acres at light severity)
was $2388 or $341/acre for mac-
hines and labor. To define a multiplier
for the moderate and heavy treat-
ments, it was recognized that fewer
acres would be sanded on a daily basis
compared with the light treatment
and costs would be higher due to
longer equipment rental and labor

expenditures. Based on grower expe-
rience, costs for the moderate and
heavy sanding treatments were calcu-
lated by multiplying the cost of the
light sanding by 1.5 and two, respec-
tively. To these costs was added the
cost of sand, $12/yard3 screened
and delivered (Cape Cod Cranberry
Growers Assn., East Wareham, MA)
so that the total costs per acre for
the sanding treatments were $1291,
$2415, and $3536 for light, moder-
ate, and heavy severities, respectively.
Purchased sand was used in this cal-
culation because not all growers have
access to on-farm sand.

The average total cost of produc-
tion for beds that were not sanded or
pruned was $3200/acre in 2006 and
$3300/acre in 2007 (G. Rogers, per-
sonal communication). The price of
cranberries used for the analysis
($38.80 and $43.40 per 100-lb barrel
in 2006 and 2007, respectively) was
the blended return for fresh and
processed fruit to growers in Massa-
chusetts (U.S. Department of Agri-
culture, 2008).

DATA ANALYSIS. Analyses of var-
iance were conducted on all data using
the Proc GLM procedure in SAS
(version 9.1; SAS Institute, Cary,
NC). Model assumptions were tested
through residual analysis (Shaprio-
Wilk statistic), and no transformations
were needed. Although pruning and
sanding severity is referred to in the
text with the labels of light, moderate,
and heavy, treatment levels were ana-
lyzed as continuous variables to reflect
the continuity of treatment application
(e.g., sequential number of passes)
with which the vines were sanded
or pruned. Responses to pruning or
sanding severity were determined by
evaluating linear and quadratic trends
from single df analysis.

Results and discussion
CAN OPY CHA RA CT ERISTICS.

Pruning weights collected from the
spring pruning event in 2006 were
nonlinear with respect to severity
(light = 394 ± 149 lb/acre, moderate
= 376 ± 173 lb/acre, and heavy = 580
± 210 lb/acre). When the study was
established in 2006, the vines had not
formed a continuous vigorous canopy
(desired end goal); this may have been
due to the age of the bed combined
with certain negative environmental
factors (e.g., high soil moisture con-
ditions). In a previous study on a

vigorous uniform ‘Stevens’ canopy,
multiple-pass pruning did produce a
linear response in pruning weights
removed (Sandler and DeMoranville,
2009). The irregularity of the vine
coverage in the present study bed may
account for lack of differences noted
in some responses for the levels of
pruning.

In the year of treatment and the
year following, upright density was
unaffected by pruning, but decreased
quadratically with increasing sanding
severity (Table 1). In 2007, the total
number of uprights for all treatments
(including the control) increased
compared with 2006. The lack of a
pruning effect is consistent with the
results of Strik and Poole (1991,
1992) who reported no significant
effect of pruning on total number of
uprights in the year of treatment or
the year after. The difference between
sanding and pruning effects on
upright density was likely the result
of the heavy sanding treatments bury-
ing young uprights. Although the
difference was not significant, a slight
increase in upright density the year
after treatment in the light sanding
and pruning treatments compared
with the control may indicate a stim-
ulation of upright initiation from
axillary buds.

Total dry weight per sampled
area decreased linearly with increasing
sanding severity in the year of treat-
ment, while pruning displayed a
quadratic relationship with lowest
dry weight for the control and the
heavy treatment (Table 1). Treatment
differences were not significant in the
year after treatment.

In the first year, total leaf area
displayed a quadratic relationship with
increasing severity for both treatments
(Fig. 1A). Both light severity treat-
ments had a slight stimulatory effect
on leaf area, whereas the heavy treat-
ments (sanding in particular) were
associated with decreased leaf area.
This trend continued in the second
year for sanding only (Fig. 1B). When
leaf area was expressed on a per upright
basis, the response was a negative
linear relationship in the first year with
increasing sanding severity, but the
relationship was nonsignificant with
pruning (Fig. 1C). There were no
significant relationships in the year
following treatment (Fig. 1D). These
data indicated that the predominant
impact of both sanding and pruning
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treatments on leaf area was due to de-
creased number of uprights. Decrease
in leaf area indicates a potential neg-
ative effect on net photosynthetic
activity from fruit set through harvest,
a period when carbon production in
cranberry is source limited (Vanden
Heuvel and Davenport, 2005).

The ratio of Uf:Ut in the year of
treatment decreased linearly with
increasing treatment severity for

sanding and pruning (Table 1), sim-
ilar to the results of Strik and Poole
(1991). As more plant material is
removed or buried with increasing
severity, more reproductive and veg-
etative uprights are lost and Ut

decreases. When axillary buds are
stimulated from sanding or pruning,
these new uprights will be vegetative,
causing a downward shift in the ratio
of Uf:Ut. In the year after treatment,

pruning severity did not affect the
Uf:Ut ratio, but the negative relation-
ship between sanding severity and the
Uf:Ut ratio persisted.

PENETRATION OF LIGHT AND

CHEMIGATION INTO THE CANOPY.
Three months after treatment appli-
cation (July 2006), light penetration
into the canopy was greater in the
sanding treatments than in the
pruned plots and increased linearly
with increasing severity in both
(Table 1). Light interception by the
uprights is important in July for flow-
er bud initiation, a light-dependent
process (Roper et al., 1993). The
linear relationship between light
penetration and treatment severity
continued into late Aug. 2006 for
sanding, but by that time, differences
among pruning intensities were no
longer evident (Table 1), suggesting
that the canopy was quickly recover-
ing. Light penetration to soil level in
the second year was unaffected by
treatment type or severity (Suhayda,
2008).

In July and August of the year of
treatment (2006), pruning plots
showed a linear increase with increas-
ing severity for average number of
dry hours per week [e.g., Aug. 2006:
zero = 40 ± 4.5 h; light = 67 ± 0.8 h;
moderate = 77 ± 4.0 h; and heavy =
90 ± 12.2 h (see Suhayda, 2008)],
suggesting a microclimate less favor-
able to fungal disease (Oudemans
et al., 1998). There were no differ-
ences in dry hours among the sanding
severities in the year of treatment or
among any treatments in the year after
treatment (2007).

Fig. 1. Effect of various sanding and pruning treatments performed in Apr. 2006
on subsequent leaf area in ‘Stevens’ cranberry in (A) June 2006, (B) June 2007,
and leaf area per upright in (C) June 2006, and (D) June 2007. Vertical bars are
±SE

NS, *, **Not significant, significant at P = 0.05, P = 0.01, respectively, for linear
(L) and quadratic (Q) effects; 1 cm2/28 inch2 (180.6 cm2) = 0.5536 mm2�cm22 =
0.0055 inch2/inch2, 1 cm2 = 0.1550 inch2.

Table 1. Effect of pruning and sanding severity on various cranberry vine parameters. Treatments were applied in Apr. 2006.
Sanding and pruning treatments were achieved by making one, two, or three passes per plot.

Treatment Severity

Uprights
(no./ft2)z

Total dry wt
(g/ft2)z

Light penetration
(tau)y

Uf/Ut

(ratio)x

2006 2007 2006 2007 July 06 Aug. 06 2006 2007

Pruning Control 324 459 58.1 74.1 0.09 0.07 0.40 0.36
Light 355 534 73.6 90.5 0.10 0.12 0.39 0.40
Moderate 424 486 74.1 84.9 0.25 0.11 0.30 0.40
Heavy 322 501 50.4 75.1 0.22 0.12 0.24 0.40
Significance NS

w
NS Q* NS L* NS L* NS

Sanding Control 273 461 54.5 73.5 0.14 0.08 0.38 0.41
Light 353 532 76.1 80.2 0.17 0.15 0.35 0.40
Moderate 238 463 30.9 69.9 0.34 0.15 0.29 0.30
Heavy 66 346 6.2 61.7 0.42 0.24 0.16 0.30
Significance Q* Q** L* NS L* L* L* L*

z1 upright /ft2 = 10.7639 uprights/m2, 1 g/ft2 = 0.0353 oz/ft2 = 10.7639 g�m–2.
yTau = the ratio of below canopy light to above canopy light.
xUf = number of reproductive uprights, Ut = the total number of uprights.
w

NS, *, ** are not significant and significant at P = 0.05 and 0.01, respectively, for linear (L) and quadratic (Q) effects.
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Chemigation of insecticides and
fungicides is the most common ap-
plication method for Massachusetts
cranberry growers (J. Deverna, un-
published data). This conventional
application method produced a spray
that thoroughly penetrated the can-
opy in every plot and completely
wetted the water-sensitive papers
(data not shown). At this site, the
spray reached all parts of the canopy
regardless of treatment type or
severity. Results may be different with
a spray method that delivers a finer
spray or lower volume or on a bed
with a denser vine canopy. Good
canopy penetration, regardless of
pruning or sanding severity, has
important ramifications for the effi-
cacy and coverage of products that are
chemigated for pest management
purposes.

YIELD AND ANTHOCYANIN CON-

TENT. Severity trends for both practi-
ces were similar (Fig. 2, A–C); 2006,
2007, and cumulative yields were
greater for light severity treatments
(320 ± 55.1, 214.8 ± 32.6, and 535.5
± 79.1 lb/acre, respectively) than the
moderate (176.7 ± 24.6, 121.2 ±
22.2, and 297.9 ± 43.9 lb/acre,
respectively) and heavy (142.7 ±
26.9, 107.1 ± 24.7, 249.8 ± 47.4 lb/
acre, respectively) severity treatments
(P £ 0.05). Yield differences between
pruning and sanding were most appa-
rent at the heavy severity, significant at
P £ 0.06 (2006: 176.7 ± 20.5 lb/acre
vs. 108.8 ± 46.9 lb/acre; 2007: 153.8
± 29.2 lb/acre vs. 60.4 ± 23.0 lb/acre;
cumulative: 330.4 ± 37.3 lb/acre vs.
169.1 ± 69.1 lb/acre, respectively).
The negative relationship between
treatment severity and yield (Fig. 2,
A–C) is similar to the results reported
by Strik and Poole (1991, 1995) in
Oregon. In a study of barge sanding in
New Jersey (Davenport and Schiffha-
uer, 2000), yield reduction was asso-
ciated with the application of 2.5 cm of
sand (equivalent to the moderate
treatment in this study). No treatment
had an effect on average fruit weight or
percentage of marketable yield (data
not shown).

In the year of treatment, there was
a significant positive linear relationship
between pruning severity and antho-
cyanin concentration in the fruit (all
values in milligrams per 100 g of fresh
weight: zero = 30.6 ± 2.10; light =
35.9 ± 3.15; moderate = 39.1 ± 2.00;
and heavy = 39.9 ± 1.08; see Suhayda,

2008), likely due to increased light
penetration into the canopy with
increasing pruning severity (Table 1)
(Craker, 1971; Strik and Poole, 1991).
However, while sanding treatments
increased light penetration in the year
of treatment even more than did
pruning (Table 1), anthocyanin was
not increased by sanding (Suhayda,
2008). It is possible that carbon limi-
tations due to extreme leaf area decline
in the sanded treatments (Fig. 1) pre-
vented a response to increased light.
Measurements from another study
indicated that root growth is increased
in the sanded layer and may account
for additional resource partitioning
away from leaf and fruit production
(B. Lampinen and C. DeMoranville,
unpublished data). In the year follow-
ing treatment, there were no differ-
ences of sanding or pruning severity
on fruit anthocyanin content among
treatments or severities. This result is
not unexpected because light pene-
tration into the canopy had equili-
brated across treatments in 2007
(i.e., no treatment effects; data not
shown).

ECONOMICS. After accounting
for the cost of the sanding or pruning
and the production cost per acre,

pruning severity did not affect net
returns in the year of treatment, the
year after, or on a cumulative basis
for the 2 years (Table 2). This con-
curs with recent research on cranberry
that examined four pruning severities
with various nutritional regimens
(Sandler and DeMoranville, 2009).
Although deviation from these
trends was not significant, it appears
that light pruning gave the best
returns.

For sanding, however, the rela-
tionship between severity and net
returns was linear and negative. Net
returns for growers who can mine
sand on-farm would presumably be
higher than those calculated here
because the values used in this
study included the cost of having
screened sand delivered to the pro-
duction area. While likely less than
having sand delivered by a com-
mercial company, the costs associated
with using sand on-farm would still
include labor to screen sand and
move it to the production areas.
These costs will vary from farm to
farm depending on distance of the
sand source to the production areas
and the quality of the mined sand.
Additionally, while the use of on-farm

Fig. 2. Effect of various sanding and pruning treatments performed in Apr. 2006 on
subsequent yield in ‘Stevens’ cranberry in (A) 2006, (B) 2007, and (C) 2-year
cumulative yield. Vertical bars are ± SE

NS, *, **Not significant and significant at
P = 0.05 and P = 0.01, respectively, for linear (L) effects; 1 100-lb (45.4 kg)
barrel per acre = 112.0851 kg�ha21.
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sand does not represent a cash outlay,
the sand does have a value and is a
finite resource.

Conclusions
Light pruning or sanding (a sin-

gle pass with a knife-rake pruner or
the application of 1.5 cm of sand,
respectively) can be a useful tool for
cranberry canopy management, as
both practices can open up the can-
opy, resulting in decreased wetness
duration and improved light inter-
ception. Light severity treatments
appeared to have had a positive effect
on yield and net returns compared
with that in untreated controls. Light
sanding and pruning were associated
with increased leaf area compared
with both untreated plots and those
that received higher severity treat-
ments. The increase in photosynthe-
tic area likely translates into greater
carbon resources for treated vines
compared with those in the control
plots. In addition, light sanding and
pruning treatments had more up-
rights (Ut) than the controls with a
similar Uf:Ut ratio and therefore had
more Uf. The large number of repro-
ductive uprights (i.e., more flowers),
combined with an increase in carbon
resources (i.e., increased potential for
higher percentage fruit set), is the
likely explanation for the apparent
increase in yield seen with the light
severity treatments.

Sanding is more risky than prun-
ing due to its greater negative impact
on yield when applications are heavy
and because nonuniform application
of sand (Hunsberger et al., 2006) may

not provide the intended benefits.
Furthermore, sanding is more expen-
sive than pruning, particularly if sand is
purchased off-farm. On average, sand-
ing plots had lower yield than pruning
plots in the year of treatment. Heavy
sanding treatments still had lower
yields in the second year, whereas
heavy pruning treatments were able
to recover after the first year. This is an
important consideration because the
pest management benefits of sanding
(e.g., suppression of cranberry girdler
or dodder) are only effective with the
equivalent of the moderate or
heavy treatments used in this study
(Franklin, 1951; Sandler et al., 1997).
The prolonged decrease in yield asso-
ciated with these severities may make
sanding an unsustainable pest man-
agement option.

Because light severity sanding
and pruning showed no negative
effects in the year of treatment, ei-
ther practice could be used annually
as canopy conditions warrant. A pre-
vious study showed no negative im-
pact of light annual pruning over a
4-year period when combined with
moderate nitrogen inputs (Sandler
and DeMoranville, 2009), thus this
cultural practice could be conducted
frequently. Based on the recovery
data from the present study, the in-
terval between sanding events should
be at least 3 years if greater than
1.5 cm of sand is applied. Due to
the potential benefits of light pruning
and the reduced risk of overtreatment
compared with sanding, pruning may
be a viable option for cranberry
growers as a replacement for or as a

supplement to sanding for canopy
management.
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