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How TO KEEP PHOSPHOROUS IN A CLOSED
AGRICULTURAL LOoOP? AN INNOVATIVE PRACTICE TO
CAPTURE AND RECOVER PHOSPHATES FROM TILE DRAINAGE

Subsurface tile drainage systems have been widely used in agri-
cultural fields in the Midwestern U.S. There are about 10 mil-
lion acres, representing 35% of the total agricultural land, that
are tiled in Illinois. Tile drainage not only removes excess wa-
ter from the soil profile to increase crop production, but also
allows earlier access to the field for planting, harvesting, and
other agrotechnical operations. However, tile drainage can
deliver large quantities of nutrients, primarily nitrate (NO3-N)
and phosphorus, from agricultural fields into receiving water-
sheds. It is of particular

often identified as a primary perpetrator for the harmful and
nuisance algal blooms. From the perspective of plant growth
and maturity, however, phosphorus is an essential and vital
component. Recently, phosphorus depletion or “Peak Phos-
phorus” has been gaining increased public attention because
the world’s resource of phosphorus ore needed for chemical
fertilizers is in short supply. Therefore, it is critical to develop
best management practices that can reduce phosphorus losses
to mitigate contamination and simultaneously recover it for
agricultural application.
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The Ilinois Nutrient Loss Reduction Strategy (NLRS) has set a
goal to reduce phosphorus and NO3-N loads by 25% and
15%, respectively, by 2025. The eventual target is a 45% reduc-
tion in the loss of these nutrients to the Mississippi River. Cur-
rently, a variety of nutrient management practices have been
developed, including drainage water management, riparian
buffers, and denitrifying bioreactors. Denittifying woodchip
bioreactors have proven to be cost-effective, practical, and
sustainable solutions to reduce NO3-N from tile-drained agri-
cultural fields in the Midwest. However, these woodchip biore-
actors usually do not have a significant effect on phosphorus
removal.

Since the mid-1990s, phosphorus losses through tile drainage
has been recognized as a significant pathway for phosphorus
transport because of the wide application of subsurface drain-
age systems and extensive adoption of no-till farming. Excess
amounts of phosphorus in marine and freshwater systems are

drainage; (2) use phos-
phorus-captured biochars as a slow released fertilizer; (3) keep
phosphorus in a closed agricultural loop; and (4) improve wa-
ter quality and increase agricultural sustainability.

Biochar is a carbon-rich material similar to charcoal. Biochar
production and its application in soils have been considered as
a good strategy for carbon sequestration, providing simultane-
ous benefits for improving soil quality and increasing agro-
nomic productivity. In general, most biochars ate ineffective to
remove phosphorus, especially anionic phosphate, due to their
negative surface charge. Recently, Zheng generated some de-
signer biochars and found that they have a very high capacity
for holding anions such as phosphate. Figure 1 shows the
phosphate adsorption ability of a designer biochar in compari-
son with different sorbents. This designer biochar is produced
from wood biomass pretreated with a lime sludge prior to py-
rolysis. The study suggests that the pretreatment of biomass
with calcium-enriched lime sludge for biochar production has a
significantly synergic effect on phosphate sorption. The IL
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NREC project will optimize the production conditions of de-
signer biochars. Then Zheng and Cooke will use the most effi-
cient and cost-effective biochar to capture phosphorus losses
from tile drainage water. The phosphorus-captured biochar
will be applied to agricultural soils as a slow-release fertilizer to
keep nutrients in a closing loop.

Overall, the approach and
technology in this project
are indeed innovative, es-
pecially in three areas.
First, Zheng and Cooke
will design special biochars,
which can effectvely ad-
sorb dissolved phosphorus.
Second, they will develop a
refillable biochar-sorption-
channel to attach to deni-
trification  bioreactors
(Figure 2). After treatment,
phosphorus-captured biochars can be removed from the chan-
nels and refilled with fresh designer biochars. When compared
to the traditional bioreactors, the new treatment system using
woodchip denitrification followed by biochar-sorption-channel

is expected to be a sustainable and more efficient way to main-

Figure 2. Woodehip bioreactor and bivchar-sorption-chansnel.

tain denitrification and phosphorus removal in tile drainage. A
field study will be performed to demonstrate this innovative
technique at the Metropolitan Water Reclamation District of
Greater Chicago’s Nutrient Loss Reduction Research site in
Fulton County. Third, the use of the phosphorus-captured
biochars as a soil amendment can keep phosphorus in a closed
loop system, enhance nutri-
ent use efficiency, and im-
prove crop vields.

The researchers from the
University of linois are
working together with the
Illinois Farm Butreau and
the Metropolitan  Water
Reclamation  District  of
Chicago. The
group expect to offer an

Greater

feasible, and
cost-effective  practice to
enhance nutrient utilization, increase crop production, and

innovative,

protect water quality in tile-drained regions. The potential eco-
nomic return should make this technique attractive to farming
communities and foster an casy and quick adopton.

ILICA CLASSIFIEDS

Brown Bear 1

225 HP John Deere engine

Less than 700 hrs. on overhaul
Never used in sludge

Farm tile back filling only

Multi speed hydro state drive
Axles rebuilt

All hyd. pumps & motors rebuile
281 x 206 tires 80%

Auger head overhauled & balanced
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Asking price is $67;500:00 $59,500
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