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FIGURE 1. Net mineral N (NH,-N and NO4-N) in Codorus soil amended with
one rate (corresponding to 22.5 mg TN) of representative samples of algal
biomass grown using dairy manure and indoor laboratory scale ATS units (A)
or outdoor pilot scale raceways (B). Samples ATS-RD-3, ATS-RD-5, and
ATS-RD-8 were grown in indoor laboratory scale ATS units using raw dairy
manure effluent; ATS-DD-3 and ATS-DD-6 were grown in indoor laboratory
scale ATS units using digested dairy manure effluent; OR-RD-2, OR-RD-4,
and OR-RD-7 were grown in outdoor pilot scale raceways using raw dairy ma-
nure effluent. Net values (mean = std error) were calculated at each time point
as treatment values minus values from flasks containing no amendment.
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timepoint (Table 5), there was no consistent pattern in these values rela-
tive to algal N content, or to the type of manure effluent used to grow the
algae. In all amended flasks approximately 38% (= 5%) of the total algal
P was present as Mehlich-3 extractable P (a measure of plant available P)
at day zero and this value increased only slightly (to 41 * 5%) of the total
algal P was 4%) during the 63-day incubation period (data not shown).
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Results from the experiment to determine mineralization rates of algal
samples grown using outdoor raceways indicated that initial rates and
amounts of N mineralization were similar to those obtained from indoor-
produced algal biomass (29 * 4% N mineralized within 21 days) (Table
6, Figure 1B). However, after 21 days, the level of N mineralization in-
creased only slightly to 36 = 5% on day 63. Results also indicated lower
levels of plant available P compared to results from experiments using in-
door-grown algal biomass. Approximately 25% (*4%) of the total algal
P was present as Mehlich-3 extractable P at day zero; and this value in-
creased to 35 = 5% on day 63 (data not shown).

Seedling growth. In all treatments, shoot mass and nutrient content
increased with increased algal or fertilizer amendment (Tables 7-11,
Figure 2). Shoot mass and N content values were highest in potting
mixes amended with algal biomass from indoor ATS units. Although
these values were also influenced by the type of manure effluent used to
grow the algae in indoor ATS units (with raw dairy manure > digested
diary manure > swine manure), the type of manure effluent (raw or di-
gested dairy manure) had no effect with regard to values from mixes
using algae grown in outdoor raceways (Tables 8-11). With one excep-
tion, there was no significant difference (P < 0.05) in shoot biomass or
shoot N between algal or fertilizeramended potting mixes based on
available N at alow amendment rate (93 mg available N per pot; equiva-
lent to approximately 47 kg-ha~! of available N) (Table 7, Figure 2). At
a high amendment rate (185 mg available N per pot; equivalent to ap-
proximately 93 kg-ha~! of available N algal amendment yielded equal
or higher levels of shoot biomass and N content compared to that in the

TABLE 6. Comparison of mean levels of mineral N (NH, and NO3) (mg N/flask)
over time in limed Codorus soil amended with algal biomass samples (corre-
sponding to 22.5 mg aigal N/ flask) grown in pilot scale outdoor raceways using
raw dairy manure.

Treatment Day

0 21 42 63
OR-RD-2 ' 1.9 9.4a" y* 10.7by 12.7bx
OR-RD-4 2.2 11.7ay 13.0ax 13.7ax
OR-RD-7 1.9 10.6ax 12.3abx 12.1bx
0 1.6 4.0bz 4.6cy 4.9¢cx

4 Day zero values were not included in the statistical analysis.
Y Treatment means within Day with different a, b letters are different at the 0.05 significance level.
Day means within Treatment with different x, y, z letters are different at the 0.05 significance level.
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TABLE 8. Three-way ANOVA testing effects of applied available nitrogen, algal
growth environment (indoors or outdoors), and type of dairy manure effluent
used to grow aigae on corn shoot biomass grown using potting mix amended
with two rates of algal biomass from indoor algal turf scrubber units (ATS bio-
mass) or algal biomass from outdoor raceways (OR biomass).

Source df F-value p-value
Available N (AN) 1 103.70 <0.0001
Environment (E) 1 50.87 <0.0001
Manure (M) 1 18.55 <0.0001
AN X E 1 21.26 <0.0001
AN X M 1 1.74 0.1937
EXM 1 1 18.18 <0.0001
AN XE XM 1 0.13 0.7238

TABLE 9. Means comparisons of corn shoot biomass using potting mix
amended with two rates of algal biomass from indoor algal turf scrubber units
(ATS biomass) or algal biomass from outdoor raceways (OR biomass). Algae
was grown using raw or anaerobically digested dairy manure effluent.

93 mg N per pot 185 mg N per pot Raw dairy Digested dairy
ATS 0.996azy" 1.850ax 1.607aXxW 1.176ay
OR 0.851ay 1.172bx 1.013bx 1.010ax

ZEnv means within AN with different a, b letters are different at the 0.05 significance level.
¥ AN means within Env with different x, y letters are different at the 0.05 significance level.
X Env means within Manure with different a, b letters are different at the 0.05 significance level.
W Manure means within Env with different x, y letters are different at the 0.05 significance level.

comparable rate of fertilizer amendment (Figure 2). Net corn shoot .

N represented 26-47% of available algal N and 19% of available fertil-
izer N. Net corn shoot P represented 13-21% of algal P and 14% of fer-
tilizer P (Table 7).

DISCUSSION

Previous mineralization and plant growth experiments were based on
a single algal biomass sample produced in an indoor laboratory scale
ATS unit treating digested dairy manure effluent. Mineralization results
from a flask study using two soils amended with that algal biomass
showed that plant available N increased from 3% of total algal N at day

Mulbry, Kondrad, and Pizarro 121

TABLE 10. Three-way ANOVA testing effects of applied available nitrogen, al-
gal growth environment (indoors or outdoors), and type of dairy manure efflu-
ent used to grow algae on corn shoot nitrogen levels grown using potting mix
amended with two levels of algal biomass from indoor algal turf scrubber units
(ATS biomass) or algal biomass from outdoor raceways (OR biomass).

Source df F-value p-value
Available N (AN) 1 76.47 <0.0001
Environment (E) 1 23.11 <0.0001
Manure (M) 1 0.68 0.4136
AN X E 1 ‘ 14.36 0.0004
AN X M 1 0.44 0.5093
Env X M 1 2.25 0.1389
AN X E XM 1 1.12 : 0.2939

TABLE 11. Means comparisons of corn shoot nitrogen levels using potting mix
amended with two rates of algal biomass from indoor algal turf scrubber units
(ATS biomass) or algal biomass from outdoor raceways (OR biomass). Algae
was grown using raw or anaerobically digested dairy manure effluent.

93 mg N per pot 185 mg N per pot
ATS 49.42a%yY 84.76ax
OR 46.55ay 60.52bx

Z Env means within AN with different a, b letters are ditferent at the 0.05 significance level.
¥ AN means within Env with different x, y letters are different at the 0.05 significance level.

0 to 33% within 21 days at 25°C in both soils. Levels of water soluble
P and Mehlich-3 extractable P in the two soils were influenced by exist-
ing soil P levels but increased as the rate of algal amendment increased.
In a phosphorus-deficient Codorus soil (also used in this study), water
soluble P and Mehlich-3 extractable P accounted for approximately 5
and 39% of applied algal P, respectively (Mulbry et al., 2005). In the
present study, comparable amounts of N and P mineralization were ob-
tained in Codorus soil using a broad set of representative algal samples
grown using different types of dairy and swine manure in indoor and
outdoor systems. Taken together, results from these two studies suggest
that algal biomass from ATS manure treatment systems may have con-
sistent and predictable mineralization values in several soils. Although
this prediction remains to be tested using a variety of soils under differ-
ent environmental conditions, if correct, it would stand in contrast to the
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FIGURE 2. Shoot mass (A, C), seedling N (B), and seedling P (D) values of
17-day old corn seedlings grown in an unamended potting mix and in potting
mix amended with two rates of fertilizer or two rates of algal biomass from in-
door laboratory scale (ATS) and outdoor pilot scale (OR) algal units using raw
dairy, anaerobically digested dairy and raw swine manure effluents (mean =
std error). Algal samples ATS-RD, ATS-DD, and ATS-RS were grown in indoor
laboratory scale ATS units using raw dairy, digested dairy, and raw swine ma-
nure effluents, respectively. Algal samples OR-RD and OR-DD were grown in
outdoor pilot scale raceways using raw dairy and digested dairy manure
effluents, respectively.
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highly variable and unpredictable results found using manured soils -
(Van Kessel and Reeves, 2002; Calderon et al., 2004). The current un-

predictability of N mineralization potentials among manures severely

limits the ability of producers to efficiently use the organic fraction of

manure N.

Results from corn growth experiments demonstrate that algal biomass
cultivated in indoor or outdoor systems using dairy or swine manure was
equal to fertilizer in supplying N and P to corn seedlings in 17-day growth
chamber studies. Algal fertilizers possess a number of distinct environ-
mental advantages compared to conventional fertilizers and manure. In
addition to the potential predictability of algal fertilizers in different soils
(discussed previously), algal biomass constitutes a stable, transportable
and highly concentrated form of transformed manure nutrients. For ex-
ample, compared to the relatively concentrated manure effluents (con-
taining 0.1 to 0.25% TN) used to cultivate the algae described in this
study, the resulting dry algal biomass typically contained 5-7% N (a 20-
to 70-fold concentration of N compared with the effluents). Moreover,
algal N would have much less potential for leaching or for loss in run-off
since only about 5% of the algal N would be available as mineral N at the
time of application. Applying dried algal biomass to soils would not re-
sult in NH; volatilization as is the case with manures (Thompson and
Meisinger, 2002). Preliminary results from other experiments show that
the fertilizer value of algal biomass applied to the soil surface is roughly
60-70% of the value of algal biomass incorporated into soil. This benefit
may allow algal biomass to be side-dressed into established crops. How-
ever, longer term field studies are needed to assess the effect of algal bio-
mass amendment on corn and vegetable yields under a range of growth
conditions.

A recent assessment of the nutrient recovery potential and economic
cost of an on-farm algal treatment system to treat dairy manure effluerit
reported that under the best case, the yearly operational costs per cow, per
kg N, per kg P, or per kg of dried biomass were $454, $6.20, $31.10 and
$0.70, respectively (Pizarro et al., 2006). These costs did not include any
value for the algal biomass. For perspective, a recent survey of 36 Mary-
land dairy farms found long-term annual profits of about $500 per cow
(Johnson et al., 2005). Based on this relative value, projected manure
treatment costs are very high and would consume or exceed most profit
However, the economic balance becomes more favorable if values from
algae as a byproduct (e.g., fertilizer sale) and/or the value of nutrient
recovery from the watershed can be realized. In regard to the value of
manure grown algae as an organic fertilizer, the retail, bagged-product
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consumer market is the most attractive with respect to price with retail
prices of $2-3:-kg~! for comparable organic fertilizers. However, the
pricing at which the dried algal biomass could successfully penetrate this
market is unknown.
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