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Abstract 
From 1976 through 1977, experiments were conducted at 

Mesa, Arizona to compare the growth and forage produc- 
tion from 16 barley (Hordeum vulgare L.) genotypes when 
grown with dried sewage sludge and inorganic fertilizers 
from commercial sources. In December of each year, at 
planting time, three fertilizer treatments were applied: (1) 

recommended rates of nitrogen (N), phosphorus (P), and 
potassium (K) for barley in Arizona (160 kg /ha N from urea, 
81 kg /ha P from treble super -phosphate, and no K was 
recommended), (2) 10 metric t/ha of sewage sludge from the 
Phoenix, Arizona Sewage Treatment Plant consisting of 16 
kg /t N, 31 kg /t P205, and 3.6 kg /t K2O, and (3) inorganic 
fertilizers to provide N, P, and K in amounts equal to those 
applied in the sewage sludge (160 kg /ha N from urea, 310 
kg /ha P2O5 from treble super -phosphate, and 36 kg /ha K2O 
from potassium sulfate). 

Barley genotypes evaluated for vegetative growth and 
forage production responded similarly, when fertilized 
with dried sewage sludge and inorganic fertilizers from 
commercial sources. Fertilizer -genotype interactions did 
not follow a uniform pattern. Significant differences were 
observed between genotypes, within fertilizer treatments, 
for number of days from planting to flowering, plant height, 
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lodging, number of stems per unit area, and hay yield. Dried 
sewage sludge may be used as a fertilizer source in the 
commercial production of forage from barley in the same 
manner that commercial fertilizers are used. To investigate 
the maximum fertilizer response potential of specific 
barely genotypes for the efficient use of sewage sludge in 
commercial barley forage production, additional research 
involving barley breeding and the use of additional rates of 
sludge application are necessary. 

Additional Index Words: Pollution, Plant nutrients, Soil 
amendments, Heavy metals, Small grains, and Cereal 
grains. 

Introduction 
The effective disposal of sewage sludge is an important 

pollution problem that must be solved by all metropolitan 
areas. Conventional means of sewage sludge disposal, such 
as incineration and land -fill operations, are expensive and 
pose future pollution problems. Currently, legislation is in 
progress to classify ammonia as a toxic pollutant. Alternate 
means of waste disposal would be essential if this legisla- 
tion is passed. New methods of sludge disposal are being 
studied, including the application of sewage sludge to ag- 
ricultural lands. Several nutrients essential for plant 
growth are found in sewage sludge. In addition, sewage 
sludge has a high organic matter content, which improves 
the physical and chemical characteristics of agricultural 
soil. One drawback to using sewage sludge for fertilizer is 
that most sludge contains toxic heavy metals that may 
build up in the soil and result in damage to the plants. If the 
danger from toxic metals can be eliminated and proper 
application rates for specific crops can be established, sew- 
age sludge may be a valuable fertilizer source for agricul- 
tural land. 

Literature Review 
The heterogeneous nature of sewage sludge produced by 

different cities and the presence of potentially harmful 
trace metals necessitates a knowledge of the chemical 
composition of each individual sewage sludge prior to land 
application (Sommers, 1977). The variable nature of inor- 
ganic nitrogen (N) and the metal content of sludge indicates 
that a sampling and analysis is essential before recom- 
mending rates of sludge application (Sommers et al., 1976). 
The presence of toxic metals in plants was influenced by 
the nature of the sludge, the rate of sludge application, and 
the pH of the soil material (John and Van Laerhoven, 1976). 
Sewage sludge decomposes at the same rate regardless of 
whether it is applied in small amounts for several incre- 
ments or applied in one large amount (Terry et al., 1979). 
Soil temperature was a major factor influencing the rate of 
sewage sludge decomposition; however, differences in soil 
texture and chemical properties had little effect on sludge 
decomposition (Miller, 1974). 

Soil salinity, cation exchange capacity, N level, P level, 
and chloride level all increased when sludge was applied to 
the soil (Epstein et al., 1976). Cunningham et al. (1975) 
found that an increase in sludge applications led to signifi- 
cant increases in Ni, Cu, Zn, Cr, and Mn in plant tissue and 
that the Cd concentration was dependent on the Zn con- 
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centration. Korcak et al. (1979) found that increasing the 
rate of applied sewage sludge increased the soil concentra- 
tion of Zn, Cd, Cu, and Ni; however, increases in the 
concentration of these metals were not detected in the 
plant tissues. Giordano et al. (1975) stated that there was 
little correlation between plant uptake and soil extraction 
of Pb, Ni, Cr, and Zn. 

King and Morris (1972) reported increased crop yields by 
using sewage sludge as a fertilizer source. At the sewage 
sludge application rate of 44.8 metric t /ha, phosphorus (P) 

and sulfur (S) were present in sufficient quantities to cor- 
rect P and S deficiencies in most soils (Taylor et al., 1978). 
The addition of either sludge or gypsum corrected sulfur 
deficiencies in the plants, significantly increased the dry 
matter yields from plants, and demonstrated that sewage 
sludge was a potential source of available sulfur for plants 
(Elseewi et al., 1978). Sheaffer et al. (1979) found that sludge 
applications resulted in grain yield increases in corn (Zea 
mays L.) at all temperatures. Crop yields of snapbeans 
(Phaseolus vulgaris L.) increased as rates of sludge applica- 
tions increased; however, concentrations of zinc and cop- 
per also increased in that crop (Dowdy et al., 1978). 

The objective of this research was to compare the growth 
and forage production from 16 barley genotypes grown on 
soils treated with dried sewage sludge with the growth and 
forage production from the same genotypes fertilized with 
commercial inorganic fertilizers. 

Materials and Methods 
The effects of dried sewage sludge and commercial, inor- 

ganic fertilizers on the growth and forage production from 
16 barley (Hordeum vulgare L.) genotypes were studied in a 
2 -year experiment (1975 through 1976) at the Mesa Exper- 
iment Station, Mesa, Arizona. Three fertilizer treatments 
were used: (1) recommended rates of N, P, and K for barley 
in Arizona, (2) dried sewage sludge from the Phoenix, 
Arizona Sewage Treatment Plant to supply N in amounts 
equal to the recommended rate, and (3) inorganic fertilizers 
consisting of N, P, and K in amounts equal to those applied 
in the sewage sludge. The recommended fertilizer rate, 
based on past cropping history and soil tests, was supplied 
using urea and treble super -phosphate at rates of 160 kg /ha 
N and 81 kg /ha P2O5, respectively. The dried sewage sludge 
contained 16 kg /t N, 31 kg /t P2O5, and 3.6 kg /t K2O. Based 
on the analysis, 10 metric t /ha of sludge were required to 
supply N equivalent to the recommended inorganic fer- 
tilizer rate. The sludge equivalent of inorganic fertilizer 
was obtained using urea, treble super -phosphate, and 
potassium sulfate at rates of 160 kg N /ha, 310 kg P2O5 /ha, 
and 36 kg K2O /ha, respectively. 

The experiment was conducted on a Laveen loam soil, a 
member of the coarse -loamy, mixed, hyperthermic Typic 
Calciorthids. A split -plot experimental design was used 
with four replications. Fertilizer treatments were the main 
plots and genotypes were the sub -plots. The sub -plot size 
was 1m2. Plots were pre -plant irrigated, fertilized, and then 
planted with the barley genotypes at the rate of 112 Kg /ha, 
in December of each year. The genotypes were harvested at 
the flowering stage of growth each year with a hand sickle. 
The following data were obtained from each genotype: (1) 

days from planting to flowering, (2) plant height, (3) lodging, 
(4) stems per unit area, and (5) hay yield per unit area. 

All data were analyzed using the standard analysis of 
variance and means were compared using the Student - 
Newman- Keuls' Test as described by Little and Hills 
(1972). 

Results and Discussion 
The Analyses of Variance indicated that fertilizer treat- 

ments did not significantly affect days from planting to 
flowering, plant height, lodging, and number of stems per 
unit area (Table 1). These data suggest that sewage sludge 
may be used as a source of fertilizer nutrients in the 
production of barley without adversely affecting the fore- 
going plant growth characteristics. However, differences in 
hay yields between fertilizer treatments were observed 
(Table 1). In general, average hay yields from barley 
genotypes grown with sewage sludge were lower than aver- 
age hay yields from the same genotypes fertilized with 
equivalent amounts of N, P, and K from commercial, inor- 
ganic fertilizers. This suggests that maximum forage yields 
may not be obtained from most barley genotypes grown 
with sewage sludge as a source of plant nutrients. 

In a similar experiment conducted by Pearman et al. 
(1978), semidwarf and tall winter wheat cultivars showed 
no interaction between cultivars and nitrogen fertilizers. 
However, cultivar differences were observed that increased 
with increases in nitrogen levels. 

Differences between barley genotypes for days from 
planting to flowering, plant height, lodging, number of 
stems per unit area, and hay yield were observed (Table 1). 

These data indicated that great variation existed between 
the 16 genotypes in these five plant growth characteristics 
and that plant breeding techniques may be used very effec- 
tively in the breeding of improved cultivars of barley for 
forage production. 

A barley breeder should be able to breed improved barley 
cultivars for each of the three fertilizer treatments used in 
this experiment. Sewage sludge may be used effectively as a 
fertilizer source once the problem of heavy metal toxicity is 
eliminated. Since sewage sludge contains the essential 
plant nutrients for forage producing plants, its use as a 
source of fertilizer in the commercial production of barley 
hay would provide an effective way to dispose of a munici- 
pal waste product and at the same time save expensive 
energy required in the production of commercial, inorganic 
fertilizers. 
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Table 1. Average days from planting to flowering, plant height, lodging, stems per unit area, and hay yield for 16 barley 
genotypes grown with 3 fertilizer treatments at Mesa, Arizona in 1976 and 1977 (2 -year average). 

Fertilizer 

Suggested N, P, K 

from commercial 
fertilizer. 

N, P, K from commercial 
fertilizer equal to 
sewage sludge. 

Sewage sludge to 
provide suggested N, 
with no additional 
fertilizer. 

C. V., % 

Significance of differences: 
Between fertilizer treatments 
Between genotypes 

Genotype 
Planting to 
flowering 

Plant 
height Lodging Stems /m' 

Hay /m2 
(12% moisture) 

(day) (cm) (%) (no.) (g) 

Mesa 273 52 ab + 102 a 4b 550 be 983 ab 
Mesa 269 50 cd 106 a 17 ab 557 be 1443 ab 
Yuma 32 50 cd 103 a 24 a 521 be 1426 ab 
Yuma 6 52 ab 96 be 9 ab 460 c 1234 ab 
Mesa 322 50 cd 101 ab 11 ab 507 be 1037 ab 
Yuma 52 50 cd 101 ab 9 ab 470 c 1273 ab 
Yuma 166 50 cd 100 ab 6 ab 550 be 1056 ab 
Mesa 300 49 d 104 a 6 ab 560 be 1205 ab 
Mesa 383 49 d 99 abc 17 ab 589 be 1445 ab 
Yuma 122 51 bc 89 d 4b 511 be 1007 ab 
Mesa 497 50 cd 93 cd 513 593 be 1098 ab 
AZ- 1970 -1 50 cd 96 be 3b 648 b 1056 ab 
Arivat 47 e 100 ab 5b 504 be 1277 ab 
Arimar 45 f 99 abc 9 ab 520 be 1463 a 

Cal. Mariout 46 ef 101 ab 9 ab 538 be 1360 ab 
Bartel 53 a 68 e Ob 761 a 948 b 

Mesa 273 49 b 109 be 25 b 509 b 1519 abc 
Mesa 269 49 b 78 e 6 be 601 ab 722 d 
Yuma 32 49 b 81 e 7 be 673 a 995 bcd 
Yuma 6 49 b 79 e 6 be 580 ab 962 cd 
Mesa 322 49 b 112 ab 10 be 508 b 1147 abc 
Yuma 52 48 b 115 a 11 be 516 ab 1321 abc 
Yuma 166 48 b 112 ab 22 be 486 b 1293 abc 
Mesa 300 50 ab 104 10 be 501 b 1189 abc 
Mesa 383 49 b 106 bc 15 be 488 b 1410 abc 
Yuma 122 50 ab 105 c 8 be 544 ab 1179 abc 
Mesa 497 43 c 89 d 44 a 545 ab 1289 abc 
AZ- 1970 -1 42 c 92 d 44 a 581 ab 1611 a 

Arivat 42 c 89 d 39 a 551 ab 1523 abc 
Arimar 51 a 107 be 3c 523 ab 1128 abc 
Cal. Mariout 49 b 112 ab 12 be 628 ab 1575 ab 
Bartel 50 ab 109 be 18 be 619 ab 1390 abc 

Mesa 273 52 a 71 e lb 773 a 1168 ab 
Mesa 269 52 a 70 e 2b 679 ab 1041 ab 
Yuma 32 50 bc 108 ab 3b 570 bcd 959 b 

Yuma 6 49 cd 112 a 1b 532 bcd 1211 ab 
Mesa 322 49 cd 107 ab 4b 461 d 1196 ab 
Yuma 52 49 c 87 d Ob 602 bcd 872 b 
Yuma 166 48 de 92 d 3b 598 bcd 1169 ab 
Mesa 300 47 e 88 d lb 532 bcd 1065 ab 
Mesa 383 51 ab 98 c 20 ab 573 bcd 1121 ab 
Yuma 122 51 ab 100 10 695 ab 1477 a 
Mesa 497 50 bc 99 c 28 a 639 be 1332 ab 
AZ- 1970 -1 49 cd 110 ab Ob 500 cd 857 b 
Arivat 48 de 109 ab 2b 534 bcd 1122 ab 
Arimar 48 de 110 ab 4b 513 cd 1089 ab 
Cal. Mariout 50 bc 105 b 14b 543 bcd 1071 ab 
Bartel 49 cd 108 ab 10 563 bcd 1342 ab 

2 3 27 12 18 

ns ns ns ns 

*, " = significant at 5% and 1% levels, respectively; ns = not significant at 5 %. 

+ Means followed by the same letter, within fertilizer treatments and between genotypes, are not different at the 5% level of significance using Student -Newman -Keuls' Test. 
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