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Processed Poultry 
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an Alternative to 
Peat in Greenhouse 
Crops Substrates
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SUMMARY. Plant growth was evalu-
ated in substrates containing varying 
proportions of processed poultry 
feather fi ber (feather fi ber). ‘Cooler 
Blush’ vinca (Catharanthus roseus) and 
‘Orbit Cardinal’ geranium (Pelargo-
nium ×hortorum) dry shoot and dry 
root weights were not signifi cantly 
different among plants grown in 
sphagnum-peat-based and perlite-
based substrates containing 0% to 30% 
feather fi ber. ‘Pineapple Queen’ coleus 
(Coleus blumei) dry shoot weights 
were not signifi cantly different among 
plants grown in substrates contain-
ing 0% to 50% feather fi ber. Coleus 
dry root weights were not signifi -
cantly different among the substrates 
containing 0% to 40% feather fi ber. 
‘Better Boy’ tomato (Lycopersicon 
esculentum) dry shoot weights were 
not signifi cantly different among 
the substrates containing 0% to 30% 
feather fi ber. Tomato dry root weights 
were not signifi cantly different among 
the substrates containing 0% to 30% 
feather fi ber, but tomato grown in 
substrates containing 40% to 60% 
feather fi ber had signifi cantly lower 
dry root weights than tomato grown 
in substrates containing 0% to 30% 
feather fi ber. ‘Salad Bush’ cucumber 
(Cucumis sativus) dry shoot and dry 
root weights were not signifi cantly 
different between plants grown in 
0% to 50% feather fi ber, but those 
gown in substrates containing 60% 
feather fi ber had signifi cantly lower 
dry shoot weights than those grown 
in substrates containing 0% feather 
fi ber. Dry shoot and root weights of 
coleus and tomato grown in SB-300 
substrate amended with 20% or 30% 
feather fi ber were not signifi cantly dif-
ferent from coleus and tomato grown 

in SB-300 without feather fi ber. Dry 
shoot and dry root weights of coleus 
and tomato were signifi cantly lower 
for plants grown in SB-300 amended 
with 40% feather fi ber than for plants 
grown in SB-300 without feather 
fi ber. For all species tested, plants 
grown in substrates containing up 
to 30% feather fi ber were not signifi -
cantly different from those grown in 
substrates containing 0% feather fi ber 
and were of marketable qualities.

Artifi cial substrates are commonly 
used in the production of con-
tainerized greenhouse and nurs-

ery crops (Nelson, 1998). Substrates 
are formulated from various organic 
and inorganic components to provide 
suitable physical and chemical proper-
ties as required by the specifi c crop and 
growing conditions (Bunt 1988). One 
of the most common materials used in 
the formulation of artifi cial substrates is 
sphagnum peat (peat). Environmental 
concerns (Barkham, 1993; Buckland, 
1993; Robertson, 1993) and cost have 
generated signifi cant interest in the de-
velopment of alternatives to peat.

 Most research on the develop-
ment of alternatives to peat has been 
focused on agricultural, industrial and 
municipal waste products. Among 
these products were coconut coir 
(Evans and Stamps, 1996), cotton 
gin waste (Wang, 1991), waste paper 
products (Norrie and Gosselin, 1996; 
Chong and Cline, 1993), composted 
rice hulls (Laiche and Nash, 1990), 
kenaf (Wang, 1994), municipal sewage 
sludge (Mori et al., 1981), composted 
yard waste (Beeson, 1996) and various 
composted animal manures (Tyler et 
al., 1993). Some of these materials are 
not produced in large enough quanti-
ties to impact the market while others 
have proved too expensive for their 
intended use. Some of these materials 
have proven to be unsuitable because 
of their high degree of variability and 
their likelihood of containing con-
taminants such as metal fragments, 
glass, lead and mercury, while others 
have been used locally or regionally in 
niche markets.

Poultry feathers are a signifi cant 
waste material produced by the meat 
processing industry. Depending on 
location and specifi c environmental 
regulatory requirements, feathers may 
be dried and ground for use in fertilizers 
(Choi and Nelson, 1996a; Choi and 
Nelson, 1996b; Hadas and Kautsky, 

1994) and animal feeds (Brown and 
Pate, 1997; Palmquist et al., 1993), 
burned or landfi lled. Being made al-
most entirely of the protein keratin, 
feathers are strong, biodegradable and 
contain about 15% nitrogen (N) by 
weight (Hadas and Kautsky, 1994). 

In cooperation with Tyson Foods 
(Springdale, Ark.), we developed a pro-
cess to wash, press, disinfect and grind 
waste poultry feathers to produce a 
fi brous material that can be used as a 
component to reduce the amount of 
peat required to formulate substrates 
used to grow containerized greenhouse 
crops. The objective of this research was 
to evaluate plant growth of several com-
mon greenhouse crops in substrates in 
which varying percentages of the peat 
were replaced with feather fi ber.

Materials and methods
EXPERIMENT 1. GROWTH OF GERA-

NIUM AND VINCA IN FEATHER FIBER-CONTAIN-
ING SUBSTRATES. Four substrates were 
formulated by blending processed 
poultry feather fi ber (Tyson Foods, 
Springdale, Ark.), horticultural perlite 
[4 to 6 mm (0.16 to 0.24 inch)] and 
peat (SunGro Horticulture, Bellevue, 
Wash.) at varying proportions. All 
substrates contained 20% (by volume) 
perlite and 0%, 10%, 20%, or 30% (by 
volume) processed feather fi ber with 
the remainder being peat. For the 
substrate containing 0% feather fi ber, 
calcitic lime was added to the peat to 
adjust the initial pH to 5.5 before mix-
ing of the substrate. Because initial pH 
of feather fi ber was 7.0 to 7.2, no lime 
was added to the peat used in feather 
fi ber-containing substrates. Initial pH 
of the substrates was 5.5, 5.1, 5.3, and 
5.7 for the 0%, 10%, 20%, and 30% 
feather fi ber substrates, respectively.

Four-leaf plugs [seedlings in size 
288 plug trays with 5 mL (0.3 inch3) 
volume per plug cell] of ‘Orbit Car-
dinal’ geranium and ‘Cooler Blush’ 
vinca were transplanted into 10.2-cm 
(4-inch) plastic containers fi lled with 
each of the test substrates described. 

Plants were placed into a glass-
glazed greenhouse. Greenhouse air 
temperatures were maintained between 
20 and 25 oC (68.0 and 77.0 oF). Plants 
were grown under ambient light levels 
(275 to 300 µmol·s–1·m–2 at 1200 HR). 
Immediately after being placed into 
the greenhouse, all substrates were 
drenched with 50 mL (1.7 fl  oz) of 
15% etridiazole and 25% thiophanate-
methyl (Banrot; Scotts, Marysville, 
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Ohio) fungicide according to label 
directions. Plants were fertilized at 
each irrigation with a 200 mg·L–1 (ppm) 
N solution using a 15N–2.2P–12.5K 
fertilizer (Excel 15–5–15 Cal Mag; 
Scotts, Marysville, Ohio). 

After 8 weeks, the experiment 
was terminated. Dry shoot and root 
weights were determined. The experi-
mental design was a complete random-
ized block with eight blocks and each 
species and substrate appearing once 
in each block. The experiment was 
repeated twice over time. No signifi -
cant interaction occurred for time, so 
data from the experiment were pooled 
across time. An analysis of variance was 
conducted to determine if signifi cant 
differences in plant growth occurred 
among the different substrates. Where 
signifi cant differences occurred, a least 
signifi cant difference mean separation 
test (α = 0.05) was conducted to de-
termine which means were signifi cantly 
different from one another.

EXPERIMENT 2. GROWTH OF COLEUS, 
TOMATO AND CUCUMBER IN PEAT-BASED 
SUBSTRATES AMENDED WITH PROCESSED 
FEATHER FIBER. Except where indicated, 
protocols for Expt. 2 were as described 
for Expt. 1. Seven substrates were 
formulated by blending feather fi ber, 
horticultural perlite and peat at varying 
proportions. All substrates contained 
20% (v/v) perlite and 0%, 10%, 20%, 
30%, 40%, 50%, or 60% (v/v) feather 
fi ber with the remainder being peat. 

Two-leaf plugs [seedlings in size 
288 plug trays with 5 mL volume per 
plug cell] of ‘Better Boy’ tomato and 
5.1-cm (2-inch) rooted cuttings of 

‘Pineapple Queen’ coleus were trans-
planted into 10.2-cm plastic containers 
fi lled with each of the test substrates 
described. Two seed of ‘Salad Bush’ 
cucumber seed were sown directly into 
containers fi lled with each substrate.

Greenhouse air temperatures were 
maintained between 20 and 28 oC 
(68.0 and 82.4 oF). Plants were grown 
under ambient light levels (270 to 335 
µmol·s–1·m–2 at 1200 HR). Immediately 
after being placed into the greenhouse, 
substrates planted with tomato and co-
leus were drenched with the fungicide 
Banrot (Scotts, Marysville, Ohio) at the 
recommended label rate. Cucumber 
were not drenched with fungicide. 

After 4 weeks for tomato and 
cucumber and 6 weeks for coleus, 
the experiment was terminated. The 
experimental design was a complete 
randomized block with six blocks and 
each species and substrate occurring 
once per block. No signifi cant interac-
tion occurred for time, so data from the 
experiment were pooled across time. 

EXPERIMENT 3. GROWTH OF COLEUS 
AND TOMATO IN SB-300 COMMERCIAL 
SUBSTRATE AMENDED WITH PROCESSED-
POULTRY FEATHERS. Except where in-
dicated, protocols for Expt. 3 were as 
described for Expt. 2. Four substrates 
were formulated by blending feather 
fi ber at 0%, 20%, 30%, or 40% (v/v) with 
the commercially available peat, com-
posted bark and perlite-based growing 
media SB-300 (SunGro Horticulture, 
Bellevue, Wash.). Plugs of ‘Better Boy’ 
tomato and rooted cuttings of ‘Pine-
apple Queen’ coleus were transplanted 
into 10.2-cm black plastic containers 

fi lled with each of the test substrates 
as described.

After 4 weeks for tomato and 
6 weeks for coleus, the experiment 
was terminated. Dry shoot and root 
weights were determined. The experi-
mental design was a complete random-
ized block with eight replications. 

Results and discussion
EXPERIMENT 1. GROWTH OF GERA-

NIUM AND VINCA IN FEATHER FIBER-CON-
TAINING SUBSTRATES. When grown in 
substrates containing 0% to 30% feather 
fi ber geranium dry shoot and dry root 
weights ranged from 5.7 g to 6.1 g 
(28.35 g = 1.0 oz) and 0.8 g to 0.9 g, 
respectively, and were not signifi cantly 
different among the substrates (data 
not shown). Vinca dry shoot and dry 
root weights ranged from 1.1 g to 1.8 
g and 0.2 g to 0.4 g, respectively, and 
were not signifi cantly different among 
the substrates (data not shown). 

EXPERIMENT 2. GROWTH OF COLEUS, 
TOMATO AND CUCUMBER IN PEAT-BASED 
SUBSTRATES AMENDED WITH PROCESSED 
FEATHER FIBER. Coleus dry shoot 
weights were not signifi cantly differ-
ent between plants grown in substrates 
containing 0% feather fi ber and those 
grown in substrates containing 10% 
to 50% feather fi ber (Table 1). Coleus 
grown in substrates containing 60% 
feather fi ber had signifi cantly lower 
dry shoot weights than coleus grown 
in substrates containing 0% to 40% 
feather fi ber. Coleus dry root weights 
were not signifi cantly different among 
the substrates containing 0% to 40% 
feather fi ber. However, coleus grown 

Table 1. Growth of coleus, tomato and cucumber in sphagnum-peat-based substrates amended with processed poultry 
feather fi ber (feather fi ber).

    Coleus  Tomato  Cucumber
 Substrate component (% by vol) Dry Dry Dry Dry Dry Dry
Sphagnum Feather  shoot root shoot  root shoot root
peaty fi ber Perlite wt (g)z  wt (g) wt (g) wt (g) wt (g) wt (g)

80  0 20 3.8 1.0 8.5 1.8 3.7 1.2
70  10 20 4.2 0.9 8.8 2.1 4.3 1.3
60  20 20 4.1 1.0 9.0 1.9 4.5 1.3
50  30 20 4.2 0.8 7.8 1.7 4.0 1.4
40  40 20 3.8 0.6 7.5 1.1 4.1 0.8
30  50 20 2.7 0.5 6.2 0.9 2.8 0.9
20  60 20 2.2 0.4 6.0 0.7 2.3 0.4
Signifi cance
 Substrate   * * ** ** * *
 Block   NS NS NS NS NS NS

 LSD (α = 0.05)   1.2 0.4 0.7 0.4 0.9 0.5
z28.35 g = 1.0 oz.
ySphagnum peat used to formulate the 0% feather fi ber substrate was amended with calcitic limestone to a pH of about 5.5. Unamended sphagnum peat was used to formulate 
the remaining substrates.
NS,*,**Nonsignifi cant or signifi cant at P = 0.05 or 0.01, respectively.
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in substrates containing 50% or 60% 
feather fi ber had signifi cantly lower 
dry root weights than coleus plants 
grown in substrates containing 0% 
feather fi ber.

Tomato dry shoot weights were 
not significantly different among 
the substrates containing 0% to 20% 
feather fi ber (Table 1). Dry shoot 
weights were not signifi cantly differ-
ent between tomato plants grown in 
substrates amended with 0% feather 
fi ber and those grown in substrates 
amended with 10% to 30% feather fi -
ber. Tomato plants grown in substrates 
containing 40% feather fi ber had sig-
nifi cantly lower root dry weights than 
those grown in the substrate without 
feather fi ber. Tomato grown in sub-
strates containing 50% or 60% feather 
fi ber had signifi cantly lower dry shoot 
weights than the tomato grown in sub-
strates containing 0% to 40% feather 
fi ber. Tomato dry root weights were 
not significantly different among 
the substrates containing 0% to 30% 
feather fi ber. However, tomato grown 
in substrates containing 40% to 60% 
feather fi ber had signifi cantly lower 
dry root weights than tomato grown 
in substrates containing 0% to 30% 
feather fi ber.

Cucumber dry shoot weights were 
not signifi cantly different between the 
substrates containing 0% feather fi ber 
and those containing 10% to 50% 
feather fi ber (Table 1). Cucumber 
containing 60% feather fiber had 
signifi cantly lower dry shoot weights 
than cucumber grown in substrates 
containing 0% to 40% feather fi ber. 
Cucumber dry root weights were not 
signifi cantly different between the sub-
strates containing 0% feather fi ber and 
those grown in substrates containing 

10% to 50% feather fi ber. However, 
cucumber grown in substrates contain-
ing 60% feather fi ber had signifi cantly 
lower dry root weights than cucumber 
grown in substrates containing 0% to 
30% feather fi ber.

EXPERIMENT 3. GROWTH OF COLEUS 
AND TOMATO IN SB-300 COMMERCIAL 
SUBSTRATE AMENDED WITH FEATHER FI-
BER. Dry shoot and dry root weights 
of coleus and tomato grown in SB-300 
substrate amended with 20% or 30% 
feather fi ber were not signifi cantly 
different from coleus grown in SB-
300 without feather fi ber (Table 2). 
Dry shoot and dry root weights of 
coleus grown in SB-300 substrate 
amended with 40% feather fi ber were 
signifi cantly lower than those grown in 
SB-300 with 0% to 30% feather fi ber. 
Dry shoot and root weights of tomato 
grown in SB-300 substrate with 40% 
feather fi ber added were signifi cantly 
lower than those grown in SB-300 
without feather fi ber.

Geranium, vinca, coleus, tomato, 
and cucumber shoot and root growth 
of plants grown in substrates containing 
up to 30% feather fi ber were similar to 
those grown in substrates containing 
0% feather fi ber. Although species re-
sponses differed, when the amount of 
feather fi ber exceeded 30%, shoot and 
root growth declined and, although 
not always signifi cant, was lower than 
for those plants grown in 0% feather 
fi ber. For all species tested, plants 
grown in substrates containing up to 
30% feather fi ber were of marketable 
qualities. Therefore, feather fi ber was 
successfully used as a low-cost alterna-
tive to peat or as a spreading agent in 
combination with the SB-300 substrate 
to reduce the reliance on peat and to 
reduce the cost of the substrate. 

Conclusions
Plants grown in peat-based and 

perlite-based substrates or the com-
mercially obtained SB-300 substrate 
containing up to 30% feather fi ber 
had similar dry shoot and dry root 
weights as those grown in substrates 
containing 0% feather fi ber. Although 
species differed in their responses, when 
the amount of feather fi ber exceeded 
30%, shoot and root growth declined 
and, although not always signifi cant 
for all species tested, was lower than 
for those plants grown in 0% feather 
fi ber. For all species tested, plants 
grown in substrates containing up to 
30% feather fi ber were of marketable 
qualities. Therefore, plants could be 
grown in substrates containing up to 
30% feather fi ber, thus reducing reli-
ance on peat and reducing overall cost 
of the substrate.
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