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Kenaf-based
Fiber Mat as a
Substrate for
Establishing
Soilless Sod
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SummaRy. A truly soilless turfgrass
sod may be produced on kenaf-based
(Hibiscus cannabinus L.) fiber mat
that offers the integrity of field-cut
sod without the use of mineral soil
growing medium. This research was
conducted to determine the feasibility
of producing warm-season turfgrass
sod on such a biodegradable organic
mat. Seeded turfgrass plots contained
4.9 1b/1000 ft* (24 g-m™?) of pure
live seed planted on a 66-1b /1000 ft?
(325-g-m2) organic fiber mat carrier
placed atop either 66- or 132-1b/
1000 ft? (325- or 650-g-m2) organic
fiber mats. In an experiment using
vegetative material, stolons were
applied at rates of 16.4 ft>/1000 ft2
(0.82 L-m™) over 132- or 198-1b/
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1000 ft? (650- or 975-g-m2) organic
fiber mats and covered with a rayon
scrim. All plots were placed on 6-mil
black plastic. Nitrogen was applied at
0.9 1b/1000 ft*(4.4 g-m™) weekly in
addition to a monthly micronutrient
application. Bermudagrass (Cynedon
onn.) had quicker establishment than
other grasses in the study, with
stolonized and seeded plots achieving
=100% coverage by 9 weeks in 1995
and 6 weeks in 1996, respectively. By
15 weeks after planting in 1995, the
plot coverage ratings for seeded
centipedegrass [ Evemochloa ophiuvoides
{Munro) Hack. ‘Common’] and all
stolonized grass plots of
centipedegrass, zoysiagrass (Zoysia
Japonica Steud. ‘Meyer’), and St.
Aungustinegrass [ Stenotaphrum
secundatum (Walt.) Kuntze ‘Raleigh’]
were 91% or higher. The results were
much less favorable in 1996 than
1995 due to a later planting date and
an irrigation failure.

ashed sod technology
was introduced by
Warren’s Turf Nursery of

Palos Park, Ill., in the 1970s (Tur-
geon, 1977). Washed sod is the result
ofa postharvest washing by a patented
apparatus consisting of three motor-
ized conveyors passing through two
series of high-pressure water jets. The
apparatus requires three operators and
has a capacity of two 72 x 16.5-inch
(183 x 42-cm) sod strips per minute
(Turgeon, 1977). Washed sod is ex-
pensive to produce, and soil removal
can be difficult to accomplish while
still maintaining sod integrity. The
advantages of washed sod include elimi-
nation of layering due to soil differ-
ences between sod source and destina-
tion, quick rooting establishment, ease
of handling, and light weight for ship-
ping. Washed sod has superior water

infiltration rates and rooting charac-
teristics compared to traditional field-
cut sods (Casimaty et al., 1993).

In the past, washed sod and soil-
less sod have been interchangeable
terms. In the context of this research,
we differentiate between the two terms.
Washed sod is defined as field-cut sod
that has the soil mechanically removed
from the turfgrass plant. Soilless sod is
defined as sod grown on an organic
fiber mat placed on an impermeable
surface.

As an alternative to washed sod,
other methods of growing sod over an
impervious plastic layer have been in-
vestigated, some using soil as a sub-
strate, others using some form of natu-
ral or man-made organic fiber. Baron
(1982) used two layers of a nonwoven
organic fiber mat composed primarily
of flax. A cool-scason grass mix was
seeded between the two layers. Anton
(1993) reported growing grass on a
nonwoven mat composed of hollow
synthetic organic fibers. These hollow

- fibers can contain water-soluble plant

nutrients, pesticides, algaecides, or
herbicides within their interiors,
thereby providing slow release of the
chemicals to enhance or protect grow-
ing seedlings.

Heard (1988) produced
pregrown turf by placing grass seed on
a layer of straw deposited on an imper-
vioussurface. Chamoulaud (1980) pro-
duced sod by applying grass seed to a
finely crushed wood bark compost
layer. Burns (1980), looking for meth-
ods to decrease sod establishment
times, grew sprigged ‘Tifway’ ber-
mudagrass [ Cynodon dactylon
xtransvanlensis Burtt-Davy] on 0.3
inches (8 mm) of wastewater sludge
from a secondary treatment plant. All
of these methods were successful to
some degree in producing turfgrass
sod, but there were problems in sod
handling characteristics and biodegra-
dation of the mat substrate that lim-
ited their acceptability.

Anotheralternative to washed sod
examined here is to grow a truly soil-
less sod using 100% biodegradable
kenaf (organic) fiber mat as a sub-
strate. This eliminates soil removal
while using the fiber mat as a compo-
nent of sod integrity.

The objectives of this research
were to 1) determine if turfgrass sod
can be produced on a 100% kenaf fiber
substrate; 2) compare seeded and veg-
etatively established planting meth-
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ods; 3) determine the length of time
required to establish a marketable prod-
uct; and 4) compare rooting charac-
teristics of soilless sod grown on kenaf
fiber mat to traditional field-cut sod
harvested from a mineral soil.

Materials and methods

Species performance, planting
method, and kenafmat thickness com-
parisons. Stolons of ‘MS Express’ ber-
mudagrass (Cynodon Xmagenissii
Hurc.), ‘Common’ centipedegrass
( Evemochloa ophiuroides), ‘Raleigh’ St.
Augustinegrass  (Stenotaphrum
secundatum), and ‘Mcyer’ zoysiagrass
(Zoysia japonica) were harvested from
field plots at the Mississippi State Univ.
Plant Science Rescarch Center
(Starkville, Miss.) with a vertical mower.
For the trial established on 31 May
1995, the stolons were scattered at a
rate of 16.4 ft* /1000 ft* (0.82 L-m™?
over 12.9-ft* (1.2-m?) pieces of com-
mercially available 100% kenaf mat
(Mississippi MAT-Line /Agro-Fibers,
Inc., Charleston, Miss.). The mat is
composed of bast fibers processed kenaf
(Hibiscus cannabinus). The fibers are
processed into a porous mat 5 ft (1.5
m) wide and 0.5 inches (1.27 ¢m)
thick that has very poor water reten-
tion. The commercially avaitable mat
contained trace amounts of a UV-
degradable low melt polyester binding
agentand starch polymerat 2 1b/1000
ft? (9.8 g-m™) to improve water reten-
tion. Double or triple layers of mat,
consisting of 132 or 198 b /1000 {t2
(650 0r 975 g-m) kenaf, respectively,
were evaluated in this trial. The study
was conducted on a 6-mil-thick sheet
of black plastic to prevent roots from
penetrating the soil. The underlying
soil was slightly crowned (=0.5% slope)
at the midpoint of the plastic barrier to
its sides to help move water off the
plastic. -

Commercially produced mat for
the vegetatively established plots was
unavailable in 1996 due to temporary
mechanical difficulties at the manufac-
turing facility. Mats for this study were
made at the Mississippi State Univ.
Plant Science Research Center by float-
ing the appropriate weights of kenaf
fiber [66 Ib/1000 ft? (325 g-m™?) per
layer] on waterinawooden frame with
a hardware cloth (0.25 in mesh; 6.4

"mm) bottom. No polyester binding
agent or starch polymer were added.
Turfgrass stolons were not sown until
12 July 1996 due to unforeseen mat
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production facility difficulties and the
time required to acquire raw materials
and equipment to produce mats.

For the seeded plots, a commer-
cially available preseeded top mat (Mis-
sissippi MAT-Line /Agro-Fibers, Inc.)
consisting of 50% kenafand 50% wood
fiber along with a starch polymer was
laid over cither 66 or 132 1b /1000 ft*
(325 or 650 g-m?) of 100% kenaf mat
as described previously. Seed of ‘AZ
Common’ bermudagrass [ Cynodon
dactylon (L.) Pers.], ‘Common’
centipedegrass, ‘Raleigh® St.
Augustinegrass, and ‘Sunrise’
Zoysiagrass were applied during mat
production at levels 0of 4.9 1b /1000 i
(24 g-m?) of pure live seed as recom-
mended by Emmons (1995). The
seeded mat trials were established on
31 May 1995 and 4 June 1996, respec-
tvely, and commercially available mat
was used in both trials.

All plots were fertilized monthly
with Slo-Cote slow release 14-14-14
{Bonus Crop Fertilizer, Inc., Bay City,
Texas)at 0.91bN /1000 ft? (4.4 g-m?)
and MicroMax Plus micronutrient mix
(The O.M. Scotts Co., Maryville, Ohio)
at 234 1b/1000 ft* (114.3 g-m32).
Supplemental N was applied at 0.9 Ib/
1000 fi? (4.4 g-m™) weekly. Irrigation
was applied as needed with an auto-
matic irrigation system to prevent mat
desiccation. The typical irrigation
schedule immediately after establish-
ment was for 6-min cycles delivering
0.5 inches® (8.2 cm?®) of water every 2
h beginning just after sunrise and end-
ing 1 h before sunset. As root systems
developed, the irrigation schedule was
reduced to four 6-min cycles daily
scheduled for midmorning, noon, and
early and midafternoon to meet the
high moisture demandsand heat-stress
periods during the day. Irrigation fre-
quencies and durations were adjusted
to prevent turfgrass and mat desicca-
tion. Plots were mowed at a 1.5-inch
(3.8 ¢m) height weekly. Mowing was
initiated after plant height reached 1.5
inches (3.8 cm) to 2 inches (5.1 cm).
Each species had different mowing
initiation dates based on morphologi-
cal maturation.

Percent plot coverage was esti-
mated visually at 9 and 15 weeks after
establishment in 1995 and at 4, 6, 8,
and 10 weeks after establishment in
1996. A 1996 irrigation failure after 8
weeks for the stolonized plots and 10
weeks for the seeded plots resulting in
plot desiccation, shortening the study

period compared to 1995. A plot cov-
crage rating of 80% or greater was
deemed as marketable sod based on
acceptable appearance and sod han-
dling integrity.

A completely randomized facto-
rial design was uscd for all trials, with
four replications per grass species, mat
thickness, and establishment method.
Means for percent plot coverage for
each establishment method (seed ver-
sus stolons) were calculated across
double or triple mat thicknesses. No
statistical comparisons were made be-
tween seeded and stolonized bermuda-
grass and zoysiagrass plots. Different
cultivars were used for each planting
method due to the unavailability of
hybrid bermudagrass and Meyer
zoysiagrass sced. Means for percent
turfgrass plot coverage were calculated
and were compared by Fisher’s pro-
tected LsD testat p<0.05 (SAS, 1989).

TRANSPLANT ROOTING. Once
complete coverage of the vegetatively
established ‘MS-Express® bermuda-

-grass was achieved, studies were con-

ducted to compare rooting character-
istics of soilless bermudagrass sod ver-
sus traditional field-cut sod. Measure-
ments of transplant rooting were de-
termined using a modified procedure
developed by King and Beard (1969).
Bare soil was tilled lightly to a depth of
<0.51in (1.3 cm) 1 d before initiation
of the study. Fully established ‘MS-
Express’ soilless and field-cut ‘MS-
Express’ bermudagrass sod were cut to
1.0-ft? (0.09-m?) sections. Field-cut
sod was harvested at a depth of =0.5 in
(1.3 cm) with a commercial sod har-
vester.

Sod sections were placed on 1.0
(0.3 m) x 1.0-ft (0.3-m) expanded
metal squares fitted with eye bolts at
cach corner. The transplanted sod was
irrigated during the first week after
transplanting as needed to prevent des-
iccation, with less irrigation toward
the end ofthe 7-d period. At 7,10, and
14 d after transplanting, vertical force
was applied to the metal plates by
attaching cach of the four corners to a
single hook suspended beneatha hand-
held scale and lifting until the rooted
sod scparated from the soil. The re-
sulting resistance indicated the relative
degree of sod rooting over time.

Sixteen sod scctions for soilless
(double-thickness mat only) and field-
cut sod were established on 11 Aug.
1995. Four replications were lifted at
each harvest date. Duc to larger-than-
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Table 1. Mean percent plot coverage of warm-season asses at 9 or 15
weeks after establishing on kenaf-fiber mat on 31 May 1995. Ratings are
averaged across double- and triple-layer kenaf mat thicknesses.

Weeks after establishment
9 15
Species Seeded” Stolons’ Seeded Stolons
Mean % coverage
Bermudagrass 90 98 100 99
Centipedegrass 65 81 98 99
St. Augustinegrass 33 69 71 91
Zoysiagrass 59 80 89 96

Seeded at rates of 4.9 1b/1000 ft? (24 g-m™2 ) of pure live seed. -
YVegetatively established from stolons at 16.4 ft® /ft* (50 cm®.m™2) for all species.

desired variability in root lift values in
1995, 80 sod sections for both types of
bermudagrass sod were established on
30 Aug. 1996. Twenty replications of
each sod square were lifted at each
harvest date. All data were subjected to
ANOVA, and mean separation proce-
dures were performed when appropri-
ate using Fishers’s protected LsD test at
p<0.05 (SAS, 1989).

Results and discussion

SPECIES PERFORMANCE. At 9
wecksafter plantingin 1995, bermuda-
grass plots established with stolons
approached 100% coverage, and in
1996 bermudagrass plots had 96%
coverage by 6 wecks after planting
(Tables 1 and 2). Quick plot coverage
of bermudagrass is a result of a more
aggressive lateral growth habit and a
larger number of growing points per
unit volume of stolons compared to
the other grasses (Beard, 1973). In
this study, all stolons were applied at
16.4 {t* /1000 ft* (50 cm®*m™). Duble
(1989) recommends planting ber-
mudagrass at=11.8 t0 29.5 ft® /ft2 (36
to 90 cm® m2), depending on the rate
of coverage required, and using even
higher planting rates for quicker estab-
lishment. Still, producing soilless sod

in 6 to 9 weeks is markedly superior to
the traditional 3- to 12-month sod
production period (Hall et al., 1988;
John Cobb, Mississippi Grass Nurs-
ery, Hattiesburg, personal communi-
cation). ,

Seeded bermudagrass plots had
almost total coverage within 9 weeks
in 1995, while in 1996 marketable
plot coverage of 80% was achieved by
10 weeks. The slightly lower plot cov-
erage values for bermudagrass in 1996
were most likely due to a later estab-
lishment date.

Plot coverage ratings for the other
grasses were much more variable than
for the bermudagrass plots. By 9 wecks
after planting the 1995 trial,
centipedegrass and zoysiagrass had mar-
ketable plot coverage ratings of 80% for
the stolonized plots, and by 15 weeks all
grasses that were established from sto-
lons had 290% coverage (Table 1). For
the seeded plots in 1995, only St.
Augustinegrass did not achieve at least
80% plot coverage by 15 wecks after
establishment (Table 1).

In 1996, establishment ratings
forall grasses other than bermudagrass
were lower than those for 1995. In the
sceded plots, only the seeded
centipedegrass at 85% coverage at-

tained a marketable rating by 10 weeks
after establishment. Percent turf cover
ratings for the plots in 1996 were
lower than thosc at comparable evalu-
ation dates for 1995 (Table 1 and 2)
because of two major factors: 1) a late
initiation of the study due to problems
at the kenaf-mat manufacturing facil-
ity and 2) an automatic irrigation fail-
ure that terminated the vegetative study
after 8 wecks and the sceded study
after 10 weeks. Higher temperatures
and increased watering demands of
turf planted in July 1996 than in May
1995 made establishment much more
difficultin 1996. Irrigation failure at 8
weeks after vegetative establishment
resulted in significant turf loss from
desiccation and no further data were
collected. A reliable automatic irriga-
tion system is essential to the success of
this sod production method, and, while
the system worked adequatelyin 1995,
there were constant problems in tim-
ing and amounts of jrrigation deliv-
ered throughout Summer 1996.
Therefore, the 1996 results, other than
for the more drought-tolerant, rapidly
growing bermudagrass, were not as
favorable for the other turfgrasses as
the 1995 trial.

The data for seeded plots in 1996
are presented only through 10 weeks
after establishment (a final rating date
of =20 Sept. 1996). At this point,
cooler temperatures and shorter day
lengths were not conducive to further
warm season turfgrass growth.

Before the irrigation failure,
seeded centipedegrass plots had
achieved 85% coverage by 10 weeks
after establishment in 1996, again
meeting our criteria as a marketable
sod. Plot coverage ratings for
zoysiagrass established from stolons
were reduced from the 6- to 8-weck
period following an application of
fenoxaprop {(t)-2-[4-[(6-chloro-2-

Table 2. Mean coverage of warm-season turfgrasses at 4, 6, 8, or 10 weeks after establishment on kenaf mat in 1996.

Coverage ratings are averaged across double- and triple-layer kenaf mat thicknesses.

Weeks after establishment

4 6 8 10
Species Seeded” Stolons’ Seeded Stolons Seeded Stolons Seeded Stolons
Mean % coverage
Bermudagrass 19 67 64 96 70 100 80 ---x
Centipedegrass 14 11 69 22 76 40 85 ---
St. Augustinegrass 12 19 8 38 8 69 10
Zoysiagrass 8 23 23 57 30 26 41

2Sceded at rates of 4.9 1b/1000 £i? (24 g-m~2). Study initiated on 4 June 1996.
YVegetatively established with stolons at 16.4 ft3 /fi2 (50 cm3 m2) for all specics. Study initiated on 12 July 1996.

*Data were not collected due to irrigation failure.
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Table 3. Vertical rooting force values of soilless and field-cut ‘MS-Express’
bermudagyrass sod transplanted on 11 Aug. 1995 and 30 Aug,. 1996, respectively.

Days after transplanting

7" 10 14
Sod Rooting force
type [Ib/f (kg-m™)]
) 1995
Soilless 55 (275) 88 (440) 167 (835)
Field-cut 48 (240) 87 (435) 107 (535)
LSD (0.05) NS NS NS
1996
Soilless 52 (260) 71 (355) >202 (1010)
Field-cut 46 (230) 74 (370) 159 (795)
LSD (0.05) NS NS 16 (80)

“Mean of plots based on resistance to applied vertical force, with units being expressed in either Ib/ft? or kg:m2.
*Vertical lift means between soilless and field-cut sod within the same row and year are significantly different
according to Fisher’s protected 15D test at p < 0.001. “*Nonsignificant.

*Measuring device was maximized at 202 Ib/ft? (1010 kg-m=2).

benzoxazolyl)oxy | phenoxy |propanoic
acid) at 0.036 lba.i./acre (41 g-ha!
a.i.) to control common bermudagrass
that had contaminated the plots. While
bermudagrass control was achieved,
plot density ratings were reduced from
57% to 26% as a rcsult of controlling
common bermudagrass. Seeded St.
Augustinegrass plots in 1996 never
achieved >12% plot coverage through
10 weeks, and stolonized plots had
reached 69% coverage by 8 weeks after
establishment (Table 2). St.
Augustinegrass had consistently lower
plot coverage ratings than the other
grasses in both years’ trials.
PLANTING METHODS. There were
few differences in plot coverage be-
tween vegetative and seeded plots at
the end of the 1995 trial except for St.
Augustinegrass, where vegetatively
established plots outperformed the
seeded plots (Table 1). Statistical com-
parisons of bermudagrass and
zoysiagrass planting materials were
deemed inappropriate since different
genotypes were used. Establishment
using vegetative matcrial requires root,
stolon, and rhizome initiation and
developmentat nodal areas, while seed-
ingrequires some degree of plant matu-
ration before stolon development oc-
curs. A trend toward superior estab-
lishmentwith vegetative material might
therefore be expected. The fact that
this trend did not materialize in 1995
may be a factor of plot coverage. Since
plot coverage was evaluated by rating
the amount of green vegetative cover,
and not considering plant morpho-
logical development (i.e., tiller, sto-
lon, or rhizome), the data may be
misleading as far as sod maturity is
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concerned. However, concerns about
sod maturity may be irrelevant, since
sod without stolons or rhizomes still
retains the capability to root, establish,
and develop into a mature turf.

At the end of the 1996 study
(Table 2), results showed a disparity
between coverage for the planting
materials, with stolons covering quicker
in the bermudagrass and St.
Augustinegrass plots and seed cover-
ing quicker in centipedegrass plots.
However, the previously described
problemsin the 1996 trial affected the
results of this trial, and further research
will be necessary to verify these results.

KKENAF MAT THICKNESS COMPARI-
soNs. Only centipedegrass coverage
was affected by mat thickness. The
triple layer mats (198 1b /10002, 975
g-m™?) of centipedegrass at 9 weeks
had better coverage than the double
layer (132 1b/1000 ft2; 650 g-m)
mats. All other species tested showed
no significant differences at both 9 and
15 weeks.

In 1996, bermudagrass,
centipedegrass, and zoysiagrass cover-
age was higher with the triple layer
than the double-layer mat at 4 weeks
after establishment. After the fourth
week, only seceded zoysiagrass was af-
fected by mat thickness. Stolonized
plots in 1996 did not favor one sub-
strate thickness over the other. The
better early coverage for triple layer
mats in the seeded grasses might be
attributed to greater moisture reten-
tion, thereby decreasing chances for
drought stress on hot or windy days.

TRANSPLANT ROOTING. Nearly
identical results between “MS Express’
bermudagrass soilless sod and field-

cut sod were observed in 1995 (Table
3).In1996,at 14 d, the mat had better
rooting (as measured by resistance)
than field-cut sod (Table 3). The ver-
tical resistance for the soilless sod at 14
d exceeded the capabilities of the mea-
suring device. Datawere entered at the
maximum 202 1b/fi? (1010 kg-m2)
for statistical analysis; however, the
actual values were larger.

We observed a greater tendency
for the soilless sod to wilt than the
field-cut sod during the first week.
Beard (1973) reported that thicker,
field-cut sod was more tolerant of
droughty conditions, but thinner cut
sod rooted faster during grow-in situ-
ations. The thinner the harvested sod
is cut, the greater the stimuli for initia-
tion of a new root system. Growth
from existing roots cut during sod
harvesting is minimal since the mer-
istematic area of the root is (or was) at
its tip. Many new roots must be initi-
ated from the crown and grow through
the attached soil layer to replace those
damaged or severed in the harvesting
process (Madison, 1970).

Conclusions

Thisresearch indicates that warm-
season turfgrass sod can be grown
using kenaf-based organic fiber mat as
a growing medium, offering a rapid
production method and the potential
for faster sod transplant rooting as
compared to traditional field-grown
sods. In particular, vegetatively propa-
gated bermudagrasses grown on kenaf-
based mat could provide a cost-com-
petitive alternative to washed sod for
establishing golf and sports turfs on
sand-based soils where layering of dif-
ferent textured soils can be a concern.
Marketable bermudagrass sod from
stolons was produced in =6 weeks,
while field-grown bermudagrass re-
portedly takes from 3 to 12 months
(Hall etal, 1988; John Cobb, personal
communication). Mats from sceded
bermudagrasses were also produced
within =6 weeks. Seeded bermuda-
grasses, while probably not having the
same applications as the vegetatively
propagated bermudagrasses, might be
marketed for lower maintenance turfs,
Itis unlikely that soilless bermudagrass
sod can be cost-competitive with field-
grown sods, although it has advan-
tages as a rapid production method.

For centipedegrass or zoysiagrass,
cither establishment method (seeding
or stolonizing) produced a marketable
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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.
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Packing Systems
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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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