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Drinking water treatment residuals as an amendment to alkaline soils:
Effects on the growth of corn and phosphor us extr actability
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ABSTRACT: Drinking water treatment residuals (alum) are waste products of water purification that have potential
for environmental remediation as a soil amendment and a potentia plant growth medium. In this study, the influence of
added Drinking water treatment residuals on the extractability and availability of phosphorus to plants; determination
of the agronomic rate of alum to different agricultural soils and evaluation of the alum as ameliorating material for soil
conditions and plant growth were investigated. In all studied soils, increasing drinking water treatment residuals rate up
to 30 g/kg significantly increased dry matter yield. Application of 10, 20 and 30 g/kg alum significantly increased plant
P concentrations in the plant materias (shoots and roots) taken from clay, sandy and calcareous soils. Further increase
in alum application rate has resulted in negative significant impact on plants P concentration, especidly in clay and
calcareous sails, but in sandy soils the increase in phosphorusconcentration extended to 40 g/kg alum rate. Application
of alum at rates up to 30 g/kg significantly increased available phosphorus concentrations of the three studied soils.
However, application of alum at a rate of 40 g/kg to clay and calcareous soils significantly decreased available phosphorus
concentrations. Combined analyses of al soils and alum rates studied clearly indicated significant relationship between
available phosphorus concentration and phosphorus uptake (r = 0.87, P < 0.001). Based on our experiment results, the
rate of 30 g/kg is considered the best application rate of alum because of its positive effects on plant dry matter. Our
study clearly demonstrates that alum has potential as a soil amendment to increase plant growth; however, more
research is needed to determine beneficia and / or detrimental aspects of this practice under field conditions.
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INTRODUCTION

Aluminum sulphate (alum) isacommon chemical,
fast and cost effective method for water purification
and improving water quality (Klapper, 1991; Barroin,
1999). Hypolimnetic application of solid alum may
reduce phosphorus levels, due to the ability of its
hydroxide [A1 (OH) ] to adsorb phosphorus at pH of
5.20-8.80 (Mortell and Motekaitis, 1989), remove
colloidal organic matter and thereforeincrease water
transparency (Francko and Heath, 1981; Jiang and
Graham, 1998) even under anoxic conditions. Drinking
water treatment residuals (DWTR) are waste products
that have potential for environmental remediation asa
soil amendment (Makris and Harris, 2005) and a
potential plant growth medium (Skene et al., 1995)
becauseits high content of organic matter (0.85t0 6.5
%). Changes in soil water retention have been
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documented after DWTR land application. Bugbeeand
Frink (1985) and Rengasamy, et al., (1980) observed
s0il moigtureretention and aeration improvements after
DWTR additions. Only a few studies have reported
the consequences of land application of DWTR with
respect to plant growth and environmental impact.
Addition of DWTR at ratesaslow as 0.89 gk/gresulted
in an increase in the growth of maize (Zea mays L.)
(Bugbee and Frink, 1985). Tissue analysis of tomato
shoots (Elliott and Singer, 1988) and lettuce (Bugbee
and Frink, 1985) grown in potting mediaamended with
DWTR had significantly lower phosphorus|evels. Our
study objectives were to (i) evaluate the DWTR
additionson plant growth; (ii) determinetheinfluence
of added DWTR on the extractability and avail ability
of phosphorus to plants; and (iii) determine the
agronomic rate of DWTR to different alkaline
agricultural sails.
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MATERIALSAND METHODS
Characterization of soils and drinking water
treatment residuals (DWTR)

Three soils with different properties (clay, sandy
and calcareous) were selected for the study and
sampled (0-15 cm depth) from three different locations.
Sub-samples of the air-dried soilswereground to pass
a2-mmsieveprior tothefollowing chemica analysis-
pH and electrical conductivity (EC) aswell assoluble
cationsand anions: soil-paste extract (Richard, 1954);
organic matter: dichromate oxidation (Nelson and
Sommers, 1982); cation exchange capacity (CEC): IM
NaOAC (Rhoades, 1982); particlesize: thehydrometer
method (Day, 1965); cal cium carbonate: by means of
acalcimeter (Nelson, 1982); total nitrogen: Kjeldah/
digestion method (Bremner and Mulvaney,
1982);available phosphorus: 0.5 M NaHCO, test
(Olsen and Sommers, 1982);availablenitrogen: 2M KCl
(Bremner and Mulvaney, 1982); availabl e potassium:
1IN ammonium acetate (Knudsen and Peterson,1982);
extractablealuminum: 1M KCI colorimetrically by 8-
hydroxy quinoline-butyl acetate (Bloom, et al., 1978).
Selected properties of thethree soils are summarized
inTable1. The DWTR was obtained from thedrinking
water treatment plant in Kafr El-dawar, El-bohera
Governorate, Egypt. The DWTR particles were
allowed to air-dry and were subsequently passed
through a 1 mm sieve prior to their use in any
experiment (Makris and Haris,2005). The pH of

DWTR-water: suspension 1:2.5; salinity: in DWTR-
water extract 1:2; cation exchange capacity of DWTR:
sodium saturation (Rhoades, 1982); organic matter
content: dichromate oxidation (Nelson and Sommers,
1982); total Al of DWTR: theacid ammonium oxal ate
method (Rossand Wang, 1993);extractable Aluminum:
1M KCl; total metals: according to Ure, (1995); water
holding capacity: according to Skene, et al.,(1995).
Selected chemical and physical propertiesof DWTR
aresummarizedin Table 1.

Incubation experiment

To ensure amendment—soils equilibria, incubation
experiment was conducted. Five DWTR rates (0, 10,
20, 30 and 40 g/kg on an oven dry basis) were applied
to each soil (calcareous, sandy and clay soils) and
thoroughly mixed. Soil for each treatment was
transferred to alarge plastic bowl. Two- thirds of the
water required to obtain fidd capacity (F.C) wasinitialy
added to the soil with a water dispenser and mixed
thoroughlyto form auniform soll-DWTR-water mixture.
Treated soil mixturewerethen transferred to aplastic
pot (2 kg/pot) and brought to field capacity. The
Moisture content of the treated soil mixture was kept
constant during incubation by calculating the field
capacity and periodically weighing the potsand adding
deionized water to compensate for evaporative loss.
Pots were covered with perforated plastic cover and
incubated at 25 °C for 60 days.

Table 1: Some physical and chemical characteristics of studied soils and DWTR

Characteristics Units Clay Sandy Calcareous DWTR
EC dsS/m 2.66 3.84 2.92 1.67
pH 8.13 7.69 8.08 7.45
CaCOs o/kg 57.90 2.40 356.80 -
Sand o/kg 596.4 868.2 740.00

Silt a/kg 141.3 25.10 101.50

Clay g/kg 262.30 106.70 158.50

Texture SCL L.S SL -
OoM* o/kg 8.50 1.00 4.60 57.00
Total N o/kg 2.20 0.30 0.90 4.20
Total P o/kg 0.90 0.30 0.50 1.90
Total K a/kg - - - 220
Total Al a/kg 38.01
KCI-Al mg/kg 28.18
Soluble P mg/kg 0.73
Soluble Al mg/kg - - - 1.80
CEC Cmol (+)/kg 39.13 8.70 26.00 34.78
Olsen-P mg/kg 24.75 2.89 18.70 24.00
Available-N mg/kg 83.00 52.00 61.00 -
Available-K mg/kg 350.00 70.00 301.00 -
WHC** g/kg - - - 470.00

* OM: organic matter
** WHC: water holding capacity
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After the incubation period, corresponding soil
samples were air-dried, crushed to passa2 mm sieve
and stored for analysis.

Greenhouse experiment

After theincubation period, corn seeds (Zea mays)
were sown in the plastic pots filled with 2 kg of the
three studied soils (cal careous, sandy and clay soils)
in thesummer of year 2006. No fertilizerswere added
because the soil testing indicated sufficient amounts
of nitrogen, potassium and phosphorus in the three
amended soils. The seedlings were thinned to 4
seedlings per pot and deionized water was added to
bring the soil moistureto 70 % of field capacity during
thedays of com growth. The experiment wasarranged
in completely randomized with four replicates. Plants
were harvested after 105 days of growth in thetested
soils. No nutritional disorderswere observed during
the period of growth.

Phosphorus extraction

Thesodium bicarbonate (0.5 M) extracting solution
was used to extract available phosphorus from soils
treated with and without DWTR before cultivation
(Olsen and Sommers, 1982).

Plant and soil analysis

Plant shoots and roots were harvested separately,
and immediately after harvest shoots and rootswere
triple rinsed in deionized water to remove any
adhering particles. Plantswereoven dried at 65 °C for
48 h and dry matter yield was recorded. Plant tissues
were ground in a stainless stee mill. Subsamples of
ground plant material were dry-ashed in a muffle
furnaceat 450 °C for 6 h. Ash wasdissolvedin 5 ml of
HNO, (1. 1), diluted to aconstant volumewith distilled
water and analyzed col orimetrically for phosphorus
(Jones, 2001). Following plant harvest, representative
soil sampleswere collected from each pot. Soil samples
were air-dried and crushed before analysis. Sodium
bicarbonate (0.5 M) extractable phosphorus was
determined using the method of Olsen and Sommers,
(1982).

Statistical analysis

Statistical analysiswere performed using Statistical
Analysis System (SAS Ingtitute, 1994). Analysis of
variance (ANOVA) techniqueswere used to determine
treatment effectsand check for interaction. Theleast

significant difference method was used to separate
treatment means. Regressi on anal ysis was employed
to determine the relationships between available P
concentration in soils and P concentration in plants.

RESULTS
Characterization of soils and drinking water
treatment residuals (DWTR)

Soilstestedin thisstudy differ in their chemical and
physical characteristics (Table 1). The sandy soil is
coarsetextured with low contentsof cal cium carbonate
and organic matter and is classified as (Typic
Torripsamments). The clay soil contains higher
amountsof organic matter, CEC, and calcium carbonate
than sandy soil, and classified as (Typic Torrifluvents)
according to Abdel-Kader and Abdel-Hamid, (1974).
The calcareous soil is classified as (Typic
Calciorthids).The content of calcium carbonate in
cal careous soil samplesis higher than clay and sandy
soil samples. Theavailable phosphorus content in clay
soil is 10 times higher than that of the sandy soil.
Anaysisof drinkingwater treatment residualS(DWTR)
ispresentedin Table (1).In brief, total Al (38.01 g/kg)
and organic matter content (57.00 g/kg) were high and
approximatdy typical of Al-DWTR produced nationally.
The DWTR was dightly alkaline (7.45) within the
adequatetypical rangefor plant growth (5-8) (Bohn et
al., 1985).Thedectrical conductivity of DWTR iswell
below the 4 dSm'* and the CEC of the DWTR indicates
itsability to supply cationic nutrientsfor plant growth.
In addition, the available P content (24.00 mg/kg) was
high. The water holding capacity of DWTR is very
well (47 %).Sothe DWTRisagood ameliorating agent
tosoil propertiesand apotential plant growth medium
(Skeneet al., 1995).

Dry matter production of corn

Thetotal dry matter and dry matter partitioning of
corn plants grown in the three soils as influenced by
DWTR application rates are shown in Table 2. In al
studied soails, increasing DWTR rate up to 30 gk/g
significantly increased dry matter yield. Thedry matter
production of corn inthe control treatment for thethree
soilswerein the order clay > calcareous > sandy. Soil
main effectswere significant (p<0.001) for total dry matter
yidd, root dry matter and shoot dry matter yield (Table
2). DWTR main effectswerealso significant (p<0.001)
for total, shoot and root dry matter yield.
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Table 2: Total dry matter and dry matter partitioning of
corn plants grown in the three soils as influenced by DWTR
application rate

Tota dry Dry matter partitioning
DWTR rate matter Roots Shoots
o/kg o/pot % of total dry matter
Clay
0 38.30 27.31 72.68
10 48.96 21.93 78.06
20 79.66 19.73 80.26
30 86.16 20.33 79.66
40 54.09 22.72 77.27
Mean 61.43 22.40 77.59
LSD q05 2.58 0.12 0.10
Sandy soil
0 5.26 3251 67.49
10 7.06 31.58 68.42
20 10.32 32.65 67.35
30 14.39 38.29 61.71
40 15.80 42.03 57.97
Mean 10.57 35.41 64.59
Calcareous
0 8.90 28.31 71.69
10 11.81 32.93 67.07
20 14.31 30.05 69.95
30 17.90 35.15 68.85
40 17.24 20.17 79.83
Mean 14.03 29.32 71.48
LSD o05 047 0.04 0.03
Analysis of F-test
variance TDM RDM SDM
&I | *k*k *k*k * k%
RaIe * K%k *k* * k%
Ratex SOI| *k*k *k*k *k*k

***Significant a the 0.001 probability level. TDM: total dry matter
SDM: shoot dry matter RDM: root dry matter

Similarly, asgnificant rateof DWTRX soil interaction
was observed for total, shoot and root dry matter yield
(Table2). Drinking water trestment residual application

to soils has raised issues about possible changes in
s0ils water holding capacity. Thewater holding capacity
of the three studied soils as affected by DWTR
application ratesare shownin Table 3. The dataindicated
that asthe DWTRamendmentsrateincreased the water
holding capacity increased for thethreesoils. Thechanges
inthewater holding capacity asa function of amendment
rateweremore pronounced in the clay soilsversus sandy
and calcareous soils.

Phosphorus concentration in corn plants

Generally, phosphorus concentration tends to be
accumul ated in the order shoots rather than roots of
corn plants grown in DWTR treated soils (Fig. 1).
Application of 10, 20 and 30 gk/g DWTR significantly
increased plant phosphorus concentrationsin the plant
material s (shoots and roots) taken from the three soils
(Fig. 1). Further increasein DWTR application ratehas
resulted in negative significant impact on plants
phosphorus concentration, especially in clay and
calcareous soils, but in sandy soils the increase in
phasphorus concentration extended to 40 gk/g DWTR
rate

Phosphorus extractability before cultivation and after
harvest of corn

The available phosphorus concentrations in the
three studied soils as influenced by drinking water
treatment residuals before cultivation and after
harvest of corn plants are presented in Table 4. Soil
type, DWTR rate, and soil x rate interaction
significantly affected available phosphorus
concentration (Table4). Application of DWTR at rates
up to 30 g/kg significantly increased available
phosphorus concentrations of the three studied soils.

Table 3: Water Holding Capacity (WHC) of the three soils as influenced by DWTR application rate

DWTR rate Water Holding Capacity (WHC)

gkg gkg
Clay Sandy Calcareous

0 259.30 93.80 166.70
10 271.80 114.40 198.20
20 321.90 176.30 251.20
30 390.90 220.50 347.20
40 427.30 241.50 371.90
Mean 334.24 169.30 267.04
LSD 005 31.39 14.67 24.53
Analysis of variance F-test
&)I I *kk
Rate Kok x
Rate X soil *%

** and *** Significant at the 0.001 and 0.01 probability levels respectively
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Fig. 2: Relationship between available phosphorus and phosphorus uptake of corn plants grown in DWTR-treated soils

Table 4: Olsen-phosphorus concentrations for three soils

influenced by DWTR rates

Olsen phosphorus concentration

DWTR rate Before cultivation After harvest
g/kg mg/kg
Clay
0 24.75 3.66
10 41.42 13.00
20 63.83 14.61
30 72.75 14.99
40 30.28 11.76
Mean 46.61 11.60
Sandy
0 2.89 0.81
10 8.97 571
20 27.27 23.13
30 33.63 27.27
40 34.80 24.47
Mean 21.51 16.28
LSD o0s 127 1.05
Calcareous
0 18.70 14.60
10 27.77 22.00
20 35.04 26.93
30 41.18 31.03
40 16.33 11.98
Mean 27.80 21.31
LSD g0s 1.03 0.97
F-test
Analysis of
variance Olsen-PBC Olsen-PAH
SOI | *k*k *hk
Rate * k% * k%
Rate X soil *kk *kk

*** Significant at the 0.001 probability level. Olsen-PBC : Olsen- . .
phosphorus before cultivation; Olsen-PAF: Olsen-phosphorus after harvest theresultsof Heil and Barbarick, (1989) they observed

494

However, application of DWTR at arate of 40 g/kg
to clay and calcareous soils significantly decreased
available phosphorus concentrations. This is
expected because Al compounds in AI-DWTR tend
to reduce plant available phosphorus and to create
phosphorus deficiency at the higher rates of DWTR,
through a combination of specificion adsorption and
precipitation reactionson Al hydroxidesin theform
precipitated al uminum phosphate (Gallimore, et al.,
1999; Makrisand Harris, 2005).

DISCUSSION AND CONCLUSION

Managing DWTR applications to maintain soil
phosphorus at agronomic and environmentally
acceptable levels should consider the influence of
DWTR application rates on extractablephosphorus.
Plant yields as well as availability of the phosphorus
in three different alkaline soilsamended with different
ratesof DWTR were examined. Theresults show that
low application rates (30 g/kg) of DWTR produced
greater plant dry matter yield without creating
phosphorus deficiency and Al phytotoxicity. The
increase in dry matter production may be due to an
increase in soil water holding capacity with DWTR
additions, aswell asitshigh content of organic matter,
available phosphorusand CEC (Ippalito, et al., 1999;
Sultani, et al., 2007). Skene, et al., (1995) indicated that
the physical properties of alum (i.e. water holding
capacity and drainage characteristics) are probably
more important than inherent nutrient levels. The
significant differencesin dry matter yield of corn growth
in the studied soils are consistent with significant
differencesin water holding capacity of thethree soils
(Tables 2 and 3). Thedry matter resultsaresimilar to
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an increasein dry matter yield of lettuce with DWTR
application. At DWTR application rate of 40 g/kg, the
dry matter production of corn in calcareous and clay
soils were significantly decreased as a result of
decreas ng plants phosphorus uptake (Table 2).Bugbee
and Frink (1985) reported a decrease in plant growth
with increasing amount of alum-sludge added duetoa
decrease in plant tissue total phosphorus
concentrations. Application of 10,20and 30 g/kg DWTR
s gnificantly increased plant phosphorus concentrations
inthe plant material s(shootsand roots) taken fromthe
threesoils. Further increasein DWTR application rate
hasresulted in negative significant impact on plants P
concentration, especially in clay and calcareous soils,
but in sandy soils the increase in phosphorus
concentration extended to 40 g/kg DWTR rate. The
reduction in available phosphorus concentration at the
higher ratesof DWTR could be attributed toformation
of precipitated aluminum phosphate (Ippolito, et al.,
1999; Sims and Luka-Mc Cafferty, 2002). Because
sorption capacity of sandy soil is small, increasing
available phosphorus concentration at a higher rate of
DWTRisexpected (Table4). Peters and Basta (1996)
concluded that the addition of DWTR reduced
excessive amounts of bioavailable phosphorus, and
by increasing the application rate, the amount of
bioavailable phosphorus continued to decrease. Land
application of high ratesof DWTR hasinduced similar
Pdeficiency in other studies (Rengasamy, et al., 1980;
Bugbee and Frink, 1985; Chakrabarty, 2007).
Gandhaupudi, et al., (2005) indicated that addition of
DWTR to poultry litter reduced the soluble phosphorus
lost to aqueousstreams. Moore, et al., (2000) observed
a73% reduction in soluble phosphorus concentrations
in runoff from pasturesfertilized with DWTR-treated
poultry litter compared to pastures receiving untreated
poultry litter. Based on our study and previous studies,
the application of phosphorus fertilizer or biosolids
containing high P concentration may overcome
phosphorus limitations brought about by DWTR
application, but thisconcept needs more research and
experiments. The relationship between a soil testing
extracting and plant nutrient uptake should be an
important parameter in the selection of a soil testing
method (Stiffens, 1994). Combined analysesof al soils
and DWTRrates studied clearly indicated significant
relationship between available phosphorus
concentration and phosphorus uptake (r = 0.87, P <
0.001, Fig. 2). In conclusion, low application rates of
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DWTR produced greater plant dry matter yield
associ ated with thethree studied soilswithout creating
a deficiency of phosphorus. Apparently, phosphorus
fixation wasminimal at theserates. Thelow application
rates of the DWTR used in this study could be safely
applied to the studied soils. Based on our experiment
results, the rate of 30 g/kg is considered the best
application rate of DWTR because of its positive
effectson plant dry matter. However, additional sudies
are necessary to confirm these results under field
conditions.
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