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ABSTRACT

A four-year experiment, conducted at the Mesa Agricultural Center, studied the use of dried
sewage sludge from the City of Phoenix as a source of plant nutrients in the commercial
production of barley grain. The objective was to compare the effects of sewage sludge and
commercial fertilizer on barley growth, grain yield, and quality. Three fertilizer treatments were
used: (1) suggested rates of nitrogen (N), phosphorus (P), and potassium (K} in Arizona; (2) dried
sewage sludge to supply plant-available N in amounts equal to the suggested rate; and (3) N, P,
and K from inorganic fertilizers.in amounts equal to those in sewage sludge. Characteristics of
barley growth, grain yield, and quality were similar for the three fertilizer treatments. Barley can
use the fertilizer nutrients in dried sewage sludge to produce grain as effectively as it can utilize
the fertilizer nutrients in inorganic fertilizer.

INTRODUCTION

Potential pollution problems from increasing quantities of municipal sewage sludge have forced metropolitan
areas to consider alternate methods of disposal. Previous disposal methods have included landfills, incineration, and
ocecan dumping. There is a growing interest in using agricultural lands as sewage sludge disposal sites. Sewage
sludge contains considerable amounts of nitrogen (N), phosphorus (P), and potassium (K), the principal fertilizer
elements needed for plant growth. The objective of this research was to study the use of dried sewage sludge as a
source of fertilizer for the production of barley grain.

MATERIALS AND METHODS

Three fertilizer treatments were applied at planting time in December of each year from 1984 through 1987, on
a Laveen loam soil. The fertilizer treatmenis were: (I} suggested rates of nitrogen (N), phosphorus (P), and
potassium (K) in Arizona; (2) dried sewage sludge to supply N in an amount equal to the suggested fertilizer rate;
and (3) inorganic fertilizers to provide N, P, and K in amounts equal to those present in the dried sewage sludge
treatment.

The suggested fertilizers, consisting of 150, 75, and 0 Ib/acre of N, P205, and K20, respectively, were based on
soil tests and past cropping history. The dried sewage sludge contained 15, 68, and 8 Ib/ton of N, P205, and K20,
respectively. Therefore, 10 tons/acre of sludge were required to supply N in an amount equal to the suggested
fertilizer rate. Based on the sludge analysis, the equivalent inorganic fertilizer treatments consisted of 150 Ib N, 630
1b P05, and 80 1b K20 per acre. Urea, treble superphosphate, and potassium sulfate were used as inorganic N, P,
and K sources.

The experimental plots were arranged in a Randomized Complete Block Design, with four replications. The
harvested plot size was 2,000 sq. {t. Following fertilizer application and pre-irrigation in December of each year, the
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plots wete planted with *Harlan 11" barley ‘4t the rate «of 125 Ib/acre. The igrain 'was coxri’bi‘ne-’ha‘;‘vesite’d at natarity.
The foltowing data were obtained each year: (I) days from planting to maturity, (2) lodging, (3) plant height, (4)
straw vield, (5) grain yield per unit area, {6) grain volume-weight, and (7) grain/straw ratio.

After harvest each year, grain and straw samples were ground to pass through a 40-mesh screen for laboratory
quality analysis. In vitro dry matter disappearance (IVDMD) was determined using a modification of the two-stage
method developed by Tilley and Terry (1963). The source of inoculum was rumen fluid ‘obtained from a fistulated
steer maintained on alfalfa hay. Crude protein (Nx6.25) in grain and straw was determined using the Kjeldahl
method (AOAC, 1980). Heavy 'metal concentrations were {determined by atomic absorption after the ground samples
were digested with concentrated nitric-perchloric acid. All data were analyzed using the standard -analysis of
variance and means were compared using the Student-Newman-Keul’s Test, as-described by Steel and Torrie (1960).

RESULTS AND DISCUSSION

PLANT GROWTH AND GRAIN YIELD

When barley was fertilized with dried sewage sludge in an amount needed to provide the suggested plani-
available nitrogen, it produced vegetative growth and grain yields similar to those obtained when the crop was
grown with suggested inorganic fertilizer (Table 1). Barley used the nitrogen in sewage sludge as effectively as it
utilized the nitrogen in inorganic fertilizer to produce high yields of high quality grain and straw.

GRAIN VOLUME WEIGHT

Volume-weight is the principal quality characteristic used to determine the :quality and price of barley ;grain at
the market place. When barley was grown with dried sewage sludge and inorganic fertilizer, it produced grain with
similar volume-weights (Table 1).

LIVESTOCK FEEDING QUALITY

In vitro dry matter disappearance (IVDMD) and protein content are two recognized quality evaluations used to
determine the relative quality of ruminang feeds. The IVDMD and protein in barley igrain and straw grown with
dried sewage sludge were similar to the IVDMD and protein in barley grain and straw grown with inorganic
fertilizer.

HEAVY METALS

The major concern in the use of dried sewage sludge as fertilizer is its heavy metal content, which may be
harmful to field crops and field crop products if it is applied in an excessive amount. The cadmium, zinc, copper,
and nickel concentrations in grain and straw from barley fertilized with dried sewage sludge were all relatively low
and were similar to the cadmium, zinc, copper, and nickel concentrations in grain and straw from barley fertilized
with inorganic fertilizer.
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Table 1. Effects of dried sewage sludge on the days from planting to maturity, perceni lodging, plant height,
grain yield, grain volume-weight, straw yield, and grain/siraw ratio for Harlan II barley grown at the Mesa
Agricultural Center in 1984-1987 (4-year average).

Plantingto  Plant Grain Grain Staw
Fertilizer = maturity Lodging height yield volume-weight yield Grain/straw
treatments  (day) (%) (in) (Ib/acre) (Ib/bu) (Ib/acre) (ratio)

Suggested rate of
inorganic fertilizerl 167a% 51a 48a 4,518a 484a 9,391a 048a

Dricd sewage sludge to
provide suggested
nitrogenrate2  167a 42a 47a 4357a 487a 8,685a 0.50a

=~auic fertilizer to
N,P,and K in
cquivalent to
w. _sowagesludge3 167a 67a 50a 4402a 48.8a 9,990a 044a

1150 Ib of nitrogen and 75 Ib of phosphate per acre supplied from urea and treble super-phosphate.
2 Ten tons per acre.

2150 Ib of nitrogen, 680 1b of P205 and 80 1b of K20 per acre supplied from urea, treble super-
phosphate, and potassium sulfate, respectively.

4 Means followcd by a common Icticr, within columns, are not different at the 5% level of significance.
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Table 1

Effects of dried sewage sludge on the days from planting to maturity, percent lodging, plant height,
grain yield, grain volume-weight, straw yield, and grain/straw ratio for Harlan II barley grown at the
Mesa Agricultural Center in 1974-1977 (4—year average).

Planting to Plant Grain Grain Straw
Fertilizer maturity Lodging beight yield volumeweight yield Grain/straw
treatments (day) () (in) (i1b/acre) (1b/bu) (1b/acre) (ratio)
Suggested rate of
inorganic fertilizer® 167a% s1a 48a 4,518a 48.4a 9,391a  0.48a

Dried sewage sludge to
provide suggegted
nitrogen rate 167 a 42 a 47 a 4,357 a 48,7 a 8,685 a 0.50 a

Inorganic fertilizer to

provide N, P, and K in

amoumts equivalent to

dried sewage sludge 167 a 67 a 50 a 4,402 a 48.8 a 9,990 a 0.44 a

1150 1 of nitrogen and 75 1b of phosphate per acre supplied from urea and treble super—phosphate.
9
~ Ten tons per acre.

2150 1b of nitrogen, 680 1b of P,05 and 80 1b of K,0 per acre supplied from urea, treble super—
phosphate, and potassium sulfate, respectively.

A Means followed by a cammon letter, within columms, are not different at the 5% level of sigmificance.
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