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Abstract. Hemp (Cannabis sativa) hurd fiber was studied as a potential new sub-
strate to substitute for spha%num peatmoss in container production of petunia
(Petunia X hybrida Shock Wave~ Coral Crush) and geranium (Pelargonium X hortorum
Maverick™ Red Hybrid). Media composed of varying proportions of hurd, peat, and
vermiculite at 1:0:1, 0.33:0.66:1, 0.66:0.33:1, and 0:1:1 (control) were evaluated. Petu-
nia grown in 0.33:0.66:1 medium had similar shoot weight, flowers, and plant width
and were visually indistinguishable from plants grown in control medium. However, as
the amount of hurd substituted for peat increased, plant performance declined. Gera-
nium grown in 0.33:0.66:1 medium had greater shoot weight and width than plants in
control and 1:0:1 media. Media pH registered above and below recommended ranges
for petunia and geranium, respectively, based on pour-thru testing. This may have
led to growth reductions due to Fe deficiency for petunia in 1:0:1 medium and Mn
toxicity for geranium in control and 0.33:0.66:1 media. Growth of petunia and gera-
nium in peat:vermiculite medium with either hurd or wood fiber in substitution of
peat at 50% was also studied. Petunia in the hurd medium were slightly smaller
than those in wood fiber and control media, whereas geranium was similar across
media. This is the first reported use of hurd as a substrate for bedding plant pro-
duction. These findings suggest that hurd is a promising new substrate and may be
substituted for ~30% of the peat portion of a standard peat:vermiculite medium to
produce high-quality plants.

Growers are interested in sustainable sub-
strates to replace sphagnum peatmoss in con-
tainer media due to the increasing cost of
peat and consumer awareness of the environ-
mental impacts of peat extraction from natu-
ral bogs (Mander et al. 2024). Studies on
alternative substrates, including coir, biochar,
and wood fiber, demonstrate that many offer
benefits to plant production; however, no sin-
gle substrate has been broadly adopted by the
horticultural industry to replace peat (Agarwal
et al. 2023; Atzori et al. 2021).

Hemp (Cannabis sativa) farming for fiber,
grain and/or flower has increased since 2018
when the plant was legalized in the United
States. The hemp stem consists of long bast
fibers and short hurd or shive fibers (Small
2015). Decortication of the hemp stem results
in mostly hurd at ~70% (Smart et al. 2023).
Bast are important for the textile industry,
whereas hurd has fewer recognized uses.
Novel uses for hurd include animal bedding,

wood paneling, and hempcrete (Kymalainen
et al. 2001). There have been a few reported
uses of hemp fiber for plant growing mats
and in hydroponics production, but little re-
search exists on its use as a substrate in pot-
ting media (Nerlich et al. 2022; Terrafibre
2025).

This research evaluated the use of hemp
hurd as a substitute for peat in a standard bed-
ding plant medium composed of equal parts
peat and vermiculite (Boodley and Sheldrake
1982). Growth and performance of petunia
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(Petunia xhybrida) and geranium (Pelargo-
nium X hortorum) were studied because they
are two of the most widely produced and sold
greenhouse crops in the United States (Cole-
man 2025). An additional objective of this re-
search was to compare the use of hurd and
wood fiber in place of peat for growing these
Crops.

Materials and Methods

Hurd experiments. There were four exper-
imental media composed of different propor-
tions of the substrates hurd [100% powdered
hurd 2 mm; Hemp Traders, Los Angeles,
CA, USA (Fig. 1)], sphagnum peatmoss
(Canadian sphagnum peatmoss 0-20 mm;
Lambert Quebec, Canada), and vermiculite
(horticultural grade fine vermiculite; Whitte-
more Company, Lawrence, MA, USA) as
follows: 1:0:1, 0.33:0.66:1, 0.66:0.33:1, and
0:1:1 (control). Four replicate samples of
each substrate and experimental media were
assessed for physical properties of air-filled
porosity (AFP), container capacity (CC), total
porosity (TP), and bulk density (BD) accord-
ing to Elliott (1992). Initial pH, electrical
conductivity (EC), and nutrient content for
three replicate samples of each substrate and
experimental media were determined by satu-
rated media extract (SME) analysis at the
University of Connecticut (UConn) Soil Test-
ing Laboratory (Storrs, CT, USA).

Three experiments were conducted. The
first two experiments used seeds of petunia
(Petunia xhybrida Shock Wave® Coral
Crush), and the third experiment used seeds
of geranium (Pelargonium xhortorum Mav-
erick™ Red Hybrid). Petunia seedlings with
four expanded leaves were transplanted to
1.5-L containers on 22 Nov 2023 for Expt. 1
and 23 Jan 2024 for Expt. 2, and experiments
lasted 42 d. Geranium seedlings with two
expanded leaves were transplanted on 19 Mar
2024 and the experiment lasted 70 d. Containers
were top-dressed with 3 g of 15N-3.9P-10K
controlled-release fertilizer (Osmocote Plus
3- to 4-month formulation; Everris NA,
Dublin, OH, USA). The experimental unit
was a single container plant and for each

Fig. 1. Substrates: (A) hurd (100% powdered hurd 2 mm; Hemp Traders, Los Angeles, CA, USA);
(B) sphagnum peatmoss (Canadian sphagnum peatmoss 0-20 mm; Lambert Quebec, Canada).
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Fig. 2. Finished containers of petunia (Petunia xhybrida Shock Wave® Coral Crush) for Expt. 2 grown in four container media formulations with varying
proportions of hurd, peat, and vermiculite as follows: (A) 1 hurd:1 vermiculite; (B) 0.66 hurd:0.33 peat:1 vermiculite; (C) 0.33 hurd:0.66 peat:1 vermicu-

lite; (D) 1 peat:1 vermiculite (control).

experiment plants were arranged as a completely
random design with 10 replications in a green-
house with heating set point of 18 °C, ventilation
set point of 23°C and 14-h photoperiod sup-
ported by 1000-W high pressure sodium lamps
(Phantom HPS 100 W; Hydrofarm, Petaluma,
CA, USA).

In Expt. 1 petunia were fertigated as
needed with 20N-4.3P-16.6K, acidifying at
215 kgtonne™', water-soluble fertilizer (Pe-
ters 20—10-20; Graco Fertilizer Co., Cairo,
GA, USA) at 250 mg-L™" N for the first 7 d,
then with 13N-0.87P-10.8K, basifying at
190 kg'tonne ™, water-soluble fertilizer (Graco
Fertilizer Co.) at 250 mg-L~" N for the rest of
the experiment. In Expt. 2 petunia were ferti-
gated as needed with 15N-2.2P—12.5K, basi-
fying at 71 kg'tonne™ ', water-soluble fertilizer
(Jack’s 15-5-15; JR Peters Inc., Allentown,
PA, USA) at 250 mg-L™" N. In Expt. 3 gera-
nium were fertigated as needed with 13N—
0.87P-10.8K, basifying at 190 kg-tonne™',
water-soluble fertilizer (Peters Excel 13-2-13;

HorTScience VoL. 60(8) Aucust 2025

Graco Fertilizer Co.) at 250 mg-L™' N for
the first 28 d, then at 125 mg-L™" N for the
rest of the experiment. At each fertigation
event, all containers received ~1 L of fertil-
izer solution. Irrigation water had pH of 7.1
and EC of 0.21 mS-cm™".

For all three experiments pour-thru test-
ing, according to Cavins et al. (2004), was
conducted every 7 d for the same three repli-
cate plants per treatment, selected at random
at the start of experiments, and pH and EC of
the leachate were measured with a portable
meter (HI 9813-6; Hanna Instruments, Smith-
field, RI, USA). Plants were irrigated with
water when EC exceeded 3.3 mS-cm™'. At
the end of each experiment, data were col-
lected on plant height, plant width, measured
twice at right angles to each measurement
and averaged, and shoot fresh weight per
plant. The number of flowers was counted for
petunia and number of inflorescences for ge-
ranium. Foliar nutrient content for five repli-
cations, selected at random, per experiment,

were analyzed by the UConn Soil Testing
Laboratory.

Hurd and wood fiber experiments. There
were three treatment media, which differed
in proportions of the substrates hurd, wood
fiber (HydraFiber EZ Blend, HydraFiber
Advanced Substrate, Buffalo Grove, IL,
USA), peat, and vermiculite as follows:
0.5:0:0.5:1, 0:0.5:0.5:1, and 0:0:1:1 (con-
trol). Physical properties and initial pH,
EC, and nutrient content of the substrates
and experimental media were tested as de-
scribed for the hurd experiments. Two ex-
periments were conducted. The first with
petunia seeds and the second with geranium
seeds and using the same genotypes as for
hurd experiments. Seedling size at trans-
planting, container size, controlled-release
fertilizer, experimental unit and design, and
greenhouse settings were as described for
hurd experiments, except hurd and wood fi-
ber experiments had eight replications. Pe-
tunia seedlings were transplanted on 21
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Fig. 3. Pour through values for pH and electrical conductivity (EC) from four container media formulations with varying proportions of hurd, peat, and ver-
miculite planted with petunia (Petunia xhybrida Shock Wave® Coral Crush) for Expts. 1 (A and B) and 2 (C and D) and geranium (Pelargonium x hortorum
Maverick™ Red Hybrid) for Expt. 3 (E and F). Vertical bars indicate + standard error.

May 2024 and grown for 42 d and geranium
seedlings on 15 May 2024 and grown for 70 d.
Petunia were fertigated as needed with
15N-2.2P—12.5K, basifying at 71 kg-tonne ",
water-soluble fertilizer (Jack’s 15-5-15; JR
Peters Inc.) at 250 mg'L~' N. Geranium were
fertigated as needed with 13N-0.87P-10.8K,
basifying at 190 kg-tonne™', water-soluble
fertilizer (Peters Excel 13-2-13; ICL Pe-
ters) at 250 mg-Lf1 N for the first 28 d,
then at 125 mg-L™" N for the rest of the ex-
periment. Fertigation volume was ~1 L.
Pour-thru testing, data collection, and foliar
nutrient content were conducted as de-
scribed for hurd experiments.

Statistical analysis. Data analysis was
conducted using RStudio software version
4.4.0 (Posit, Boston, MA, USA) and the
packages ‘agricolae’ version 1.3.7 and
‘ggplot2’ version 3.5.1. Each experiment
was analyzed separately. Data were sub-
jected to analysis of variance and mean sep-
aration with Tukey’s honestly significant
difference test at P = 0.05.
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Results and Discussion

This study is the first to examine use of
hemp hurd fiber as a substrate to replace peat-
moss for growing bedding plants. Hurd pos-
sessed 87% TP, 0.085 g-cmf3 BD, pH 5.7,
and EC of 0.75 mS-cm™"' (Table 1). Com-
pared with peatmoss, hurd had greater AFP,
TP, pH, EC, and macronutrient content. The
blending of hurd with vermiculite at 1:1, and
then with peat and vermiculite, generally re-
duced TP, pH, EC, and nutrient content. Me-
dia composed of hurd, peat, and vermiculite
were similar to each other and to the control
media (peat:vermiculite) for most of these
properties.

Petunia grown in 0.33:0.66:1 (hurd:
peat:vermiculite) medium produced similar
shoot fresh weight, flowers, and plant width
(Table 2) and were visually indistinguish-
able from plants grown in 0:1:1 (control)
medium (Fig. 2). Generally, as the amount
of hurd substituted for peat increased to
1:0:1, plant performance declined (Table 2).

Although smaller than control plants, petunia
grown in 0.66:0.33:1 were still visually ap-
pealing plants and were of excellent market
quality (Ball Seed 2025; Fig. 2). Similar
trends in petunia growth were found for Expt.
2, with slightly more equivalent performance
among hurd containing media.

In Expt. 1, the fertilizer was changed to
a basifying (190 kg-tonne™") formulation
when, at 7 d after transplanting (DAT),
control and 0.33:0.66:0 media were at or
below pH 4.0, which is well outside the rec-
ommended pH range of 5.4 to 6.2 for petu-
nia [Fig. 3 (Argo and Fisher 2002)]. This
change resulted in the gradual increase of
pH for all media over the course of Expt. 1;
however, only 0.33:0.66:1 and 0.66:0.33:1
media reached and maintained pH levels
within the recommended range. Petunia
grown in 1:0:1 medium accumulated less
foliar P, Fe, and Mn than plants did in the
control medium in Expt. 1 (Table 2). Petu-
nia can become Fe deficient when grown at
high pH levels, which may be one reason

HortScIENCE VoL. 60(8) AuGust 2025
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Fig. 4. Representative petunia (Pefunia x hybrida Shock Wave® Coral Crush) exhibiting symptoms of Fe deficiency (A), and geranium (Pelargonium x hortorum
Maverick™ Red Hybrid) exhibiting symptoms of Mn toxicity (B).

why plants in 1:0:1 medium did not grow
as well as control plants in Expt. 1 (Argo
and Fisher 2002). Some petunia plants in
1:0:1 medium displayed slightly chlorotic
foliage, which is symptomatic of Fe defi-
ciency (Fig. 4A).

Petunia plants in the control medium
were among the best performers in Expt. 1
(Table 2), despite the low pH. Therefore, in
Expt. 2 a less basifying (71 kg-tonne™") fer-
tilizer formulation was used, which pre-
vented the 1:0:1 medium pH from rising to
above 6.2 (Fig. 3). In Expt. 2, all hurd con-
taining media had pH within optimal range
or below it; however, foliar Fe content was
less than the control (Table 2).

Geranium grown in 0.33:0.66:1 and
0.66:0.33:1 media had greater shoot fresh
weight and plant width but lower foliar N, P,
and K compared with control plants (Table 2;
Fig. 5). Control plants may have accumulated
greater foliar N, P, and K because they had
fewer shoots among which to allocate nu-
trients. Similar compensatory relationships
between available nutrient sources and plant
organ sinks have been reported for other
crops (Lentz et al. 2023; Tei et al. 2003; Wu
et al. 2024). Geranium in 1:0:1 medium was
smaller than those in 0.33:0.66:1 medium as
far as shoot fresh weight and plant width, but
similar in size to plants in the other two me-
dia (Table 2; Fig. 5).

Geranium plants were leached with
water on two occasions when EC reached
=33 mScm ! on 16 and 28 DAT (Fig. 3).
The fertility rate was reduced from 250 to
125 mg-L~" N following the second leaching,
and as a result, no further leaching was neces-
sary for the duration of Expt. 3. Media pH for
the control and 0.33:0.66:1 media was well
below the recommended range of 6.0 to 6.6
for geranium for the duration of Expt. 3.

HortScIENCE VoL. 60(8) Aucust 2025

Geranium grown at low pH levels can develop
Mn toxicity (Argo and Fisher 2002), which we
suspect had occurred for plants from control
and 0.33:0.66:1 media because they had greater
foliar Mn content compared with the other hurd
media (Table 2). Other indications of Mn toxic-
ity for control and 0.33:0.66:1 plants were chlo-
rotic and necrotic foliage (Fig. 4B), which
likely contributed to the loss of four control
plants (Table 2). Although media moisture con-
tent was not quantified, the control medium
may have been moister than ideal for geranium
because irrigation was applied to all as needed
for the driest plants in the study, which were
those in 1:0:1 medium.

When petunia was grown in control me-
dium with either hurd or wood fiber in substi-
tution of peat at 50%, plants in hurd medium
(0.5:0:0.5:1) produced less shoot weight and
flowers than wood fiber (0:0.5:0.5:1) and
control media (Table 3). There were no sig-
nificant differences in foliar nutrient content
for petunia in all three media. Petunia grown
in wood fiber medium were visually indistin-
guishable from those grown in control me-
dium (Fig. 6). Geranium grown in the same
three media had similar growth and foliar nutri-
ent content (Table 3; Fig. 7). Three geranium
plants grown in control medium and one in
hurd medium died after developing chlorotic
and necrotic leaves (Table 3). Plants accumu-
lated foliar Mn at similar or higher amounts
than geranium did in Expt. 3 and therefore may
have experienced Mn toxicity due to low media
pH (Tables 2 and 3; Fig. 8). For all media, pH
increased slightly for petunia and more so for
geranium but was below recommended ranges
for the duration of experiments (Fig. 8). Over
the course of the experiments, media EC in-
creased for petunia and decreased for geranium.

Studies using wood fiber to grow gera-
nium and petunia have shown that plant

performance may be reduced when wood fi-
ber is substituted for peat at rates of 40% or
more due to decreased water holding capacity
and nutrient level (Dickson et al. 2022;
Jackson and Bartley 2017; Zawadzinska
et al. 2021). The wood fiber used in this re-
search had lower CC and greater AFP than
peat and hurd substrates, but its TP and pH
was like peat (Table 1). Wood fiber had the
lowest BD at 0.055 g-cm™>. Macronutrient
content of wood fiber substrate was greater
than peat but less than hurd. The immobili-
zation of N by wood fiber is another re-
ported reason for inferior growth of petunia
and geranium at 40% or higher peat substi-
tution rates (Harris et al. 2020; Zawadzin-
ska et al. 2021). Thiessen et al. (2024) found
that petunia growth in wood fiber was im-
proved with higher fertility, which offset
losses from N immobilization. Others also
suggest that increased fertilizer is required
when wood fiber is incorporated in place of
peat at =40%, but blending wood with
peat at 30% would likely require minimal
change to fertigation for petunia and gera-
nium (Dickson et al. 2022; Harris et al.
2020). For the interspecific geranium cultivar
Calliope Dark Red only plants grown in peat
substituted with wood fiber at =20% had simi-
lar growth compared with the no wood fiber
control (Zawadziniska et al. 2021).

The results of this research demonstrate
that hurd fiber is a promising new substrate
alternative for peat in bedding plant production.
Hurd substituted for ~30% of the peat portion
of a standard peat:vermiculite medium resulted
in comparable petunia and better-quality gera-
nium plants than the control medium. At higher
rates of hurd substitution, not enough nutrients
were provided to plants due to high medium
pH and/or TP. Future studies might evaluate

1255

10" y7/ou-Ag/sesuaal|/B1o suowwodaAleald//:sdny (/0 7/ou-Aq/sasuadl|/B10 SUOWWOIDAIIBIO//:SA)Y) 9SUal|
IN-ALG DD 8y} Japun pajngLisip ajoie ssaooe uado ue S| siy] 'ssed0y uadQ eIA §1-/0-GZ0Z 1e /wooAlojoeiqnd pold-awiid-yiewlaiem-jpd-awid//:sdiy wouy papeojumoq



Fig. 5. Finished containers of geranium (Pelargonium xhortorum Maverick Red Hybrid) for Expt. 3 grown in four container media formulations with vary-
ing proportions of hurd, peat, and vermiculite as follows: (A) 1 hurd:1 vermiculite; (B) 0.66 hurd:0.33 peat:1 vermiculite; (C) 0.33 hurd:0.66 peat:1 ver-

miculite; (D) 1 peat:1 vermiculite (control).

fertility level and formulation to optimize plant
performance for media incorporating hurd.
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Table 3. Shoot weight, number of flowers, plant width, plant height, number of dead plants, and foliar nutrient content of Petunia x hybrida Shock Wave® Coral Crush and
Pelargonium x hortorum Maverick Red Hybrid grown in three container medium formulations with varying proportions of hurd, wood fiber, peat, and vermiculite.

Foliar nutrient content

Media formulation Shoot No. Plant ~ Plant No. N P K Ca Mg Fe Mn
hurd:wood fiber: peat:vermiculite ~ wt (g)  flowers' width (cm)" ht (cm) dead plants (%) (%) (%) (%) (%)  (ppm) (ppm)
Petunia
0.5:0:0.5:1 193 b™ 198 b 633 a 183 a 6.53a 0487a 648a 1.06a 083a 177a 188a
0:0.5:0.5:1 308 a 284 a 66.3 a 193 a 6.62a 0.665a 638a 1.05a 077a 137a 219a
0:0:1:1 (control) 321 a 286 a 65.5a 19.0 a 698a 0642a 6.73a 107a 0.71a 328a 2l4a
Geranium
0.5:0:0.5:1 257 a 6.7 a 432 a 444 a 1 338a 029 a 242a 0.62a 032a 67a 142a
0:0.5:0.5:1 251 a 7.0 a 432 a 413 a 317a 0307a 23la 0.60a 03la 93a 155a
0:0:1:1 (control) 244 a 62a 423 a 433 a 3 328a 0303a 2.19a 062a 033a 63a 139a

"Individual flowers were counted for petunia and inflorescences for geranium.
""Plant width was measured twice at right angles to each measurement and averaged.
""Mean separation within columns, within species, indicated by different letters, according to Tukey’s honestly significant difference test at P =< 0.05 and

n = 8. Foliar nutrient content was n = 4.

Fig. 6. Finished containers of petunia (Pefunia x hybrida Shock Wave® Coral Crush) grown in three container media formulations with varying proportions of hurd
or wood fiber, peat and vermiculite as follows: (A) 0.5 hurd:0.5 peat:1 vermiculite; (B) 0.5 wood fiber:0.5 peat:1 vermiculite; (C) 1 peat:1 vermiculite (control).
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Fig. 7. Finished containers of geranium (Pelargonium x hortorum Maverick' Red Hybrid) grown in three container media formulations with varying propor-
tions of hurd or wood fiber, peat, and vermiculite as follows: (A) 0.5 hurd:0.5 peat:1 vermiculite; (B) 0.5 wood fiber:0.5 peat:1 vermiculite; (C) 1 peat:1

vermiculite (control).
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Fig. 8. Pour through values for pH and electrical conductivity (EC) from three container media formulations with varying proportions of hurd or wood fiber,
peat, and vermiculite planted with petunia [Petunia xhybrida Shock Wave® Coral Crush (A and B)] or geranium [Pelargonium xhortorum Maverick"™
Red Hybrid (C and D)]. Vertical bars indicate + standard error.
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