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Container Size and Shade Duration Affect
Growth of Flowering Dogwood

Anthony L. Witcher1, Fulya Baysal-Gurel1, Eugene K. Blythe2,

and Donna C. Fare3

ADDITIONAL INDEX WORDS. container production, Cornus florida, native tree,
nursery production, powdery mildew

SUMMARY. Flowering dogwood (Cornus florida) is a valuable nursery product typ-
ically produced as a field-grown crop. Container-grown flowering dogwood can
growmuch faster than field-grown plants, thus shortening the production cycle, yet
unacceptable crop loss and reduced quality continue to be major issues with con-
tainer-grown plants. The objective of this research was to evaluate the effects of
container size and shade duration on growth of flowering dogwood cultivars
Cherokee BraveTM and Cherokee Princess from bare-root liners. In 2015, bare-root
liners were transplanted to 23-L (no. 7) containers and placed under shade for
0 months (full sun), 2 months (sun4/shade2), 4 months (sun2/shade4), or 6
months (full shade) during the growing season. In 2016, one-half of the plants
remained in no. 7 containers and the other half were transplanted to 50-L (no. 15)
containers and assigned to the same four shade treatments. In 2015, plant height
was greatest with full shade for both cultivars, whereas stem diameter and shoot dry
weight (SDW) were greatest in full shade for Cherokee BraveTM. In 2016, both
cultivars in no. 15 containers had greater plant height, stem diameter, root dry
weight (RDW), and SDW. Full shade resulted in the greatest height, stem diameter,
RDW, and SDW for Cherokee BraveTM, and improved overall growth for ‘Cherokee
Princess’. However, vigorous growth due to container size and shade exposure in-
creased the severity of powdery mildew (Erysiphe pulchra) in both years. Substrate
leachate nutrient concentration (nitrate nitrogen and phosphate) was greater in no.
15 containers but shade duration had no effect.

F
lowering dogwood is native to
the eastern United States from
Texas to Massachusetts (Witte

et al., 2000). Flowering dogwood
continues to be a valuable crop for
nursery producers. It is ranked third
in total sales value among flowering
trees, behind only crape myrtle
(Lagerstroemia indica) and flowering
cherry (Prunus serrulata), and it ac-
counts for more than 7.5% of the total
value of all flowering trees sold in the

United States (U.S. Department of
Agriculture, 2019). Although flower-
ing dogwood can be grown through-
out a wide geographical region, three
states (Tennessee, Florida, and Ore-
gon) produce more than 75% of the
plants within the nursery industry
(U.S. Department of Agriculture,
2019). Field production is the most
common method used for commer-
cially grown flowering dogwood in
Tennessee (Halcomb, 2002). Plants
can be harvested as either bare-root or
balled and burlap (B&B), depending
on the plant size and intended use.

Although field production is the least
expensive method of growing flow-
ering dogwood, the long production
cycle and limited transplant window
for B&B nursery stock have led to
increased interest in growing flowering
dogwood in containers. Addition-
ally, the market for container-grown
flowering dogwood has expanded
due to year-round sales of plants
and demand from garden centers
and large retailers.

Container-grown flowering dog-
wood can be a challenging crop due to
a number of factors. Container-grown
liners of flowering dogwood seedlings
and cultivars are not widely available;
therefore, most growers must trans-
plant bare-root liners into containers.
Bare-root liners have fewer roots and
less root biomass compared with con-
tainerized liners due to harvesting,
which can delay shoot growth and
development. Burrows et al. (2015)
reported that improper irrigation
management, excessive fertilization,
poor root development, and delayed
budbreak can hinder development of
bare-root liners during container pro-
duction. In addition to problems soon
after transplantation, flowering dog-
wood plants are sensitive to overwater-
ing and highly soluble salts during
production. Recommended practices
include the use of cyclic irrigation, low
to medium rates of controlled-release
fertilizer, and frequent monitoring of
water needs and soluble salt levels in
the substrate (Fulcher and White,
2012). Powderymildew is also amajor
issue during flowering dogwood pro-
duction. Powdery mildew may cause
cosmetic damage, including red–
brown patches, reduced growth, and
premature defoliation. A routine fun-
gicide spray schedule is recommended
between May and October in

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

To convert SI to U.S.,
multiply by

29.5735 fl oz mL 0.0338
0.3048 ft m 3.2808
3.7854 gal L 0.2642
2.54 inch(es) cm 0.3937

25.4 inch(es) mm 0.0394
1.1983 lb/100 gal g�L–1 0.8345
48.8243 lb/1000 ft2 kg�ha–1 0.0205
1.1209 lb/acre kg�ha–1 0.8922
0.5933 lb/yard3 kg�m–3 1.6856

28.3495 oz g 0.0353
1 ppm mg�L–1 1
6.8948 psi kPa 0.1450

(�F – 32) O 1.8 �F �C (�C · 1.8) + 32
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Tennessee to minimize powdery mil-
dew severity and maximize crop
growth and quality (Halcomb, 2002).

Most commercial nurseries pro-
duce flowering dogwood in full sun
and plants are subjected to stress with
long-term sun exposure and supraop-
timal root zone temperature (RZT).
RZT in nursery containers can reach
54 �C during the summer, but plant
growth can cease at RZTs above 38 �C
(Ingram et al., 2015; Markham et al.,
2011). RZTs during container pro-
duction commonly reach over 42 �C
in the southeastern United States, and
they can reach over 50 �C in other
parts of the country, including Ohio
and Washington (Mathers, 2003).
Moderating RZT during production

would reduce plant stress and improve
crop growth and quality.Nevertheless,
methods of reducing RZT must be
practical for adoption at commercial
nurseries. Growing crops under shade-
cloth or delaying spacing of containers
can reduce RZT by minimizing solar
radiation of the container sidewall,
which is the main source of heat
buildup in nursery containers (Ingram
et al., 2015). Montague et al. (1992)
reported that flowering dogwood had
greater growth (plant height and stem
diameter) when grown under black
or white shadecloth compared with
plants grown in full sun. Additionally,
the container substrate temperature
was 6 �F lower under shade compared
with full sun. Burrows et al. (2015)

also reported greater flowering dog-
wood growth under different types of
shadecloth (black 30%, black 50%, and
white 50%) compared with full sun,
although the differences occurred later
in the season (August), suggesting
that plants grown in full sun were
exposed to longer durations of high
temperatures that were detrimental to
plant growth. Burrows et al. (2015)
also noted that the RZT was greatly
reduced under 50% shadecloth (re-
gardless of color) compared with 30%
shadecloth and full sun. Shade culture
could also aggravate the powdery mil-
dew incidence in flowering dogwood.
Powdery mildew develops and spreads
more readily under high humidity con-
ditions (Baysal-Gurel and Fare, 2016;
Baysal-Gurel andGunter, 2018). Plants
under shade culture benefit from the
reduced light intensity, but the shade-
cloth limits air flow, thus contributing
to increased humidity and incidence of
powdery mildew.

Liner type/size, transplant con-
tainer size, and finished container size
will vary by crop species and grower
preference. Nursery growers may
choose to transplant liners into the
finished container size and hold the
plants until the crop reaches a market-
able size, whereas others prefer to
transplant into an intermediate con-
tainer size to potentially avoid crop
stress and shorten the crop cycle
(Beeson, 1991). Flowering dogwood
has a moderate growth rate but can
vary by cultivar. No published reports

Table 1. Plant height, stem diameter, and height:diameter ratio on three dates in 2015 (n = 40) and root dry weight, shoot
dry weight, and root:shoot dry weight ratio upon harvest on 5 Nov. 2015 (n = 12) of Cherokee BraveTM and ‘Cherokee
Princess’ flowering dogwood planted as bare-root plants in no. 7 [23 L (6.1 gal)] containers in a pine bark substrate on 12
Mar. 2015 and grown using four different shade treatments in McMinnville, TN.

Plant ht (cm)y Stem diam (mm)x
Plant ht:stem diam

(ratio) Dry wt (g)y

July Aug. Nov. July Aug. Nov. July Aug. Nov. Root Shoot Root:shoot (ratio)

Treatmentz Cherokee BraveTM

Full sun 80.8 bw 86.0 b 94.2 c 11.7 d 14.0 b 17.2 b 69.6 a 62.1 b 55.4 b 60.4 a 106.3 b 0.64 a
Sun4/shade2 85.5 b 91.0 b 103.5 c 13.5 b 15.8 a 17.7 b 60.7 b 55.7 c 57.1 b 52.2 a 127.0 b 0.43 b
Sun2/shade4 82.4 b 92.9 b 115.7 b 12.5 c 14.4 b 17.1 b 65.5 a 64.7 b 68.7 a 48.0 a 119.3 b 0.40 b
Full shade 99.3 a 115.7 a 135.6 a 14.4 a 16.4 a 19.4 a 67.0 a 70.7 a 70.4 a 65.0 a 173.5 a 0.39 b

‘Cherokee Princess’
Full sun 83.1 b 90.8 c 95.0 b 11.3 a 13.6 a 16.7 a 74.1 ab 67.0 c 56.5 b 90.6 a 119.3 a 0.77 a
Sun4/shade2 83.0 b 90.0 c 97.5 b 11.9 a 14.2 a 15.9 a 69.8 b 63.9 c 59.3 b 78.1 a 124.2 a 0.61 b
Sun2/shade4 83.5 b 99.3 b 122.2 a 11.6 a 13.8 a 16.5 a 72.0 ab 72.5 b 73.1 a 68.3 a 131.2 a 0.49 c
Full shade 92.7 a 109.8 a 124.5 a 12.2 a 14.1 a 17.0 a 76.0 a 79.4 a 71.6 a 91.4 a 151.5 a 0.58 bc
zFull sun exposure throughout the growing season of 6 months (full sun), full sun exposure for 4 months and placement under 53% black shadecloth for 2 mo. (sun4/shade2),
full sun exposure for 2 months and placement under 53% black shadecloth for 4 months (sun2/shade4), and full shade exposure under 53% black shadecloth throughout the
growing season (full shade).
y1 cm = 0.3937 inch; 1 g = 0.0353 oz.
xStem diameter at 6 inches (15.2 cm) above the substrate; 1 mm = 0.0394 inch.
wMeans followed by the same letter within a taxon are not significantly different according to the Shaffer-simulated adjustment for multiple comparisons (a = 0.05).

Table 2. Powdery mildew disease severity (in October) and progress (AUDPC)
of Cherokee BraveTM and ‘Cherokee Princess’ flowering dogwood planted as
bare-root plants in no. 7 [23 L (6.1 gal)] containers in a pine bark substrate on
12Mar. 2015 and grown using four different shade treatments in McMinnville,
TN.

Cherokee BraveTM ‘Cherokee Princess’

Treatmentz Disease severity (%)y AUDPCy Disease severity (%) AUDPC

Full sun 15.1 bx 452.4 b 7.4 c 391.2 c
Sun4/shade2 11.9 b 402.8 b 16.3 b 496.7 b
Sun2/shade4 28.5 a 651.7 a 31.3 a 741.3 a
Full shade 27.5 a 634.2 a 19.5 b 591.5 b
zFull sun exposure throughout the growing season of 6 months (full sun), full sun exposure for 4 months and
placement under 53% black shadecloth for 2months (sun4/shade2), full sun exposure for 2months and placement
under 53% black shadecloth for 4 months (sun2/shade4), and full shade exposure under 53% black shadecloth
throughout the growing season (full shade).
yDisease severity and area under the disease progress curve (AUDPC) were based on the percentage of foliage
affected; AUDPC was calculated according to the following formula: S{[(xi + xi-1)/2](ti – ti-1)}, where xi is the
foliar rating at each evaluation time and (ti – ti-1) is the number of days between evaluations.
xMeans followed by the same letter within a column are not significantly different according to the Shaffer-
simulated adjustment for multiple comparisons (a = 0.05).
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have detailed the production sched-
ule for flowering dogwood in large
(no. 7 or no. 15) containers. Dem-
onstrating effective cultural practices
that maximize flowering dogwood
growth and quality will assist nursery
growers in selecting proper produc-
tion schedules for container-grown
flowering dogwood. The objective of
this research was to evaluate growth
and powdery mildew severity of two
cultivars of flowering dogwood bare-
root liners over a 2-year production
cycle in no. 7 and no. 15 containers
under varying periods of shade
exposure.

Materials and methods
A 2-year study (2015–16) was

conducted at the Otis L. Floyd Nursery
Research Center of Tennessee State
University in McMinnville, TN (USDA

Plant Hardiness Zone 7a). On 10 Mar.
2015, uniform bare-root flowering
dogwood ‘Cherokee Princess’ and
‘Comco No. 1’ (Cherokee Brave�)
liners (18–24 inches tall) were obtained
from a commercial nursery in Winches-
ter, TN. On 12 Mar. 2015, liners (160
per cultivar) were transplanted into no.
7 nursery containers (C2800; Nursery
Supplies,Chambersburg,PA)filledwith
a pine bark substrate (Sims Bark, Tus-
cumbia, AL) amendedwith 11 lb/yard3

19N–2.2P–7.5K controlled-release fer-
tilizer [147gper no. 7 container (19–5–
9 Osmocote Pro 12 to 14-month;
Everris, Dublin, OH)], 1.5 lb/yard3

micronutrient granules (Micromax;
Everris), and 1 lb/yard3 media surfac-
tant granules (AquaGro; Aquatrols,
Paulsboro, NJ). Plants were irrigated
via overhead sprinklers until 4 May, at
which timeplantsweremoved togravel-

covered growing beds (containers
spaced 2 ft apart) and assigned to one
of four shade treatments: full sun expo-
sure throughout the growing season of
6 months (full sun); full sun exposure
for 4 months, then placed under shade
for 2 months (sun4/shade2); full sun
exposure for 2 months, then placed
under shade for 4 months (sun2/
shade4); and full shade exposure
throughout the growing season (full
shade). Plants were placed in a shade
structure (containers spaced 2 ft apart)
with the top and three sides covered
with black woven shadecloth (53%
shade; Cherokee Manufacturing, South
St. Paul, MN). Plants were cyclic-irri-
gated (daily at 5:00 AM, 6:00 AM, and
8:00 AM) using fan emitters [one emit-
ter per container (160� Spot-Spitter;
Primerus Products, Encinita, CA)].
The experiment used a completely

Table 5. Powdery mildew severity (in September) and progress (AUDPC) of Cherokee BraveTM and ‘Cherokee Princess’
flowering dogwood grown in no. 7 and no. 15 [23 and 50 L (6.1 and 13.2 gal)] containers and under different shade
treatments in 2016 in McMinnville, TN. Plants in no. 7 containers had been potted from bare-root plants and grown at this
same location, then overwintered for continued evaluation during 2016 or potted into no. 15 containers on 29Mar. 2016 for
evaluation during 2016 in the same experiment.

Cherokee BraveTM ‘Cherokee Princess’

Disease severity (%)y AUDPCy Disease severity (%) AUDPC

Significance of treatment factors

Shade treatmentz <0.0001 <0.0001 0.0059 0.0001
Container size 0.0224 0.0425 0.1552 0.0189
Shade · container 0.0062 0.1602 0.0141 0.3415

Least squares means for main effects

Shade treatment Container size
Full sun 1.1 219.7 b 1.8 459.8 b
Sun4/shade2 3.3 291.2 b 2.8 519.9 b
Sun2/shade4 2.4 276.4 b 4.9 731.2 b
Full shade 19.8 1607.8 a 10.6 1603.1 a

no. 7 5.6 566.1 B 4.5 669.4 B
no. 15 7.7 631.4 A 5.6 987.5 A

Treatment least squares means grouped by container

Shade treatment Container size
Full sun no. 7 1.1 bx 225.5 1.7 b 319.3
Sun4/shade2 2.7 b 329.3 2.8 b 488.5
Sun2/shade4 1.9 b 239.7 5.9 ab 545.2
Full shade 16.7 a 1470.0 7.6 a 1324.8
Full sun no. 15 1.1 b 213.9 1.9 b 600.2
Sun4/shade2 3.9 b 253.0 2.9 b 551.4
Sun2/shade4 2.9 b 313.0 4.0 b 917.2
Full shade 22.9 a 1745.6 13.7 a 1881.3

zShade treatment: full sun exposure throughout the growing season of 6 months (full sun), full sun exposure for 4 months and placement under 53% black shadecloth for 2
months (sun4/shade2), full sun exposure for 2 months and placement under 53% black shadecloth for 4 months (sun2/shade4), and full shade exposure under 53% black
shadecloth throughout the growing season (full shade).
yDisease severity and area under the disease progress curve (AUDPC) were based on percentage foliage affected; AUDPC calculated according to the following formula:
S([(xi+xi-1)/2](ti-ti-1)), where xi is the foliar rating at each evaluation time and (ti-ti-1) is the number of days between evaluations.
xWhen the interaction term in themodel is not significant (P > 0.10), the main effects means for levels within each treatment factor followed by the same lower-case or upper-case letter
are not significantly different according to Schaffer-simulated adjustment formultiple comparisons (a = 0.05).When the interaction term in themodel is significant (P£ 0.10), the simple
effects means (treatment means for shade treatment grouped within container size) followed by the same lower-case or upper-case letter are not significantly different according to the
Schaffer-simulated adjustment for multiple comparisons (a = 0.05); otherwise, the treatment means are presented without letter groupings for informational purposes.
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randomized design with 40 plants per
replication (40 plants per treatment per
cultivar).

On 13 July, 11 Aug., and 3 Nov.
2015, plant height (centimeters) and
stem diameter [millimeters (mea-
sured 6 inches above the substrate
surface; measurement was taken at
the same position on each tree at each
collection date)] were recorded for all
plants, and the ratio of plant height to
stem diameter (HT:Diam) was also
calculated. On 15 July, 2 Sept., and 5
Oct. 2015, plants were visually rated
for powdery mildew disease severity
using a scale of 0% to 100% (incre-
ments of 10) foliage affected. Values
for the area under the disease prog-
ress curve (AUDPC) were calculated
according to the following formula:
S{[(xi + xi-1)/2](ti – ti-1)}, where xi is
the foliar rating at each evaluation
time and (ti – ti-1) is the number of
days between evaluations. On 5 Nov.
2015, 12 plants from each treatment
were randomly selected and har-
vested. Plants were harvested for
shoot and root dry weights (grams)
by severing shoots from the roots at
the substrate surface, and the ratio of
RDW to SDW (RDW:SDW) was also
calculated. Pine bark substrate was
gently blown from the root mass
using a compressed air system at 125
psi. Both roots and shoots were dried
in a forced-air oven at 56 �C for 10 d.
The remaining plants were jammed
pot-to-pot for overwintering and
overhead-irrigated every 2 weeks
when <0.5 inches of rainfall occurred
during the prior 2-week period.

On 29Mar. 2016, 12 plants from
each shade treatment (48 plants total)
were transplanted to no. 15 grip-lip
nursery containers (GL6900; Nursery
Supplies) filled with a pine bark sub-
strate amended with 11 lb/yard3

of 19N–2.2P–7.5K controlled-release
fertilizer (330 g per no. 15 container),
1.5 lb/yard3 of micronutrient gran-
ules, and 0.5 lb/yard3 of media sur-
factant granules. The remaining 12
plants (from each treatment) were
kept in no. 7 nursery containers for
the duration of the study, and each no.
7 container was topdressed with 147 g
of 19N–2.2P–7.5K controlled-release
fertilizer. Plants were placed and
arranged on a gravel-covered area as
previously described and irrigated (as
previously described) using one fan
emitter (no. 7 nursery containers) or
one spray jet emitter [no. 15 nursery

containers (Max-14-360; Maxijet,
Dundee, FL)] per container. The ex-
periment used a completely random-
ized design with 12 plants per
treatment per cultivar (96 plants per
cultivar).

On 14 July, 16 Aug., and 5 Oct.
2016, plant height (centimeters) and
stem diameter [millimeters (mea-
sured 6 inches above substrate sur-
face)] were recorded for all plants and
HT:Diam was calculated. On 18 July,
29 Aug., and 21 Sept. 2016, plants
were visually rated for powdery
mildew as described. On 20 Oct.
2016, the study was ended and plants
were harvested as described. Sub-
strate leachate was collected biweekly
in 2016 (13 sampling dates from 19
Apr. to 7 Oct.) using the pour-
through method (Wright, 1986).
Pour-through volumes of 250 mL
(no. 7 containers) and 400 mL (no.
15 containers) were used. Substrate
leachate pH and electrical conductiv-
ity (EC) weremeasured using amulti-
meter (Agri-meter; Myron L Co.,
Carlsbad, CA). Leachate nitrate ni-
trogen (NO3-N) and phosphate
(PO4-P) content were analyzed by
ion chromatography (Dionex DX-
600 X Ion Chromatographic System;
Thermo Fisher Scientific, Waltham,
MA). Ambient (two sensors each in
full sun and full shade) and substrate
temperatures (two sensors for each
container size in sun and shade; sen-
sors were inserted in the southwest
side of the container 3 inches from the
sidewall to a depth of 2 inches) were
recorded (Watchdog 425 Logger;
Spectrum Technologies, Aurora, IL)
in September, and data were summa-
rized using temperatures (recorded
every 30 min) from 12:00 PM to
7:00 PM (data not shown).

Weed control wasmaintainedwith
flumioxazin granular herbicide [0.375
lb/acre a.i. (BroadStar; Valent U.S.A.
Corp.,WalnutCreek,CA)] throughout
the study. To control broad mites
(Polyphagotarsonemus latus), the in-
secticides bifenthrin [0.003 lb/1000
ft2 a.i. (Talstar P Professional; FMC
Corp, Philadelphia, PA)], pyridaben
[0.2 lb/100 gal a.i. (Sanmite;
Gowan Co., Yuma, AZ)], spiromesi-
fen [0.1 lb/100 gal a.i. (Judo; OHP,
Mainland, PA)], and clarified hydro-
phobic extract of neem oil [5.5 lb/
100 gal a.i. (Triact 70; Certis USA,
Columbia, MD)] were used in rota-
tion and applied using an airblast

sprayer throughout the study. A rou-
tine fungicide spray schedule was
used for the prevention and control
of powdery mildew. The fungicide
mefenoxam [0.06 lb/1000 ft2 a.i.
(Subdue GR; Syngenta Crop Pro-
tection, Greensboro, NC)] was ap-
plied as a soil surface application. The
fungicides thiofanate-methyl [0.5
lb/100 gal a.i. (Cleary’s 3336F;
Cleary Chemicals, Alsip, IL)] and propi-
conazole [0.03 lb/100 gal a.i. (Banner
MAXX II, Syngenta Crop Protection)]
were applied using an airblast sprayer
throughout the study.

The single-factor data from
2015 (shade treatments) were ana-
lyzed with linear mixed models using
the GLIMMIX procedure of SAS (ver-
sion 9.4; SAS Institute, Cary, NC). The
two-factor data from 2016 (shade treat-
ments and container size) were analyzed
using linear mixed models using the
GLIMMIX procedure of SAS by first
testing for an interaction between treat-
ment factors (container size and shade
duration). Levels of main effects were
comparedwhen therewas no interaction
between treatment factors. When there
was an interaction between the treat-
ment factors, levels of shade duration
were compared within each container
size. P values for all simultaneous com-
parisonswere adjusted using the Shaffer-
simulatedmethod tomaintain an overall
significance level of a = 0.05.

Results and discussion

2015 EXPERIMENT. Cherokee
Brave� plants grown in full shade
were taller compared with all other
treatments when measured in July,
August, and November (Table 1).
Shade duration also affected the rate
of increased growth in Cherokee
Brave�, where height increased 17%
(full sun) to 37% (full shade) from
July to November. ‘Cherokee Prin-
cess’ plant height followed a trend
similar to Cherokee Brave�, yet
overall differences in height (among
treatments) were less pronounced.
‘Cherokee Princess’ plants with full
shade were taller compared with all
other plants in July and August, but
height was similar for plants with full
shade and sun2/shade4 in Novem-
ber. Stem diameter of Cherokee
Brave� was greatest with full shade
throughout 2015. No differences in
stem diameter occurred among treat-
ments for ‘Cherokee Princess’. For
both cultivars, HT:Diam were similar
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with full sun and full shade in July,
but it was significantly greater with
full shade in August and November.

Overall, plant growth (height and
stem diameter) was comparable be-
tween cultivars at the end of 2015.
Final mean heights were 94.2 and
95.0 cm (Cherokee Brave� and ‘Cher-
okee Princess’, respectively) with full
sun; however, with full shade, final
mean heights were 135.6 and 124.5
cm (Cherokee Brave� and ‘Chero-
kee Princess’, respectively). Final
stem diameters were also similar for
both cultivars, averaging 16.8 cm
(Cherokee Princess) to 18.2 cm
(Cherokee Brave�).

For both cultivars, RDW was
similar among all treatments but
SDW was greater with full shade than
with all other treatments for Chero-
kee Brave� while no differences
occurred for SDW of ‘Cherokee Prin-
cess’. Nevertheless, SDW was 63%
(Cherokee Brave�) and 27% greater
with full shade than with full sun. The
RDW:SDW for Cherokee Brave�was
similar among all plants grown with
any duration of shade, whereas
RDW:SDW for ‘Cherokee Princess’
with full shade was similar to that with
sun2/shade4 and sun4/shade2
treatments.

Powdery mildew appeared natu-
rally and disease pressure was low to
moderate in 2015, primarily due to
fungicide applications. The effects of
shade duration on powdery mildew
severity (final rating and AUDPC)
were significant for both Cherokee
Brave� and ‘Cherokee Princess’ (Ta-
ble 2). Disease severity and AUDPC
in Cherokee Brave� were greater
with sun2/shade4 and full shade than
with sun4/shade2 and full sun.
‘Cherokee Princess’ exhibited greater
powdery mildew severity and disease
progress with sun2/shade4 than with
other treatments.

2016 EXPERIMENT. In Mar.
2016, one-half of the plants (for each
cultivar) were transplanted into no.
15 nursery containers, and the others
remained in no. 7 containers. All
plants were subjected to the previ-
ously assigned shade treatments.
Overall, both cultivars produced in
no. 15 containers were larger than
those in no. 7 containers and plants
were larger in full shade treatment
than with full sun treatment. Plant
height of both cultivars was greater in
no. 15 containers in July after only 3

months of growth (Tables 3 and 4).
At the end of the study (Oct. 2016),
Cherokee Brave� plant height was
19% greater in no. 15 containers than
in no. 7 containers and height was
greatest in full shade than with all
other treatments. There was an in-
teraction for final height (Oct. 2016)
for ‘Cherokee Princess’: height was
greater in sun2/shade4 than with full
sun in no. 7 containers but not in no.
15 containers. Nevertheless, plants in
full shade were taller than all other
treatments in no. 7 and no. 15 con-
tainers. The larger container also had
a positive effect on stem diameter in
both cultivars, but full shade only had
a positive impact on stem diameter for
Cherokee Brave�.

Plants of both cultivars in no. 15
containers had greater RDW and
SDW than plants in no. 7 containers.
Full shade also produced the greatest
RDW and SDW compared with all
other treatments. Plants in no. 15
containers produced 26% (Cherokee
Brave�) and 23% (‘Cherokee Prin-
cess’) more RDW, whereas SDW was
54% (Cherokee Brave�) and 19%
(‘Cherokee Princess’) greater in full
shade than with full sun. The
RDW:SDW for both cultivars was
lower in no. 15 containers.

Powdery mildew appeared natu-
rally and disease pressure was low
again in 2016, likely due to the
schedule of preventative fungicides
that were applied. Powdery mildew
severity was greater for plants grown
under full shade than with all other
treatments in both cultivars (Table 5).
In no. 7 containers, powdery mildew
severity was at least 14% greater in full
shade than with the other treatments
and it was more than 19% greater in
full shade for plants in no. 15 con-
tainers. Flowering dogwood (both
cultivars) grown in no. 15 containers
had greater powdery mildew AUDPC
compared with no. 7 containers.

Substrate leachate was analyzed
biweekly for pH, EC, NO3-N, and
PO4-P throughout 2016. Leachate
pH ranged from 4.0 to 7.4 (Cherokee
Brave�) and from 4.3 to 6.9 (‘Cher-
okee Princess’) during the growing
season (data not shown). Overall,
leachate pH was lower and EC was
greater for plants in no. 15 containers
compared with plants in no. 7 con-
tainers, and shade duration had no
effect on leachate pH or EC (data not
shown). In general, leachate nutrient

concentration (NO3-N and PO4-P)
was greater for plants in no. 15 con-
tainers and shade duration had little
effect on nutrient concentration (Ta-
bles 6–9). Leachate NO3-N concen-
trationwas greater in no. 15 containers
throughout the experiment for both
cultivars, with the exception of one
date for Cherokee Princess. When in-
teractions occurred between treatment
factors, NO3-N concentration was
greater for plants in all no. 15 con-
tainers compared with plants in all no.
7 containers. The larger container also
resulted in greater PO4-P concentra-
tions, except on one date for ‘Chero-
kee Princess’. On a few collection
dates, an interaction occurred between
treatment factors, but the nutrient
concentration (regardless of the nutri-
ent) was substantially greater with all
treatments involving shade and using
no. 15 containers compared with the
corresponding treatments using no. 7
containers.

We have demonstrated that bare-
root liners can be used to produce
marketable no. 15 container-grown
flowering dogwood within 2 years.
During the first few months of pro-
duction, transplant shock was miti-
gated for plants that received shade
throughout the growing season (full
shade) because they were taller than
all other plants by July. Although
some plants received shade later in
the season, growth was superior in
full shade. Shade can provide a num-
ber of benefits for the crop, including
reduced sun intensity and lower RZT.
In our study, average daytime RZT
was 5 �F lower in containers (no. 7
and no. 15) under shade compared
with containers in full sun and ambi-
ent temperature was 8 �F lower under
shade. Montague et al. (1992)
reported similar differences in RZT
between containers in full sun (87 �F)
and under shade (81 �F). Roots are
less tolerant to extreme changes in
temperature and can be damaged at
temperatures higher than 100 �F,
even if exposed for only a few hours
per day, resulting in reduced growth
(Ingram et al., 2015). Providing
shade throughout the first year of
production resulted in larger plants
overall and would ultimately shorten
the period required to produce a fin-
ished crop.

During the second year of pro-
duction, plants in no. 7 containers
grew substantially but plants grown in
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no. 15 containers achieved greater
growth. The smaller container size
could have presented certain limiting
factors that prevented growth achieved
in no. 15 containers. First, shoot
growth can be limited by container size
due to restricted root development;
therefore, the larger containers had
greater root biomass to support in-
creased shoot growth (NeSmith and
Duval, 1998). Second, controlled-re-
lease fertilizer (CRF) was applied as
a topdressing in no. 7 containers but
it was incorporated into the substrate in
the no. 15 containers during the sec-
ond year of production. Plants likely
benefitted from incorporated CRF
which can release nutrients more read-
ily due to high substrate moisture
within the container, whereas top-
dressed CRF must leach into the root
zone for absorption (Million et al.,
2007). In addition, no. 15 containers
received two times more fertilizer than
no. 7 container due to the larger
volume. As a result, leachate nutrient
content was substantially higher in the
no. 15 containers, and more nutrients
were available for absorption by plant
roots and could have contributed to
greater plant growth.

Flowering dogwood produced
in large containers can be a valuable
crop for nursery growers willing to
adopt certain beneficial cultural prac-
tices. Growers should consider pro-
ducing flowering dogwood under
shade for at least the first growing
season to reduce transplant stress
and maximize growth. If adequate
shaded production space is available
or can be constructed, then higher-
quality plants in no. 15 containers
can be produced in two growing

seasons. However, vigorous growth
due to both container size and shade
duration increases the severity of
powdery mildew; therefore, routine
fungicide applications will be essen-
tial for disease management. Further
research can examine optimum CRF
rates to reduce nutrient leaching
while maintaining crop growth. Ad-
ditionally, fungicide product rota-
tions with different application
intervals can be investigated to max-
imize control of powdery mildew in
flowering dogwood.
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