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BARLEY HAY GROWN WITH SEWAGE SLUDGE

A. D. Day and R. K. Thompson
Department of Plant Sciences, University of Arizona, Tucson

Summary

A 4 -year experiment (1974 through 1977) was conducted at Mesa, Arizona to study the effectiveness
of dried sewage sludge as a fertilizer source for the production of hay from 'Harlan II' barley (Hordeum
vulgare L.). Three fertilizer treatments were applied each year before planting on a Laveen loam soil,
a member of the coarse -loamy, mixed, hyperthermie Typic Calciorthids. The treatments consisted of:
(1) recommended rates of nitrogen (N), phosphorus (P), and potassium (K) in Arizona - 157, 81, and 0
kg /ha of N, P, and K; respectively; (2) ten metric t /ha of dried sewage sludge to supply N in amounts
equal to the recommended rate; and (3) inorganic fertilizer to provide N, P, and K in amounts equal to
those applied in the sewage sludge - 157, 305, and 36 kg /ha of N, P205, and K2O; respectively.

Average number of days from planting to flowering, lodging, plant height, and hay yield of barley
grown on dried sewage sludge amended soil were similar to the same characteristics of barley grown on
soil treated with inorganic fertilizers. In vitro dry matter disappearance ( IVDMD) and total protein
contents of barley hay did not differ, significantly, due to either inorganic fertilizers or dried
sewage sludge. Heavy metal concentrations in plant tissue for all fertilizer treatments were in the
same range, except that the lead content of barley treated with dried sewage sludge was significantly
higher than the lead content of barley grown with inorganic fertilizers. Soil analyses at the beginning
and at the end of the experiment showed that the residual phosphate supplied by dried sewage sludge was
higher than the recommended level for Arizona; however, the nitrogen supply may be a limiting factor if
the application rate is based solely on nitrogen content, without considering the rate of decomposition
and nitrogen mineralization of dried sewage sludge.

************

Introduction

The continuous production and accumulation of municipal sewage sludge, particularly from large
industrial cities, may pose potential pollution hazards unless proper disposal methods are implemented.
There is a growing interest in using soil as a medium for the disposal of sewage sludges; however, the
continuous application of sewage sludge on agricultural lands may be limited by the accumulation of
toxic heavy metals that are present in sewage sludge. Sewage sludge contains considerable amounts of
nitrogen (N), phosphorus (P), and potassium (K), the principal elements needed for plant growth. With
the increased cost and shortage of chemical fertilizers, sewage sludge may be a valuable fertilizer
source once the proper application rates and cultural practices are established.

Materials and Methods

An experiment was conducted at Mesa, Arizona from 1974 through 1977 to compare the effects of
dried sewage sludge and inorganic fertilizers on the yield and quality of hay from Harlan II barley.
Three fertilizer treatments were used: (1) recommended rates of nitrogen (N), phosphorus (P), and
potassium (K) for barley in Arizona, (2) dried sewage sludge from the Phoenix Sewage Treatment Plant to
supply N in amounts equal to the recommended rate, and (3) inorganic fertilizers to provide N, P, and K
in amounts equal to those applied in the sewage sludge. The suggested fertilizer rate used for barley
was based on past cropping history and soil test. The dried sewage sludge contained 16 kg /t N, 31 kg /t
P
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and 3.6 kg /t K. Based on the analysis, 10 metric t /ha of dried sewage sludge were applied to
sply 157 kg /ha N (recommended N level). The three fertilizer treatments were applied at planting in
December of each year on a Laveen loam soil. The Laveen series is a member of the coarse -loamy, mixed,
hyperthermie Typic Calciorthids. The experimental desin was a Randomized Complete Block, with four
replications. The plot size was 52.5 m by 3.6 m (189 m ). The specific treatments for each plot re-
mained unchanged throughout the experimental period, once the treatments were randomized at the
beginning of the experiment. In December of each year, the plots were pre -irrigated, fertilized, and
then planted with barley at the rate of 140 kg /ha. The hay was harvested with a conventional mowing
machine at the early dough stage of seed development. Data obtained before and after harvesting were:
(1) days from planting to flowering, (2) plant height, (3) lodging, and (4) hay yield at 12% moisture.

After harvest each year, hay samples were dried and ground to pass through a 40 -mesh screen. In
vitro dry matter disappearance (IVDMD) was determined using a modification of the two -stage method
developed by Tilley and Terry. Rumen fluid obtained from a fistulated steer maintained on alfalfa hay
was used as the source of inoculum. Total protein in the hay was determined by the micro Kjeldahl
method. For heavy metal analysis, the ground plant samples were digested with concentrated nitric -
perchloric acid. Metal concentrations were then determined by atomic absorption. Laboratory soil
analyses to determine soil physical and chemical changes due to the treatments applied were conducted
at the University of Arizona Soil, Water, and Plant Tissue Testing Laboratory before the application of
fertilizer treatments in 1974 and after the termination of the experiment in 1977. Soil pH, electrical
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conductivity, soluble salts, sodium, and potassium were determined from saturation extract. McGeorge

and Breazeale's Method of CO2 extraction was used to evaluate NO3 -N and PO4 -P. Organic matter was
analyzed using the method developed by Walkley. All data were analyzed using the standard analysis of
variance and means were compared using the Student- Newman- Keuls' Test.

Results and Discussion

Average number of days from planting to flowering, lodging, plant height, and hay yield of barley
were not significantly influenced by fertilizer treatments (Table 1). The dried sewage sludge and in-
organic fertilizer treatments supplied similar amounts of total nitrogen to the soil. Although the
dried sewage sludge contained much more phosphorus and potassium than the suggested rates, there was no
significant increase in vegetative growth and hay yields. In the first year of the experiment, it was
observed that the yield of barley hay from plots treated with dried sewage sludge was slightly lower
than the yield from plots treated with inorganic fertilizers. This may have been due to the fact that

the availability of nitrogen from sewage sludge was lower than it was from the inorganic fertilizers
because the slower rate of decomposition in sewage sludge may have prevented total nitrogen mineral-
ization. In vitro dry matter disappearance (IVDMD), protein content, and heavy metal concentrations in
barley hay from plots treated with dried sewage sludge were similar to those in barley hay from plots
that received inorganic fertilizer (Table 2). Barley treated with sewage sludge had a higher lead
concentration than did barley treated with inorganic fertilizers (Table 2).

Laboratory analyses showed that the dried sewage sludge used in this experiment contained 50 ppm
Cd, 4000 ppm Zn, 550 ppm Cu, 200 ppm Pb, and 165 ppm Ni; however, plant uptake of the foregoing heavy
metals did not differ between fertilizer treatments. Barley plants did not show any toxic effects
from any of the fertilizer treatments. To investigate the effect of heavy metals on barley, sewage
sludge rates higher than those used in this experiment may be required. Results of soil analyses
conducted in 1974 prior to the application of the fertilizer treatments and in 1977 after the3 experiment
was terminated showed that soil pH, organic matter, NO,-N, electrical conductivity (EC x 10 ), soluble
salts, sodium, and potassium contents were not significantly different for the three fertilizer treat-
ments (Table 3). Soil treated with inorganic fertilizer with N, P, and K contents equal to those in
the dried sewage sludge treatment had the highest residual phosphate. The phosphate content of soil
treated with dried sewage sludge was only 50% of that in soil fertilized with an equivalent amount of
phosphorus in inorganic fertilizers. The foregoing fertilizer treatments had the same total phosphorus
content. Thus the low amount of phosphate released into the soil from sewage sludge may be due to
the slower rate of sewage sludge decomposition compared to phosphorus availability from inorganic
fertilizer sources.

The experiment showed that the application rate of dried sewage sludge used was not high enough to
cause any concern regarding heavy metal toxicity to plants. The data also indicated that dried sewage
sludge may be used as an alternative source of fertilizer and soil amendments; however, the rate of
decomposition and plant nutrient mineralization should be taken into consideration when recommending a
given rate of dried sewage sludge as a fertilizer source.

Table 1. Effects of dried sewage sludge on the days from planting to flowering, percent lodging, plant
height, and hay yield of Harlan II barley grown at the Mesa Experiment Station in 1975 -1977
(3 year average).

Fertilizer
treatments

Planting to
flowering

(day)

Lodging

( %)

Plant height
(cm)

Hay Yield,
12% moisture
(metric t /ha)

1. Suggested rate of
+

inorganic fertilizer 108 a 0 a 122 a 10.5 a

2. Dried sewage sludge to
provide suggeted
nitrogen rate+ 106 a 0 a 119 a 9.7 a

3. Inorganic fertilizer to
provide N, P, and K
in amounts equivalent

eS

to dried sewage sludge 5 107 a 0 a 135 a 11.2 a

+ 157 kg of nitrogen and 81 kg of P205 per hectare supplied from urea and treble super -phosphate,
respectively.
Ten tons per hectare.
157 kg of nitrogen, 305 kg of P20 and 36 kg of K90 per hectare supplied from urea, treble super-
phosphate, and potassium sulfate, respectively.

2

f Means followed by a common letter are not significantly different at the 5% level as tested using
the Student -Newman- Keuls' Test.
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Table 2. Effects of dried sewage sludge and inorganic fertilizer on the In Vitro Dry Natter
Disappearance (IVDMD), protein content, and heavy metal concentration in Harlan II barley hay
grown at the Mesa Experiment Station, Mesa, Arizona in 1977.

Fertilizer treatments

Suggested rate of
inorganic fertilizer

Dried sewage sludge
to provide suggested
nitrogen rate

Inorganic fertilizer to
provide N, P, and K in
amounts equivalent to
dried sewage sludge

Heavy metal content

IVDMD
Protein
content Cadmium Zinc Copper Lead Nickel

( %) ( %) (PPm) (PPm) (PPm) (PPm) (PPm)

66.4 a+ 9.0 a 3.3 a 13.8 a 7.9 a 0.2 c 6.4 a

67.9 a 7.8 a 3.4 a 15.9 a 7.9 a 4.4 a 7.3 a

68.6 a 9.5 a 3.4 a 13.6 a 7.7 a 2.6 b 8.1 a

+ Means followed by a common letter are not significantly different at the 5% level as tested using
the Student -Newman -Keuls' Test.

Table 3. Results of soil analyses before fertilizer treatments in 1974 and four years after fertilizer
treatments in 1977 at the Mesa Experiment Station, Mesa, Arizona.

Fertilizer treatments

Original Soil (1974)

Suggested rate of
inorganic fertilizer

Dried sewage sludge

to provide suggested
nitrogen rate

Inorganic fertilizer to provide
N, P, and K in amounts
equivalent to dried sewage
sludge

pH OM N P

Saturation Extract

Ece
Soluble
salts

Na K ESP

( %) (ppm) (ppm) (x103) (ppm) (meq /l) (meq /1) ( %)

7.8 a+ 0.7 a 4.3 a 1.9 c 0.4 a 257 a 1.7 a 0.2 a 1.3 a

7.8 a 0.7 a 4.3 a 1.9 c 0.4 a 289 a 1.9 a 0.2 a 1.6 a

7.8 a 0.8 a 3.9 a 2.9 b 0.4 a 282 a 1.9 a 0.2 a 1.6 a

7.8 a 0.7 a 4.0 a 6.0 a 0,4 a 263 a 1.6 a 0,2 a 1.1 b

+ Means followed by a common letter are not significantly different at the 5% level as tested using the
Student -Newman -Keuls' Test.
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