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TABLE 5.
PHYTATE PHOSPHORUS CONTENT OF SOME

COMMONLY USED FEEDSTUFFS

TABLE 6.
EFFECT OF FEEDING DISTILLERS BY- PRODUCTS

ON GAINS OF YOUNG PIGS

Phosphorus Phytate,

Feedstuff Total Phytate of total SBM DDS DOGS

Corn .26 .17 66 Total Grain, lbs

Grain Sorghum .31 .21 68 Trial 1 (8 wks) 54.2 60.4

Soybean Meal .61 .37 61 Trial 2 (6 wks) 28.1 29.8

Cottonseed Meal 1.07 .75 70 Trial 3 (5 wks) 24.6 33.1 30.3

Distillers Dried 1.43 .10 7
Plumlee, M. P. et al., 1966 Distillers Feed Conf.

Solubles

Distillers Dried .77 .33 43

Grains with Solubles
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Robert E. Dennis, Extension Agronomist

Summary

Cereal grains produce about 90 gallons of alcohol (ethyl alcoholor ethanol) per ton, with about
one -third of the original weight (nonfermentable material) remaining and suitable for use as high -

protein livestock feed. Several different sugar crops have been considered for alcohol production.
When sugar is used to make alcohol, about 15 pounds are required to produce each gallon.

Straws, stovers and other high cellulose containing materials may be used as an energy source for

distillation, or to produce sugar. At present the conversion of cellulose to sugar is difficult and

costly.

Arizona has a history of producing nearly a million tons of cereal grains each year. These are

marketed for human food and for livestock feed. While there is some movement of grains across state

lines, on balance Arizona is a feed grain deficit state. Use of cereal grains for alcohol production

would have an impact on the current markets for these crops. Increased demand and presumably price

for cereal grains might result in a shift of part of the acreage now used for other field crops to

grains.

Arizona could harvest one -half; million tons of stover and straw from land already in field crop

production. At present almost all of these high cellulose materials are being returned to the soil for
soil improvement but they could be used as an energy source for distillation. Ultimately economical

ways may be found to use high cellulose materials to produce sugars and then alcohol. Certain desert

plants and forest products may also be suitable for alcohol production.

Most ethyl alcohol (ethanol) in the United States is now made from the cereal grains, principally

corn. The alcohol yield from grains varies slightly from one kind to another but is about 90 gallons
per ton. About one -third of the original grain weight remains after fermentation for alcohol produc-

tion. These nonfermentable materials are called brewers grains and are an excellent protein -rich
livestock feed.
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Sugarbeets, sweet sorghum and many other crops may also be used to make alcohol. About 15 lbs

of sugar are needed to make a gallon of alcohol. The cellulose of straw and stovers can be converted

to sugars, and the sugars used to make alcohol. However, at present the conversion of cellulose to

sugar is difficult and costly. Straw and stovers may also be used as a heat source for alcohol dis-

tillation.

Arizona Field Crop Production

Arizona's field crop production would likely be the foundation upon which alcohol production could
be based, if large -scale production were to begin during the next few years. Data concerning field

crop acreages since 1971 are given in Table 1.

Table 1. Acres of principal field crops in Arizona, 1971 -1980.

Arizona Crop Acreage (000)

Crop 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 Ave

Cotton 285 311 310 427 298 370 557 572 643 653 443

Wheat 173 170 216 235 320 431 140 138 125 210 216

Barley 119 109 120 100 115 57 55 35 43 55 81

Sorghum 140 120 120 120 130 100 90 73 72 72 I04

Corn 16 15 9 10 12 28 50 50 45 48 28

Alfalfa
(and other
hay) 240 259 260 255 255 245 250 244 242 248 250

Sugarbeets 11 11 13 10 17 17 13 15 11 9 13

Total

Principal
Field Crops 984 995 1,048 1,157 1,147 1,248 1,155 1,127 1,181 1,295 1,135

Total

All Crops 1,205 1,205 1,208 1,353 1,377 1,429 1,328 1,298 1,386 1,3501" 1,314

1/ Estimated.

Cotton has been Arizona's principal crop for a long time. It has accounted for about half of
Arizona's irrigated crop acreage during recent years. The introduction of high - yielding, stiff -
strawed wheats during the 1960's resulted in an increased per -acre yield and increased acreage for
this crop. In 1976 wheat was grown on nearly one -third of the irrigated land,but unfavorable prices
after 1976 led to reductions in acreage. Relatively good prices for durum wheat in 1980 and stronger
prices expected in 1981 will probably cause acreage and production of this crop to move upward again.
With the higher yields for wheat and the increase in wheat acreage, barley has declined. Acreage of
sorghum has also decreased during the last decade. Alfalfa acreage has remained fairly constant over
time. This is in part because markets for alfalfa in Arizona have usually been very competitive. Also,
use of improved varieties and improved cutting management practices has shifted yield per acre for
alfalfa upward dramatically. Sugarbeets have been a relatively stable crop in Arizona's agricultural
economy.

During the past ten years the total acreage of field crops harvested in Arizona has increased
slightly. Arizona grains are the most likely candidate crops for alcohol production in the near term.
Data concerning the production of grain crops during the last two five -year periods are reported in
Table 2. Wheat production, including durum, has averaged about the same during the two periods 1971-
1975 and 1976 -1980 and has approached one -half million tons each year. Corn production has increased

Table 2. Average production of Arizona grain crops 1971 -1975 and 1976 -1980.

Production (Tons)
Crop I971 -1975 1976 -19801

Wheat (all) 459,024 464,140
Barley 158,774 88,066
Sorghum 237,974 166,834
Corn 11,542 129,300
Total 867,314 848,340

1/ Acreage and yield for 1980 estimated.

dramatically since 1977, with most of the acreage now in southeastern Arizona. The production of
barley and sorghum grain is down.
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Nearly all of the durum wheat presently grown in Arizona is used for human food. Most of the non -

durum wheat is sold for processing into bread or pastry flours. The remaining grain production is

presently marketed for use as dairy, livestock or other animal feed. Use of a significant amount of
Arizona grain for alcohol production would probably increase prices and have considerable impact on
dairy and other livestock feeding operations in the state.

Sugar Crops for Alcohol Production

Sugar crops are relatively easy to use for alcohol production, but processing must occur within a
short time after harvest to avoid spoilage. Arizona has a history of sugarbeet production with one of
the most modern processing facilities in the nation located at Chandler. Even with relatively good
price relationships it has been difficult to obtain optimum acreages of sugarbeets for operation of
this processing plant. It is difficult to conceive of a situation in which the relative price of
sugar would be low enough to favor the production of alcohol from sugarbeets.

Sugarbeets fit nicely from an irrigation standpoint. Much of the water used to grow them is
applied during the fall, winter and early spring. Water use efficiency is relatively high during the
time when sugarbeets make much of their growth. Also, competition for water by other crops is less
during the fall, winter and early spring, a feature that makes sugarbeets and winter grains attractive.

Sweet sorghum has potential for the production of alcohol. It is a warm -season plant and could be

grown double -crop after wheat or barley. Harvest and the need to process promptly after harvest would

present some problems.

Sugarcane research at the University of Arizona Mesa Branch Experimental Farm was conducted in
1966 -1967. Sugar yields in 1967 averaged about 6000 lbs /acre. But the yield during the second year
from the same plants was much lower, with no observable explanation for the decline.

Fodder beets have been suggested for alcohol production. They might be feasible, but curly top
virus resistance must be introduced into these beets before they could be successfully grown in
Arizona.

Use of Crop Residues

Wheat and barley straw,sorghum and corn stover, gin trash and other crop residues are possible
biomass sources for Arizona alcohol production. Currently most of these residues are returned to the

soil for soil improvement. These cellulose materials would need to be first broken down into sugars
if they were to be used to produce alcohol. Breaking of cellulose bonds to produce sugars for
fermentation is a complex process and it may be too costly at present. Research concerning these
processes may identify the way to use crop residues economically in the production of alcohol.

It is likely that Arizona could annually harvest one -half million tons of stover and straws
from land already in field crop production. Also, it may someday be feasible to use species of plants
now growing in the deserts, as well as irrigated forages and forest products for the production of
alcohol.

Table 2. Quantity of ethanol obtainable from various agricultural feedstocks.

Crop

Probable commercial yield of 199 proof ethanol (per ton)
Fermentable Content

Average High

Corn 84.0 93.6

Grain Sorghum 79.5 96.4
Wheat 85.0 91.4
Barley 79.2 85.5
Potatoes 22.9 26.3
Sugarbeets 22.1 24.9
Sugarcane 15.2 17.3
Sweet Sorghum NA NA
Apples 14.4 15.7

NA - Not available.
Source: Adapted from U.S. Department of Agriculture, Motor Fuels from Farm Products, Miscel. Pub. No.

327, Washington, D.C.
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