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Abstract

Three structureless row covers (white, spunbonded polyester and two weights of white, spunbonded polypropylene) were evaluated
for winter protection of container grown ‘Helleri’ holly (Ilex crenata ‘Helleri’), ‘Atropurpurea Nana’ nandina (Nandina domestica
‘Atropurpurea Nana’), Fraser photinia (Photinia X fraseri), and ‘Mohave’ pyracantha (Pyracantha Koidzumii X coccinea ‘Mohave’)
relative to white copolymer film and white copolymer backed thermoblanket over quonset-shaped structures and an unprotected
control. Air and rooting medium temperatures were monitored during the deployment period. Visual foliar injury ratings were taken
immediately after treatments were removed and again four months later. Visual shoot injury ratings were correlated with the mean
daily average and the mean daily minimum temperature of air and rooting medium within each treatment. Both polypropylene
covers provided protection for plants in the interior of a consolidated group equivalent to white poly and the thermoblanket for all
species except Pyracantha. Porous row covers are a feasible alternative to standard protection systems.

Index words: winter protection, row covers

Species used in this study: ‘Helleri’ holly (/lex crenata ‘Helleri’); * Atropurpurea Nana’ nandina (Nandina domestica ‘ Atropurpurea
Nana’); Fraser photinia (Photinia X fraseri); ‘Mohave’ pyracantha (Pyracantha Koidzumii X coccinea ‘Mohave’)

tured systems for some container-grown nursery crops. The
plants most likely to be damaged in structureless systems
are those positioned next to the cover. Damage could be
avoided by providing additional insulating material, by us-
ing fallow containers or containers of more tolerant plants
around the exterior. The degree of protection required and

Significance to the Nursery Industry

Structureless Kimberly Farms and Typar covers can pro-
vide overwintering protection equivalent to while poly struc-
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the value of the species should be considered relative to the
cost of the winter protection material before choosing the
appropriate system.
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Introduction

Container production of landscape plants represents over
one-half of all landscape plants sold in the United States
(3). Winter protection of container-grown nursery crops is
one of the principal cultural problems (3). A winter pro-
tection system must provide adequate thermal protection for
roots, which are significantly less hardy than shoots (9),
and allow management of water to prevent desiccation of
evergreens.

Although there are no standards accepted by industry for
overwintering container-grown nursery crops, there are several
commonly used systems in USDA hardiness zones 6 and 7
(1), e.g., quonset-shaped structures covered with a single
or double layer of polyethylene film or thermal blanket,
structureless polyethylene film or thermal blanket covers,
or combinations of these (2). Previous research documented
the effectiveness of these systems in providing winter pro-
tection (2, 5, 6, 8, 10, 13). Structureless systems are two
to three times less expensive than those requiring structures
(2, 3); thus, alternative structureless covers would be ben-
eficial. Porous row covers developed for agronomic crops
might provide an alternative structureless winter protection
system.

The objectives of this study were to compare three struc-
tureless row covers for winter protection of container-grown
nursery crops, relative to white copolymer and white co-
polymer backed thermoblanket covered structures and to
quantify the air and medium thermal environment created
by each winter protection system.

Materials and Methods

Uniform rooted cuttings of ‘Helleri’ holly, ‘Atropurpurea
Nana’ nandina, Fraser photinia, and ‘Mohave’ pyracantha
were potted into 2.8 1 (#1) containers in a medium of milled
pine bark : sand (4:1 by vol) in the spring of 1987. The
plants were grown by local nurserymen following North
Carolina container production recommendations (4). These
species have the following root killing temperatures: ‘Hel-
leri’ holly, —6.7°C (20°F); ‘Atropurpurea Nana’ nandina,
—6.6°C (20°F); Fraser photinia, (— 11.1°C 12°F); and ‘Mo-
have’ pyracantha, —7.8°C (18°F) (7, 12).

In November 1987, 15 plants of each species were ran-
domly selected for each treatment in each block and con-
solidated 5 containers wide in a north-south orientation. The
order of the species was randomly determined for each plot.
Containers filled with the same medium were placed on the
north and south ends of all plots, so every species had 6
and 9 containers on the exterior and interior of the consol-
idated group, respectively.

The following winter protection treatments began Dec.
1, 1987 and continued until March 1, 1988:

1) One layer of 0.1 mm-thick (4 mil) white copolymer
film (C.I.L. Inc., Brampton, Ontario, Canada) supported
by quonset-shaped 2.5 cm (1 in) PVC pipe, 75 cm (29.5
in) tall; hereafter called ‘white poly’.

2) One layer of 0.1 mm-thick (4 mil) white copolymer
backed thermoblanket, 0.6 cm (0.25 in) thick, (Trade name
Microfoam, Ametek, Atlanta, GA), supported in the same
manner as the white poly; hereafter called ‘thermoblanket’.

3) One layer of white, spunbonded polypropylene, 51 g/
m? (1.5 oz/yd?), (Kimberly Farms, Roswell, GA) pulled
tight over plants; hereafter called ‘Kimberly Farms’.
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4) One layer of white, spunbonded polyester, 68 g/m?
(2 oz/yd?) (Lutradur LD 7270, The Lutravil Co., Durham,
NC) pulled tight over plants; hereafter called ‘Lutradur’.

5) One layer of white, spunbonded polypropylene, 64 g/
m? (1.9 oz/yd®) (Typar, 3201 Natural, Reemay, Inc., Old
Hickory, TN) pulled tight over plants; hereafter called ‘Ty-

ar’.
g (6) No protection provided; hereafter called ‘control’.
All covers were held in place with gravel. To prevent shad-
ing, treatments were spaced 2.5 m (8.2 ft) apart within
blocks, 3 m (9.8 ft) between blocks.

Air temperature was measured in the center of the con-
solidated containers 20 cm (8 in) above the container me-
dium in each treatment in each block by shielded 30 gauge
copper-constantan thermocouples. The rooting medium
temperature was measured at a depth of 8 cm (3 in), 5 cm
(2 in) from the north wall of the container in two locations:
the exterior of the north facing side (hereafter called ‘ex-
terior’); and at plot center (hereafter called ‘interior’), in
each treatment in each block. Temperatures were measured
every 2 minutes; average, maximum, and minimum tem-
peratures were recorded every two hours by a CR-21X mi-
crologger (Campbell Scientific, Inc., Logan, UT). Ambient
air temperature was measured at 1.5 m (5 ft) within a ven-
tilated instrument shelter located 30 m (98 ft) from the test
site. The container medium was checked every 30 days for
moisture. No irrigation was required.

On March 1 and June 16, 1988, two people estimated
foliar injury visually for every plant in each plot, using the
following scale: 1 = dead, 2 = >75% foliar necrosis, 3
= 25 to 75% foliar necrosis, 4 = <25% foliar necrosis,
and 5 = no foliar necrosis. Fourteen grams (0.5 oz) of
Osmocote 18N-2.6P-10K (18-6-12) (Sierra Chemical Co.,
Milpitas, CA) was applied to each container on April 27,
1988. The plants received 1.3 cm (1/2 in) of water every
other day via overhead irrigation until April 27, 1988; af-
terward water was applied daily.

The experiment, a split-split-plot design with four rep-
lications, was conducted on a gravel pad at the Mountain
Horticultural Crops Experiment Station [35°26’N, 82°34’W,
elev. 631m (2051 ft)], Fletcher, NC. Fletcher is located in
USDA hardiness zone 7A. The main plots were winter pro-
tection treatments. Subplots were species and location within
subplots (exterior and interior) were sub-subplots.

Analysis of variance was performed on the plant injury
ratings; the minimum rooting medium temperature recorded
on the coldest day, February 7; the maximum air temperature
recorded on the warmest day, February 1; and the following
air and rooting medium (at each location) temperature means
calculated from Dec 1 to March 1: daily average, daily
maximum, and daily minimum. Rooting medium temper-
ature had a significant location (exterior, interior) by winter
protection treatment interaction. Therefore, rooting medium
temperatures were analyzed by location and treatment. There
was no significant difference between the two evaluators’
foliar injury ratings at either evaluation date, so the foliar
injury ratings were pooled on each date. Treatment means
were separated using Fisher’s Isd, 5% level (SAS Institute,
Cary, NC).

Results and Discussion

Air temperatures during the study period deviated from
normal. The average air temperature in December, 1987

J. Environ. Hort. 8(4):161-165. December 1990


Lorelly.J
Rectangle

Lorelly.J
Rectangle


was 2.1 C (3.7 F) warmer than normal. However, January
and February, 1988 were colder than normal by 2.7 C (4.9
F) and 0.55 C (1.0 F), respectively. Therefore, these résults
can be considered in the context of extreme cold for zone
TA.

The coldest ambient air temperature, —17.5°C (0.5°F),
was recorded on the morning of February 7. Exterior rooting
medium temperature in the control treatment was within 1
degree of this temperature (Table 1). Consolidating con-
tainers provided 6°C (10.8°F) degrees of protection, com-
pared to the ambient air temperature, as illustrated by the
interior rooting medium temperature in the control. During
this period, white poly and thermoblanket performed sim-
ilarly providing about 16°C (29°F) degrees of protection for
exterior containers (Table 1). Other research indicates that
white poly and thermoblanket provide about 5°C (9°F) (6,
13) and 23°C (41°F) of protection (10), respectively. The
degree of protection is dependent upon the duration of cold
temperatures, so care must be taken when comparing similar
materials evaluated in dissimilar environments. Kimberly
Farms, Lutradur, and Typar provided 12.3°C (22.1°F), 4.8°C
(8.6°F), and 6.8°C (12.2°F) degrees of protection, respec-
tively, for the exterior containers. Interior medium temper-
atures of these three row covers were not significantly different
from white poly and thermoblanket, providing about 11°C
degrees of protection. (Table 1).

On the warmest day of the test period (Feb. 1), a max-
imum air temperature of 20°C (68°F) was recorded. Air
temperatures in each treatment ranged from 1°C (1.8°F) to
11°C (19.8°F) higher than this ambient air temperature (20°C)
(Table 1). High temperatures are undesirable because they
promote deacclimation of the plants and contribute to de-
siccation injury. Heat buildup was most severe under the
white poly and Kimberly Farms materials with maximum
air temperatures of 8.9°C (16°F) and 11.1°C (20°F), re-
spectively, higher than the ambient air temperature maxi-
mum (Table 1). The maximum air temperatures recorded
in thermoblanket, Lutradur, and Typar treatments were not
significantly different. Heat buildup is influenced by light
transmission (11). Among the covers, Kimberly Farms had
the highest light transmission (65%) and thermoblanket the
lowest (35%).

Mean interior daily average rooting medium temperature,
for all treatments, was significantly higher than the control

(Table 2). White poly, thermoblanket, and Kimberly Farms
were not significantly different. Lutradur and Typar tem-
peratures were similar. Similar differences were found in
the mean exterior daily average rooting medium tempera-
ture, except: i) Lutradur and Typar were not significantly
different from the control, and ii) Kimberly Farms was
significantly lower than white poly and thermoblanket. None
of the row covers maintained similar rooting medium tem-
peratures in the exterior position, compared to white poly
and thermoblanket.

For all treatments, mean daily maximum and daily min-
imum temperatures of the rooting medium were 0.3°C (0.5°F)
to 2.8°C (5.0°F) higher in the interior compared to exterior
(Table 2). The exception was the mean daily maximum
rooting medium temperature of the interior control which
was 0.7°C (1.3°F) lower than the exterior. Increased con-
tainer surface exposure to incoming solar radiation at the
exterior location likely increased the medium temperature
during the day, resulting in a higher daily maximum.

All treatments significantly increased interior mean daily
maximum temperature of the rooting medium (Table 2).
White poly, thermoblanket, and Kimberly Farms were sig-
nificantly higher than Lutradur and Typar (Table 2). How-
ever, in the exterior location, Lutradur, Typar, and Kimberly
Farms were similar to the control.

All treatments increased average daily minimum tem-
perature of the rooting medium by 0.3°C (0.5°F) to 1.9°C
(3.4°F) in the exterior compared to the interior (Table 2).
Similar results were reported for white poly by Young et
al. (1987).

All treatments, regardless of location, significantly in-
creased mean daily minimum temperature of the rooting
medium, compared to the control (Table 2). Thermoblanket
maintained the highest mean daily minimum medium tem-
perature, regardless of location, but it was not significantly
greater than Kimberly Farms in the interior location (Table
2). For mean daily minimum, Kimberly Farms was equiv-
alent to white poly and was significantly higher than Lu-
tradur and Typar, in both locations.

The mean daily air temperature of all treatments was
significantly higher than the control (Table 3). Kimberly
Farms had the highest mean daily average; however, it was
not significantly greater than white poly. Among the covers,
Lutradur and Typar had the lowest temperatures and did not

Table 1. Minimum temperature of the rooting medium recorded on February 7, 1988 and maximum air temperature recorded on February 1,

1988 under five winter protection treatments and a control.

Winter

Minimum medium temp

Protection Location® Maximum
Treatment Exterior Interior air temp”
OC OF OC OF OC DF
Control -16.5 (2.3)¢* —11.4 (11.5) ¢ 21.1 (70.0) ¢
White poly —-1.0 (30.2)a —-0.7 (30.7) ab 289 (84.0)a
Thermoblanket -0.5 (@Gl.))a —-0.5 (31.1)ab 24.0 (75.2)b
Kimberly Farms —4.2 (2440 -0.3 (315 a 31.1 (88.0)a
Lutradur -11.7 (10.9)d -1.0 (30.2)b 26.2 (79.2) b
Typar —-9.7 (14.5) ¢ —-0.6 (30.9) ab 25.4 (77.7)b

*Measured 8 cm (3 in) deep and 5 c¢m (2 in) horizontally from the north wall of the container in two locations: exterior of the north facing side and at plot

center (interior).
YMeasured at plot center 20 cm (8 in) above the container medium.

*Means followed by the same letter within a column are not significantly different using Fisher’s Isd, 5% level.
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Table 2. Mean of daily average, daily maximum, and daily minimum temperature of the rooting medium in two locations for five winter protection
treatments and a control from December 1, 1987 to March 1, 1988.

Daily average

Daily maximum

Daily minimum

Winter .

Protection Location

Treatment Inter? Exter Inter Exter Inter Exter
°c_°F __°F °C °F °C °F °C °F °C °F

Control 1.0 (33.8) ¢* 0.7 (33.3)c¢ 34 (38.1)c¢ 4.1 39.4b —-1.2 (29.8)e -2.7 (27.1)d

White poly 4.1 (39.4)a 33 (379 a 83 (469 a 7.2 (45.0)a 1.1 (34.0) bc 0.6 (33.1D)b

Thermoblanket 44 (399 a 39 (39.0)a 7.7 (459 a 7.0 (44.6) a 2.0 (35.6)a 1.7 (35.1)a

Kimberly Farms 4.1 (394)a 2.1 (35.8)b 7.6 (457 a 4.8 (40.6)b 1.7 (35.1) ab 02 (324 b

Lutradur 2.7 (36.9)b 1.3 (34.3)c¢ 54 41.7)b 42 (39.6)b 0.2 (32.4)d -1.6 (29.1)c

Typar 30 374D 1.3 (34.3)c¢c 5.8 42.4)b 40 (39.2)b 0.8 (33.4) cd -1.1 (30.0)¢

*Measured 8 cm (3 in) deep and 5 cm (2 in) horizontally from the north wall of the container in two locations: exterior of the north facing side and at plot

center (interior).
YExter = exterior; inter = interior.

*Means followed by the same letter within a column are not significantly different using Fisher’s lsd, 5% level.

Table 3. Mean of daily average, daily maximum, and daily minimum air temperature for 5 winter protection treatments and a control from

December 1, 1987 to March 1, 1988.*

Air temperature

Winter

Protection Daily Daily Daily
Treatment average maximum minimum
Control 1.6 (34.9) d 11.2 (52.2)d -49 (23.2)c
White poly 6.0 (42.8) ab 20.5 (68.9)b —-15 (29.3)b
Thermoblanket 5.9 (42.6)b 16.7 (62.1) c 0.1 (32.2)a
Kimberly Farms 6.9 (44.4)a 25.8 (78.4)a -13 29.7b
Lutradur 4.6 (40.3)c 19.0 (66.2) b -2.0 (28.4)b
Typar 4.9 (40.8) ¢ 19.8 (67.6) b -1.7 (289)b

*Measured at plot center 20 cm (8 in) above the container medium.

YMeans followed by the same letter within a column are not significantly different using Fisher’s Isd, 5% level.

differ significantly. Similarly, Kimberly Farms had the highest
mean daily maximum air temperature, averaging 14.6°C
(26.3°F) higher than the control. Of all the covers, ther-
moblanket had the lowest mean daily maximum air tem-
perature, averaging 5.5°C (9.9°F) greater than the control.
In contrast, thermoblanket’s mean daily minimum air tem-
perature was significantly higher than all treatments. The
mean daily minimum air temperature of white poly, Kim-
berly Farms, Lutradur, and Typar were not significantly
different from each other but were different from the control.

The foliar injury ratings had a significant interaction be-
tween location (exterior, interior) and treatment, indicating
that the plants responded differently depending upon loca-
tion in the consolidated group. Thus, the injury data are
presented by treatment and location. In most cases where
differences existed between positions, plants in the exterior
position had more injury than plants in the interior (Table
4). The June 16, 1988 foliar injury ratings are more indic-
ative of the plant response so they are the only ratings
presented.

Table 4. Mean visual shoot injury rating of Ilex crenata ‘Helleri’, Nandina domestica ‘Atropurpurea Nana’, Photinia X fraseri, and Pyracantha

Koidzumii X coccinea ‘Mohave’ on June 16, 1988.~

Species
Winter N . .
Protection Ilex Nandina Photinia Pyracantha
Treatment Exter? Inter Exter Inter Exter Inter Exter Inter
Control 1.1 4 1.0c¢ 1.0c 1.0¢ 1.0 ¢ 1.0c¢ 1.3¢ 1.4d
White poly 4.4 a 44a 42a 48a 48a 49a 3.0b 32¢
Thermoblanket 46a 44a 4.0a 42 a 49a 50a 4.7 a 4.7 a
Kimberly Farms 4.3 ab 4.3 ab 44a 46a 49 a 49a 34b 3.6 be
Lutradur 33¢ 3.5b 1.7¢ 3.7b 38b 48a 33b 39b
Typar 39b 4.1 ab 29b 4.6a 4.5a 48a 4.0b 3.5bc

ZInjury rating: 1 = dead, 2 = >75% foliar necrosis, 3 = 25% to 75% foliar necrosis, 4 = <25% foliar necrosis and 5 = no foliar necrosis.

YExter = exterior; Inter = interior.

*Means followed by the same letter within a column are not significantly different using Fisher’s Isd, 5% level.
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All covers reduced foliar injury, except exterior ‘Atro-
purpurea Nana’ nandina under Lutradur (Table 4). Most of
the control plants were dead by June 16. The thermoblanket
was the only treatment which resulted in less than 25% foliar
necrosis for all four species, regardless of location. This
was followed by white poly and Kimberly Farms which
maintained less than 25% foliar necrosis, regardless of lo-
cation, for all species, except ‘Mohave’ pyracantha. Since
‘Mohave’ pyracantha has a lower root killing temperature
than ‘Helleri’ holly and ‘Atropurpurea Nana’ nandina, it
might have incurred more injury due to the greater heat
buildup under white poly and Kimberly Farms.

Kimberly Farms and Typar protected interior ‘Helleri’
holly and ‘Atropurpurea Nana’ nandina as well as white
poly and thermoblanket. However, for the exterior plants,
only Kimberly Farms was equivalent to white poly and
thermoblanket. All covers protected interior Fraser photinia
equally well. However, only Kimberly Farms and Typar
protected exterior Fraser photinia as well as white poly and
thermoblanket. For ‘Mohave’ pyracantha, the three row covers
were equivalent or better than the white poly but did not
perform as well as the thermoblanket at either location.

Visual shoot injury ratings of all species were highly
correlated with the mean daily maximum air temperature
and the mean daily average and daily minimum air and
interior and exterior medium temperature (Table 5). The

TableS. The range of linear correlation coefficients between the June
16, 1988 foliar injury ratings of ‘Helleri’ holly, ‘Atropur-
purea Nana’ nandina, Fraser photinia, and ‘Mohave’ pyr-
acantha and the means of the daily average, daily maximum,
and daily minimum for air and rooting medium (interior
and exterior locations) temperature from December 1, 1987
to March 1, 1988.

Daily Daily Daily
Location average maximum minimum
Air temp
r value 0.70-0.91~ 0.44-0.61 0.76-0.96
Medium temp
Interior
r value 0.74-0.93 NS 0.73-0.98
Exterior
r value 0.51-0.75 NS 0.63-0.88

*Significant at the 0.01 level or NS = nonsignificant.

J. Environ. Hort. 8(4):161-165. December 1990

correlation with mean daily maximum temperature of the
rooting medium, regardless of location, was not significant.
These correlations emphasize that the minimum medium
temperature is a critical factor in determining plant response
to winter protection treatments. Maximum medium tem-
perature did not affect plant response in this study. The
positive correlation with daily maximum air temperature
suggests that air temperature was not high enough to cause
plant damage; however, this may not apply to ‘Mohave’
pyracantha.
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