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Abstract. Extending the season can provide opportunities for vegetable producers.
Bunching onion, or scallions (Allium fistulosum L.), is a crop that can be a candidate
for protected production used to extend the growing season. The cvs. Evergreen Hardy
White (white), Deep Purple (red), and Nabechan F1 (white) were sown at monthly
intervals from Sept. 2010 to Aug. 2011 in containers under greenhouse and hoop house
conditions at Lane, OK. Days to harvest and yield variables were determined. Crop
failure occurred in a greenhouse for all plants sown in July, for ‘Deep Purple’ sown in
August, and for those sown in a hoop house in February and March and May through
August, days to harvest was generally less for plants sown in the greenhouse, and for
‘Deep Purple’, but all plants took longer to reach marketable size than is indicated for
field production. Yields for plants grown in the greenhouse were higher than for those
grown in the hoop house. Greenhouse production provides more flexibility and protec-
tion from environmental conditions so that bunching onions can be grown for extended
season production. However, environmental controls under greenhouse conditions need
to be refined to reduce length of growing season while maintaining, or improving, yields
of optimally sized plants. Programs to improve nutrition in school systems and intro-
duction of ‘‘Farm to School’’ and ‘‘extended season’’ initiatives present opportunities for
production of some vegetables including bunching onion, or scallions. ‘‘Farm to School’’
programs allow the use of fresh, locally grown foods to be incorporated into school
menus. Bunching onions can be used fresh or prepared items. Use of protected culture in
greenhouses and hoop houses may allow for extended season production of these onions
so that they can be used during non-typical growing periods especially, when locally
produced field-grown crops are not available.

There is information on production of
bunching onions under field conditions
(Anonymous, 2002; Boyhan et al., 2009;
Hodges, 2004). Expected yields from field

production are �10,000 to 12,300 kg·ha–1

(Anonymous, 2002) equating to �1 to
1.23 kg·m–2. There is little scientifically
evaluated information on bunching onion
production under protected culture. In an
environmental chamber, Broome and Peffley
(2005) found that in-row distances of 15 to
20 mm benefitted plant development.

Shrefler et al. (2011) used hoop houses
to produce spring transplants of bulb onions
(A. cepa L. Cepa group). Although not
completely analogous, it was determined
that onions could be grown to bunching
onion size over winter in Oklahoma using
this type of protected culture. The trans-
plants were started on a single date. It is not
clear how planting date would affect pro-
duction of bunching onions’ marketable
yields. Russo (2004) reported on a method
using seedling trays in a greenhouse to
produce bulb onion transplants to be estab-
lished in spring. These were also started on
a single date and the products of neither of
these methods were intended for consump-
tion of immature plants. It is also unclear if
type of protected culture would be cultivar-
dependent. This experiment was under-
taken to determine if marketable produc-
tion of bunching onion cultivars was

affected by planting date and type of pro-
tected culture.

Materials and Methods

Untreated seed of bunching onion cvs.
Nabechan F1 (white), Evergreen Hardy White
(white), and Deep Purple (red) (Johnny’s
Selected Seed, Winslow, MA) were used.
Under field conditions, seed can be sown in
spring or late summer with harvestable size
obtained from 60 to 65 d after sowing. This
limits availability for other times of the year.

For this study a climate-controlled, glass-
paned greenhouse and a minimally climate-
controlled hoop house were used. The
greenhouse climate was controlled by an
automatic system, which regulated air tem-
peratures using circulated hot water in the
cooler months and swamp coolers and auto-
mated ventilation in the hot months. The
hoop house was covered with polyethylene
plastic (6 mil, single layer, ultraviolet-treated)
purchased locally from Leon’s Greenhouses,
Kingston, OK, and had no other heating or
cooling. In the greenhouse, heating or cool-
ing set points during the day and night were
triggered at �24 �C. No other modification
was made to the greenhouse growing envi-
ronment for the duration of the experiment.
In the hoop house, plastic sides were raised
and end doors opened in an attempt to al-
leviate effects of high temperatures. Sides
were lowered and doors closed during the
cooler months.

Organic methods and materials were used.
Plastic containers 32 3 18.5 3 11.5 cm in
length, width, and depth (5.7-L volume; sur-
face area 0.06 m2) were used. Six holes
(5 mm diameter) were drilled in container
bottoms for drainage. Containers were filled
to approximately a 10-cm depth with moist-
ened Sunshine potting mix [Sun Gro Horti-
culture, Bellevue, WA; Organic Materials
Review Institute (OMRI) listed]. Untreated
seed of each cultivar were planted in four
rows per container starting 4 cm in from a
long edge with rows �4 cm apart with an in-
row seed placement of �2 cm.

Plants were established on 15 Sept., 14
Oct., 16 Nov., and 15 Dec. 2010 and 21 Jan.,
15 Feb., 15 Mar., 15 Apr., 15 May, 15 June,
15 July, and 15 Aug. 2011. Containers with
seed were maintained in the greenhouse or
hoop house. The greenhouse had �70 m2 in
floor area and the hoop house had �90 m2 in
floor area. Containers were maintained on
metal benches 1 m above the floor in the
greenhouse and on the soil floor in the hoop
house.

Beginning 1 week after sowing, plants
were fertilized weekly with 500 mL per
container of a 16 mL·L–1 solution of
Neptune’s Harvest, 2N–3P–1K (Ocean Crest
Seafoods, Gloucester, MA; OMRI listed;
Russo, 2006) with subsequent fertilizations
using the same rate and volume at two-week
intervals. Containers with seed, and later
emerged plants, were irrigated with a misting
system in both structures. Irrigation was timer-
controlled and events occurred at 9:00 AM,
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3:00 PM, and 6:00 PM daily with 3-min
durations. Plants were exposed only to am-
bient daylight. Plants were maintained until
pseudostems began to swell and/or tops began
to degrade. There were no synthetic pesti-
cides used; insect populations did not warrant
control. Data were collected on days until
harvest and marketable and cull number of
plants produced; fresh weights of marketable
and cull plants; weights of leaf tissue above
a 20-cm height, which would be removed
to produce marketable size plants; and dry
weight of marketable plants, which was deter-
mined based on USDA, AMS (U.S. Depart-
ment of Agriculture, Agricultural Marketing
Service, 1947) grades.

The experiment was arranged in a split-
split plot with type of culture method (green-
house vs. hoop house) being the main effect,
monthly planting date (12) the first split, and
cultivar (three) the second split arranged
randomly within planting date. Each type of
culture, planting date, and cultivar treatment
was replicated three times. Data were sub-
jected to analysis of variance (ANOVA) in
PROC GLM in SAS (Version 9.1; SAS, Inc.,
Cary, NC). If interactions were significant,
they were used to explain the data. If interac-
tions were not significant, the Ryan-Gabriel-
Einot-Welsch post hoc test was used to
separate means.

Results

Day and night temperatures (Fig. 1) likely
affected results. Day and night air tempera-
tures gradually dropped from 15 Sept. with
several nights being below freezing. Although
daytime air temperatures began to rebound
by late January, there were nights with air
temperatures below freezing through mid-
April. Day and night air temperatures from
April through September exceeded norms
with several days being above 37 �C and
nights above 22 �C. Air temperatures began
to moderate from late September and nights
with below freezing temperatures occurred
from mid-October through the end of the
experiment.

Days to harvest varied as a result of
cultivar, planting date, and culture method
(Table 1). In the greenhouse, ‘Deep Purple’
had among the shortest times to harvest. The
exceptions were for the 15 July 2011 planting
date when there were no harvestable plants
produced for any cultivar and the 15 Aug.
2011 planting date when there was no har-
vestable yield for ‘Deep Purple’. Under hoop
house conditions, there was less variation in
time to harvest but when it did exist, 16 Nov.
and 15 Dec. planting dates, ‘Deep Purple’ had
the shortest time to harvest. In the green-
house, there was no consistent shortest aver-
age time to harvest over cultivars. In the hoop
house, the shortest time to harvest over cul-
tivars was for the 15 Apr. 2011 planting. Under
greenhouse conditions, time to harvest was
generally less than for the hoop house.

The ANOVA analysis (Table 2) indicated
that main effects of culture method, planting
date, and cultivar and their interactions

affected all measured variables. The culture
method by planting date interaction affected
all but marketable dry weights. The culture
method by cultivar affected all variables. The

planting date by cultivar affected all but the
weight of tops above 20 cm. The culture
method by planting date by cultivar af-
fected all variables. There were exceptions

Fig. 1. Maximum and minimum temperatures over the growing period. Arrows indicate sowing dates in the
greenhouse and hoop house.

Table 1. Days to harvest for bunching onion cvs. sown at various planting dates and cultured in a
greenhouse or hoop house.

Planting date Cultivar

Days to harvest

Greenhouse Hoop house

15 Sept. 2010 Evergreen Hardy White 143 174
Deep Purple 111 127
Nabechan F1 138 127

15 Oct. 2010 Evergreen Hardy White 152 173
Deep Purple 125 173
Nabechan F1 145 173

16 Nov. 2010 Evergreen Hardy White 156 189
Deep Purple 125 140
Nabechan F1 139 163

15 Dec. 2010 Evergreen Hardy White 183 160
Deep Purple 110 134
Nabechan F1 153 160

21 Jan. 2011 Evergreen Hardy White 158 158
Deep Purple 97 158
Nabechan F1 158 158

15 Feb. 2011 Evergreen Hardy White 150 —z

Deep Purple 77 —
Nabechan F1 150 —

15 Mar. 2011 Evergreen Hardy White 141 —
Deep Purple 133 —
Nabechan F1 141 —

15 Apr. 2011 Evergreen Hardy White 193 103
Deep Purple 102 103
Nabechan F1 193 101

15 May 2011 Evergreen Hardy White 148 —
Deep Purple 83 —
Nabechan F1 148 —

15 June 2011 Evergreen Hardy White 251 —
Deep Purple 208 —
Nabechan F1 232 —

15 July 2011 Evergreen Hardy White — —
Deep Purple — —
Nabechan F1 — —

15 Aug. 2011 Evergreen Hardy White 191 —
Deep Purple — —
Nabechan F1 191 —

z‘‘—’’ indicates there was no marketable harvest for the planting date, but some cull plants could have been
produced.
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to general patterns for all variables as a result
of the planting date 3 cultivar 3 culture
method interaction (Table 3).

Marketable plant measures. The general
trend was for more marketable plants to be
produced in the greenhouse than in the hoop
house for all cultivars at each planting date.
Exceptions were: for the 15 Sept. 2010 plant-
ing date, more marketable plants were pro-
duced in the hoop house for ‘Evergreen
Hardy White’ and for ‘Deep Purple’, num-
bers produced were similar regardless of
culture method; for the 15 Oct. 2010 planting
date, numbers of marketable plants pro-
duced by ‘Evergreen Hardy White’ were
similar regardless of culture method; for the
15 Dec. 2010 planting date, numbers of mar-
ketable plants produced by ‘Nabechan F1’
were similar regardless of culture method;
for the 15 Apr. 2011 planting date, numbers
of marketable plants were similar for ‘Ev-
ergreen Hardy White’ and ‘Deep Purple’
regardless of culture method, but the number
of marketable plants produced by ‘Nabechan
F1’ in the hoop house were greater than in the
greenhouse, and for the 15 July 2011 planting
date, no harvestable plants were produced for
all cultivars regardless of culture method and
this was also the case for ‘Deep Purple’ sown
on 15 Aug. 2011.

The trend for marketable yield followed
that for marketable number of plants. The
single exception was for the 21 Jan. 2011
planting when, although marketable numbers
of plants for ‘Nabechan F1’ were similar,
marketable yield was lower in the greenhouse
than in the hoop house. The trend for yield/m2

also followed that for other marketable mea-
sures. The exceptions were: for ‘Evergreen
Hardy White’ sown on 14 Oct. 2010 in which
marketable number and yield were similar
but yield/m2 was higher for plants produced
in the greenhouse than in the hoop house. For
‘Nabechan F1’ sown on 21 Jan. 2011, num-
bers of marketable plants were similar but
their yield in the hoop house was higher and
there was no difference in yield/m2 regardless
of culture method. Under greenhouse condi-
tions, yields of at least 1 kg·m–2 were realized
for all but the July planting date. The planting
dates from September through December and
February through June appeared to produce
among the highest yields with the March
planting date appearing to produce the most
yields. In the hoop house, the September and
May planting dates produced what appeared
to be the highest yields.

Cull measures. In most cases, numbers of
cull plants were lower under hoop house
conditions; in 16 instances, there was no dif-
ference, but for ‘Deep Purple’, sown on 16
Nov. 2010, there were more cull plants pro-
duced in the hoop house. For cull yield, there
were generally no differences over planting
dates between types of culture method for
cultivars. In 12 instances, there was less cull
yield in the hoop house, and in one instance,
there was more cull yield in the hoop house
(planting date 16 Nov. 2010, ‘Evergreen Hardy
White’).

Top weight above 20 cm. There was either
no difference in top weight above 20 cm
values for plants regardless of culture method
or values were lower in the hoop house than
for plants in the greenhouse.

Discussion

The greenhouse and hoop house produc-
tion environments are by definition different
and each has limitations and benefits. That
yield could be affected by environmental
conditions was exemplified by the physical
damage done to the hoop house and yield
by high winds and high air temperatures.
High and low temperatures in the summer
months, in which part of the experiment was
conducted, exceeded records for the region
and in the hoop house, where plants were
able to develop; marketable yields were re-
duced or not realized. With sides raised during
hotter months, there is little difference in air
temperature in and outside of the hoop house.
With sides lowered in the cooler months, the
hoop house retains some of the heat acquired
during the day and primarily protects against
frost. Without additional heating, protection
from subfreezing temperature is minimal. Use
of other inputs to include, but not be limited
to, shading and heating may improve the
yield of bunching onion using hoop house
culture.

The greenhouse environment, which was
not modified throughout the experiment, did
not provide complete protection from envi-
ronmental conditions affecting plant devel-
opment. The greenhouse cooling was not
able to reduce air temperatures below 37 �C
during the hottest part of the day during the
hottest months. Set point nighttime tempera-
tures were able to be maintained. Except for
the 15 July 2011 planting date, some market-
able yield was realized. The other planting
dates generally produced at levels that were

as good as, or better than, the 1 to 1.23 kg·ha–1

realized for field production (Anonymous,
2002). Cultivar appears to affect yield and
for most planting dates, one or more of the
cultivars produced at levels in the greenhouse
above those of field-grown crops and the
growing season was extended to provide
bunching onions in most months. The effi-
cacy of the hoop house to extend the growing
season appears to be less; the result of the
minimal control over climate.

Time until most marketable size plants
were produced far exceeded the 60 to 65 d
listed by the supplier that would occur under
field conditions. Longer production times
have to be weighed against the cost of re-
alizing the possible yield. Greenhouse pro-
duction exposes plants to as much light as
possible and plant physiological responses,
sometimes detrimental, respond to amount
and type of light (Madrid et al., 1999; Montané
et al., 1999). The type of glass allows for
various degrees of light filtering. The 2-fold,
or more, increase in production time may
reflect the unmodified growing conditions in
the greenhouse.

Options for maximizing yield of bunching
onions under greenhouse conditions will likely
be related to understanding the appropriate
production system that could involve: amount
of fertilizer, amount and timing of irrigation,
and climate control to include heating/cool-
ing regimes, duration of supplemental light,
and use of shadecloth. When shade was used
under tropical conditions in the field, bunch-
ing onion yield increased, or was unaffected,
depending on time of year (Wolff and Coltman,
1990). In a protected environment, effects
of shade might have an identifiable impact
because other variables could be better con-
trolled. Various types, and thicknesses, of
plastic exist for covering hoop houses with
different filtering capacity. This can also
affect plant development and vary time to
marketable harvest. Cultural methods used
for production in protected environments need
to be examined so that plants produce ap-
propriate top growth and bulb sizes. Although
leaf tissue contributes to plant development
through photosynthesis, tissue produced above
the 20 cm height might be considered econom-
ically unimportant biomass. If leaf height could
be controlled, time to harvest of appropriate-
sized plants might be affected. Plants grown
under hoop house conditions generally were
shorter than for greenhouse-grown plants
but this did not appear to benefit yield when
compared with greenhouse-grown plants.
Also, the volume of unmarketable plants may
be a concern because the biomass will have to
be disposed of.

A possible benefit to growing this crop is
its use in ‘‘Farm to School’’ and extended
season programs. Hoop house culture is more
susceptible to environmental conditions with
weather extremes having detrimental effects
to the extent of crop failure, which occurred
for half of the planting dates. It appears that
the greenhouse environment is better suited
for this practice because some yield would be
realized during summer months when schools

Table 2. Analysis of variance results for effects of protected culture method, cultivar, and planting date on
yield characteristics of bunching onions.

Source

Marketable Cull Top wt above
20 cmNumber Yield Dry wt Yield per m2 Number Yield

Culture method (C) ** ** ** ** ** ** **
Planting date (P) ** ** ** ** ** ** **
Cultivar (Cv) ** ** ** ** ** ** **
Interaction

C 3 P ** ** NS ** * * **
Cv 3 C ** ** ** ** ** ** **
Cv 3 P ** ** ** ** ** ** NS

C 3 P 3 Cv ** ** ** ** ** ** **

NS, *, **Nonsignificant or significant at P < 0.05 or P < 0.01, analysis of variance.

1566 HORTSCIENCE VOL. 47(11) NOVEMBER 2012



Table 3. Planting by cultivar by culture method interaction effects on yield characteristics of bunching onions.

PD 3 Cv 3 Cz

Marketable Cull Top wt above
20 cm (g)Number Fresh yield (g) Dry wt (g) Fresh yield per m2 Number Yield (g)

15 Sept. 2010 3 EG 3 GH 0.7 1.2 0.4 0.02 134.3 2.3 143.7
HH 20.0* 82.5** 24.1 NS 1.4** 109.3 NS 1.7 NS 21.6**
DP 3 GH 25.3 150.3 11.4 2.6 34.0 0.7 165.3
HH 26.3 NS 131.0 NS 16.9 NS 2.3 NS 45.0 NS 1.1 NS 54.6**
NA 3 GH 23.3 118.5 9.3 2.1 105.7 2.5 247.1
HH 37.7* 179.5** 22.3** 3.1 NS 106.7 NS 2.4 NS 114.3**
14 Oct. 2010 3 EG 3 GH 8.7 43.5 15.3 0.8 144.3 2.0 85.0
HH 8.0 NS 39.0 NS 5.1* 0.7 NS 110.7 NS 2.9 NS 7.3**
DP 3 GH 31.0 138.7 17.4 2.4 80.7 1.4 90.2
HH 12.7** 37.3 NS 4.9 NS 0.7* 104.0 NS 2.2 NS 1.7**
NA 3 GH 56.0 328.0 31.3 5.7 123.3 3.5 357.0
HH 14.7** 73.4** 8.9** 1.3* 129.7 NS 2.6* 14.3**
16 Nov. 2010 3 EG 3 GH 16.0 85.9 11.3 1.5 154.0 2.1 26.0
HH 4.7** 18.1** 2.3** 0.3* 148.3 NS 3.5* 1.9**
DP 3 GH 68.0 328.2 34.5 5.7 40.0 0.8 52.8
HH 3.7** 10.6** 1.2** 0.2** 82.7** 0.9 NS 0.3**
NA 3 GH 24.3 124.0 15.9 2.2 167.0 4.3 42.3
HH 4.7** 19.1** 2.4** 0.3* 136.3 NS 2.2* 1.1**
15 Dec. 2010 3 EG 3 GH 34.7 152.0 23.5 2.6 131.7 3.1 49.9
HH 3.7** 17.7** 2.8** 0.3** 156.0 NS 2.7 NS 3.8**
DP 3 GH 29.3 112.6 12.6 2.0 81.0 2.1 25.2
HH 9.3** 34.3** 3.7** 0.6* 73.0 NS 1.5 NS 3.8**
NA 3 GH 25.0 107.2 15.6 1.9 175.0 4.1 37.2
HH 20.7 NS 100.0 NS 9.3 NS 1.7 NS 139.3 NS 2.6** 29.8 NS

21 Jan. 2011 3 EG 3 GH 14.0 32.0 24.8 0.6 147.0 1.9 25.2
HH 2.3** 6.1* 5.0** 0.1 NS 31.7** 0.3** 1.4**
DP 3 GH 31.0 120.9 13.2 2.1 81.7 1.9 17.8
HH 9.0** 52.8** 6.0* 0.9* 2.7** 0.03** 15.7 NS

NA 3 GH 22.0 76.4 21.9 1.3 153.0 2.6 39.1
HH 29.7 NS 132.6** 16.5 NS 2.3 NS 60.7** 1.3** 70.9 NS

15 Feb. 2011 3 EG 3 GH 50.3 152.9 24.0 2.7 90.7 1.1 99.5
HH 0.0** 0.0** 0.0** 0.0** 0.0** 0.0** 0.0**
DP 3 GH 4.0 14.7 13.4 0.3 80.3 1.4 1.1
HH 0.0** 0.0** 0.0** 0.0 NS 0.0** 0.0** 0.0 NS

NA 3 GH 74.7 244.2 34.4 4.3 55.0 0.9 175.4
HH 0.0** 0.0** 0.0** 0.0** 0.0** 0.0** 0.0**
15 Mar. 2011 3 EG 3 GH 63.7 189.1 31.5 3.3 73.0 0.8 88.8
HH 0.0** 0.0** 0.0** 0.0** 0.0** 0.0 NS 0.0**
DP 3 GH 61.7 285.4 32.0 5.0 23.3 0.3 102.0
HH 0.0** 0.0** 0.0** 0.0** 0.0** 0.0 NS 0.0**
NA 3 GH 82.7 272.2 38.4 4.7 68.0 1.1 115.3
HH 0.0** 0.0** 0.0** 0.0** 0.0** 0.0** 0.0**
15 Apr. 2011 3 EG 3 GH 54.3 193.4 31.7 3.4 60.3 1.2 110.1
HH 63.0 NS 201.8 NS 30.2 NS 3.5 NS 74.7 NS 0.8 NS 91.5 NS

DP 3 GH 44.0 156.7 21.9 2.7 28.3 0.3 43.2
HH 42.0 NS 163.9 NS 19.6 NS 2.9 NS 37.3 NS 0.5 NS 39.8 NS

NA 3 GH 48.7 174.9 26.6 3.0 89.0 1.5 99.4
HH 66.7* 261.6* 32.5 NS 4.6* 67.3 NS 0.9 NS 138.8 NS

15 May 2011 3 EG 3 GH 46.0 214.3 32.6 3.7 96.0 1.9 151.6
HH 0.0**Y 0.0** 0.0** 0.0** 0.0** 0.0* 0.0**
DP 3 GH 51.0 207.2 21.1 3.6 31.3 0.4 74.1
HH 0.0** 0.0** 0.0** 0.0* 0.0** 0.0 NS 0.0**
NA 3 GH 33.7 182.5 23.8 3.2 100.7 2.7 112.3
HH 0.0** 0.0** 0.0** 0.0* 0.0** 0.0* 0.0**
15 June 2011 3 EG 3 GH 13.3 40.8 6.8 0.7 71.7 0.9 20.1
HH 0.0** 0.0** 0.0** 0.0 NS 0.0** 0.0 NS 0.0**
DP 3 GH 20.3 105.1 12.4 1.8 35.7 0.8 78.0
HH 0.0** 0.0** 0.0** 0.0** 0.0** 0.0 NS 0.0**
NA 3 GH 74.7 279.3 33.5 4.9 55.3 0.7 222.3
HH 0.0** 0.0** 0.0** 0.0** 0.0** 0.0 NS 0.0**
15 July 2011 3 EG 3 GH 0.0 0.0 0.0 0.0 12.3 0.2 0.0
HH 0.0 NS 0.0 NS 0.0 NS 0.0 NS 0.0** 0.0 NS 0.0 NS

DP 3 GH 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HH 0.0 NS 0.0 NS 0.0 NS 0.0 NS 0.0 NS 0.0 NS 0.0 NS

NA 3 GH 0.0 0.0 0.0 0.0 15.0 0.4 0.0
HH 0.0 NS 0.0 NS 0.0 NS 0.0 NS 0.0** 0.0 NS 0.0 NS

15 Aug. 2011 3 EG 3 GH 42.3 109.7 18.6 1.9 94.0 0.3 50.6
HH 0.0** 0.0** 0.0** 0.0** 0.0** 0.0 NS 0.0**
DP 3 GH 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HH 0.0 NS 0.0 NS 0.0 NS 0.0 NS 0.0 NS 0.0 NS 0.0 NS

NA 3 GH 42.7 107.9 14.9 1.9 32.0 0.9 73.8
HH 0.0** 0.0** 0.0** 0.0** 0.0** 0.0 NS 0.0**
zPD = planting date; Cv = cultivar; C = culture method; EG = ‘Evergreen Hardy White’; DP = ‘Deep Purple’; NA = ‘Nabechan F1’; GH = greenhouse; HH = hoop house.
yFor purposes of analysis, the value ‘‘0’’ was assigned when there was no marketable yield produced.
NS, *, **Nonsignificant or significant at P < 0.05 or P < 0.01, least squares means analysis.
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have extended sessions or if a year-long
school session is instituted. Greenhouses pro-
vide more flexibility in controlling the grow-
ing environment but costs will be higher.
Although the ability to control the environ-
ment is available, extremes in summer and
winter months can affect temperature control
efficiency in the greenhouse; in one instance
crop failure occurred. Because chances of pro-
ducing a crop are higher, use of a greenhouse
for extended season production of bunching
onions appears to be warranted and may be
improved with modification of the growing
environment.
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Montané, M.-H., B. Petzold, and K. Kloppstech.
1999. Formation of early-light-inductible-protein

complexes and status of xanthophyll levels under
high light and cold stress in barley (Hordeum
vulgare L.). Planta 208:519–527.

Russo, V.M. 2004. Greenhouse-grown transplants
as an alternative to bare-root transplants for
onion. HortScience 39:1267–1271.

Russo, V.M. 2006. Biological amendment, fertil-
izer rate, and irrigation regime for organic bell
pepper transplant production. HortScience 41:
1402–1407.

Shrefler, J., M. Taylor, W. Roberts, and C.
Webber, III. 2011. Onion transplant produc-
tion system for Oklahoma. HortScience 46:
S42–S43.

U.S. Department of Agriculture, Agricultural Mar-
keting Service. 1947. United States standard
grades for Common Green Onions. Washing-
ton, DC.

Wolff, X.Y. and R.R. Coltman. 1990. Productivity
under shade in Hawaii of five crops grown as
vegetables in the tropics. J. Amer. Soc. Hort.
Sci. 115:175–181.

1568 HORTSCIENCE VOL. 47(11) NOVEMBER 2012


