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ABSTRACT

When wheat (Triticum aestivum L.) grain was grown on

Comoro sandy loam soil, and irrigated with treated municipal

wastewater, it contained the same amount of fiber as did

grain grown with well water and suggested amounts of nitro-

gen (N), phosphorus (P), and potassium (K), and as did grain

produced with well water plus N, P, and K from commercial

sources in amounts equal to those found in wastewater.

Grain grown with wastewater alone and grain produced

with well water plus N, P, and K in amounts equal to those in

wastewater contained similar amounts of protein when cultured

in the two soil types.

Wheat grain grown with wastewater alone in Comoro

sandy loam soil contained more alanine than did grain pro-

duced with the other two treatments. Grain grown with the

three irrigation and fertilizer treatments contained similar

amounts of cvstine, histidine, methionine, proline, and

threonine.

Grain grown on Grabe silt loam soil and irrigated

with wastewater alone contained alanine, cystine, isoleucine,

methionine, and threonine in amounts similar to those

present in grain produced with well water plus N, P, and K

content equal to that of wastewater.

vi i



viii

Treated municipal wastewater was utilized effec-

tively to produce high quality wheat grain in Arizona.



INTRODUCTION

Wheat (Triticum aestivum L.) and other cereals are

important crops in the southwestern United States and in

many other irrigated areas of the world. Wheat can be grown

successfully for grain production in several semi-arid

regions throughout the world. Irrigation water is often a

factor that limits production of grain from this crop because

of low rainfall and/or expensive irrigation water for agri-

cultural use. Treated municipal wastewater is an important

source of irrigation water and plant nutrients.

The purpose of this study was to determine the

effect of treated municipal wastewater on total crude fiber,

total protein, and amino acid content of wheat grain grown in

two soil types.

1



LITERATURE REVIEW

Use of treated municipal wastewater in industry and

agriculture has solved many sewage and waste disposal

problems in modern cities.

Treatment of Municipal Wastewater

The primary purpose of sewage treatment is to

stabilize sewage without causing odor or nuisance and

without endangering health (31, 34, 38). Wastewater treat-

ment provides additional water for agriculture and it

reduces environmental pollution (9, 56). Baffa (2) pointed

out that there are two phases in sewage treatment: (a)

primary treatment, and (h) secondary treatment. Primary

treatment consists of removing a part of the suspended and

floating solids. Primary treatment can be carried out by

diverting sewage into shallow trenches, from which it soaks

into the soil, or by using broad irrigation on soils that

will not permit adequate filtration (31).

Secondary treatment involves either the biological

process or the activated sludge process (2, 45). Biological

treatment consists of biological oxidation of the organic

matter to stable forms as it flows over surfaces covered

with bacteria, other forms of micro-organisms, and some

forms of vegetable and animal materials (31, 34, 35). The

2
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activated sludge process is used most widely in the United

States (71). Jaffe (45) reported that the activated sludge

process consists of two phases: (a) adsorption and (h)

oxidation. Organic matter in sewage is adsorbed on the

surface of micro-organisms. As the micro-organisms consume

this organic matter, oxidation occurs. The foregoing

process requires oxygen and it produces a clear, sparkling

effluent (38, 45). Dye (29) found that municipal sewage can

be treated economically using the activated sludge method.

Oakley and Cripps (52) pointed out that new tertiary methods

of treating municipal waste are now available. For example,

a chemical-physical treatment involving the addition of lime

followed by the addition of activated carbon was found to be

an economical tertiary treatment (69).

Methods of Irri ation with Munici al Wastewater

Skulte (60) concluded that sewage effluent was

available for irrigation in semi-arid areas throughout the

world. Day, Tucker, and Vavich (23) reported that municipal

wastewater can provide an efficient, practical, and inexpen-

sive source of irrigation water for the production of agri-

cultural crops. Two principal types of sewage irrigation

are in use: (a) spray irrigation, and (h) broad surface

irrigation. In addition, furrow, flood, and subsurface

irrigation methods have been used (60). Spray irrigation

consists of distributing sewage into large revolving spray
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nozzles attached to movable pipe lines (30, 60). Broad

surface irrigation involves directing sewage over a land

surface from distributors in concrete-lined ditches or pipes

having side outlets (60). Suitable irrigation rates for

specific crop plants have been published (64). Subsurface

irrigation involves the distribution of sewage effluents

below the soil surface by means of perforated underground

pipe lines (60). The ridge-and-furrow system involves a

series of parallel ridges and furrows through which sewage

is dispensed laterally in the soil surface (60). Hdnesly,

Thomas, and Sosewitz (41) found that ridge and furrow

irrigation was preferred over sprinkler irrigation from the

standpoint of aesthetics.

Utilization of Wastewater 

Industrial

Fleming and Harold (33) reported that municipal

wastewater has been utilized for industrial purposes in

Texas. Symons (68) indicated that industry's future depends

on its use of treated municipal wastewater to meet its

forthcoming needs. Caldwell, Hyde, and Rawn (8) pointed out

that reclaimed water has been used for processing textiles

and steel. Scherer (58, 59) reported that municipal waste-

water has been used in copper recovery. Imhoff and Fair

(44) discussed the possibility of using gas that has been

produced in sewage plants as fuel for internal combustion
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engines. Fuller and McClintock (35) reported that escaping

gas from sewage digestion chambers can be used for lighting

purposes. Gallagher (36) discussed the reuse of reclaimed

water as a supplement for industrial cooling and fire-

fighting. Connell and Berg (10) pointed out that municipal

wastewater has been successfully used for power-plant

cooling and boiler water make-up.

Recreational

Hyde (43) noted that sewage effluents have been used

in Golden Gate Park for creating lakes, artificial brooks,

and waterfalls. Fleming and Harold (33) reported that

municipal wastewater has been used for the irrigation of

parks and golf courses in Texas. Symons (67) found that

treated municipal wastewater has been used in swimming

pools. Sykora (66) described the use of activated sludge

in commercial production of carnations and roses. Jopling,

Deaner, and Ongerth (47) noted that sewage effluent has been

used for irrigating freeway landscape. Caldwell et al. (8)

discussed the possibility of using treated municipal water

for irrigating cemeteries. Symons (67) found that sewage

effluents were used for the irrigation of residential lawns

in Grand Canyon National Park.



6

Turf and Trees

Hirsch (42) reported that normal nutrient require-

ments of turf, shrubs, and trees can be satisfied with sewage

effluents employed as irrigation water. Pennypacker, Sopper,

and Kardos (54) recommended the application of treated

municipal wastewater to forest land areas. Increased

terminal growth was observed when white spruce trees were

irrigated with sewage effluents (57). Hirsch (42) con-

cluded that fertilizer requirements of turf, shrubs, and

trees can be met with reclaimed wastewater. Pennypacker

et al. (54) pointed out that sewage effluent has been used

in the irrigation of Red pine (Pinus resinosa Ait) and oak

trees (Quercus species). Hardenbergh (38) reported that

pecans (Carya illinoensis) and walnuts (Juglans regria L.)

have been grown with sewage effluents as a source of irriga-

tion water.

Crop Plants

Herzik (39) noted that sewage plant effluents have

been approved for the irrigation of field crops for animal

feed in Texas. Caldwell et al. (8) discussed the use of

sewage effluents for irrigating field and vegetable crops in

the San Diego Bay area. Anderson (1) showed that sewage

sludge can be used to fertilize and irrigate garden vege-

tables, cotton (Gossypium hirsutum L.), and tobacco

(Nicotiana tabaccum L.). Hardenbergh (38) reported that
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sewage effluent has been used as a source of irrigation

water for growing grass and sugar cane (Saccharum 

officinarum). Jopling et al. (47) noted that sewage

effluent was used to produce fodder, fiber, and seed crops

in California. Culp (12) suggested that reclaimed waste-

water can be used to irrigate alfalfa (Medicaqo sativa  L.),

hay, and pasture land. Hirsch (42) discussed the possibility

of using sewage effluent on cotton and rice (Oryza sativa L.)

as irrigation water. Skulte (60) reported that plots of

land receiving sewage effluents have been used as pastures.

Hinesly et al. (41) demonstrated that furrow irrigation can

be used to apply digested sludge to Kenaf (Hibiscus 

cannabinus). Brown (6) indicated that sewage effluent was

recommended for the irrigation of permanent pastures.

Heukelekian (40) described the use of primary sewage

effluents for irrigation of egg plant (Solanum melongena . L.),

sweet potato(lor_.a._ra batatas), and okra (Hibiscus 

esculents L.).

Cereal Crop Production and Quality

Dye (29) reported that irrigation with treated

municipal wastewater produced crops with superior quality.

Day, Dickson, and Tucker (15) indicated that kernel weight,

kernel size, and malt extract were lower when barley (Hordeum

vulgare L.) was irrigated with sewage effluent than they were

when barley was irrigated with well water and fertilized with
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suggested amounts of N, P, and K, but there was an increase

in the percentage of nitrogen and malt diastatic power.

Beta-/alpha- amylase ratios were higher when barley was

irrigated with sewage effluent. Day, Tucker, and Vavich

(18) found that when grain from barley, oats, and wheat was

produced with sewage effluent average protein content, bushel

weight, and digestible laboratory nutrients were similar to

those values obtained when grain from the same crops was

produced with fertilizer and well water. Day (14) reported

that average grain yield, bushel weight, grain protein, and

loaf volume of wheat grown with sewage effluent were higher

than they were in wheat grown with well water and fertilized

with different amounts of commercial fertilizers. Flour

extract, milling rating, and baking rating of wheat were de-

creased by sewage effluent compared to wheat grown with

suggested cultural practices.

Day, Vavich, and Tucker (24) indicated that when oat

forage was grown with sewage effluent, it contained 10% more

protein than oat forage grown with well water and no addi-

tional fertilizer. The DLN (Digestible Laboratory Nutrients)

percentage in oat forage was 77% on control plots and 74% on

plots that received sewage effluent. Day, Vavich, and Tucker

(25) stated that when barley pasture forage was grown with

sewage effluent it contained 9% more protein than barley

forage grown with well water and no additional fertilizer.

The DLN percentage in barley forage was 71% on control plots
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and 72% on plots that received sewage effluent. Day, Tucker,

and Vavich (21) stated that the average nitrate accumulation

in oat pasture was 0.49% and 1.09% in control plots and

plots that received sewage effluent, respectively. Day,

Tucker, and Vavich (19) found that average nitrate accumula-

tion in barley pasture forage was 0.11% and 0.95% in control

plots and plots that received sewage effluent, respectively.

Day, Tucker, and Vavich (20) noted that average nitrate

accumulation in wheat pasture forage was 0.06% and 0.85% in

control plots and plots that received sewage effluent,

respectively. Day, Vavich, and Tucker (27) reported that the

protein content of oat hay was 6.98% and 9.74% in control

plots and plots that received sewage effluent, respectively.

The DLN percentage in oat hay was 72.0% and 68.0% on control

plots and plots that received sewage effluent, respectively.

Day, Vavich, and Tucker (26) reported that when barley hay

was grown with sewage effluent it contained more protein and

DLN than when it was irrigated with well water and fertilized

with nitrogen, phosphorus, and potassium from commercial

fertilizers in amounts equivalent to those found in sewage

effluent. Day, Vavich, and Tucker (28) indicated that the

protein content of wheat hay was 6.20% and 7.91% in control

plots and plots that received sewage effluent, respectively.

The DLN percentage in wheat hay was 65.4% and 63.1% on con-

trol plots and plots that received sewage effluent, respec-

tively. Rahman (55) concluded that when wheat hay was grown
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with wastewater it contained more fiber and protein than did

hay grown with well water and suggested amounts of nitrogen,

phosphorus, and potassium.

Heukelekian (40) indicated that sweet corn (Zea mays 

L.) could be grown with sewage effluents. Burden (7) recom-

mended the use of sewage effluents in grain production from

sorghum (Sorghum vulgare Pres.). Swope (65) reported 17%

and 50% increases in oat and corn grain yields, respectively.

High yields of green pasture, forage, and feed grain have

been obtained from small grains by using sewage effluent

(20, 21). Farrell (32) indicated that an increase in the

yield of corn and corn stover were obtained when sewage

effluent was applied as a source of irrigation water. Day

and Tucker (16) reported that the pasture forage yields from

barley, wheat, and oats averaged 5.26, 3.50, and 3.13 tons

per acre, respectively, on plots that received sewage

effluent with no additional fertilizer. They noted increases

of 112%, 249%, and 263% more pasture forage from barley,

wheat, and oats, respectively, on plots that received sewage

effluent with no additional fertilizer than were obtained on

control plots. Day and Tucker (17) indicated that sewage

effluent has been utilized to produce hay from barley, wheat,

and oats. Hay production from these crops ranged from 2.42,

2.76, and 2.13 tons per acre, respectively, on control plots

to 5.88, 6.43, and 6.05 tons per acre, respectively, on

plots that received sewage effluent. Day, Tucker, and
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Vavich (22) stated that the grain yields from barley, wheat,

and oats ranged from 1,621, 1,076, and 1,385 pounds per

acre, respectively, on control plots to 3,032, 2,201, and

2,346 pounds per acre, respectively, on plots that received

sewage effluent.

Fiber, Protein, and Amino Acid Functions 

Greenhalgh (37) observed that a direct correlation

existed between milk fat content for dairy cows and the

crude fiber in the ration. Spahr et al. (62) found that

maximum milk production and feed intake by dairy cows were

obtained when the total ration contained approximately 16%

crude fiber. Crampton (11) reported that the digestibility

of crude fiber in barley and oat plants was 10% lower than

the digestibility of fiber in wheat plants. Jones (46) con-

cluded that rations containing over 16% crude fiber would be

digested and metabolized by rumen microbes at a lower 
rate

than rations containing less than 16% crude fiber.

Cuthbertson and Tilstone (13) demonstrated that

proteins are one of the most complex groups of 
biological

materials used for building muscle and body tissue. 
Protein

is a part of the structure of most 
enzymes, hormones, and

antibodies (13). Jones (46) concluded that rations 
with

high protein content would increase amino acid and protein

synthesis by ruminal microorganisms.  Sien (61) pointed out

that increasing the protein content of sheep rations
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increased wool production. Maynard and Loosli (51) stated

that proteins are classified as simple proteins, conjugated

proteins, and derived proteins. Jones (46) showed that

dietary proteins and amino acids have some role in the

regulation of food consumption by non-ruminants.

Kofranyi (49) reported that certain amino acids are

necessary for cellular protein synthesis. Owasu-Domfeh and

Bell (53) found that lean meat in the carcass can be limited

by dietary inadequacies of lysine and methionine. Baile and

Martin (3) observed that some of the amino acids were in-

volved in the regulation of feed intake and control of hunger

in sheep. Bigwood (4) pointed out that amino acids are re-

quired for local metabolic processes in various body tissues.

In addition, amino acids are needed as a source of energy in

the regulation of water and electrolyte distribution between

the various fluid compartments of the body, and in the

development of body tissue firmness and structure. Jones

(46) reported that essential amino acids have been shown to

influence the synthesis of milk protein. Leverton (50) re-

ported that the following amino acids were essential for

human health: valine, lysine, threonine, leucine, iso-

leucine, tryptophan, phenylalanine, and methionine. Bigwood

(5) noted that amino acids are found 
in food and feed in the

form of peptides and free amino acids. They may be classi-

fied as neutral, acid, or basic amino acids.



MATERIALS AND METHODS

Research studies were conducted at Tucson, Arizona,

in 1969 and 1970. These investigations were designed to

study the influence of wheat crop culture involving either

crop irrigation with treated municipal wastewater or regular

irrigation water plus commercial inorganic fertilizer on

total crude fiber content, total protein content, and amino

acid content of wheat grain.

Experiment 1 was grown in Comoro sandy loam soil

which had a field capacity of 11.2% and a permanent wilting

point of 4.8%. Three irrigation and fertilizer treatments

were used: (a) well water with commercial forms of

fertilizer added (112, 37, and 0 kg/ha of nitrogen [N],

phosphorus [P], and potassium [K], respectively); (h) well

water plus N, P, and K from commercial sources in amounts

equivalent to those found in treated municipal wastewater;

and (c) treated municipal wastewater from an activated

sludge sewage plant, with no additional water or commercial

fertilizer. The wastewater contained approximately 24, 9,

and 11 ppm of N, P, and K, respectively. This was equivalent

to 65, 22, and 27 pounds of N, P, and K, respectively, per

acre-foot of wastewater. About 225 ha-cm/ha (36 acre-inch/

acre) of irrigation water was required to produce wheat

grain.

13
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The wheat cultivar 'Sonora 64' was grown with each

irrigation and fertilizer treatment. The experimental

design was a randomized complete block with four replica-

tions. Two hundred eight-liter (55 gal) barrels that had

one end removed were set in soil and used as pots in which

to grow wheat plants. The entire inside surface of the pots

was sealed with asphalt for control of moisture. Each pot

had a surface area of 0.28 m
2 

(3 ft
2 ) and a depth of 86 cm

(34 inches). Each pot contained 8 cm (3 inches) of crushed

rock at the bottom and 71 cm (28 inches) of Comoro sandy

loam soil. The entire research area was completely covered

with 3 cm (1 inch) mesh poultry netting for rodent and bird

control.

Forty-eight seed were planted in each pot (56 kg/ha)

in January 1969 and 1970. The plants were thinned to 36

plants per pot (1,285,714 plants/ha) in the early seedling

stage. Each pot was pre-irrigated to bring the soil

moisture to field capacity prior to planting. After plant-

ing, when 65% of the available soil moisture was used

(based on soil moisture tests) the pots were irrigated to

bring the soil moisture to field capacity. This procedure

was followed throughout the growing season.

Wheat grain was harvested by hand at maturity, in

June, each year. The author's thesis research began at this

point and was conducted in 1972 and 1973. The grain was
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ground in a Wiley mill, Model No. 3, with screen no. IEC

80559 (6 holes/cm in each direction).

Experiment 2 was grown in Grabe silt loam soil

which had a field capacity of 27.1% and a permanent wilting

point of 14.4%. Two irrigation and fertilizer treatments

were used: (a) well water plus N, P, and K from commercial

sources in amounts equivalent to those found in treated

municipal wastewater and (h) treated municipal wastewater

from an activated sludge sewage plant, with no additional

water or commercial fertilizer, as described for Experiment

1. The remaining materials and methods used in Experiment 2

were the same as those used in Experiment 1.

The following data were obtained from the ground

samples: (a) total crude fiber according to the technique

reported by Van Soest and Wine (70), (h) total protein using

the micro-Kjeldahl method, and (c) amino acid analysis by

paper chromatography as described by Klein and Klein (48).

All data were analyzed using the standard analysis of

variance and means were compared using Student-Newman-

Keul's test as described by Steel and Torrie (63).



RESULTS AND DISCUSSION

Average total fiber in wheat grain grown with the

three fertilizer treatments in Experiment 1 is reported in

Table 1. All treatments produced grain with similar amounts

of fiber in 1969 and 1970. This indicates that wastewater

had no undesirable effects on fiber content in wheat grain

grown on Comoro sandy loam soil.

Table 2 presents the average total fiber in wheat

grain grown with the two fertilizer treatments used in

Experiment 2. In 1969, wheat grain grown with wastewater

with no additional water or fertilizer contained more fiber

than did wheat grain produced with well water plus N, P,

and K in amounts equal to those contained in wastewater.

In 1970, both irrigation and fertilizer treatments produced

grain with similar amounts of fiber. When the 1969 and 1970

data were combined wheat grain grown with wastewater alone

contained more fiber than did grain produced with well

water plus N, P, and K in amounts equal to those found in

wastewater. These data indicate that when wastewater is

used for irrigation wheat grain grown on Comoro sandy loam

soil tends to have a lower fiber content than does grain

produced on Grabe silt loam soil. Since wheat grain with a

low fiber content has a higher feeding value than grain that

contains a high fiber content it would appear desirable to

16
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Table 1.	 Average total fiber in grain from Sonora 64 wheat
grown in Comoro sandy loam soil with different
irrigation and fertilizer treatments at Tucson,
Arizona in 1969 and 1970.

Total fiber in %

Irrigation and fertilizer 1969-70
treatmentl/ 1969 1970 Average

Well water plus
suggested N, P, K 13.98 al/ 16.38 a 15.18 a

Well water plus N, P, K
equal to wastewater 14.41 a 17.23 a 15.82 a

Wastewater with no addi-
tional water or fertilizer 15.43 a 16.79 a 16.11 a

1/Well water contained 14 mg/1 of N, 0 mg/1 of P,
and 2 mg/1 of K. Suggested N . 112 kg/ha, P . 37 kg/ha, and
K 0 kg/ha. Wastewater contained 32 mg/1 of N, 26 mg/1 of

P, and 14 mg/1 of K.

2/Means in the same column followed by the same
letter are not statistically different at the 5% level of

significance.
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Table 2. Average total fiber in grain from Sonora 64 wheat
grown in Grabe silt loam soil with different
irrigation and fertilizer treatments at Tucson,
Arizona in 1969 and 1970.

Total fiber in %

Irrigation and fytilizer
treatment-1

1969-70
1969	 1970	 Average

Well water plus N, P, K
equal to wastewater

Wastewater with no addi-
tional water or fertilizer 18.62 b 15.04 a

16.48 a 15.43 a

16.83 b

14.39 a2/

1/Well water contained 14 mg/1 of N, 0 mg/1 of P,
and 2 mg/1 of K. Suggested N 112 kg/ha, P	 37 kg/ha, and
K 0 kg/ha. Wastewater contained 32 mg/1 of N, 26 mg/1 of
P, and 14 mg/1 of K.

2/Means in the same column followed by the same
letter are not statistitally different at the 5% level of

significance.
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grow wheat grain for livestock feed, when wastewater is used

for irrigation, on lighter soil types.

Wheat grain grown with well water plus N, P, and K

in amounts equal to those in wastewater and grain grown with

wastewater alone in Experiments 1 and 2 contained similar

amounts of total protein, and more protein than did grain

produced with well water plus suggested amounts of N, P, and

K (Tables 3 and 4). One reason why grain grown with waste-

water contained more protein than grain produced with added

nutrients may be the fact that wastewater provided more

plant nutrients (primarily N and P) than did well water plus

suggested N, P, and K. These data indicate that wheat was

able to utilize the nitrogen and phosphorus in wastewater

effectively to produce high protein grain. Protein is the

principal constituent of the organs and soft tissues of the

animal body. A continuous supply of protein is needed in

livestock feed throughout the life of an individual animal

for optimum growth and tissue repair. Municipal wastewater,

if properly treated, can be used for irrigation in agricul-

ture in instances where it is desired to produce high

protein grain for livestock consumption.

In Experiment 1, in 1969 a significant difference

in alanine was observed between the three treatments (Table

5). In 1970 and when the 1969 and 1970 data were combined,

wheat grain grown with wastewater alone contained more

alanine than did grain produced with the other two
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Table 3. Average total protein in grain from Sonora 64
wheat grown in Comoro sandy loam soil with
different irrigation and
Tucson, Arizona in 1969

fertilizer treatments at
and 1970.

Irrigation and fertilizer
treatment/

Total protein in %

1969 1970
1969-70
Average

Well water plus
suggested N, P, K 12.58

2/
a- 13.11 a 12.84 a

Well water plus N,
equal to wastewater

P, K
16.37 b 15.65 b 16.01 b

Wastewater with no addi-
tional water or fertilizer 17.27 b 16.02 b 16.65 to

1/Wel1 water contained 14 mg/1 of N, 0 mg/1 of P,
and 2 mg/1 of K. Suggested N = 112 kg/ha, P = 37 kg/ha, and
K = 0 kg/ha. Wastewater contained 32 mg/1 of N, 26 mg/1 of
P, and 14 mg/1 of K.

2/Means in the same column followed by the same
letter are not statistically different at the 5% level of

significance.
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Table 4. Average total protein in grain from Sonora 64
wheat grown in Grabe silt loam soil with different
irrigation and fertilizer treatments at Tucson,
Arizona in 1969 and 1970.

Total protein in %

Irrigation and fertilizer
treatment/

1969-70

1969	 1970	 Average

Well water plus N, P, K
equal to wastewater 12.53 a2/	 13.85 a	 13.19 a

Wastewater with no addi-
tional water or fertilizer	 14.05 a
	

15.88 a	 14.97 a ,

1/Wel 1 water contained 14 mg/1 of N, 0 mg/1 of P,

and 2 mg/1 of K. Suggested N . 112 kg/ha, P = 37 kg/ha, and
K	 0 kg/ha. Wastewater contained 32 m,j/1 of N, 26 mg/1

of P, and 14 mg/1 of K.

21Means in the same column followed by the same
letter are not statistically different at the 5% level of

significance.
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treatments (Tables 6 and 7). With the exception of

threonine in 1970, wheat grain grown with the three irriga-

tion and fertilizer treatments contained similar amounts of

cystine, methionine, and threonine (Tables 5, 6, and 7).

This indicates that wastewater had no undesirable effects

on cystine, methonine, and threonine in wheat grain grown

on sandy loam soil.

The 1969 and 1969-70 average data show that the

amino acids histidine and proline were present in similar

amounts in wheat grain grown with the three irrigation

treatments (Tables 5 and 7). In 1970, grain grown with

wastewater contained more histidine than did grain produced

with well water and suggested N, P, and K (Table 6). The

proline content in 1970 was higher in wheat grain grown with

wastewater alone and well water with suggested amounts of

N, P, and K than in grain produced with well water plus N,

P, and K equal to those amounts found in wastewater

(Table 6).

In Experiment 2, Tables 8, 9, and 10 show that the

amino acids alanine, cystine, isoleucine, methionine, and

threonine were present in the same concentrations in wheat

grain grown with the two irrigation and fertilizer treat-

ments in 1969 and 1970. The 1969 and 1969-70 average data

show that histidine and proline were higher in wheat grain

grown with wastewater than in grain produced with well water

and N, P, and K in amounts equal to those found in
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wastewater (Tables 8 and 10). In 1970, no significant dif-

ference in histidine and proline content was observed

(Table 9). A partial explanation for the high histidine and

proline in wheat grain in 1969 may be that the environmental

conditions in 1970 were less favorable for high histidine

and proline production than they were in 1969. In addition,

the data suggest that there may have been something in

wastewater that resulted in higher concentrations of

histidine and proline in wheat grain grown with wastewater

with no additional water or fertilizer than were present in

grain produced with well water plus N, P, and K in amounts

equal to those found in wastewater.

It is interesting to note that when wheat grain was

grown on Comoro sandy loam soil it contained more protein

and amino acids than grain grown on Grabe silt loam soil.

This indicates that treated municipal wastewater may be an

effective source of irrigation water and plant nutrients for

the production of higher quality grain from small grains

grown on Comoro sandy loam soil than from similar crops

grown on Grabe silt loam.



SUMMARY

Research studies were conducted in 1972 and 1973 at

Tucson, Arizona, to study some effects of treated municipal

wastewater on total fiber, total protein, and amino acids in

wheat grain.grown on two soil types (Comoro sandy loam and

Grabe silt loam).

Wheat grain grown on Comoro sandy loam soil showed

no difference between irrigation and fertilizer treatments

for total fiber content. When the experiment was grown on

Grabe silt loam, total fiber in grain produced with waste-

water with no additional water or fertilizer was higher than

the fiber content in grain grown with well water plus N, P,

and K in amounts equal to those found in wastewater in 1969

and when the 1969-70 data were combined.

Total protein content of wheat grain grown with well

water plus N, P, and K in amounts equal to those in waste-

water and protein in grain grown with wastewater alone on

Comoro sandy loam and Grabe silt loam soils were similar.

The foregoing protein contents in wheat grain were higher

than the protein content of grain grown with well water plus

suggested amounts of N, P, and K.

In 1969, wheat grain grown on Comoro sandy loam soil

and produced with wastewater with no additional water or

fertilizer contained the highest concentration of alanine,
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followed by grain grown with well water plus N, P, and K in

amounts equal to those in wastewater and grain produced with

well water plus suggested amounts of N, P, and K, in decreas-

ing order. In 1970 and when the 1969-70 data were combined,

wheat grain grown with wastewater alone contained more

alanine than did grain grown with the other two fertilizer

and irrigation treatments. In general, wheat grain grown

with the three irrigation and fertilizer treatments contained

similar amounts of cystine, methionine, and threonine. When

the 1969 and 1970 data were combined, wheat grain grown with

the three irrigation and fertilizer treatments contained

similar amounts of histidine and praline.

Wheat grain grown on Grabe silt loam soil and

irrigated with wastewater alone contained alanine, cystine,

isoleucine, methionine, and threonine in amounts similar to

those found in grain produced with well water plus N, P, and

K in amounts equal to those in wastewater. When the 1969

and 1970 data were combined, grain grown with wastewater

alone contained more histidine and proline than did grain

produced with well water plus N, P, and K in amounts equal

to those in wastewater.
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