soilless sod within 15 weeks in 1995,
but only seeded centipedegrass plots
produced marketable sod after 10
weeks in 1996. St. Augustinegrass ¢s-
tablishment on kenaf-based mat was
the least successful. Field-grown
centipedegrass and St. Augustinegrass
typically take =12 to 15 months to
produce a harvestable crop, and
zoysiagrass takes 12 to 18 months
(Hall et al., 1988; John Cobb, per-
sonal communication). These grasses
grown on kenaf-based mats will not
have the same specialty market that
soilless bermudagrass sod could have
for golfand sports turf and would have
to compete with traditional field-grown
sods in the market.

Fertilization and irrigation man-
agement of this system require further
study. Fertilization programs must be
developed that can maximize turf per-
formance while minimizing fertilizer
inputs. Kenaf mat as a growing me-
dium is essentially a nutrient-free en-
vironment with a pH of 5.5 to 6.0.
Since most warm-season grass species
are fairly well adapted to acid soil
conditions (Turgeon, 1991), pH is
not a concern, but all essential plant
nutrients must be supplied. A reliable
watering system must be available
throughout the production period.
Further research into irrigation meth-
ods and strategies is needed, includ-
ing possible ways to recycle the ap-
plied water and any nutrients that
have been carried away in the runoff
strecam. Additional work isalso needed
to determine 1) optimum fertility and
stolonizing rates for individual spe-
cies; 2) rates of mat degradation and
any resulting effects of the mat on the
physical and chemical properties of
the soil; and 3) winter survival charac-
teristics of turfgrass sods grown on
plastic.

Literature cited

Anton, A. 1993. Fibrous mat for growing
plants. U.S Patent 5 224 292. Date issued:
6 July.

Baron, G.1982. Pre-grown turfand manu-

Horechnology - April-Tune 1998 8(2)

facturing of pre-grown turf. U.S Patent 4
364 197. Date issued: 21 Dec.

Beard, J.B. 1973, Turfgrass: Science and
culture. Prentice-Hall, Englewood Clifts,
N.J.

Burns, R.E. 1980. Techniques for rapid
sod production, p. 361-366. In J.B. Beard
(ed.). Proc. 3rd Intl. Turfgrass Res. Conf.,
Munich, Germany. 11-13 July 1977, Intl.
Turfgrass Soc., ASA, CSSA, and SSSA,
Madison, Wis.

Casimaty, B.G., J. Neylan, and J.B. Beard.
1993. Effects of removal by post-harvest
hydraulic washing on sod transplant root-
ing of a Kentucky bluegrass-perennial
ryegrass polystand and a creeping bentgrass
monostand. In: R.IN. Carrow, N.E, Chris-
tians, and R.C. Shearman (eds. ). Intl. Turt-
grass Soc. Res. J. 7:850-856.

Chamoulaud, M.C. 1980. Carpet of veg-
etable matter. U.S Patent 4 232 481. Date
issued: 11 Nov.

Duble, R.L. 1989. Southern turtgrasses:
Their management and use. TexScape,
Inc., College Station, Texas.

Emmons, R. 1995 Turfgrass science and
management. 2nd ed. Delmar Publ., Al-
bany N.Y.

Hall, C.R., L.G. Kizer, J.V. Krans, T.D.
Phillips, and G.E. Coats. 1988. Economic
and agronomic analysis of Mississippi turt-
grass sod farms. MS Agr. For. Expt. Stat.
Agr. Econ. Res. Rpt. 182,

Heard, R.A. 1988. Pre-grown lawn turf
product and method of growing. U.S
Patent 4 716 679. Date issued: 5 January.

King, J.W. and J.B. Beard. 1969. Measur-
ing rooting of sodded turfs. Agron. J.
61:497-498.

Madison, J.H. 1970. Rooting from sod by
Poa pratensis L. and Agrostis tenuis Sibth.
Crop Sci. 10:718-719.

SAS Institute. 1989. SAS/STAT user’s
guide. version 6. 4th ed. SAS Inst., Cary,
N.C.

Turgeon, A.J. 1977. Comparative advan-
tages of soilless sod for Kentucky blue-
grass. Rasen Grun-flachen Begrunungen

8(1):13-15.

Turgeon, A.]. 1991. Turfgrass manage-
ment. 3rd ed. Regents/Prentice Hall,
Englewood Cliffs, N.J.

Influence of Bulb
Packing Systems
on Forcing of
Dutch-grown
Hippeastrum
(Amaryllis) as
Flowering Potted
Plants in North
America
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Summary. Dutch-grown Hiéppeastrum
bulbs (‘Apple Blossom’ and ‘Red
Lion’) were packed in five readily
available and economical packing
systems and after transport and storage
were evaluated as flowering potted
plants. After being harvested and
graded, bulbs were specially packed
and placed in perforated cardboard
boxes, shipped by boat to Raleigh,
N.C., and stored in the original
packing materials for 84 days at 48 °F
(9 °C). At planting time, the best old
basal root system and lowest disease
incidence for both cultivars was
obtained when bulbs were packed with
hout-wol, a type of excelsior, in
perforated polyethylene bags and
placed in perforated cardboard boxes.
Plants from bulbs with this system and
those packed loose in polyethylene bags
flowered the earliest. At full flower, the
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longest leaves were obtained with the
hout-wol, box only, and wood chip
systems. There were no significant
effects of the five packing systems on
floral stalk length, number of flowers
produced per stalk, flower diameter,
strength of the first floral stalk or
leaves, or overall plant quality. After
flowering, the root systems were
harvested. The hout-wol packing
system significantly increased the fresh
weights of the old basal roots retained,
secondary roots produced, and total
weight of the root system. There were
significant differences between culti-
vars. ‘Apple Blossom’ produced fewer
roots and lower quality plants (shorter
leaves and taller floral stalks) than ‘Red
Lion’. Other significant cultivar
differences, e.g., days to flower, were
attributed to genetic variation. Based
on the most desirable forcing charac-
teristics, the superior packing system
for shipping and storing Dutch-grown
Hippeastrum bulbs was hout-wol
combined with perforated polyethylene
bags.

ppeastrum Herb. (Amaryllid-
Haceae) are primarily indigen-

ous to South America (Lib-
erty Hyde Bailey Hortorium, 1976;
Okubo; 1993). Commercially, how-
ever, they are usually referred to as
amaryllis (Okubo, 1993; Vijverberg,
1980, 1981). They have been exten-
sively bred in The Netherlandsand South
Africa and many cultivars are available
(Zandbergen, 1980). They are a spe-
cialty bulb, with <10 million bulbs ex-
ported annually from The Netherlands
(Okubo, 1993). North American plant
quarantine regulations (De Hertoghand
Le Nard, 1993) require that flower
bulbs imported from foreign countries
be free of soil. Usually, this requires that
the bulbs be thoroughly washed imme-
diately after harvest. Before being re-
planted for forcing, Hippeastrum bulbs
must be stored at 48 to 55 °F (9 to 13
°C)foratleast 8 to 10 weeks to promote
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optimum growth of the leaves and floral
stalks (Okubo, 1993). For use in North
America, bulbs are transported during
this storage period. De Hertogh and
Tilley (1991) investigated the effects of
planting media on forcing of Dutch-
grown Hippeastrumand observed varia-
tion in the root systems retained. Bulbs
for that study were shipped without
special packing in 62-L perforated card-
board boxes. Although special packing
materials are often used for flower bulbs
either to prevent desiccation or devel-
opmentofserious diseases (De Hertogh
and Le Nard, 1993; Langeslag, 1989),
we are unaware of data on packing
materials for Hippeastrum. Manley
(1954) has indicated that aeration is
required and that the packing materials
should absorb moisture. The objective
of this study was to evaluate the effects
of readily available and economical pack-
ing systems on 1) the characteristics of
Dutch-grown Hippeastrum bulbs as
flowering potted plants and 2) growth
of the root system, which can promote
reflowering of the bulbs.

Materials and methods

A preliminary trial conducted in
the 1991-92 forcing season demon-
strated obvious differences in plant
growth due to the packing systems used.
A replicated trial was conducted during
the 1992-93 forcing secason using
Dutch-grown Hippeastrnm Apple Blos-
som’and ‘Red Lion’ producedin green-
houses {Vijverberg, 1980,1981). Bulbs
were harvested in early October and,
after beingwashed, bulbs 28 to 30 cmin
circumference were packed immediately
in each of the five systems (Table 1). All
bulbs were shipped by boat, the normal
transportation system for Hippeastrum,
on 6 Oct. 1992, and they arrived in
Raleigh,N.C.,0on 21 Oct. 1992. Subse-
quently, they were stored for 84 d at 48
°F (9 °C) until they were planted on 13
Jan. 1993. For each cultivar, 150 bulbs
were used, with five bulbs packed per

Table 1. Description of packing systems used.

bag (replication) and six bags per treat-
ment. The fresh root weight (Table 2)
ofbulbs from one bag per treatment was
determined at planting. In addition,
moisture content of the packing mate-
rial was determined by recording the
initial weight and then drying it at 109
°F (43 °C) for 7 d.

One bulb was planted per 6-inch
(15-cm) diameter, standard depth plas-
tic pot [0.5 gal (1.8 L)] with one-third
of the bulb above the surface of the
medium. Sunshine mix no. 4 (a mixture
of coarse peat and perlite) was used as
the planting medium (Fisons Horticul-
ture Inc., Bellevue, Wash. ). Afterathor-
ough initial watering, the medium was
kept slightly moist at all times. All pots
were placed in a double-layer polyethyl-
ene-covered greenhouse using electri-
cally controlled heating mats to main-
tain the planting medium at 73 + 5 °F
(23 £ 2 °C). Plants were not fertilized
and were forced under prevailing light
conditions (8.1 to 14.8 MJ.d” from
January to March). A completely ran-
domized design was used with five rep-
lications (blocks) and five observations
(pots) per treatment. Data were ana-
lyzed as a split plot, with cultivar as the
main plot and treatment as the subplot.
Mean separation was by Duncan’s new
multiple range test. For packing treat-
ment comparisons, cultivar data were
combined when there was no signifi-
cant interaction.

The date of the marketing stage
and leaflength were recorded when the
first floral stalk reached 30 cm (12 in)
above the shoulder of the bulb (Fig. 1).
All other data were recorded when the
first flower of the first stalk opened fully.
This included 1) date of flowering, 2)
leaf length, and 3) plant quality rating.
Plant quality rating (4 = excellent, 1 =
poor)was subjective and included many
other parameters that are genetically
controlled, e.g., total plant height (mea-
sured from the shoulder of bulb to the
uppermost petal of the first open flower),

Packing

system Materials used

Box only Bulbs without special packing materials and placed in 62 liter perforated cardboard boxes with 2-cm holes 10 or 20
cm apart (24 holes/box).

Peat Bulbs in Finn-peat packed in perforated (1-cm holes =10 cm apart), low density, 1.2-mil polyethylene bags and placed
in perforated cardboard boxes.

Wood chips Bulbs in wood chips packed in the perforated polyethylene bags and placed in perforated cardboard boxes.

Poly bag Bulbs packed in the perforated polyethylene bags and placed in perforated cardboard boxes.

Hout-wol Bulbs in hout-wol (an excelsior), packed in the perforated polyethylene bags and placed in perforated cardboard boxes.
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Table 2. Condition of Hippeastrum bulbs, basal root fresh weight, and percent moisture of the packing systems on the

date of planting,
Packing Bulb Root Moisture”
system Cultivar” condition fresh mass (g) (%)
Box only AB All bulbs were normal 44 NA
RL Stagonospora on scales of three bulbs 4.6 NA
Peat AB Stagonospora on scales of one bulb 6.1 59
RL Stagonospora on scales of all bulbs 6.5 60
Wood chips AB All bulbs were normal 10.9 22
RL Stagonospora on scales of all bulbs 6.6 24
. Poly bag AB A white mold on all old root systems 10.4 NA
Stagonospora on scales of all bulbs
RL A white mold on all old root systems 5.5 NA
Hout-wol AB Stagonospora on three bulbs 18.6 38
A white mold on old root systems of 3 bulbs
RL Stagonospora on scales of all bulbs 12.2 23

“AB = ‘Apple Blossom™; RL = ‘Red Lion’.
YNA = not applicable.

number of flowers per first statk, flower
diameter of the first flower when fully
open, and upright strength of first floral
stalk and leaves. The presence of a sec-
ond floral stalk and discases, e.g.,
Stagonospora curtisti, were also consid-
ered in the plant quality rating.

The Hippeastrumrootsystem con-
sists of thickened contractile basal roots
that produce secondary roots (De
Hertoghand Tilley, 1991). The growth
and development of the root systcms
were determined after the last plant of
each cultivar flowered. This was 25 Mar.
1993 for ‘Apple Blossom” and 1 Apr.
1993 for ‘Red Lion’. Each root system,
was recovered by carefully washing it in
tap water until it was free of the planting
medium. The basal plate was removed
with roots attached, the old and new
basal roots and secondary roots were
carefully separated and blotted dry with
paper towels, and fresh weight was de-
termined to the nearest 10 mg.

Results and discussion

The major use for Hippeastrumin
North America is as a flowering potted
plant (De Hertogh, 1996). Although
some bulbs are forced commercially,
most arc grown by homeowners and
the plants are usually retained for flow-
ering in subsequent years. Thus, on
arrival in North America, bulbs should
not only have an excellent old root
system but also be free from discases
such as Stagonospora and Fusarium
(Okubo, 1993). Bulbs with these basic
characteristics will promote growth of
an excellent root system and produce
high-quality flowering plants in the
initial forcing season. Normally, these
growth responses are carried over into
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subsequent seasons.

No significant interactions were ob-
tained between cultivars and treatments
for any parameter measured (Tables 3 and
4). Therewere, however, significant differ-
ences between cultivars and the major
parameters will be discussed.

‘Apple Blossom’ reached the mar-
ket and flowering stages of develop-
ment =10 d carlier than ‘Red Lion’
(Table 3). This agrees with flowering
data for these cultivars reported by De
Hertogh and Tilley (1991). Although
there were no statistical differences be-
tween packing systems in the number of
days to the market stage, bulbs from the
hout-wol and poly-bag packing systems
flowered significantly carlier than other
treatments. Although the acceleration
was only 3 to 4 d, this is important since
earliness of flowcring is a desirable trait
for most forced bulbs.

Plants from the hout-wol and wood
chip systems produced significantly
longer Ieaves at market stage (Table 3),
but the wood chip system was not sig-
nificantly different than plants from the
box only treatment. These differences
could have been due to an carly re-
growth of roots retained by these two
packing systems (Table 2). At flower-
ing, ncither system had leaves signifi-
cantly longer than plants from bulbs
that were packed loose in boxes only.
Long leaves at market and flower stages
of development are desired for flower-
ing potted Hippeastrum (De Hertogh,
1996). They contribute to the aesthetic
value of the forced potted plant and to
photosynthesis, which is necessary for
satisfactory reflowering of the bulb.

- Allother parameters measured were
notsignificantly affected by the packing

systerns used. There were, however,
significant differences between cultivars
thataffected plant quality ratings ( Table
3). For example, ‘Red Lion’ was shorter
than ‘Apple Blossom’ and had more
tflowers. These paramctersare controlled
genetically (Vijverberg, 1980, 1981)
and data are similar to those obtained
for these cultivars in the planting media
study (De Hertogh and Tilley, 1991).

At planting, the hout-wol packing
system had the highest amount of roots
retained (Table 2). This may have been
duc to the increased aeration of this
packing system, which Manley (1954)
indicated is desired for Hippeastrum.
After the bulbs had flowered, plants
from this packing system retained the
greatest fresh weight of old roots and
also produced significantly greater fresh
weights of secondary roots and total

Measure
Leaves

e
Upward

30cm

Shouider of Bulb ¢

Fig. 1. Diagram showing the market
stage measurements for Hippeastrum
as a flowering potted plant.
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Table 3. Effects of packing systems on days to market stage, days to first flower opening, total leaf length, and plant

quality of Dutch-grown ‘Apple Blossom’ (AB) and ‘Red Lion’ (RL) Hippeastrum.

Days to Leaf length (cm) Plant
Market stage Flowering Market stage Flowering quality

Packing system AB RL AB + RL AB + RL AB + RL AB RL
Box only 42.0 51.2 649a 30.9 be 37.7 ab 2.5 32
Peat 41.8 48.0 64.0 ab 285¢ 35.8 be 24 3.3
Wood chips 41.0 52.8 65.3a 32.8ab 39.3a 2.5 31
Poly bag 41.3 49.5 60.6 ¢ 293¢ 348 ¢ 2.3 34
Hout-wol 39.6 51.2 61.4 be 348a 40.0a 2.6 34
Cultivar mean 411 50.5 58.4/68.1 28.1/34.4 33.0/42.1 25 32
Significance

Cultlvar ** * % * % * %k * %

PSZ NS * % * ¥ * % Ns

Cultivar x PS NS NS NS NS NS

“PS = packing system.

""" Nonsignificant or significant at P = 0.05 or 0.01, respectively. Mean separation in columns is by Duncan’s multiple range test and was performed on combined cultivar

data when the PS was not significant.

roots (Table 4). This ability for root
regrowth was apparently influenced by
the hout-wol and also the perforated
polyethylene bags. These bags were se-
lected because some acration was needed
to prevent a buildup of excess moisture,
which can cause bulb diseases. Prince et
al. (1987) demonstrated that nonperfo-
rated bags can increase the incidence of
discases with tulip bulbs. In contrast,
Magbool and Cameron (1994) studied
storage of 15 bare-rooted herbaccous
perennials and found that most bare-
rooted plants could be stored for up to
6 months without affecting regrowth
performance when stored at propertem-
peratures in a nonperforated polyethyl-
enelinerand wooden crates. They noted,
however, that mold growth increased
with time, butit did not affect regrowth

potential. We also had some white mold
on the roots of some bulbs at planting
time (Table 2), but it did not affect root
growth or flowering. ‘Red Lion’ pro-
duced significantly more roots than
‘Apple Blossom’ (Table 4), which agrees
with the results of De Hertogh and
Tilley (1991).

Conclusions

Our goal was to identify a readily
available, economical, and lightweight
packing system for Dutch-grown
Hippeastrumbulbs thatwould help pro-
duce high-quality plants from imported
bulbs. Therefore, when all parameters
(Tables 2—4) are considered, hout-wol
{excelsior) combined with perforated
polyethylene bags was superior to the
other packing systems for the cultivars

used. Hout-wol retained and promoted
regrowth of the old basal roots, in-
creased secondary root growth, and pro-
duced early flowering plants with long
leaves. It appears that this system equili-
brates the moisture from the bulbs and
roots after they have been washed for
export. Since hout-wol and polyethyl-
ene are lightweight, they do not add
greatly to the overall shipping weight.
Also, these materials are clean, eco-
nomical, and easy to handle by bulb
exporters, wholesalers, and consumers.
By combining the hout-wol packing
system, proper bulb programming, and
the use of an optimum planting me-
dium, homeowners and commercial
forcers should be able to force high-
quality plants from Dutch-grown
Hippeastrum bulbs.

Table 4. Effect of packing systems on root growth of Dutch-grown ‘Apple Blossom® (AB) and ‘Red Lion’ (RL)

Hippeastrum.
Root fresh mass (g)/bulb
Basal roots
old New Secondary roots Total roots

Packing system AB + RL AB RL AB + RL AB + RL
Box only 8.1b 13.9 21.0 7.3b 32.8 be
Peat 81b 11.0 23.0 83b 32.1c¢
Wood chips 102 b 11.9 25.6 8.7b 37.6b
Poly Bag 91b 13.0 26.4 8.0b 36.7 bc
Hout wol 14.1a 9.8 24.1 13.3a 41.2a
Cultivar mean 9.6/10.2 11.9 24.0 9.5/8.7 30.9/42.5
Significance

Cultivar NS ** NS **

PSZ * % NS * & *%

Cultivar x PS NS NS NS NS

ZPS = packing system.

""" Nonsignificant or significant at P= 0.05 or 0.01, respectively. Mean separation in columns is by Duncan’s multiple range test and was performed on combined cultivar data.
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SummaRry. Procedures were developed
to determine if live, adult two-spotted
spidermites ( Tetranychus urticae Koch)
could be surface disinfested before
being introduced into in vitro cultures
of torenia (Torenin fournieri L.). Three
time periods (5, 10, and 15 minutes)
and five levels of sodium hypochlorite
(0.05% to 0.25%) were evaluated.
Surface disinfestation was accom-
plished by agitating 2 x 3 cm pieces of
infested bean leaves in sodium hy-
pochlorite solutions and then drying in
a mite drier apparatus. All sodium
hypochlorite concentrations disinfested
the mites completely, however high
concentration levels were lethal to the
mites. Exposure periods of 10 and 15
minutes also significantly increased
mortality. For optimum disinfestation
of two-spotted spidermites with
minimum mortality, a concentration of
0.05% sodium hypochlorite and 0.05%
Tween-20 for 5 minutes should be
used.

or cither the study of plant
F processes or of a plant’s re-

lationship toits environment, the
plant should be free of microorganisms.
Axenic cultures are necessary because
microorganisms can influence plant
nutrition, physiology, and health. The
need for asepsis while working with
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plant tissue culture requires that all cul-
ture vessels, instruments, and media be
sterile. A variety of wet and dry heat
treatments, such as radiation, filtration,
gas, and chemical agents, are available
forsterilization (Kleinand Klein, 1970).
In addition, simple precautions, such as
maintaining a high level of cleanliness,
will reduce the risk of widespread con-
tamination (Kreider, 1968). The disin-
festation of plant tissue culture media
and apparati is usually accomplished by
autoclaving.

Several chemical agents are used
for to surface disinfest plant material,
including sodium hypochlorite, calcium
hypochlorite, mercuric chloride, hydro-
gen peroxide, silver nitrate, and bro-
mine water. The choice of chemical and
the time of exposure depends on the
sensitivity of the material to be disin-
fested. Overzealous disinfestation may
not only remove all microorganisms,
but it may also be lethal to the plant
tissue. Therefore, optimum conditons
have to be determined for each tissue or
situation.

The chemical agent should be eas-
ily removed after application because
the retention of noxious chemicals seri-
ously affects the establishment of cul-
tures. Repeated rinses with distilled water
will wash most chemical agents away,
whereas others degrade to less-toxic
chemicals that can be washed away. For
example, sodium hypochlorite breaks
down to chlorine, its active agent, and
sodium hydroxide; the latteris removed
during rinsing. Hydrogen peroxide de-
composes and evaporates. Silver nitrate
can be inactivated by the addition of
sodium chloride (NaCl) to render the
sterilizing agent harmless to the tissue.
Dilute mercuric chloride is a satisfactory
sterilizing agent, but difficuit to re-
move.

Studies on the surface disinfesta-
tion of insects or arthropods for intro-
duction into in vitro cultures have not
been reported; however, techniques exist
to evaluate the effects of acaricides on
spidermites. Methods to evaluate the
resistance of spidermite populations to
acaricides should be simple, provide
reproducible results, and simulate, as
closely as possible, the conditions under
which the acaricide will be used for mite
control. The slip-dip method, as de-
scribed by Voss (1961), fulfills the first
two criteria; however, it measures only
topical toxicity and is difficult to use
with acaricides that are effective against
adult female mites. Furthermore, it is
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