weights of ‘Crimson Pixie” associated
with fertilizer concentration occurred
frequently on plants grown with ebb
and flow.

With ebb-and-flowirrigation, the
lowest root dry weights were those of
plants grown with 150 mg N /liter. In
contrast, the increase in root dry weight
of ‘Crimson Pixie’ plants grown with
drip irrigation was proportional to the
increase in concentration,

Growth, as defined by height and
increase in dry matter, and quality of
hybrid lilies appears to be controlled or
affected by factors other than fertilizer
formula or concentration. Plant qual-
ity was not affected by the fertilizer
treatments. Good-quality, saleable
plants were produced with 75 mg N/
liter.

Flowering of ‘Crimson Pixie’ or
‘Lemon Pixie’ was not affected by any
ofthe fertilizer orirrigation treatments.
The results of this experiment show
that the number of blasted flower buds
of ‘Crimson Pixie’ and ‘Lemon Pixie’
were not significantly affected by the
amount or concentration of fertilizer.
Similarly, the total number of flower
buds, flower dry weight, and days to
flower were not significantly affected
by the fertilizer and irrigation treat-
ments.

Bulbs grown with drip and ebb-
and-flow systems were irrigated about
once a week. A total of 726 liters of
fertilizer solution was applied to a crop
of 324 hybrid lily bulbs grown with
conventional drip irrigation; whereas,
a total of 764 liters was applied to 324
bulbs grown with ebb-and-flow irriga-
tion. When compared to each other,
5% less water was used with drip irriga-
tion in this experiment than with ebb
and flow. Drip and ebb-and-flow irri-
gation appear to be similarly efficient
in conserving water and liquid fertil-
izer.

Insummary, ebb-and-flowirriga-
tion reduced water and fertilizer used
by =40% when compared to overhead
hand-watering by hose in the produc-
tion of Hedera belix. However, water
and fertilizer use were not significantly
different between ebb-and-flow and
drip irrigation in the production of
Asiatic hybrid lilies.
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Rowcovers
Accelerate
Fruiting and
Increase
Productivity in
Primocane-
fruiting Red
Raspberries
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Summary. Studies were conducted
over eight location—years to evaluate
the effects of rowcover material, time
of application, and time of removal on
‘Heritage’ red raspberry cane growth,
flowering, and fruiting. We antici-
pated that rowcovers would accelerate
fruit maturity so that more of the
crop could be harvested before the
onset of cold temperatures in autumn.
In seven of the eight experiments,
rowcovers either increased yields or
accelerated harvest. With a March ap-
plication, harvest began 3 weeks earl-
ier, and August yields of covered
plants were 42 times higher than
those of noncovered plants. Responses
were observed with spunbonded poly-
propylene and polyester covers, but
not with polyethylene covers. Row-
covers placed over the row before pri-
mocane emergence and removed when
canes were =50 cm tall resulted in the
greatest plant response. The use of
polyester or polypropylene rowcovers
with primocane-fruiting raspberries
appears to be economically feasible in
most years in northern climates.

rimocane-fruiting raspberries are
widely grown throughout the
northern United States and
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southern Canada. In many regions,
fruiting begins in September, and
harvest often is terminated by frost
before a full crop is realized. Although
cultivars that fruit earlier than the
standard cultivar Heritage have been
developed, these cultivars are not as
widely adapted and /or often have fruit
of inferior quality. Benefits could be
realized for northern growersif cultural
practices that promote earlier fruiting
were identified and used.

Primocanes of ‘Heritage’ initiate
flower buds when canes reach a certain
physiological stage. This stage can be
promoted by high temperatures, high
N, or other factors that accelerate cane
clongation in spring (Keep, 1961;
Lockshin and Elfving, 1981; Vasil-
akakis et al., 1979). Rowcovers are
used in cropping systems to trap in-
frared radiation and increase air tem-
peratures under them. When used with
primocane-fruiting raspberries,
rowcovers, in theory, should promote
carly growth by increasing tempera-
tures around the growing canes. Early
growth, in turn, might lead to earlier
flowering and fruiting. Rowcovers have
been used for several years by veg-
etable and strawberry growers to ac-
celerate growth and increase yields
(Pritts et al., 1989, Wells and Loy,
1985), but their use on raspberries has
not been reported.

The objectives of this research
were to: 1) examine the efficacy of
rowcover use in promoting ecarlier
fruiting and increasing yields in
‘Heritage’ red raspberry, 2) evaluate
different types of rowcovers, and 3)
determine optimum times to apply
and remove rowcovers.

Experiments were conducted in
New Jersey in 1989 and 1990,
Michigan in 1987 through 1989, and
New York in 1988 and 1989. Mature
plantings of ‘Heritage’ red raspberry
were used, and all canes were mowed
annually to ground level in early spring
to promote fall fruiting. Raspberries
were fertilized in early spring, and
standard pest control procedures were
used at each location.

The experimental protocol was
designed to evaluate the effects of
rowcover material, time of application,
and time of removal on flowering and
fruiting (Table 1). Data collected at
cach location in each year included
date of first fruit, yield per harvest
interval, and total yield. Cane heights
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Table L. Summary of expevimental treatments for each of the location—years for which the tests
were conducted. Each set of treatments also included a contvol.

Location

Cover type

Timing Year

Cream Ridge, NL.J.

Colts Neck, N.J.

Kimberly Farms, 20 g.m™
Kimberly Farms, 40 g.m™
White polyethylene, 0.08 mm
Kimberly Farms, 20 g.m™
Kimberly Farms, 20 g.m™
Kimberly Farms, 20 g-m™

18 Apr.-12 May 1989
18 Apr.—12 May 1989
18 Apr.—12 May 1989
1 Mar.-12 May 1990
1 Apr.—12 May 1990
18 Apr—12 May 1989

Clarksville, Mich. Slitted polyethylene, 0.03 mm 20 Apr.—30 May 1987
Reemay, 20 g-m™ 20 Apr.-30 May 1987
Reemay, 20 g-m™ 19 Apr.-2 June 1988
Kimberly Farms, 20 g.m™ 1 Mar.—1 May 1989
Kimberly Farms, 50 g.m™ 1 Mar.-1 June 1989
Kimberly Farms, 20 g.m™ 1 Mar.~1 May 1989
Kimberly Farms, 50 gem™ 1 Mar.~1 June 1989
Ithaca, N.Y. Kimberly Farms, 20 g.m™2 30 Mar.—19 May 1988
Kimberly Farms, 50 gem™ 30 Mar.-19 May 1988
Kimberly Farms, 20 g.m™ 1 Mar.—1 May 1989
Kimberly Farms, 50 g.m™ 1 Mar.~1 June 1989
Kimberly Farms, 20 g.m™ 1 Mar.—-1 May 1989

Kimberly Farms, 50 gem™

1 Mar.—~1 June 1989

during the season, fruiting lateral
number, node number at flowering,
height of the basal fruiting node, date
of first flower, and percentage of
unharvested fruit also were collected
from some experiments.

Average daily production was es-
timated by dividing yield ona particular
harvest date by the number of days
since the previous harvest. Average
daily production then was summed
over the appropriate interval so sea-

sonal patterns of production could be
expressed in regular intervals. Data
were subjected to appropriate analysis
of variance procedures.

Description of experiments
New Jersey. Experiments were
conducted at an experimental farm in
Cream Ridge and a commercial farm
in Colts Neck. In 1989 at Cream Ridge,
1-m-wide covers were applied on 18
Apr. and removed on 12 May. Treat-

180
-
Coversd
160 ——
Uncovered
140 A

20

0 7 14 21 28 35 42 49 56 63 70 77 B4 91

DAYS AFTER MAY 20
Fig. ].Awemk%mﬁemmmmmmmpkmﬂ

Ithaca, N.X., in 1988.
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Fig. 2. Yield distribution under covered and

ments included a single layer of white
polypropylene rowcover (Kimberly
Farms floating rowcover, 20 g.m™?), a
double layer of polypropylene, a single
layer of white polyethylene plastic (0.08
mm ), and a control with no cover. The
experiment was a completely random-
ized design with four replications. Plots
were 2.5 m long.

In Colts Neck in 1989, a single
layer of white polypropylene (Kim-
berly Farms, 20 g.m™) was applied to
three 15-m-long plots on 18 Apr.,
with three additional plots serving as
noncovered controls. Treatments were
randomized among the six plots. Cov-
ers were removed on 12 May, and
plants were harvested during the late
summer and fall.

ed plots at Ithaca, N.Y., in 1988.

randomized complete-block design
with five replications. Plots were 15 m
long.

In 1988, the spunbonded polyes-
ter material was laid loosely over the
row on 19 Apr. and removed on 2
June. Experimental design and plot
size were the same as in 1987.

In 1989, arandomized complete-
block design with four replications was
used to test the effect of rowcover
thickness and date of removal. Plots
were 3 m long. A factorial arrange-
ment of treatments included two
thicknesses of spunbonded polypro-
pylene (Kimberly Farms, 20 and 50

g-m™2) and two dates of removal (1
May and 1 June), plus a nontreated
control. Covers were applied on 1
Mar.

New York. In 1988, two thick-
nesses of rowcover (Kimberly Farms,
20 and 50 g-m™) were assigned ran-
domly to each of three 20-m rows. An
additional three rows served as con-
trols. Rowcovers were applied on 30
Mar. and removed on 19 May. A 3-m
section of each row was harvested, and
cane heights were monitored
throughout the season.

In 1989, an experiment identical
to the one in Michigan was conducted
atthe Cornell Orchards Research Farm,
Ithaca.

Spunbonded rowcovers (Kim-
berly Farms and Reemay) accelerated
growth (Figs. 1 and 4), flowering, and
fruiting in most years and locations
(Figs. 2,3,5,and 6; Tables 2, 3,4, and
5). Yields generally were increased
because a greater portion of the poten-
tial yield was harvested before the first
severe frost. For example, at Ithaca in
1988, differences in cane height be-
tween covered and noncovered plots
were maintained for at least 3 months
after covers were removed (Fig. 1),
and the accelerated development un-
der covered plots resulted in earlier
production of fruit (Fig. 2). Cold
temperatures began on 1 Oct. and
dramatically slowed fruit ripening for
both treatments, but cumulative yield
was significantly higher for plots with
accelerated development.

At Cream Ridge in 1989, the first

Table 2. Yield response to vowcover treatment at Cream Ridge, N.J., in 1989.
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In 1990 at Cream Ridge, single- Total August Date first Date peak
layer polyester covers were applied on ~ Treatment vield (g) yield (g) harvest harvest
1 Mar. or 1 Apr. to 2.5-m plots. A Ngncovered 3049 623 21 Aug, 13 Sept.
noncovered control also wasincluded.  gj;01e spunbonded 2256 1207 13 Aug. 1 Sept.
Rowcovers were removed on 12 May  poype spunbonded 2377 999 13 Aug. 3 Sept.
1990. The treatments were arranged  yhice polyethylene 3250 871 19 Aug. 6 Sept.
in a randomized complete-block de- 15Dy s 17008 902Ns 12 Days 12 Days*
sign with four replications. 2

Migbiguu. Expcri ments were 5 Nonsigni or 5 effects ar P < .05, respectively.
conducted at the Michigan State Ex-
periment Station, Clarksville. In1987,  Table 3. Yield response to rowcover treatment at Cream Ridge, N.J., in 1990.
treatments included a clear, slitted,

: = Total August Date first Date peak
polyethylene rowcover (0.03 mm)  pyement yield (g) vield (g) fiacvcst Batreet
suspended above the row on wire
hoops, a spunbonded white polyester ~ Noncovered 2144 57 29 Aug. 18 Sept.
material (Reemay, 20 g:m™), and a Covered 1 Mar. 4431 2413 7 Aug. 1 Sept.
noncovered control. Covers were ap- ~ Covered 1 Apr. il 881 12 Aug. 7 Sept.
plied on 20 Apr. and removed on 30  ISPy5 2504 557* 8 Days** 13 Days*
May. Treatments were arranged in a XS » = Nowsignificant or signifi fects at P < 0.05 or 0.01, respectively
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harvest under the single spunbonded
polypropylene rowcover was 8 days
carlier than the control, and peak har-
vest was an average of 12 days earlier
(Table 2). August yields were increased
an average of 94% compared to the
control. However, some of these dif-
ferences were not statistically signifi-
cant because of extreme variability
among plots for early yield. If plots
with the same treatment differ by as
much as 2 or 3 days in date of first
ripening, then very large differences in
carly yield can result; hence, statistical
significance will be difficult to obtain.
With the single layer of spunbonded
rowcover, 77% of the total yield was
harvested by the end of August,
compared with just48% in noncovered
controls. The response of the double
layer was not significantly different
from that of the single layer, and the
white plastic cover did not have a
significant effect on harvest date or
yield.

At Colts Neck in 1989, yields
were 30% higher under the covered
treatments compared to the control.
At the end of August, 80% of the fruit
was harvested from the covered plots,
but only 60% from the noncovered
plots (data not shown).

The effects of the rowcovers were
most dramatic at Cream Ridge in 1990
(Table 3). The March-applied row-
cover accelerated first harvest by 3
weeks, and the early August yield was

120 e
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——
100+ Aprl Applied
——
~
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70+
3 60
50
40
SOJ L L] L) L) 1 L) L) Li L)
0 7 14 21 28 35 42 49 56 63
DAYS AFTER MAY 7
Fig. 4. Cane beight over the as infls d by application time at Cream Ridge, N.J., in
1990.

42 times higher than that of nontreated
plants (Fig. 3). The April-applied
rowcover accelerated harvest by 17
days, and August yield was 17 times
higher than the control. Early yield
reflected the accelerated cane growth
rate (Fig. 4).

At Clarksville in 1987, in contrast
with the New Jersey results in 1990,
neither the plastic cover nor the
spunbonded polyester had a signifi-

700
-
March Applied
600 - -
April Applied
Esao- “"‘": %
400 -
300
a 200+
100 -

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

DAYS AFTER AUGUST 10
Fig. 3. Yield distribution with diffevent application times at Cream Ridge, N.J., in 1990.
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cant cffecton growth oryield. In 1988,
however, yields were affected dramati-
cally by the spunbonded cover (Fig.
5). The mean total yield of noncovered
plots (2130 g) was significantly less (P
< 0.05) than that of covered plots
(3420 g).

In New Yorkin 1989, date of first
flowering and fruiting were signifi-
cantly accelerated by the rowcover
treatments (Table 4). Acceleration of
flowering and fruiting also was ob-
served in Michigan with the same set
of treatments, but raspberry yield re-
sponded more to the weight of the
rowcover in New York (Table 4) and
more to the date of removal in Michi-
gan (Fig. 6, Table 5). Data suggest
that rowcovers influence the rate of
plant development and not the indi-
vidual yield components of the plant
(Table 4).

In most years and locations,
spunbonded covers accelerated cane
growth in spring, resulting in carlier
flowering and fruiting. Since the mar-
ket availability of raspberry fruit is low
during mid-August, there is an advan-
tage to producing an earlier crop. Also,
when fruiting begins earlier, a greater
percentage of the total crop can be
harvested before a damaging frost oc-
curs. For these reasons, spunbonded
rowcovers appear to be beneficial in
locations that experience relatively late
summer or early autumn frosts.

A second benefit of rowcovers
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Fig. 5. Yield distribution under covered and noncovered plots at Clarksville, Mich., in 1988.
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Fig. 6. Pattern of yield response to cover weiglht (light or beavy) and date of removal [eaily (1
May) or late (1 June)] in Clarksville, Mich., in 1989.

was observed in Michigan and New
Jersey in 1989. In Michigan, an early
May frost killed many primocanes in
noncovered plots, and this also re-
sulted in a yield advantage for covered
plots. In New Jersey, snowfall in early
April damaged primocanes on
noncovered plots, but covered plots
were unaffected. In years where late
frosts or snows occur, the use of
rowcovers on a portion of the planting
would help stagger the production
peaks.

White or clear polyethylene
rowcovers had no effecton cane growth
or fruiting. Even though our data were
collected atonly two locations, a grower
trial with clear polyethylene in New
Yorkand auniversity trial in lowa (Gail
Nonnecke, personal communication)
also found no significant benefit from
using polyethylene tunnels. Apparently
the spunbonded materials provide a
more optimal environment for cane
growth in spring than do polyethylene
covers.

The time of cover application had
a major effect on fruit production pat-
terns. In New Jersey in 1990, the early
March application resulted in higher,
earlier yields than the early April ap-
plication, and both were earlier and
more productive than noncovered
plots, suggesting that covers must be
in place before cane growth begins in
spring.

It is important to note that the
magnitude of the response of ‘Heritage’
to rowcover varied widely, from no
response in Clarksville in 1987 to a 3-
week acceleration of harvest at Cream
Ridge in 1990. Although we mea-
sured an approximate 3C difference in
air temperature under covered plots,
we were not able to predict the envi-
ronmental conditions that maximized
cane growth and vyield. It is possible
that, in certain years, temperatures
under rowcovers could be above the

Table 4. Yield component vesponse to rowcover weight and date of vemoval at Ithaca, N.X., in 1989. Early and late vemoval: 1 May and 1 June,
respectively. Light and beavy matevial: 20 and 50 gom™>, vespectively, of Kimberly Farms.

Total Cane ht No. fruiting Unbharvested Date first Date first
Treatment yield (g) (em) No. nodes nodes fruit (%) flowering fruiting
Noncovered 3397 150 41 27 54 31 July 28 Aug.
Light, early 3839 151 43 27 46 27 July 2 Sept.
Light, late 3698 146 42 27 46 26 July 5 Sepr.
Heavy, early 4919 152 42 27 50 25 July 1 Sept.
Heavy, late 4425 147 42 27 50 27 July 6 Sept.
LDy o5 1180* 16N 3hs ghs 29N 4 Days* 5 Days*
N5 * Nonsignificant or significant tr effeces at T < 0.05, respectively,
50 HortTechnology - Jan./Mar. 1992 2(1)
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Table 5. Yield vesponse to rowcover weight and date of vemoval at Clavksville, Mich., in 1989,
Early and late vemoval: 1 May and 1 June, vespectively. Light and beavy matevial: 20 and 50

gren™>, vespectively, of Kimberly Farms.

Total August Date first Date peak
Treatment yield (g) yield (g) fruiting harvest
Noncovered 24606 36 14 Sept. 5 Oct,
Light, early 1645 22 12 Sept. 8 Oct.
Light, late 4988 832 1 Sept. 17 Sepr.
Heavy, early 2056 28 10 Sept. 7 Oct.
Heavy, late 4654 375 1 Sept. 18 Sept.
LSDy o5 1554** 171 ** 6 Days** 4 Days**

**Significant treatment effectsar P < 0.01,

optimum for plant growth; hence,
growth of covered plants may be no
different than that of noncovered plants
in warm springs. In Michigan in 1987,
when no effect of rowcover was mea-
sured, the spring was early and tem-
peratures averaged 3.4C above normal.
Clearly, the effects of environment on
‘Heritage’ cane growth and develop-
ment require more extensive study.
Rowcovers influenced the rate of
cane growth, but did not appear to
influence plant growth habit. At the
end of the season, cane heights of
covered and noncovered plants were
similar. Further, node numbers and
the node at which fruiting terminated
were nearly identical among treat-
ments. These measurements suggest
that rowcovers do not affect yield
componentsdirectly; the yield increase
often observed with rowcover use is

HortTechnology - Jan./Mar. 1992 2(1)

attributed to an extended harvest pe-
riod. When frost does not truncate the
harvest season, total yields may be
similar among treatments (Table 1).
These experiments provided eight
different location—year combinations
for observation. In all but one of the
years, benefits were observed from
using a spunbonded rowcover. The
cost of purchasing and installing the
lightweight material is about $1200/
ha for raspberries, and the material can
be used for two seasons if abrasion
from cane stubble is not severe. In
locations where frosts truncate the
harvest season, the use of rowcovers
may be economically feasible.
Ourdatasuggest that spunbonded
floating rowcovers are superior to
plastics for promoting early growth
and fruiting in ‘Heritage’ red rasp-
berry. In the northern United States

and southern Canada, application
should occur before canes emerge in
spring, and rowcovers should be re-
moved around 1 June, which corre-
sponds to a cane height of =50 c¢m.
Flowering and fruiting will be accel-
erated, and in most years, higher pro-
ductivity will be realized.
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