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Arizona barley irrigated with wastewater yields taller plants, more
lodging, lower grain volume- weights, and higher grain yields.

By A. D. Day, J. A. McFadyen,

T. C. Tucker, and C. B. Cluff

SOUTHERN ARIZONA EXPERIMENTS
indicate that barley irrigated with a
50:50 mixture of pump water and
treated municipal wastewater was su-
perior in growth, grain yield, and grain
quality to barley irrigated with pump
water alone.

In addition, soil irrigated with both
types of irrigation water had similar pH
at the end of the study.

An inadequate supply of water has
always been a problem for inhabitants
in the semi -arid southwestern United
States. Since surface water is limited,
ground water reserves have been
pumped to supply the agricultural, mu-
nicipal, and industrial needs.

Agricultural use of water combined
with large increases in population have
greatly increased the demand for ground
water and have resulted in a lowering of
the water table. Alternative sources of
irrigation water must be used whenever
possible by commercial agriculture to
reduce the gap between the rates of
pumping and recharge of ground water
supply in the Southwest.

One alternative is the use of treated
municipal wastewater for crop irriga-

Day is an agronomist and McFadyen a
graduate assistant in the Department of
Plant Sciences; Tucker is a soil scientist in
the Department of Soils, Water, and Engi-
neering; and Cluff is a hydrologist at the
Water Research Center, University of Ari-
zona, Tucson.
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tion. This would provide low -cost irri-
gation water that contains large quan-
tities of plant nutrients.

Buckeye, Ariz., is an agricultural
community located about 30 miles west
of Phoenix in central Arizona. The
Buckeye Irrigation Company provides
irrigation water to about 18,000 acres
of farmland, which is known as the
Buckeye Irrigation District. Beginning in
1962, the Buckeye Irrigation Company
began using treated municipal waste-
water from the city of Phoenix for irri-
gation water. From the initial use of 800
acre -feet, the amount of wastewater
used by the Buckeye Irrigation Company
increased to 40,000 acre -feet by 1968.
In 1971, a long -term contract with the
city of Phoenix was signed to provide
the Buckeye Irrigation Company with
30,000 acre -feet of treated municipal
wastewater annually for 40 years. The
need to investigate the effect of treated
municipal wastewater upon the crops,
soils, and irrigation water was recog-
nized and two separate wastewater
research studies were conducted from
1970 through 1977.

The objectives of this research were:
(1) to compare the response of barley
irrigated with a mixture of pump water
and wastewater with the response of
barley irrigated with pump water alone,
(2) to compare the effects of pump
water and pump water -wastewater ir-
rigation on soil properties, and (3) to
compare the quality of a pump water -
wastewater mixture with the quality of
pump water along as a source of irri-

gation water for barley production.
Representative `Arivat' barley fields

near Buckeye, Arizona, were selected
on similar soil types and under similar
management practices for investigation
in 1974 and 1975. The dominant soil
type in the fields studied was a coarse -
loam.

The effects of two irrigation treat-
ments was studied: (a) pumpwater (from
deep wells) and (b) an approximate
50:50 mixture of pump water and
treated municipal wastewater (pump
water -wastewater) on barley fields each
year. The experimental design was a
modified randomized complete block
with four replications.

Barley irrigated with pump water
alone was fertilized with 112 kg /ha of
N prior to planting; whereas barley irri-
gated with the pump water- wastewater
mixture was not supplemented with
commercial fertilizer. All other cultural
practices in the two irrigation treatments
were similar.

The barley crop was harvested by
hand sickle, each year at maturity from
four 0.405 m2 plots in each selected
field in 1974 and 1975. The selected
fields ranged in size from 40 to 160
acres. Data collected from each plot for
comparison of the irrigation treatments
were: plant height, heads per unit area,
seeds per head, seed weight, grain
yield, and straw yield.

From 1970 to 1977, representative
fields of barley in the Buckeye Irrigation
District ranging from 40 to 160 acres
were selected for the irrigation study.



Twenty -five fields were irrigated with
pump water alone. Another 25 fields
were irrigated with the pump water -
wastewater mixture. A total of 50 fields
were studied during the eight -year pe-
riod.

At maturity, the following data were
obtained from each field: plant height,
lodging, grain volume- weight, and grain
yield. The barley was combine -har-
vested in May each year. Standard
analysis of variance was applied to all
data and the Student -Newman -Keuls'
Test was used to compare treatment
means.

At each harvest in 1974 and 1975,
soil samples from the 0 -30 cm depths
were collected from each plot within
each selected field. The soil samples
were analyzed for paste pH, electrical
conductivity (EC X 103), exchangeable
sodium percentage (ESP), nitrate -ni-
trogen (NO3 -N), and extractable Phos-
phorus (P).

The water quality of the pump water
and wastewater used for irrigation of
barley fields in 1974 and 1975 was
monitored. Additional data from annual
water quality reports from the Buckeye
Irrigation Company and the Roosevelt
Irrigation Company from 1970 through
1977 were studied. Based on the ac-
cumulated data, a composite water
quality was formulated for the irrigation
water used on each selected field in the
large field studies from 1970 through
1977.

Comparing crop response
In 1974 and 1975, in small plot re-

search, barley irrigated with a 50:50
mixture of pump water and wastewater
produced taller plants, more heads per
unit area, heavier seeds, higher grain
yields, and higher straw yields than
barley irrigated with pump water alone
(Table 1). Number of seeds per head
were not significantly affected by the
irrigation treatments.

On large fields from 1970 through
1977, barley irrigated with the pump
water- wastewater mixture had taller
plants, more lodging, lower grain vol-
ume- weights and higher grain yields
than barley irrigated with pump water
alone (Table 2).

The vegetative growth of barley, as
indicated by the plant height and straw
yield data, was greater when it was ir-
rigated with the pump water -wastewater
mixture than when it was irrigated with
pump water alone. Increased vegetative
growth derived from the pump water -
wastewater irrigation may be a partial
explanation for the increased lodging.

Although barley irrigated with the
pump water -wastewater mixture out -
yielded barley irrigated with pump water
alone, its lower grain volume- weight
(seed weight and /or size) may be in-
dicative of lower grain quality and
marketability (Table 2). If a grower's

1 -SMALL PLOT RESEARCH COMPARISON
Average plant height, heads per unit area, seeds per head, seed weight, grain yield, and straw yield from barley
grown with pump water and pump water plus wastewater near Buckeye, Arizona in 1974 and 1975

Heads Seeds
Straw
yield

Irrigation Plant per per Seed Grain (12%
treatment Year height m2 head weight yield moisture)

(cm) (no ) (no.) (mg /seed) (kg /ha) (kg /ha)
Pump water 1974 86 b+ 509 b 25 a 43 b 5,526 b 5,835

1975 84 b 533 b 27 a 41 b 5,846 b 6,094 b
1974 -75

average
85 b 521 b 28 a 42 b 5,686 b 5,965 b

Pump water
plus wastewater 1974 96 a 562 a 28 a 46 a 6,732 a 7,702 a

1975 92 a 581 a 26 a 48 a 7,327 a 7,893 a
1974 -75 94 a 572 a 27 a 47 a 7,030 a 7,798 a

average

4 Means in the same column for the same year or years followed by the same letter are not different at the 5%
level of significance using the Student- Newman- Keuis' Test

2 -LARGE FIELD COMPARISON
Average plant height, lodging, grain volume -weight, and grain yield from 25 fields of barley grown with pump
water and 25 fields of barley grown with pump water plus wastewater near Buckeye, Arizona from 1970 through
1977

Irrigation
treatment

Plant
height Lodging

Grain
volume -weight

Grain
yield

(cm) ( %) (kg /hl) (kg /ha)

Pump water 86 b+ 60 b 62 a 4,102b
Pump water

plus wastewater
96 a 75 a 60 b 5,248 a

+Means in the same column followed by the same letter are not different at the 5 % level of significance using
the Student- Newman -Keuis' Test

3-SOIL ANALYSES
Average pH, electrical conductivity, exchangeable sodium, nitrate -nitrogen, and extractable phosphorus in
the O to 30-cm depth of soils from fields irrigation with two irrigation treatments for the production of barley
near Buckeye, Arizona in 1974 and 1975 (2 -year average)

Ex-
change-

able
sodium

Ni-
trate

Extract-
able

phos-
phorus
(CO2

Irrigation Paste Electrical percent- nitro - extrac-
treatment pH conductivity age gen tion)

(pH) (EC X 103) (ESP) (ppm) (PPM)
Pump water 80 a+ 1 8 b 57b 48b 25b
Pump water

plus waste-
water

79a 23a 107a 7.4 a 6.2 a

+Means in the same column followed by the same letter are not different at the 5% level of significance using
the Student -Newman- Keuis' Test

4-WATER QUALITY
Average depth of penetration, total soluble salts, nitrate -nitrogon, and phosphorus for pump water and pump
water plus wastewater used to irrigate barley near Buckeye, Arizona in 1974 and 1975 (2 -year average)

Total Nitrate
Irrigation Penetration of soluble nitro- Phos-

treatment irrigation water salts gen phorus

(cm) (PM) (PM) (PPm)
Pump water 64 a+ 3,655 a 160a 0,0b
Pump water

plus wastewater
64 a 1,910 b 81b 3 6 a

+Means in the same column followed by the same letter are not different at the 5% level of significance using
the Student-Newman-Keuls' Test
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objective is to produce barley for pas-
ture forage, he may obtain higher veg-
etative yield by using wastewater as a
partial source of irrigation water than by
using pump water alone.

Results of soil analyses are shown on
Table 3. In the 0 -30 cm depth, all soil
samples tested were slightly alkaline
with a pH of about 8, indicating that ir-
rigation treatments did not result in a
significant pH change. Electrical con-
ductivity, exchangeable sodium per-
centage, NO3 -N, and extractable P were
significantly higher in soils irrigated with
the pump water -wastewater mixture
than in soils irrigated with pump water
alone.

Average depths of water penetration
were similar for the two irrigation
treatments (Table 4). Pump water con-
tained more total soluble salts and
NO3 -N than did the pump water- waste-
water mixture. The pump water -
wastewater mixture had a higher P
content than pump water alone (Table
4).
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Water quality for irrigation is in-
fluenced by salt concentrations. Ex-
cessive levels of salt in irrigation water
may be detrimental to plant growth by
inhibiting germination, limiting water
uptake due to osmotic effects, and by
the toxic effects on plants of specific
ions present. The lower concentration
of salt (Table 4) in the pump water -
wastewater mixture was probably a
major factor in its superiority to pump
water alone for irrigation purposes in the
Buckeye area.

The NO3 -N content in the pump
water- wastewater mixture was lower
than the NO3 -N content in the pump
water alone (Table 4). This, however,
does not account for the organic and
ammonium forms of nitrogen that were
present in wastewater and can be
transformed to NO3 -N over a period of
time.

The amounts of total soluble salts,
NO3 -N, and total P applied to each se-
lected field from the pump water or
pump water -wastewater irrigations

were estimated from the composite
water quality data in conjunction with
the amount of water applied. Barley
consumptive water use data was used
to estimate the amount of water ap-
plied.

The higher nitrate content of soils
irrigated with the pump water- waste-
water mixture (Table 3) probably re-
sulted from the higher total nitrogen
present in municipal wastewater. The
higher nutrient content of wastewater
was an additional factor that probably
contributed to higher yields and larger
plants.

From the experience in the Buckeye
Irrigation District, it is evident that
treated municipal wastewater can be
used as a partial source of irrigation
water and plant nutrients in the com-
mercial production of barley in the irri-
gated areas of the Southwest and also
in similar regions throughout the world.
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