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ABSTRACT. Production of young plants from cuttings and seed relies heavily on
peat and frequent, but light, irrigation. Interest in reducing peat usage as well as
a propensity for short container heights to inhibit drainage have led to the
exploration of alternative techniques to improve substrate airspace in young
plant production. Substrate stratification has been shown to be effective for
reducing excessive moisture content and improving root growth in the lower
strata of larger containers. This research evaluated the effects of substrate
stratification in 5.1-cm tall, 37-cm? cell plug trays using two plant propagation
substrates: a bark-based vegetative cutting substrate (16% peat) and a peat-based
seed germination substrate (65% peat). Each substrate was stratified by layering
over either a commercially available wood fiber or horticultural grade perlite and
was compared with an unstratified control. Substrate physical properties were
measured on unplanted substrate treatments. Cuttings of two common bedding
plants [coleus (Solenostemon scutellarioides ‘Salsa Verde’) and evolvulus (Evolvulus
glomeratus ‘Blue Daze’)] were grown in the vegetative bark-based substrate
treatments, and seeds of three common seed-started taxa [basil (Ocimum
basilicum “Thai Towers’), hibiscus (Hzbiscus moscheutos ‘Luna Pink Swirl’), and
zinnia (Zinnia elegans ‘Zesty Purple’)| were grown in the seed peat-based
substrate treatments. Finished plants were assessed for plug integrity and various
growth parameters. Stratification with perlite increased airspace in the vegetative
substrate only, not in the seed substrate. Stratification with wood fiber resulted
in reduced airspace and increased container capacity in both substrate types.
Stratification with perlite decreased plug integrity compared with nonstratified
treatments, whereas wood fiber stratification resulted in similar or improved plug
integrity, even in treatments in which root growth was reduced. Dry root
biomass was greatest in both nonstratified substrates, with perlite stratification
generally associated with the lowest root biomass. Perlite stratification was also
associated with the lowest total root length and total root surface area, whereas
wood fiber stratification resulted in values equivalent or greater than
nonstratified treatments. Despite decreases associated with perlite stratification,
however, both perlite- and wood fiber—stratified treatments produced quality
plugs that established successfully post-transplant. The results demonstrate that
using stratification in young plant production may provide growers with an
opportunity to reduce peat consumption in propagation operations.

he commercial production of

young plants (e.g., seedling plugs

and rooted cutting liners) relies
heavily on the use of peatmoss, which is
the primary organic component of prop-
agation substrates. Peat-based substrates
provide high water-holding capacity,
low bulk density, uniformity, and
other physiochemical and biological
properties that make it optimal for
plant production (Hartmann et al.
2002). The fine-particle texture of
peat provides an added advantage to
the small volumes of plug cells, thus it
often accounts for 50% of the volume
of propagation substrates (Hartmann
et al. 2002). The physical properties
of peat substrates coupled with the

Horflochnology + April 2025 35(2)

limited volumes of plug cells necessi-
tate precision management of mois-
ture levels. The lower portion of any
container filled homogeneously with a
single substrate stays wetter than the
top of the container, often creating a
zone of saturation at the base of fre-
quently irrigated containers. As con-
tainer height decreases, the saturation
zone increases, further reducing avail-
able airspace (AS) and oxygen to the
growing roots (Milks et al. 1989; Ya-
fuso et al. 2019). Therefore, improper
moisture management can inhibit full
rooting or lead to disease resulting
from elevated moisture content.

The demand for peatmoss is increas-
ing steadily as horticultural production

grows and soilless cultivation expands
into new and existing sectors (Fields
et al. 2021b; Jackson et al. 2022), in-
cluding vertical farming, small fruit,
and Christmas trees. Concerns have
arisen surrounding the ecological and
environmental impacts of peat extrac-
tion (Alexander et al. 2008; Cleary
et al. 2005; Dunn and Freeman 2011),
and these two factors lead many growers
to seek the partial replacement of peat
used in growing mixes.

A practice that can both alleviate
excessive moisture and reduce peat
use is substrate stratification, in which
soilless substrates of differing physical
properties are layered within a con-
tainer to modify air- and water-hold-
ing capacities (Fields et al. 2021a). In
larger containers (>2.5 L), stratifica-
tion of fine-textured, greater water-
holding-capacity substrates on top of
coarser, more porous substrates led to
improved root growth in Petunin (Fields
and Criscione 2023). Work by Criscione
et al. (2022) demonstrates that stratifica-
tion is effective because it improves water
availability in the top of the container
where a germinating seed or trans-
planted plug or liner use water the
most. This is important because wa-
ter is lost quickly in these locations,
where gravity and evapotranspiration
cause can cause rapid water loss. Strat-
ification also improves air-filled porosity
in the lower portions of the container
where water is used later in the growing
period, and where gravity and container
geometry cause excessive moisture
(Fields et al. 2024). Previous substrate
stratification research has shown re-
duced peat use and improved rooting
in finished crops (Fields and Criscione
2023; Fields et al. 2022). Very little
exploration of substrate stratification
in smaller plug and liner containers has
occurred (Thiessen and Fields 2024).

In large containers, coarse pine
bark with greater air-filled porosity is
generally used in the lower strata,
but in smaller containers, fine-tex-
tured materials are also suitable. Perlite
is already widely used in greenhouse
substrates to improve air-filled poros-
ity, but limited research exists on its
use in stratification (Thiessen and
Fields 2024). Wood fiber is an emerg-
ing, domestically sourced material that
is gaining commercial traction as a soil-
less substrate component, and it has
shown to be highly porous and to im-
prove the air-filled porosity of substrates
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(Dickson et al. 2022; Harris et al.
2020; Jackson 2018; Thiessen and
Fields 2024). In previous work, Thies-
sen and Fields (2024) first explored
the use of substrate stratification tech-
niques on the production of woody
transplant materials that were consid-
ered more difficult to root. The use of
substrate stratification techniques in
standard plug production for herba-
ceous cuttings and seedlings, which
make up the majority of the green-
house floriculture products in the in-
dustry, may have a greater impact on
peat reduction and crop losses associ-
ated with moisture-related diseases and
disorders.

The objective of our research
was to explore the effects of substrate
stratification in both bark-based and
peat-based substrates in small-volume
containers used in seeded plug and
rooted liner production. We hypothe-
size that the use of stratification tech-
niques will improve overall air-filled
porosity within the cell and thus lead to
improved rooting. Furthermore, with
successful stratification techniques, re-
duction in peat reliance by young-plant
producers can be achieved.

Materials and methods

SUBSTRATE TREATMENTS. For
vegetatively propagated species, sub-
strate treatments consisted of 37 cm?
(3.4-cm-wide x 5.1-cm-deep) cell
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trays (98-cell CN-PLG-098; T.O.
Plastics, Clearwater, MN, USA) man-
ually filled 1) entirely with a bark-
based substrate of 58% bark fines
(Phillips Bark, Brookhaven, MS, USA),
16% sphagnum peatmoss (Pure Cana-
dian Sphagnum Peat Moss; Fertilome,
Bonham, TX, USA), and 25% perlite
[Acrosoil (10% of > 3.36 mm, 40% of
> 2.38 mm, 75% of >1.19 mm, and
90% of > 0.595 mm); Dicaperl, Con-
shohocken, PA, USA), labeled vegeta-
tive nonstratified (VNS); or with either
2) vegetative stratified-Hydrafiber (VS-
HEF; EZ-Blend Hydrafiber, Profile
Products, Buftalo Grove, I1., USA) or
3) vegetative stratified-perlite (VS-D;
Acrosoil, Dicaperl) in the bottom half
of the cells and the bark-based blend
in the top half of the cells.

For seed-propagated species, sub-
strate treatments consisted of 37 cm?®
(3.4-cm-wide x 5.1-cm-deep) cell
trays (98-cell CN-PLG-098; T.O.
Plastics) filled manually with 1) en-
tirely with a commercial peat-based
germinating mix comprised of 65%
Canadian sphagnum peatmoss, 25%
perlite, and 10% vermiculite (Jolly
Gardener Pro-Line C/GP; Oldcastle
APG, Atlanta, GA, USA), labeled
seed nonstratified (SNS); or with either
2) seed stratified-Hydrafiber (SS-HF;
EZ-Blend Hydrafiber, Profile Products)
or 3) seed stratified-perlite (SS-P; Hor-
ticultural Grade, PVP Industries) in the
bottom half of the cells and the peat-
based mix in the top half of the cells

(Fig. 1).

Vegetative . .
Vegetative Stratified
Nonstratified g
VNS VS-HF VS-P
100% Top: Control Top: Control
Control Bark Bark Based Bark Based
based blend Blend

Blend

s Y

Bottom:
Hydrafiber

Bottom:
Perlite

SUBSTRATE PHYSICAL PROPERTIES.
After propagation trays were filled
with substrate treatments, trays were
thoroughly watered to drainage and
allowed to equilibrate overnight. Four
individual cells of each treatment were
cut from the tray and used to deter-
mine total porosity (TP), AS, con-
tainer capacity (CC), and bulk density
(D,) using a modified procedure
(Thiessen and Fields 2024 ) based on
the North Carolina State University
Porometer method (Fonteno et al.
1995), in which no core is used.
Instead, individual specific propaga-
tion cells were used to determine the
actual air and water balance of the
container. The height of the cells was
5.1 cm whereas that of a porometer
core is 7.5 cm. Thus, although this as-
sessment was considered adequate to
estimate the air and water balance of
the cell, the values cannot be compared
and contrasted with other standardized
research that uses cores. Cells were sub-
merged slowly in tap water until the
substrate surface appeared hydrated.
The drainage hole at the cell base
was covered while it was transferred
to a funnel and beaker on top of a
scale, where it was allowed to drain.
All drainage was measured. The sub-
strate was then dried at 105°C for
48 h and weighed. Calculations for
TP, AS, CC, and D were performed
according to the calculations de-
tailed in Thiessen and Fields (2024)
and Fonteno et al. (1995). We oper-
ated on the assumption that the

Seed -
Nonstratified Seed Stratified
SNS SS-HF SS-P
100% Top: Control Top: Control
Commercial Peat Peat Based Peat Based

based blend Blend Blend

Bottom:
Perlite

Bottom:—
Hydrafiber

Fig. 1. Cross sections of each propagation substrate treatment used in this
propagation experiment, which explored the concept of stratifying (layering)
substrate materials within an individual propagation cell. From left to right:
Vegetative nonstratified (VNS) bark-based substrate, vegetative substrate
stratified atop Hydrafiber (VS-HF), vegetative substrate stratified atop perlite
(VS-P), seed nonstratified (SNS) peat-based substrate, seed substrate stratified
atop Hydrafiber (SS-HF), and seed substrate stratified atop perlite (SS-P).
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reduced size of the cell would result
in any perched water table being a
greater proportion of the total vol-
ume than that found in a standard
porometer analysis.

ProrAGATION. On 22 Feb 2024,
one unrooted vegetative cutting was
placed in the center of each cell for
the vegetative treatment, with 28 cells
planted for each of the two species
used [ Solenostemon scutellariordes ‘Salsa
Verde’ (coleus) and Evolvulus glomera-
tus ‘Blue Daze’ (evolvulus)] and sub-
strate treatment combination, totaling
84 cells per species. Vegetative plants
were maintained under a plastic tent
with intermittent mist (4 s every 10
min between 7:00 AM and 7:00 PM
daily) until roots emerged from the
bottom of the tray. These plants were
then removed from mist and hand-
watered until cells were fully rooted.

On 19 Feb 2024, two seeds were
placed in a small indentation in the
center of each cell for the seed treat-
ment, with 28 cells planted for each
of three species [ Ocimum basilicum
‘Thai Towers’ (basil)], Zinnia ele-
gans ‘Lesty Purple’ (zinnia), and Hi-
biscus moscheutos ‘Luna Pink Swirl’
(hibiscus)] and substrate treatment
combination, totaling 84 cells per
species. Seeded plants were maintained
in a plastic-covered greenhouse with
25% shade, under a humidity dome
until cotyledon emergence, then were
watered twice daily, once in the morn-
ing between 8:00 AM and 12:00 PM,
and once in the afternoon between
2:00 and 4:00 PM, with a mist nozzle
to maintain adequate leaf turgor.

Beginning 4 weeks after sticking
or sowing, plants were checked weekly
for rooting by gently pulling plants
from the cells. When five of five plants
were pulled and maintained substrate
integrity (i.e., did not fall part and
were held together by the roots), that
species and treatment was harvested,
and days from sticking or sowing to
fully rooted were recorded.

HARVEST. At harvest, the growth
index [GI = (Height + Widest
width + Perpendicular width) + 3]
was measured for a random sample of
six plants per treatment and species.
These replicates then underwent a drop
test, during which they were weighed,
dropped from a height of 1 m, and
weighed again to assess material lost
during handling. The purpose of this
measurement was to determine the
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susceptibility of plug quality to the
transplanting process. Roots were then
severed from the shoots, washed of all
media, and dried for 2 d at 70°C to
determine dry weight. Shoots were
also dried for 2 d at 70°C, and dry
weight used to calculate a root-to-
shoot ratio from Root dry weight +
Shoot dry weight.

Roor MorpHOLOGY. Another five
random selected plugs were used to
assess root system morphology ac-
cording to the procedure outlined in
Fields and Criscione (2023). Roots
were severed from the shoots, washed
of all substrate, and separated /teased
apart on a standard sheet of white pa-
per (21.6 x 27.9 cm) placed in a rect-
angular container and submerged in
tap water to 1 cm. Photos of the roots
were taken from a height of 32 cm us-
ing a light-inhibiting chamber and an
iPhone 13 Mini (Apple, Cupertino,
CA, USA) using a flash. Images were
then preprocessed with the smart-
phone application Turbo-Scan (Pik-
soft, Inc.; Piedmont, CA, USA) to
remove glare and define roots. Im-
ages were then analyzed using Rhizo-
Vision software (ver. 2.0.3, Zenodo,
Geneva, Switzerland) (Seethepalli and
York 2021) to approximate total root
length, average root diameter, and to-
tal root surface area using the follow-
ing parameters: 230 DPI, image a
thresholding level of 230, filtering of
nonroot objects at 1 mm?, a root
pruning threshold of 1, and root di-
ameter size classes defined as very fine
(0-0.5 mm), fine (0.5-1.0 mm), medium
(1.0-2.0 mm), and large (>2.0 mm).
Lines of known lengths printed on
21.6 x 28-cm sheets of paper photo-
graphed at the same height as the root
photos were used to calibrate Rhizo-
Vision between known lengths and
approximations (R* = 0.9996).

Cror FINISHING. The remaining
plugs for each species and treatment
were transplanted into 8.9-cm? pots
and grown in a substrate consisting of
58% bark fines (Phillips Bark), 16%
sphagnum peatmoss (Pure Canadian
Sphagnum Peat Moss; Fertilome),
and 26% perlite (Horticultural Grade;
PVP Industries) by volume and were
grown for an additional 18 d. The GI
was then measured on a random six
replications per species and substrate
treatment combination to assess any
effects of plug treatment on crop
finishing.

Data anNarysis. All measures
were analyzed using JMP Pro 18 (SAS
Institute, Cary, NC, USA). For sub-
strate physical properties, a one-way
analysis of variance (ANOVA) was
used to analyze least squares means
and to determine response levels ac-
cording to substrate treatment within
propagation method and with sub-
strate treatment nested within prop-
agation method. Least squares means
of responses during the propagation
experiment were analyzed using
multiple-factor ANOVA, with substrate
treatment, propagation type (vegetative
vs. seed), and species nested within
propagation type as main effects, as
well as interactions of substrate with
propagation type and species. When
data residuals were not normal, a log
transform was performed to achieve
normality. ANOVAs were also per-
formed within each species, with sub-
strate treatment as the main effect.
When the ANOVA was significant,
means separation using Tukey’s hon-
estly significant difference (oo = 0.05)
was performed.

Results and discussion

SUBSTRATE PHYSICAL PROPERTIES.
Total porosity was highest in the SNS
substrate and lowest in the VNS sub-
strate (Table 1). Stratification did not
alter TP of either substrate treatment
significantly, except in the SS-P
substrate. AS ranged from 5.4 to
21.8 cm-cm™? (Table 1), which meets
or exceeds AS determined in previous
research. In a study measuring substrate
properties in several commercial propa-
gation substrates in  25-cm®  cells
(Huang et al. 2012), AS ranged from
4.8 t09.7 cm-cm ™3, AS was greatest in
the VS-P treatment at 21.8 cm.cm™?
(P < 0.0001) and lowest in the seed
SS-P treatment at 5.4 cm-cm ° (P =
0.0192). It was unexpected that AS
decreased in the seed substrate with
stratification with both perlite and
HF; it is possible the fine particle size
of the peat in this substrate allowed
enough migration of substrate par-
ticles into the ASs of the HF and
perlite layers, thus decreasing the pro-
portion of larger pores, and therefore
AS, in the substrate matrix. In the veg-
etative substrate, stratification with
perlite increased AS by 86% compared
with nonstratified. In previous work,
Thiessen and Fields (2024) found a
39% increase in AS when stratifying a
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Table 1. Physical properties of substrate treatments used in production of vege-

tative and seed propagated species.’

Static physical properties

 Total 3poros1ty An'space Contalner cagaaty Bulk dens1ty
Substrate™ (em3.cm™3) (cm3.ecm™3) (em®.cm (g-em™3)
VNS 0.81 a' 0.12b 0.69 ab 0.20 a
VS-HF 0.83a 0.09 b 0.74 a 0.18 b
VS-P 0.84 a 0.22a 0.62 b 0.16 ¢
P value 0.3956 <0.0001 0.0068 0.0005
SNS 092 a 0.13 a 0.79 a 0.09 b
SS-HF 0.88 a 0.07 ab 0.81a 0.10 ab
SS-p 0.82 b 0.05 b 0.77 a 0.10 a
P value 0.0014 0.0192 0.3445 0.0280

! Physical properties were determined using a modified procedure (Thiessen and Fields 2024) based on the
North Carolina State University Porometer test (Fonteno et al. 1995).

i VNS = nonstratified (control) substrate for vegetatively propagated species that was comprised of 58% bark
fines (Phillips Bark, Brookhaven, MS, USA), 16% sphagnum peatmoss (Pure Canadian Sphagnum Peat Moss;
Fertilome, Bonham, TX, USA), and 25% perlite (Horticultural Grade; PVP Industries, Bloomfield, OH, USA);
VS-HEF = stratified treatment with bark-based blend layered on top of Hydrafiber (EZ-Blend Hydrafiber; Pro-
file Products, Buffalo Grove, IL, USA); VS-P = stratified treatment with bark-based blend layered on top of

perlite (Horticultural Grade; PVP Industries); SNS =

nonstratified (control) commercial substrate for seed-

propagated species that was comprised of 65% Canadian sphagnum peatmoss, 25% perlite, and 10% vermiculite
(Jolly Gardener Pro-Line C/GP; Oldcastle APG, Atlanta, GA, USA); SS-HF = stratified treatment with com-
mercial substrate layered on top of Hydrafiber (EZ-Blend Hydrafiber; Profile Products); SS-P = stratified treat-
ment with commercial substrate layered on top of perlite (Horticultural Grade; PVP Industries).

i Lowercase letters represent similarities assessed through means separation analysis by Tukey’s honestly signifi-
cant difference at @ = 0.05, wherein dissimilar letters represent statistical differences of means.

very similar bark-based propagation
substrate atop horticultural perlite,
with a very similar overall AS (25%) to
that found in our work (22%). Unlike
Thiessen and Fields (2024 ), wood fi-
ber did not increase overall AS in either
the seed or vegetative substrates; how-
ever, the previous work incorporated
an extruded wood fiber, whereas our
work stratified with a disk-refined
wood fiber (HF). Still, it is unexpected
that stratification with HF did not in-
crease overall AS, given that previous
work has detcrmmed AS of pure HF to
be from ~32 cm-cm ™ (Dickson et al.
2022) to ~33 cm-cm° (Thiessen
et al. 2023), which is greater than that
of both nonstratified substrates used in
our study. In our study, the method of
fiber combination may be an important
explanation. Disk-refined wood fibers
(e.g., HF) have a propensity to aggre-
gate when separated manually (as op-
posed to mechanical separation using
specialized equipment likely found in
commercial growing operations). It is
possible that the large aggregate sizes
compared with the small volume of the
plug cells cause AS within the aggre-
gates to become more dominant in the
overall plug space, as opposed to AS
between aggregates that would domi-
nate in larger containers. Further-
more, the blending process could
better separate wood fibers and allow
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the increased AS that wood fiber of-
fers to be conferred to the overall mix
(Jackson 2018).

CCs ranged from 62 to 81 cm-cm
(Table 1) and were within ranges
(57-86 cm-cm ) found in the survey
by Huang et al. (2012) of commercial
propagation substrates. Substrate CC
values were similar across the seed sub-
strates at ~80 cm-cm ™ (P = 0.3445).
CCs were lower with the vegetative
substrate treatments (P < 0.0001),
with HF slightly increasing CC and
perlite significantly lowering CC by
11% (P = 0.0068; Table 1). The
VNS treatment had the greatest Dy,
(0.20 g-cm®; P < 0.0001), more than
double that of the SNS substrate. Bark-
based substrates often have greater Dy,
values than peat-based substrates.
Stratifying low-D,, wood fiber and
perlite materials decreased the over-
all Dy, of the vegetative substrate
while slightly increasing that of the
seed substrate (Table 1).

PrLuG GrowtH. Full rooting oc-
curred in coleus, evolvulus, and zinnia
crops at 34 d after sticking or sowing,
and at 46 d for basil and hibiscus. It
was visually observed that less rooting
occurred in the bottom layer of the
VS-P and SS-P treatments compared
with other treatments. Although these
plugs could be removed from the trays
without noticeable particle loss, many

-3

Coleus

Evolvulus

Basil

Hibiscus

Zinnia

Stratified — HF | Stratified-Perlite

Non-stratified

Fig. 2. Finished plugs upon harvest of
experiment exploring the concept of
stratifying (layering) different substrate
materials within an individual cell.
Pictured are two replications from each
substrate treatment side by side. (left to
right) Nonstratified (propagation
substrate), propagation substrate over
Hydrafiber, and propagation substrate
over perlite. The coleus and evolvulus
were rooted asexually, whereas the
basil, hibiscus, and zinnia were seed-
germinated.

disintegrated during the harvest and
measuring processes (Fig. 2). In both
vegetative and seed substrates, nonstra-
tified and stratified-HF treatments ex-
hibited increased rooting throughout
the entire plug than in stratified-perlite.
Stratified-HF improved total root
length when compared with the
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nonstratified treatment in coleus, evol-
vulus, and zinnia, but not in basil or hi-
biscus (P < 0.0001; Table 2). Total
root length and total root surface area
were greater in nonstratified and strati-
fied-HF treatments than stratified-
perlite treatments (P < 0.0001;
Table 2), with less observable differ-
ences in the seed-propagated spe-
cies. This potentially reflects the
difference in AS between the two
stratified-perlite treatments. It may be
that AS was increased in the vegetative
substrate to the point of growth inhibi-
tion. In the seed substrate, fine-particle
movement from the top strata to the
bottom strata may have reduced the
perlite effect on AS, thereby reducing
root growth inhibition compared with
the VS-P treatment. Root dry biomass
values were generally higher in the
nonstratified substrates and lower in
the stratified, with perlite more often
lower than HF (Table 2 and Fig. 3).
Hibiscus was an exception, with root
dry biomass in stratified-perlite between
that in nonstratified and stratified-HF
treatments. The lack of rooting in the
lower strata and decreases in root length
and dry biomass in stratified-perlite vs.
nonstratified systems were also found
in previous propagation work on
woody species by Thiessen and Fields
(2024).

Drop test results were consistent
with these observations (Table 2).
Stratified-perlite treatments lost sig-
nificantly (P < 0.0001) more plug
material (¥ = 8.1 g) than nonstrati-
fied (¥ = 4.2 g) and stratified-HF
(x = 2.7 g) treatments (Fig. 4),
thus indicating more vulnerability
to damage during the transplanting
process. Stratified-HF treatments dem-
onstrated greater plug integrity through
similar or lower losses after dropping
when compared with the nonstratified
treatments (P < 0.0001). Drop test
losses were greatest overall in evolvulus
(P < 0.0001), suggesting all treatments
within that species could have benefited
from more rooting time before harvest.
Despite this, HF stratification showed a
significantly lower evolvulus plug loss
than nonstratified. In basil, where total
root length was lower in VS-HF than
VNS, drop test losses were still 66%
lower with VS-HF (Table 2). Previous
work (Thiessen et al. 2023; Thiessen
and Fields 2024) has shown that HF
tends to aggregate, likely conferring
this increase in plug integrity. Thus, HF
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Nonstratified

Stratified — HF

Stratified - Perlite

Coleus

Evolvulus

Basil

Hibiscus

Zinnia

Fig. 3. Finished plugs upon harvest after vegetatively rooting or seeded
production in each substrate treatment exploring the use of stratifying (layering)
different substrate materials in an individual cell. Three replications of each
treatment were washed of all substrate and roots were teased apart. Treatments
included nonstratified (propagation substrate), propagation substrate over
Hydrafiber (Stratified-HF), and propagation substrate over perlite (Stratified-
Perlite). The coleus and evolvulus were rooted asexually, whereas the basil,

hibiscus, and zinnia were seed-germinated.

shows the potential to increase the han-
dling ability of unfinished plugs. This
characteristic can benefit the industry
by preserving plug quality during ship-
ment, and by allowing plug orders to
be filled on time or earlier despite
weather or other production factors
that may cause delayed rooting.

Across both species, the VS-P
treatment had a significantly lower GI
(x = 7.1 vs. 83 and 84 cm; P =
0.0666) and shoot dry weight (x =
0.08 vs. 0.12 g; P = 0.0003) at

harvest than VNS and VS-HEF (Table 2).
However, the plugs from the VS-P
treatment were still considered viable
for production. Compact plugs are of-
ten considered desirable, with many
operations opting for smaller plug cells
with greater plant density; therefore,
the ability to remain compact can be
considered a benefit. In fact, perlite
stratification may be useful when en-
vironmental conditions favor shoot
growth, causing undesirable stretching,
such as high humidity, low light, and
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Fig. 4. Representative vegetative and seeded plugs before (right) and after (left)
performing a drop test from a height of 1 m (i.e., holding plug at 1 m and
dropping onto table) to test plug integrity. The experiment explored the concept of
applying stratification (layering) techniques to small propagation cells. Treatments
included nonstratified (Control; propagation substrate), propagation substrate over
Hydrafiber (Strat-HF), and propagation substrate over perlite (Strat-Perlite). The
coleus and evolvulus were rooted asexually; the basil, hibiscus, and zinnia were seed-

germinated.

other factors (Styer 2002). Thus, per-
lite stratification could potentially offer
an alternative practice to plant growth
regulator use in some cases. In seed-
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propagated varieties, the GIs at harvest
and shoot dry weight were highest in
the SNS treatment, and similar in the
SS-HF and SS-P treatments (GI, P =

0.0666; shoot dry weight, P = 0.0003).
Root-to-shoot ratios, which reflect the
partitioning of resources by the growing
plant, were similar among all treatments
(P = 0.4229) except between the SNS
treatment (¥ = 0.29) and the VS-P
treatment (X = 0.43), where partition-
ing of resources toward the roots was
significantly greater, and consistent with
the results of lower shoot growth in
stratified-perlite treatments. Again,
despite lower overall root growth,
the slightly higher R-to-shoot ratios
(although not statistically significant)
in stratified-perlite treatments within
each species demonstrates the potential
for this practice when the production
environment favors shoot stretching.
The loss of plug integrity when using
perlite stratification may be alleviated
using stabilizing structures such as bio-
degradable inserts or wraps. Future re-
search could evaluate improving plug
integrity with perlite stratification by
blending the perlite with HF in the
bottom strata, possibly combining
the plug-handling benefits of HF with
the growth-regulating eftects of perlite.
TRANSPLANT PERFORMANCE. AcCross
species, the GI of 18-d transplants
showed the same results, with SNS
treatments (¥ = 16.8 cm) showing
the highest growth, VS-P treatments
(¥ = 13.3 cm) showing the lowest
growth, and all other treatments simi-
lar (P = 0.1801; Table 2). However,
within each species, all treatments
showed a similar GI 18 d after trans-
plant (P = 0.1102), indicating that no
deleterious effects on root or shoot de-
velopment from stratification with any
material were conferred in the overall
production process. Thus, both stratifica-
tion materials can be used to achieve suc-
cesstul plug production in both seed and
vegetative systems with half the peat.

Conclusion

All substrate treatments produced
both seeded and vegetative plugs suc-
cessfully. Substitution of 50% of the
total volume of propagation substrate
via stratification can have economic
benefits. HF stratification did not im-
prove AS in the substrates used in our
experiment, but was associated with
increased total root length in coleus,
evolvulus, and zinnia, which may pro-
vide further economic benefit even in
low-cost, bark-based substrates, as this
can improve plug quality and shorten fin-
ish time. Stratification with HF reduced
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the total volume of peat-based germina-
tion substrates required, while improving
plug integrity and maintaining plug
health, and can be achieved through ade-
quate separation with specialized me-
chanical equipment and multiple
passes through tray-filling machines.
In addition, the added plug integrity
can help hasten plug finish time, in-
creasing the number of crop turnovers
achieved in a given time frame. In our
research, stratification with perlite in-
creased AS in bark-based vegetative
substrates and reduced AS in peat-
based seed substrates, while reducing
plug handling and root and shoot
growth. However, acceptable-quality
plugs with similar transplant success as
other treatments were still achieved.
With the lack of plug integrity ob-
served with perlite stratification, addi-
tional components such as binding
polymers, or blending with more fi-
brous material such as wood fiber, may
be needed to use perlite in stratification
in young-plant production. However,
stratification with a fibrous material
such as HF maintained plug integrity
while producing similar or higher meas-
ures in root and shoot development. Fur-
ther research exploring stratification with
materials of varying textures and proper-
ties is needed, such as a perlite and wood
fiber blend. With the need to reduce the
cost associated with substrate use, our
research may provide a foundation for
continued exploration into stratification
practices in young-plant production.
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