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Abstract. In the last decade, organic production has been the fastest growing segment in
U.S. agriculture. With increase in organic acreages there is a strong and growing demand
for organically grown transplants. As a result of limited commercial availability of certified
vegetable transplants, growers often produce their transplants on-farm. Commercial
organic mixes for organic transplant production may not be locally available and are
usually expensive. Growers often design their own mixes using compost and other organic
amendments. The purpose of this study was to evaluate the incorporation of alfalfa-based
amendment in a peat-compost medium for organic tomato transplant production. Growing
medium of 2 peat:1 vermiculite:1 compost (by volume) was amended with 0%, 0.6%, 1.2%,
1.8%, or 2.4% weight by weight of alfalfa-based organic amendment and incubated for 0, 1,
2, 3, or 4 weeks. Medium pH and electrical conductivity (EC), seed germination (untreated
Solanum Lycopersicon L. ‘Mountain Fresh’ seed), transplant dry weight, height, stem
diameter, and SPAD values were measured. Medium pH increased with addition of alfalfa-
based amendment but remained within the range of 5.5 to 7.0. Germination percentages
were less than 50% in amended medium that was either not incubated or incubated for 4
weeks. Germination was greater than 75% if amended media were incubated for 1, 2, or 3
weeks. Seeds grown in peat-compost without any amendments had the highest germination
rates; however, severe nutrient deficiency suppressed seedling growth. Relative to growth in
medium with no amendments, plants growing in the amended medium had increased stem
diameter, height, leaf chlorophyll content, and plant dry weight (90% to 160% more),
provided the amended medium was incubated for at least 1 week. Application rate of 0.6%
or 1.2% of alfalfa-based amendment produced transplants with suitable growth charac-
teristics and met commercially acceptable standards for transplanting and handling at
a reasonable estimated cost.

To optimize the production system, most
vegetable crops are established from green-
house-grown transplants. Transplant produc-
tion is a critical phase that significantly affects
growth and development of the crop in the field
(Dufault, 1998). Some of the advantages of
greenhouse-grown transplants are that they can
be started early, have uniformity in growth,
and are robust and have healthy root systems
(Cantliffe, 1993). Production of transplants in
small cells in peat-based medium is the most

common and widely practiced method (Raviv
et al., 1986). To obtain healthy transplants, it
is a common practice to fertilize medium with
amendments or water-soluble fertilizers that
provide nitrogen (N), phosphorus (P), potas-
sium (K), and other nutrients to the developing
seedlings (Weston and Zandstra, 1989). The
nutrient management aspect for convention-
ally grown transplants has been extensively
researched and largely optimized; however,
there are challenges for organic transplant
production. There is little information avail-
able on aspects such as nutrient management
in organic transplant production; as a result,
organically produced transplants are often
of low quality (Diaz-Perez et al., 2008). With
increase in demand for organically grown
transplants, a number of soluble organic fer-
tilizers and supplements have emerged in the
market (Kuepper and Everett, 2004; Treadwell
et al., 2007). These products are usually expen-
sive and not always locally available (Peet
et al., 2008).

Growers often design their own mixes
using compost and other organic amendments.
Organic growers largely depend on compost
to manage nutrient requirements of growing

transplants. Incorporation of large proportions
of compost in the growing medium is not
warranted because it can lead to increased
salinity and could adversely affect seed ger-
mination, seedling growth, and yield (Clark
and Cavigelli, 2005; Sanchez-Monedero et al.,
2004). Compost nutrient quality also varies
based on raw materials used and process and
duration of composting. Additionally, it is
difficult to synchronize nitrogen mineraliza-
tion from the compost-amended medium with
crop N demand (Treadwell et al., 2007). Sup-
plementing compost-amended medium with
a standardized organic amendment serves as
a viable alternative for nutrient management
in organic transplant production. There are a
number of organic N sources available such as
alfalfa meal, soybean meal, and blood meal.
Most of these amendments have not been
tested thoroughly despite their popularity and
widespread use by growers (Hochmuth et al.,
2006). The addition of blood meal, rock
phosphate, and greensand in the potting mix is
practiced by many small-scale organic growers
(Coleman, 1995). In most cases after incorpo-
ration of organic amendments, a certain pe-
riod of time is required for N mineralization
(Agehara and Warncke, 2005). In certain
cases it is recommended that the plant-based
amendment be mixed into the potting medium
2 weeks before sowing of seeds to prevent seed
injury. We tested the use of a peat-compost-
based growing mix supplemented with an
alfalfa-based organic amendment derived
from alfalfa, meat meal, molasses, and potash
(Bradfield Organics� Tasty Tomato� 3-3-3;
Land O’Lakes Purina Feed LLC, Gray Sum-
mit, MO). The objectives of this study were
to develop an efficient transplant production
protocol by: 1) determining the optimal concen-
tration of the alfalfa-based organic amendment;
and 2) ascertaining the optimal incubation time
of the medium with the amendment to ensure
timely supply of nutrients and avoid seed or
seedling injury.

Materials and Methods

The experiment was a 5 · 5 factorial with a
completely randomized design. There were 25
growing medium treatments obtained through
combination of five concentrations and five
incubation periods of an alfalfa-based or-
ganic amendment (Bradfield Organics� Tasty
Tomato� 3-3-3). The organic amendment is a
coarse powder that has nutrients derived from
alfalfa, meat meal, molasses, and sulfate of
potash and contains essential nutrients (Ta-
ble 1). The compost produced at the Mich-
igan State University Student Organic Farm
composed of: 1) straw and wood shaving
from sheep and horse bedding; 2) 1- to 2-year-
old leaf mold collected from campus; and 3)
straw and hay formulated to produce a high
carbon, low nitrogen mix for transplant pro-
duction. The finished compost was maintained
outside for 1 year and later stored in a heated
greenhouse for another year so it was fully
mature and dry. The compost had 27.5%
organic matter, 7.2 dS�m–1 EC (in a 1:1 v:v
water extract), and 5.27 pH (in a 1:1 v:v water
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extract). The nutrient content was 459, 1, 45,
810, 585, 192, 169, and 235 mg�kg–1 of nitrate-
N, ammonium-N, P, K, calcium, magnesium,
sodium, and chlorine, respectively.

The first batch of root medium was pre-
pared on 2 Apr. 2007 by mixing peat (Sunshine�

Professional Grade; Sun Gro Horticulture Ltd.,
British Columbia, Canada), compost, and No.
2 vermiculite (Michigan Growers Products,
Galesburg, MI) in the ratio 2:1:1 by volume.
Water was added (40% of volume) to facilitate
mixing and stimulate microbial activity. Moist
bulk density of the medium was estimated at
1000 kg�m–3. A volume of 0.15 m3 of this
medium was prepared and split into five sets of
0.03 m3 each. To four of these sets, one of the
following amounts of organic amendment was
assigned randomly: 168 g (equivalent to a rate
of 10 lb�yd–3 or 5.6 k�gm–3 or 0.6% w/w), 336 g
(1.2% w/w), 504 g (1.8% w/w), and 672 g
(2.4% w/w). No amendment was added to the
last set that served as an unamended treatment.
Sets of root medium were incubated for 4
weeks. Similarly, four more sets of five treat-
ments were prepared and incubated for 3, 2, 1,
and 0 weeks before seeding. Growing medium
incubations were scheduled such that seeding
for all media could take place the same day
(30 Apr. 2007). Media were turned weekly to
ensure aeration and uniformity. Air and me-
dium temperatures were monitored during the
incubation period using data logger sensors
(WatchDog�; Spectrum Technologies, Plain-
field, IL). Sensors were placed halfway inside
the bucket, containing each medium, and out-
side to measure the ambient air temperature
in the head house where media were stored.
During the incubation phase, two medium sub-
samples were collected from treatments within
the 4-week incubation treatment at weekly
intervals to monitor pH and EC using a 1:1
and 1:2 (by volume) medium-to-water method,
respectively (Watson and Brown, 1998).

After the incubation period, on 30 Apr.
2007, each treatment was filled uniformly
into six 49-celled flats (98-celled flats cut in
half) per treatment. Each flat was labeled and
seeded with untreated tomato seeds (Solanum
Lycopersicon L. ‘Mountain Fresh’) (Seed-
way LLC, Hall, NY). Flats were then moved
into a heated greenhouse. The temperature
inside the greenhouse was maintained at 22 �C.

Irrigation was carried out by overhead hoses
and breakers with minimal water to avoid
leaching of nutrients from medium. Medium
was irrigated frequently for the first week to
provide constant moisture supply to facilitate
seed germinating. Germination in 49 cells was
assessed 2 weeks after seeding by counting
emerged seedlings. Destructive sampling was
carried out at two different growth stages
(2 and 6 weeks after seeding) to determine
total dry weight (root and shoot dry weight).
Sample size for destructive sampling con-
sisted of five transplants per treatment with
six replications. Transplants were gently pulled
out, and roots were washed under running
water to remove the medium. Plant height,
stem diameter, and chlorophyll content were
also measured. Stem diameter was measured
just above the point of attachment of cotyle-
dons using a Vernier caliper (Avenger Prod-
ucts, Boulder City, NV). Leaf chlorophyll
content of the recently emerged, fully opened
true leaf was recorded with a chlorophyll meter
(SPAD-502 Chlorophyll Meter; Minolta Cam-
era Co. Ltd., Osaka, Japan). The SPAD values
were means of 10 leaf measurements. Before
seeding and 2 weeks after seeding, medium
samples were collected from all treatments to
measure pH and EC. The entire experiment

was repeated concurrently in a separate green-
house. Statistical analyses were conducted
using SAS Statistical Software (SAS Version
9.1; SAS Institute Inc., Cary, NC). Data were
subjected to simple linear regression analysis
using analysis of covariance with amendment
rate as the covariate. Means were separated
at various covariate levels by ‘‘lsmeans’’ and
‘‘pdiff’’ statements in SAS (P # 0.05 level).
Seed germination and stem diameter data
were analyzed by nonlinear regression anal-
ysis using the following logistic equation:

y = ða + cxÞ=ð1 + bxÞ [1]

where y is the dependent variable; x the amend-
ment concentration; and a, b, and c are the
regression parameters.

Results and Discussion

Medium characteristics. Over the course
of the 4-week incubation period, medium
EC increased between 3-week and 4-week in-
cubation. For unamended medium, there was
initially a gradual decrease in EC during the
second and third weeks of incubation fol-
lowed by an increase by the end of 4 weeks
(Fig. 1A). Electrolytic conductivity values,
by the end of 4-week incubation period, for

Table 1. Nutrient composition of alfalfa-based
organic amendment incorporated in the growing
media for organic transplant production (based
on data provided by Bradfield Organics, Land
O’Lakes Purina Feed LLC, Gray Summit, MO).

Nutrients
Concn

(%) Nutrients
Concn

(mg�kg–1)

Nitrogen 3.0 Iron 425.0
Phosphorus 1.3 Manganese 65.0
Potassium 3.0 Zinc 75.0
Sulfur 0.8 Copper 20.0
Calcium 2.8 Cobalt 0.9
Magnesium 0.3 Boron 13.9
Sodium 0.3 Selenium <5.0
Chlorine 0.4 — —
Protein 19.0 — —
Fat 3.5 — —
Fiber 14.0 — —
Sugar 6.5 — —

Fig. 1. Changes in media electrical conductivity (A) and pH (B) during a 4-week incubation period with
different amendment concentrations. Data collected from the 4-week incubation treatment only. Each
data point is a mean of two samples. Error bars denote SE.
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all media treatments, except the unamended
treatment, were higher than values at the start
of the incubation. Increase in EC with in-
creasing incubation is attributable partly to
the presence of potassium sulfate in the amend-
ment and to the release of soluble compounds
from the mineralization and nitrification pro-
cess as a result of prolonged incubation. Dif-
ferences in EC values were largest at the end
of 4-week incubation in which medium with
higher amendment rates exhibited higher values.
Medium pH increased for the first 2 consecu-
tive weeks of incubation, after which it started
to decrease (Fig. 1B). Interestingly, irrespec-
tive of the rate, at the end of the incubation, all
treatments had similar pH values. Medium pH
ranged from 5.2 to 6.3, a suggested optimal
range for a greenhouse substrate (Herrera et al.,
2008; Sanchez-Monedero et al., 2004; Warncke
and Krauskopf, 1983).

For the first 2 weeks of incubation, tem-
peratures for amended media were 2 to 4 �C
higher than the unamended medium (Fig. 2).
Increase in temperature after addition of a
similar product to mature compost in a bioreac-
tor, followed by incubation, has been reported
by Jost (2008). Higher concentrations of alfalfa-
based amendment resulted in higher medium
temperatures. After 2 weeks, the difference in
medium temperature among treatments gradu-
ally disappeared.

Seed germination. Data from both green-
houses were combined as a result of lack of
interaction between greenhouses and treat-
ments. Seed germination was significantly
affected by amendment concentration and
weeks of incubation. The effect of amend-
ment concentration varied depending on
incubation period. For unamended medium
(0% amendment), incubation time did not
have a profound effect on seed germination
(Fig. 3). Unincubated, 1-, 2-, or 3-week in-
cubated medium had no difference in seed
germination; however, 4-week incubated me-
dium had lower germination. Differences in
germination became more evident with the
addition of alfalfa-based amendment. At 0.6%
amendment concentration, the lowest germi-
nation (28%) was recorded for unincubated
medium followed by the 4-week incubation
treatment (46%). A similar trend was observed
at 1.2%, 1.8%, and 2.4% amendment concen-
trations. Lowest seed germination (6%) was
recorded for the unincubated 2.4% amendment
treatment. Among all incubation treatments,
the highest seed germination was obtained
when no amendment was added to the medium.
It is evident that addition of the amendment
was affecting seed germination, but this was
true only when the medium was either unin-
cubated or incubated for 4 weeks. Within
unincubated and 4-week incubation treat-
ments, drop in seed germination was sharp
with increasing rates of amendment concen-
tration. The reduction in seed germination
resulting from the addition of amendment
was counteracted by incubating the amended
medium for 1, 2, or 3 weeks. To obtain sat-
isfactory germination when incorporating the
organic amendment, it is critical to incubate
the medium for a minimum of 1 week and

a maximum of 3 weeks before seeding, based
on the incubation temperature used in this
study. It is important to note that the required
incubation time is likely a function of temper-
ature and could be shorter at higher tempera-
ture or longer at lower temperature than the
average temperature of 18 �C in this exper-
iment. Organic mixes containing plant- and
animal-based residues could lower tomato
seed germination and should be carefully
tested to ensure adequate germination (Peet
et al., 2008). Studies on plant- and animal-based
amendments suggest incubation of amended
medium for at least 2 weeks before sowing to
prevent injury or damage to seed (Koller et al.,
2004). The period of incubation also may
depend on other factors such as aeration. The
better the aeration, the shorter the incubation
needed (Jost, 2008).

Theis (2005) observed lowest tomato seed-
ling emergence if a peat and vermiculite me-

dium was amended with alfalfa meal as
compared with the same medium amended
with composted dairy manure, dairy manure-
based vermicompost, or sesame meal. Poor
germination in media treatments that were
amended and unincubated could be a result
of presence of allelochemicals or a harmful
microbial environment. Electrolytic conduc-
tivity also plays an important role in germina-
tion, and elevated EC is known to restrict
germination and growth of tomato seedlings
(Cuartero and Fernandez-Munoz, 1999; Foolad
and Jones, 1991). Higher salinity could not
only lower germination, but also lengthen the
time needed for germination (Ayers, 1952).
In our study, however, EC remained below
2 dS�m–1, which is lower than values that af-
fect tomato seed germination (Herrera et al.,
2008; Ramana et al., 2002). Before seeding,
differences in medium EC among incubation
treatments were less evident in the unamended

Fig. 2. Temperatures of ambient air and media (amended with 0%, 0.6%, 1.2%, 1.8%, or 2.4% alfalfa-
based organic amendment) during a 4-week incubation period. Media were incubated in buckets with
loose lids and temperature sensors placed in the middle.

Fig. 3. Effects of alfalfa-based organic amendment in peat-compost growing medium on tomato seed
germination 2 weeks after seeding as analyzed by non-linear regression. Mean separation between
incubation periods at any given concentration by lowercase letter(s). Values with same letter(s) are not
significantly different (P # 0.05).
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and 0.6% amendment medium, but with in-
creasing amendment concentration, longer
incubation treatments exhibited higher EC
values (Fig. 4A). Those differences, however,
narrowed down 2 weeks after seeding. Over-
all there was a strong linear relationship
with medium EC increasing with increasing
amendment concentration for every incuba-
tion period (Fig. 4B). Before seeding, with
respect to medium pH, unamended medium
treatments had lower pH than amended me-
dium, except for the 4-week incubation treat-
ment (Fig. 5A). Medium pH for 4-week
incubation did not increase with increasing
amendment rates and did not fit the regres-
sion analysis as good as other treatments.
Two weeks after seeding, within any incuba-
tion period, higher pHs were recorded for
unamended media (Fig. 5B). In general, most
of the treatments tested in this study had pH
values in the acceptable range of 5.2 to 6.5
either before or 2 weeks after seeding.

Allelopathic effects of alfalfa plant resi-
dues on emergence and growth of seedlings
have been reported. Alfalfa extracts inhibited
seed germination in cotton (Megie et al.,
1967), corn (Guenzi et al., 1964), and cucum-
ber (Ells and McSay, 1991). Biological activity
possibly could contribute to poor germination
in the unincubated medium. Considerable

microbial activity, in the form of a thick
mycelial growth, was observed on the medium
surface within 1 week of incorporation of the
amendment. Concentration of fungal mycelia
increased with increasing rate of the amend-
ment and was accompanied by a distinct
butyric smell. Analysis of 1-week incubated
medium at Michigan State University Plant
Diagnostics Laboratory indicated the presence
of fungi, the dominant form being Cephalo-
sporium sp. There is no available literature
citing Cephalosporium as a causal organism
affecting tomato seed germination; however,
proliferation of fungus, triggered by the al-
falfa-based amendment, could have rotted the
seeds. Poor germination in 4-week incubated
media can be largely attributed to higher
microbial activity and accumulation of harm-
ful organic acids and compounds produced as
a result of mineralization.

Transplant biomass. There were no dif-
ferences in total transplant dry weight (root
and shoot) 2 weeks after seeding; however,
differences were significant 6 weeks after
seeding. Unamended treatments had the low-
est transplant dry weight accumulation in-
dicating that the compost used in this study,
and under the irrigation methods used, could
not adequately supply nutrients up to the final
stage in the greenhouse (6 to 8 weeks). Com-

post was 25% of the medium by volume. To
increase the long-term nutritional content of
the medium, there is a possibility of increasing
the proportion of compost in the medium, but
that action could lead to problems associated
with higher salt concentration, poor physical
characteristics, contamination, and low seed
germination (Garcia-Gomez et al., 2002;
Perez-Murcia et al., 2005; Raviv et al., 1986).

An increased amount of amendment in the
medium translated to healthier transplants
with 90% to 150% more transplant dry weight
than plants growing in unamended medium.
As a result of poor germination, no data could
be collected for medium to which amendment
was added and left unincubated (0-week in-
cubation). Transplant dry weight increased as
amendment rate increased, but the rate of
increase was not the same between incubation
periods (Fig. 6). Simple linear regression anal-
ysis explained trends for different incubation
periods. Analysis of covariance with amend-
ment concentration as the covariate revealed
differences in regression slope coefficients
(P # 0.0001). The regression slope for unin-
cubated medium was statistically similar to
1- or 2-week incubations; however, it was
different when compared with 4-week incu-
bation (P # 0.0001). Slopes for 2-, 3-, or
4-week incubations were statistically differ-
ent. Unamended treatment incubated for 1,
2, or 3 weeks produced transplants with higher
dry weight than 4-week incubation. At 0.6%
amendment concentration, 2-, 3-, or 4-week
incubation produced higher transplant dry
weight as compared to 1-week incubation.
At higher amendment concentrations (1.2%,
1.8%, or 2.4%), 4-week incubation produced
transplants with the highest dry weight. This
could be a result of enhanced nutrient avail-
ability in 4-week incubated medium as a result
of increased mineralization during incubation.

The highest transplant dry weight was
obtained with medium amended with 2.4%
amendment and incubated for 4 weeks. Al-
though this treatment produced the highest
transplant dry weight, germination results for
4-week incubation were lower than all other
incubation treatments irrespective of amend-
ment concentrations. The higher per plant dry
weight in the 4-week incubation may be an
effect of lower plant density resulting from
void spaces created in flats by ungerminated
seeds and the higher availability of nutrients
per plant.

Stem diameter, height, and chlorophyll
content. The effect of amendment concentra-
tion and incubation period on stem diameter
was explained by non-linear regression (Fig.
7). Regression lines displayed strong coeffi-
cient of determination values and accounted
for differences in medium resulting from
different amendment concentrations and in-
cubation periods. At 0.6% amendment con-
centration, there was a sharp increase in stem
diameter for every incubation period. Subse-
quent addition of amendment did not increase
stem diameter considerably. Unamended treat-
ments in all incubation periods exhibited small
stem diameters. For unamended medium, 2-, 3-,
or 4-week incubations produced seedlings with

Fig. 4. Effects of alfalfa-based organic amendment in peat-compost growing medium on medium electrical
conductivity before seeding (A) and 2 weeks after seeding (B) as analyzed by simple linear regression.
Error bars denote SE.
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larger stem diameters than 1-week incubation,
because longer incubation resulted in en-
hanced mineralization of compost (part of the
base medium) in those treatments. A number

of researchers have reported increased plant
growth after incorporation of nutrients in the
greenhouse medium (Bustamante et al., 2008;
Perez-Murcia et al., 2005; Sanchez-Monedero

et al., 2004). Addition of nutrients from the
amendments led to increased stem diameters
compared with unamended treatments, show-
casing benefits to transplant growth.

Various studies demonstrated that mineral
nutrition of tomato seedlings influences plant
growth at the transplant and post-transplant
stages (Melton and Dufault, 1991; Weston
and Zandstra, 1989). Liptay et al. (1992) reported
increasing tomato transplant heights with in-
creasing N levels. No comparisons for trans-
plant height could be made for unincubated
treatments as a result of lack of transplants
resulting from poor germination. Overall,
transplant height increased with increasing
amendment rates for all incubations (Fig.
8A). The response was linear with different
degrees of slope. In the unamended medium,
transplant heights were similar for 1- and 4-
week incubations. Transplant height for 2- or
3-week incubation was higher than 1 or 4
weeks. At 1.2% and 1.8% amendment con-
centration, 2- and 3-week incubation treat-
ments produced transplants with the highest
heights, respectively. For 2-week incubation
treatment, transplant height increased with
the increase in the amendment concentration
up to the 1.2% level, after which it decreased.
For the 3-week incubation treatment, 1.8% or
2.4% amendment treatments produced taller
transplants.

A direct link has been demonstrated
between leaf chlorophyll content (measured
indirectly through the SPAD meter) and leaf
N status (Li et al., 1998; Swiader and Moore,
2002; Wang et al., 2004). Leaf greenness or
chlorophyll content is affected by several
factors, including nutrient concentration, dis-
tribution of chlorophyll in leaves, and plant
genotype (Soval-Villa et al., 2002; Uddling
et al., 2007). In general, SPAD values in-
creased with increasing rates of amendment
(Fig. 8B). This is the result of increased nu-
trient concentration in the growing medium.
Studies have reported increased plant height,
leaf number, leaf area, and plant dry weight
with increased levels of N concentration in
the growing medium (Masson et al., 1991;
Weston and Zandstra, 1989). Duration of
incubation did influence SPAD values at the
0% or 2.4% amendment level. At 0% amend-
ment concentration, 2-week incubation had
the lowest SPAD value followed by 4-week
treatment. There was no difference between
1- and 3-week incubation treatment, which was
higher than 2- or 4-week treatment. Differ-
ences were less evident at the 0.6%, 1.2%, or
1.8% amendment level; however, at the 2.4%
amendment level, 4-week incubation had the
lowest SPAD value.

The compost and peat-based medium
amended with alfalfa-based amendment pro-
duced healthy tomato transplants from direct
seeding if incubation of the amended medium
occurred for 1, 2, or 3 weeks. Koller et al.
(2004) used several plant- and animal-based
fertilizers for vegetable transplant production
and recommended mixing and incubating
plant-based amendments with potting me-
dium for 2 weeks to prevent seed damage.
The organic amendment used in this study

Fig. 6. Effects of alfalfa-based organic amendment in peat-compost growing medium on tomato transplant
biomass 6 weeks after seeding as analyzed by simple linear regression. Mean separation between
incubation periods at any given concentration by lowercase letter(s). Values with same letter(s) are not
significantly different (P # 0.05).

Fig. 5. Effects of alfalfa-based organic amendment in peat-compost growing medium on medium pH
before seeding (A) and 2 weeks after seeding (B) as analyzed by simple linear regression. Error bars
denote SE.
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was derived from alfalfa, molasses, and meat
meal, and it is recommended that the amend-
ment be incubated with the growing medium
before seeding. This process also allows
mineralization and release of nutrients from

the amendment before seeding. Incubation
also will prevent allelopathic interactions be-
tween amendment and the germinating seed-
lings. Allelopathic effects of alfalfa plant
residue on seed germination and growth of

cucumber seedlings have been reported (Ells
and McSay, 1991).

Selection of a particular kind and rate of
organic amendment should be made based on
cost-effectiveness and effects on medium pH
and EC, seed germination, plant height, stem
diameter, chlorophyll content, plant biomass,
and sustainability of the product. To balance
all those variables without compromising
transplant health and quality would be the
optimum approach to organic transplant pro-
duction. Overall, growing medium amended
with 0.6%, 1.2%, 1.8%, or 2.4% concentration
of alfalfa-based amendment produced trans-
plants with suitable growth characteristics
and met commercially acceptable standards
for transplanting and handling. A higher rate
of 2.4% amendment produced robust and
healthy transplants but has the potential to
affect seed germination and thereby needs
prolonged incubation.

From a grower’s standpoint, feasibility
for the adoption of any production system or
technique is often driven by cost of produc-
tion. Use of alfalfa-based amendment tested in
this study was economically feasible. The
unamended medium used in this study would
cost $67/m3, assuming peat at $36 (0.5 m3 at
$71/m3), vermiculite at $24 (0.25 m3 at $95/
m3), and compost at $7 (0.25 m3 at $26/m3).
Depending on geographical location in the
United States, price for dairy compost can vary
from $16 to 66/m3 (McEntee, 2005). In case of
certified organic medium, it is not unusual for
commercial seedling and transplant medium
to cost $60 to $197/m3 or more. Based on retail
purchase of a single bag (11 kg), an estimated
cost of the amendment (Bradfield Organics�

Tasty Tomato 3-3-3) used is $20. If the prod-
uct is used at 0.6% concentration (at a rate of
5.9 kg�m–3), it would cost $10/m3, which
would increase medium cost from $67 to
$77/m3 (an increase of 15%). Even then, input
cost for the medium is well within prevailing
market value of other commercial organic
blends and formulations. There are benefits to
incorporation of alfalfa-based amendments in
compost-based medium when compost alone
(at 25% volume) was not able to provide
sufficient nutrition for the desired transplant
growth. Thus, use of plant- and animal-based
amendments such as organic amendment used
in this study, together with compost, has the
potential to serve as nutrition supplements for
sustainable greenhouse transplant production.
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