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Agricultural drainage ditches can deliver high loads of phosphorus (P) to surface water. Installation of filter structures containing
P sorbing materials (PSMs), including gypsum, is an emerging practice that has shown promise to reduce these P loads. The
objective of this study was to evaluate what effect soil amendment with gypsum would have on soil P concentrations and forms
in a laboratory incubation experiment. Gypsum was saturated at two levels with P, and applied to a silt loam and a sandy loam at
two rates. The treated soils were incubated in the laboratory at 25◦C, and samples were collected on eight dates between 0 and 183
days after amendment. Spent gypsum application did not significantly increase soil water-extractable or Mehlich 3 P when applied
at typical agronomic rates. This appears to be a viable strategy to remove P from agricultural drainage waters but does not appear
to provide any additional P fertilizer value.

1. Introduction

Accelerated eutrophication of the Chesapeake Bay has
been identified as a priority natural resource concern [1].
According to the Chesapeake Bay Program Watershed Model
Phase 4.3 agricultural sources account for 45% of the total
phosphorus (P) delivered to the Chesapeake Bay [2]. The
Delmarva Peninsula is comprised of the nine counties of
the eastern shore of Maryland, Accomack and Northampton
counties in Virginia, and the state of Delaware. The Delmarva
Peninsula is home to a large concentration of poultry pro-
duction, leading to a regional surplus of phosphorus (P).
In the past, poultry manure was land applied based on
crop nitrogen (N) requirements. However, because the P : N
ratio found in manure is much higher than the P : N ratio
required by plants, excessive P application has occurred re-
sulting in elevated soil P concentrations [3]. The lower por-
tion of the Delmarva Peninsula is dominated by coarse tex-
tured soils, shallow groundwater tables, and agricultural
drainage ditches. Phosphorus leaching to groundwater is
greatly increased in sandy soils with limited capacity to retain

P, in soils with high P saturation, and in ditch drained soils
containing preferential flow pathways [4]. This combination
of hydrology and agricultural practices has led to P loading
to surface water through shallow subsurface pathways and
environmental quality issues [5].

One possible way to reduce phosphorus loss is to use by-
product materials that can sorb phosphorus [6]. Phosphorus
sorption is the process of adsorption and precipitation of P
from dissolved to solid forms [7]. Phosphorus sorbing mate-
rials (PSMs) can provide a substrate for chemical fixation to
occur through precipitation with metals or adsorption onto
metal oxides or hydroxides. Phosphorus sorbing materials
can be applied directly to soil or manure, broadcast into
ditches, or used in flow-through structures [8]. Currently,
flow-through filter structures, which utilize byproduct flue-
gas desulfurization gypsum (FGDG; CaSO4·2H2O), are
being evaluated in agricultural drainage ditches on the lower
Delmarva Peninsula [7–9].

The benefits of PSMs to remove or reduce phospho-
rus entering downstream waterways are well documented
[6, 9–12]. Land application of gypsum also has the potential

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Crossref

https://core.ac.uk/display/207204853?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


2 Applied and Environmental Soil Science

to improve soil physical properties by alleviating surface
crusting and compaction, increasing water infiltration and
holding capacity, improving aggregate stability, and reducing
water runoff and erosion when land applied [13]. In highly
weathered soils and acid soils typical of the Delmarva
Peninsula, USA gypsum improves subsoil physical properties
by increasing water-stable aggregates and improving rooting
conditions [14, 15]. However, little is known about the avail-
ability of P from land-applied FGDG taken from spent in-
situ ditch filter structures. Therefore, a laboratory incubation
study was conducted to imitate possible field conditions that
would occur through the application of spent FGDG from
a ditch filter. The objective of this study was to determine
under laboratory conditions the effect of applying FGDG
with added P to coastal plain soils on soil P concentrations
and solubility over time.

2. Materials and Methods

2.1. Soil Incubation Study. A soil incubation study was ini-
tiated to determine and compare the effect of adding phos-
phorus-saturated FGDG on soil chemical properties. Treat-
ments consisted of two soil types (silt loam and sandy loam),
two gypsum rates (high rate and low rate), two gypsum P
saturation rates (determined at 25% and 75% of the FGDG
sorption maximum; see below for details), and seven sample
dates. The treatments were assigned in a two (soil type) by
two (FGDG rate) by two (P rate) by seven (sampling date)
factorial design, resulting in 56 treatment combinations.
Each treatment combination was randomly assigned within
four incubators, with each incubator serving as one block.
The incubators used were VWR Scientific Model 2020 Low
Temperature incubators set at 25◦C.

Sandy loam and silt loam soil samples were collected
from the top 12 inches of soil from Maryland’s eastern shore.
The sites had a history of manure application but were
chosen due to relatively low background P concentrations.
The sandy loam was a Galestown siliceous, mesic Psammen-
tic Hapludult, and was collected from the edge of a culti-
vated field located in Quantico, MD, USA, that was planted
in corn when collected. The silt loam was a Mattapex fine-
silty, mixed, active, mesic Aquic Hapludult and was collected
from the edge of a cultivated field located in Chester-
town, MD, USA, planted in soybeans when collected. Soil
classification was determined based on the USDA-NRCS
Soil Survey information compiled on the Web Soil Survey
(available online at http://websoilsurvey.nrcs.usda.gov/app
/HomePage.htm, verified October 5 2011).

The soils were air-dried at approximately 20◦C, ground
to pass through a 20-mm wire screen, and then 200 g (dry
weight) of soil was added to plastic cups. Each cup had a
snap cap with four 3.97 mm holes drilled in the lid to allow
for air exchange. Prior to amendment, a preincubation was
conducted where each cup was brought to a moisture content
equivalent to 70% of field capacity [16] and incubated at
25◦C for 14 days. In addition to the treatment combinations
described above, there was one cup in each block for each soil
(eight total cups) placed in the preincubation. These samples

Table 1: Baseline water extractable phosphorus (WEP), Mehlich-3
phosphorus (M3P), organic matter (OM), and pH for each soil after
14-day preincubation at 25◦C, but prior to amendment.

Soil type Soil texture
WEP M3P OM pH

(mg kg−1) (%)

Galestown siliceous, mesic
Psammentic Hapludult

Sandy loam 6.00 54.45 0.7 4.56

Mattapex fine silty, mixed,
active, mesic Aquic
Hapludult

Silt loam 4.70 38.01 2.2 6.17

0

5

10

15

20

25

30

0 2000 4000 6000 8000 10000 12000

Initial solution P (mg L−1)

P
 a

ds
or

be
d 

(m
g 

g−
1
)

Figure 1: Cumulative phosphorus (P) sorption curve generated by
summing four sequential isotherms.

were analyzed at day 0, prior to amendment, to determine
pH, organic matter (OM), Mehlich 3 P (M3P), and water
extractable P (WEP) to establish baseline conditions (Table
1). Methods of analysis are presented below.

In order to determine the amount of P to add to the
gypsum for the incubation study, P sorption isotherms were
conducted. Gypsum was air-dried and sieved (2 mm) and
2 g of sample was weighed into 50 mL centrifuge tubes.
Phosphorus solutions were made at 12 concentrations (0, 1,
5, 10, 50, 100, 800, 1600, 2400, 3200, 6400, 10000 mg P L−1)
using KH2PO4 and deionized water. Four tubes with FGDG
were amended with 30 mL of solution at each concentration
for a total of 48 tubes. The P solution and soil were reacted
in an end-over-end shaker for 24 hours. They were then
centrifuged at 1163×G and filtered through 0.45 μm filters.
The supernatant was analyzed for total dissolved P using
inductively coupled plasma-optical emission spectroscopy
(ICP-OES). This process was repeated three more times. A
sorption curve was created by plotting the sum of P adsorbed
during the four sequential sorption experiments versus the
initial P concentration in solution (Figure 1). The point
at which the cumulative curve (Figure 1) leveled off was
assumed to represent the potential sorption maximum. At
the sorption maximum, approximately 24.7 mg g−1 of P was
sorbed with an initial P concentration of 2400 mg L−1. The
amount of P adsorbed at 25 and 75% of this maximum was
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Table 2: Treatments resulting from combination of phosphorus saturation level (expressed as a percent of the isotherm maximum) and
gypsum application rate and the resulting application rates of phosphorus (P) and calcium (Ca), and their effect on soil water extractable P
(WEP) and Mehlich 3 P (M3P) concentrations, averaged across time and soil type.

Treatment
combination†

Phosphorus
saturation Level

Gypsum
application Rate

P application
rate

Ca application
rate

Gypsum
application rate

WEP‡ M3P‡

% of maximum (Mg ha−1) (kg ha−1) (Mg ha−1) (mg kg−1)

LP-LG 25% 5.6 35 1232 5.6 4.5 b 61.9 c

HP-LG 75% 22.4 105 1232 22.4 7.1 b 70.4 b

LP-HG 25% 5.6 140 4928 5.6 6.6 b 76.2 b

HP-HG 75% 22.4 420 4928 22.4 20.8 a 117.3 a
†LP − LG, low phosphorus—high gypsum; HP-LG, high phosphorus—low gypsum; LP-HG, low phosphorus—high gypsum; HP-HG, high phosphorus—
high gypsum.
‡Means followed by different letters were determined to be significantly different at P < 0.05.

approximated at 6.25 and 18.75 mg g−1, requiring initial P
concentrations of 550 and 1550 mg L−1.

The FGDG was collected from US Gypsum Company in
Baltimore, MD, and split into 8 batches into 5 gallon buckets.
Using the data from the sorption isotherm, the material
was saturated with P to reach the desired 25 and 75% lev-
els. Phosphorus solutions at initial P concentrations of 550
and 1550 mg L−1 were prepared using deionized water and
KH2PO4. In order to saturate the gypsum with P, 200 g of
gypsum and 3.0 L of 550 mg P L−1 solutionwere mixed in a
Nalgene carboy and placed on the reciprocating shaker and
allowed to react for 24 hours. An additional 200 g of gypsum
and 3.0 L of 1550 mg P L−1 solutionwere mixed in a Nalgene
carboy and mixed for the same amount of time. After the
reactions were complete, the excess solution was poured off
and the gypsum was allowed to air dry.

After completion of the pre-incubation, soils were
amended with the high and low P gypsum sources at two
rates, 5.6 and 22.4 Mg ha−1, assuming 2244 Mg ha−1 of soil.
The two levels of P saturation and two rates of FGDG resulted
in four treatment combinations: low P and low gypsum
(LP-LG), high P and low gypsum (HP-LG), low P and
high gypsum (LP-HG), and high P and high gypsum (HP-
HG). The resulting P and Ca application rates associated
with each treatment combination are presented in Table 2.
After amendment, the cups were returned to the incubators
(25◦C). During the incubation study, samples were weighed
every 7 days, and sufficient deionized water was added to
maintain the moisture content at 70% of field capacity. Cups
were destructively sampled 1, 7, 28, 63, 91, 119, and 183 days
after amendment. When removed, samples were oven-dried
at 60◦C for 24 hours and sieved using a 2-mm sieve prior to
sample analysis. All samples were then analyzed for WEP and
M3P. Methods for each analysis are presented in more detail
below.

2.2. Laboratory Analyses. Water-extractable P was deter-
mined by weighing 2 g of dried and sieved soil into 50 mL
centrifuge tubes and adding 20 mL of deionized water. The
tubes were then placed on their side in a reciprocating shaker
and shaken on low speed for one hour. The tubes were then
centrifuged at 1163×G for 15 minutes then immediately
filtered through 0.45 μm filters using the Millipore filtration

apparatus. Phosphate-P was determined using the molybdate
blue method on a Lachat QuikChem 8500 Flow Injection
Analysis System (Hach Company, Loveland, CO) by the
methods of Murphy and Riley [17]. Mehlich 3 P was deter-
mined by shaking 2.5 g of soil with 25 mL of Mehlich 3
solution (0.2 M CH3COOH, 0.25 M NH4NO3, 0.015 M
HNO3, and 0.001 M EDTA) in a 50 mL centrifuge tube for
five minutes on a reciprocating shaker [18]. To determine
pH, 10 g of dried and sieved soil was weighed into sample
cups with 10 mL of deionized water to achieve a 1 : 1 vol-
ume : volume ratio. The mixture was stirred with a glass rod
to achieve homogeneous slurry and then allowed to sit for 15
minutes and then stirred again. They sat another 15 minutes
and were measured for pH using a Mettler Toledo InLab
Expert Pro pH and Mettler Toledo InLab 731 EC probe and
meter. Soil organic matter (OM) in the baseline samples was
determined by loss-on-ignition [19].

2.3. Statistical Analysis. Statistics were conducted using SAS
version 9.1. Although the experimental design was a ran-
domized incomplete block design, the results were analyzed
as a randomized complete block design (background samples
were not considered in statistical analysis but were indicated
as comparisons) in order to avoid using contrast statements.
Incubators served as blocks, and the blocks were treated as
a random factor. Due to large differences in background
soil types (differences between sandy loam and silt loam),
for some analyses data was sorted by soil type and soils
were considered separately. Proc mixed was used as the
data analysis, model. Tukey’s multiple mean comparison test
was used to make pair wise comparisons [20]. Significant
differences in means was determined at α < 0.05.

3. Results

3.1. Effect of Gypsum Rate and Time on Soil pH. Soil pH was
measured in the amended and unamended soils on days 1, 7,
and 119 of the incubation. There was a significant interaction
between gypsum rate and soil time and also time and soil
type (P < 0.0001) for soil pH, but P saturation level did
not significantly influence soil pH. The sandy loam exhibited
significantly lower pH (4.30) than the silt loam (6.13) soil
across all times and gypsum rates. When averaged across
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P saturation level and gypsum rate, the pH of the sandy
loam decreased with time after amendment from 4.39 to
4.21, while the silt loam pH increased from 6.12 to 6.15
(Table 4). Like time after amendment, gypsum rate had a
significant effect on soil pH, but only for the sandy loam soils.
When averaged across P saturation and time, the sandy loam
soils amended at the higher rate of gypsum (22.4 Mg ha−1)
had a significantly higher pH (4.44) than those amended at
the lower rate (4.15). The pH of the silt loam soil at either
gypsum rate was statistically higher than the pH of the sandy
loam soil, but no statistical difference was found between
the two rates in the silt loam (Table 4). Apparently, the finer
texture and higher organic matter content of the silt loam
buffered it better against changes in pH due to gypsum rate
than the sandy loam soil.

3.2. Effect of Gypsum and Phosphorus Rate on Soil P Concen-
trations. Statistical analysis indicated that for soil WEP and
M3P there was a significant interaction (P < 0.0001) between
P saturation level and gypsum rate. This would be expected
as the combination of these two treatment factors results
in four distinct P application rates (Table 2). Therefore,
the means across P saturation level and gypsum rate are
presented. However, since time and soil type did not interact
with the P application rate (i.e., combination of gypsum rate
and saturation level), the means across time and soil type
are presented. Soil WEP ranged from 4.5 to 20.8 mg kg−1

over all dates and treatments. The LP-LG, HP-LG, and LP-
HG treatment combinations all produced statistically similar
soil WEP concentrations with means over time and soil
type of 4.5, 7.1, and 6.6 mg kg−1, respectively (Table 2).
The HP-HG treatment resulted in a significantly higher
WEP concentration (20.8 mg kg−1) than the other three
treatment combinations. While not evaluated statistically,
the background WEP concentration (no treatment added to
soils) averaged across soil type was 6.5 mg kg−1 and appeared
to be similar to the all but the HP-HG treatment.

Trends seen in the effect of P saturation level and gypsum
rate on M3-P concentration were similar to changes in
WEP concentrations. Soil M3-P ranged from 61.9 mg kg−1

to 117.3 mg kg−1 averaged over all dates and treatments.
As seen with WEP, the HP-HG treatment combination
resulted in significantly higher soil M3P concentrations
(117.3 mg kg−1) than the other three treatments. The HP-LG
and LP-HG treatment combinations produced statistically
similar soil M3-P concentrations with means over time
and soil type of 70.4 mg kg−1, and 76.2 mg kg−1 respectively.
However, these treatments were statistically higher than the
LP-LG treatment combination (61.9 mg kg−1). Although not
evaluated statistically, the mean background soil M3P for
(averaged across soil type) was 46.5 mg kg−1, which was
lower than any of the soils amended with gypsum. In Mary-
land, soil test P is considered optimum (where no yield
response would be expected to P fertilizer) from 44–93 mg
kg−1 M3P [21, 22]. Therefore, only the highest P application
rate achieved with the HP-HG treatment resulted in soil test
P concentrations that would be defined as “excessive” under
Maryland’s soil test interpretative categories.

Total P applied through the four treatment combinations
had a dominant effect on soil WEP and M3-P. Total P
rates added to the soil were 35, 105, 140, and 420 kg ha−1

with the LP-LG, HP-LG, LP-HG, and HP-HG treatments,
respectively (Table 2). Substantially, more P was added with
the HP-HG treatment, which was evidenced by significantly
higher soil M-3P and WEP concentrations. The three lower
P application rates resulted in statistically similar soil WEP
concentrations. While no statistical comparisons could be
made, these concentrations were similar to the background
soil water-extractable P concentrations before amendment.
These results indicate that addition of low P, saturated
gypsum and low rates of high P, saturated gypsum did not
add enough P to substantially increase WEP. In fact, applica-
tion of the low P saturation gypsum, at both the HG and
LG gypsum rates, actually decreased soil water-extractable
P relative to background conditions (Table 2). It is likely
that the Ca added with P, saturated gypsum was available
in enough quantity to react with native soil P and sorb
additional P from the soil solution. The molar ratio of the LP-
LG and LP-HG treatment combinations was 26.7 : 1 (Ca:P)
and only 8.9 : 1 for the HP-LG and HP-HG treatments.

The results of the water-extraction were mirrored by the
M3-P results with the exception that M3-P concentrations
were mostly a function of the amount of P added with
each treatment combination. As seen in Table 2, the HP-
LG (105 kg ha−1) and LP-HG (140 kg ha−1) treatments added
very similar amounts of P, while the HP-HG (420 kg ha−1)
treatment added substantially more P and the LP-LG
(35 kg ha−1) added substantially less than the other three
treatments. Similarly, there was a strong correlation between
P added and M3-P concentrations (R2 = 0.99∗∗∗). Finally,
the M3-P extraction showed an increase in soil P concen-
trations relative to the background soils upon P application
among all treatment combinations. Therefore, one can
conclude the M3 extraction apparently was more efficient
at extracting the P held by the gypsum when compared to
the water extraction where the three lower P rates did not
show an increase in water-extractable P or a slight decrease
compared to background levels. This is likely due to the
fact that the M3 extract solution is acidic and efficient at
dissolving Ca phosphates, the dominant P form found in P
amended gypsum [11].

3.3. Effect of Soil Type and Time on Soil P Concentrations.
Soil type and time had a significant interaction (P <
0.0001), indicating that time did not affect WEP and M3P
concentrations the same for each soil type. Therefore, the
main effects of time and soil type on soil WEP and M3P are
presented, averaged across all P saturation levels and gypsum
application rates. Soil WEP concentrations in the sandy
loam soils ranged from 17.8 mg kg−1 to 9.1 mg kg−1 and
from 12.8 mg kg−1 to 4.6 mg kg−1 in the silt loam samples
(Table 3). For both soil types, initial soil WEP concentrations
(day 1) were significantly higher than the final soil WEP
concentrations (day 183). Mehlich 3 P behaved slightly
differently than WEP. Rather than decreasing steadily with
time, it initially increased and then gradually decreased.
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Table 3: Effect of soil type and time on soil water-extractable phosphorus and Mehlich 3 phosphorus concentrations averaged across phos-
phorus saturation level and gypsum rate†.

Soil type

Days after Amendment

1 7 28 63 91 119 183

(mg kg−1)

Soil water extractable phosphorus concentration

Sandy loam 17.8 a 14.3 ab 14.1 ab 15.0 ab 9.4 bc 9.5 bc 9.1 bc

Silt loam 12.8 ab 8.0 bc 6.5 bc 5.6 bc 5.3 c 4.8 c 4.6 c

Unamended sandy loam 6.8 6.8 5.9 5.2 5.3 5.3 5.3

Unamended silt loam 5.2 5.3 5.7 4.8 4.1 4.1 4.0

Soil Mehlich 3 phosphorus concentration

Sandy loam 73.2 d 57.6 d 98.3 bc 111.8 ab 127.1 a 87.2 c 83.5 c

Silt loam 64.2 d 62.3 d 68.9 d 107.2 b 91.1 c 58.5 d 50.0 d

Unamended sandy loam 49.3 54.9 57.0 82.1 99.7 62.9 60.7

Unamended silt loam 41.0 35.6 42.0 77.8 69.8 42.2 37.8
†Means followed by different letters were determined to be significantly different at P < 0.05. Means for the unamended soils were not compared statistically
to the amended soils.

Table 4: Combined effect of soil type and time averaged across
phosphorus (P) saturation level and gypsum rate and combined
effect of soil type and gypsum rate averaged across time on soil pH†.

Soil type
Days after Amendment

1 7 119

Sandy loam 4.39 d 4.28 e 4.21 f

Silt loam 6.12 b 6.11 c 6.15 a

Unamended sandy
loam

4.55 4.44 4.18

Unamended silt
loam

6.29 6.27 6.22

Gypsum Rate (Mg ha−1)

5.6 22.4

Sandy Loam 4.15 c 4.44 b

Silt Loam 6.11 a 6.14 a
†Means followed by different letters were determined to be significantly
different at P < 0.05. Means for the unamended soils were not compared
statistically to the amended soils.

In the silt loam M3-P ranged from 50.0 (day 183) to
107.2 mg kg−1 (day 63) and in the sandy loam M3P ranged
from 57.6 (day 7) to 127.1 mg kg−1 (day 91, Table 3).

The silt loam soil had a higher buffer capacity than the
sandy loam. This can be seen in Table 3 where P application
had a greater impact on the sandy loam than the silt loam,
dramatically increasing WEP concentrations relative to the
unamended soil. This can be attributed to the higher clay and
silt content and therefore greater surface area for P retention
found in the silt loam compared to the sandy loam. In
addition, the higher P buffer capacity and lower P saturation
of the silt loam allowed P concentrations to return to near
background levels for both water-extractable P and M3-P
compared to the sandy loam.

Comparison of the trends in WEP and M3P (Table 3)
indicates that P was moving between different P pools during

the incubation study. The WEP concentrations peaked
almost immediately after P application, probably reflecting
soluble inorganic P applied with the saturated gypsum. Con-
versely, the M3-P concentrations increased gradually with
time, peaking between days 63 (silt loam) and 91 (sandy
loam), and then gradually decreased to concentrations near
those found in the unamended soil. Water-extractable P,
which was probably dominated by inorganic P, was quickly
reduced either by sorption processes in the soil or microbial
immobilization. Apparently the amount of P added with
the gypsum was minor relative to the pool of M3P already
present in the soils as concentrations were only increased
slightly above background P concentrations. The peak in
M3P seen in the amended soils was also seen in the una-
mended soils indicating that the changes seen with time were
more likely related to soil microbial activity rather than the
gypsum and P applications. Fundamentally, this data shows
that with time soils can fix (through chemical or microbial
processes) most of the P added with saturated gypsum at
the P application rates used in this study. However, the finer
textured soils with higher P buffering capacity are better able
to sorb this added P.

4. Discussion

The purpose of this study was to determine what effect gyp-
sum saturated with P would have on soil P forms and con-
centrations. This was designed as a preliminary, laboratory
experiment to determine if spent gypsum, which had been
removed from an agricultural ditch filter, could be land
applied without increasing the risk of P losses in runoff from
amended soils. In addition, it was hypothesized that such
spent gypsum could be used as a P fertilizer source. However,
there are many more variables that influence P release under
field conditions. Therefore, further field research should be
conducted, based on this work, to evaluate potential plant
availability and environmental impact of land application



6 Applied and Environmental Soil Science

of spent gypsum from ditch filters. It is unlikely that the
gypsum removed from agricultural drainage filters would
have P concentrations as high as evaluated in this study.
Therefore, the gypsum used in this study should present a
greater risk or have greater potential as a fertilizer than what
would be seen in the field. Kleinman et al. [23] evaluated
ditches on Maryland’s eastern shore and found ditch water
P concentrations ranged from 0.51 to 6.17 mg L−1 total P. By
comparison, P solution concentrations used to spike the gyp-
sum in this study were 550 and 1550 mg P L−1 for the low and
high P saturation levels, respectively. Therefore, the materials
used in this study were reacted with solutions containing
substantially higher P concentrations. Even with the high P
saturation levels used in this study, when applied at a realistic
field application rates of 5.6 Mg ha−1, there were no signif-
icant differences in the amount of P extracted between the
two P saturation levels. Therefore, applying “spent” gypsum
at typical amendment rates would not appear to result in any
detrimental water quality impacts. In fact, soil amendment
with spiked gypsum resulted in little change of WEP or M3-
P concentrations at all but the highest total P application rate
(HP-HG) relative to background soil P concentrations.

The current laboratory study showed that there may be
some potential to increase soil M3-P concentrations through
the land application of spent gypsum. However, timing of
application to allow for the P to enter the labile pool would
need to be accounted for. The P application rates used in this
study were probably much higher than what would be seen
in the field and only the highest rate was enough to move
soil test P to a higher interpretative category per Maryland
recommendations [21]. Further studies would be required,
using actual spent gypsum with realistic P saturation levels,
to determine the actual fertilizer value.

In conclusion, since the application of spent gypsum
from a ditch filter did not appear to increase soil WEP or
the interpretative ranking of soil test P (M3P), it does not
appear that land application of spent gypsum would increase
relative environmental risk or provide any P fertilizer value,
especially at P concentrations expected to be found in the
real world. It appears that P captured by gypsum filters is
effectively trapped in rather insoluble forms. Therefore, the
removal of P from agricultural drainage using gypsum and
its subsequent land application is in effect relocating soil P
from a relatively mobile soil P pool, that was subsequently
lost as dissolved P in runoff or subsurface flow, to a stable
soil P pool where it is unlikely to be lost, even if it is
applied back to the same field. In addition, the application of
spent gypsum to high P soils may further reduce P losses by
removing soluble P from the soil solution. Consideration of
soil type and time of application is important in determining
the environmental and agronomic impacts of applying the
spent materials. The results of this study indicate that when
applied as a soil amendment; spent gypsum would retain its
P, presenting little risk of loosing that P to surface runoff.
However, it does not appear to be a viable fertilizer source
except at the highest P saturation level and application rate,
which would be unlikely in agronomic settings. Once again
the authors stress that field evaluation should be conducted
to confirm these laboratory findings.

Abbreviations

ICP-OES: Inductively coupled plasma—optical
emission spectroscopy

M3P: Mehlich 3 aluminum, iron, and
Phosphorus, respectively

WEP: Water-extractable phosphorus.
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