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On Our Cover . .

This issue's cover is designed to call special attention to the
posed problem which could beset world consumers and livestock
production industries ... will there be enough red meat in the late
1970's?

The question is raised to call attention to the problem of
whether or not the world can produce enough feed grains to support
a growing demand for red meats.

See the article on Page 6 for further information.
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The Economics of Short -Season

Cotton Production in Arizona'

by Gayle S. Willett, B. Brooks Taylor & Dwayne R. Buxton"

Arizona cotton producers have his-
torically managed their crop to take
advantage of a full growing season.
Favorable weather patterns, govern-
ment programs, and the indetermin-
ate growth behavior of the cotton
plant are key factors explaining the
predominance of this practice. While
full- season production has been ( and
still remains ) the most popular way
of growing Arizona cotton, the emerg-
ence of harmful pink bollworm popu-
lations in the mid- 1960's has generated
some interest in shortening the grow-
ing season.

To prevent serious pink bollworm -
induced losses, producers must invest
in a rather costly insect control pro-
gram. Damage to the crop by this
insect tends to be concentrated over
the latter part of the growing season.
Consequently, shortening the growing
season enables producers to avoid
some insecticide and other late season
costs. Also, early crop termination and
associated advanced boll maturity has
the potential of preventing young pink
bollworms from entering bolls. Sub-
sequent starvation reduces the num-
ber of larvae reaching diapause and
contributes to a lower rate of spring
moth emergence, thus reducing con-
trol costs for subsequent cotton crops.
Yield losses, usually thought to accom-
pany short -season production, repre-
sent the principal reason most produ-
cers have not shifted to short -season
production.

A study was conducted to deter-
mine the relationship between various
irrigation ( and crop ) termination
dates and per acre profitability. The
study was based on a conventional
planting of 30,000 plants per acre pop-
ulation and therefore, did not con-
sider early termination in the sense
that it may be achieved through nar-
row row production systems. Terminal
irrigation dates examined were July

15, July 31, August 15, August 31, and
September 15. A September 15 final ir-
rigation is commonplace for a pro-
ducer growing full-season cotton;
earlier dates are assumed to represent
short -season alternatives. Due to
space limitations, only the August 15
through September 15 terminations
will be considered in this article.

Factors Affecting The
Profitability of Short -Season

Cotton Production
In evaluating the profitability of

making a transition from full to short -
season production, there are several
cost -return factors that should be con-
sidered. These factors and accom-
panying study assumptions are noted
below.

Improved Lint Quality
By terminating early and sacrificing

the lint produced during the later
stages of the growing season, har-
vested cotton will usually exhibit im-
proved lint quality. Bolls set late in
the season typically contain fibers that
(1) are shorter, with less uniformity
in length, (2 ) are lower in strength,
and (3) have increased fineness when
compared to bolls produced during
the main part of the production period
[ 1, 2]. Also, seed cotton harvested
later in the season will normally ex-
hibit a lower gin turnout. Inclement
weather may cause additional quality
deterioration in late -produced cotton.
The study utilized data from various
* This article is a summary of research
published by the authors in "An Economic
Comparison of Short -and Full -Season Cotton
Production in Arizona," University of Ari-
zona Agricultural Experiment Station Re-
search Report, No. 269, August, 1973.
4" Assistant Professor, Department of Agri-
cultural Economics; Extension Agronomist
and Associate Professor, Department of
Agronomy and Plant Genetics; and Associate
Professor, Department of Agronomy and
Plant Genetics, respectively.

sources on grade index, staple length,
and 1970 -72 Commodity Credit Cor-
poration loan rates to establish price
differentials for lint harvested at vari-
ous dates [2, 7, 8] .

Earnings From Earlier Sales
Early harvest permits a producer to

realize the revenue from the sale of
his crop at an earlier point in time.
Thus, he has the option of putting this
money to work sooner than would be
possible with a late harvested crop.
He may, for example, be able to retire
a production loan at an earlier date
and save interest. If, on the other
hand, the money is profitably rein-
vested, additional earnings will be
realized. The of the be-
tween short and full- season harvest-
ing dates and the productivity of the
invested funds will determine the im-
portance of this latter advantage.

Better Management of Crops
Following Cotton

Including land preparation, full -
season cotton often occupies the land
for 10 to 12 months, which makes it
difficult to effectively double -crop
cotton acreage. Early termination
would make it possible to plant
late fall and winter crops, e.g., alfalfa,
safflower, and barley at an earlier
date, thus lengthening the growing
season and potentially increasing the
profitability of these crops. However,
because of the difficulty in placing a
monetary value on this potential ad-
vantage, it was not considered in the
study analysis.

Reduced Costs
There are several expenses that can

be reduced by early termination. One
of the greatest savings will stem from
decreased insecticide expenditures.
Effective control of an economically
damaging pink bollworm infestation

(Please turn page)
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generally requires insecticide applica-
tions at five -to- seven -day intervals un-
til such time as the bolls become hard
enough to prevent larvae entry. For
the study analysis, it was assumed
that it would be necessary to apply
insecticides at seven -day intervals
over the period between July 15 and
crop termination. The cost of the
material and its application was
placed at $3.75 per acre per applica-
tion.

Fewer irrigations are required for a
short -season crop; therefore, irrigation
costs including water, power and labor
will be less. The extent of the savings
will depend upon several factors, e.g.,
soil type, amount of water applied per
application, frequency of application,
and the source of water. The study
considered the following water
sources : ( 1 ) Salt River Project, (2 )
Colorado River water, and ( 3 ) water
pumped from 300, 500, and 700 foot
underground. Water requirements
were based on published seasonal
consumptive rates and a 75 percent
efficiency of water use [4]. Also, each
two -week shortening of the growing
season was assumed to eliminate one
irrigation.

Producers managing their crops for
late season yields will likely fertilize
at a heavier rate than they would with
a short -season crop; therefore, some
reduction in fertilizer costs can be
expected. It was assumed that con-
version to short- season cotton would
eliminate the need for 50 pounds of
nitrogen per acre. Nitrogen was
valued at 5 cents per pound, resulting
in a $2.50 per acre savings for the
short -season alternatives.

Assuming that a yield loss results
from early crop termination, some re-
duction in harvesting and ginning
costs can be expected. Custom hire
harvesting and ginning rates of $1.50
and $1.40 per hundred weight of seed
cotton, respectively, were used along
with several different yield losses to
derive these savings. Also, lower in-
secticide, fertilizer, and irrigation costs
inherent with short -season cotton will
result in lower interest costs on these
outlays than incurred with full -season
production.

Yield Losses
Most research and experience sug-

gest that yield losses accompany early
termination. However, a review of the
field experimental work undertaken to
identify these losses, as well as dis-
cussions with cotton specialists and
producers, will reveal considerable
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Table 1. Partial Budget Analysis of the Change in the Annual Per
Acre Net Income Realized by Advancing the Terminal Irrigation
Date from September 15 to August 15, Assuming a 10 Percent Yield
Reduction and 400 Base Lint Price.

CREDITS DEBITS
Reduced Returns:

Yield loss'
Added Returns:

Improved qualitya
Earnings from earlier

salesb

Reduced Costs:
Fertilizer
Insecticided
Irrigation (Salt River

Projette
Harvestingf
Ginning
Interesth

$14.87

5.07

Added Costs:
2.50 None

18.75

9.49
5.32
4.96

.70

$54.66

Total Credits $61.66 Total Debits $54.66

Change in per acre net income = $61.66 - $54.66 = $7.00

a Value of improved quality equals [early termination yield x early termination price] minus
[early termination yield x full-season price].

b Equals $506.58 ( gross revenue) x .08 ( earning rate) x .1250 ( years of earlier receipt).
C 50 pounds nitrogen at 5¢ per pound.
d $3.75 ( cost per application) times 5 less applications.
e 93¢ ( cost per acre -inch) times 10.2 fewer acre-inches.
f $1.50 (harvesting cost per cwt.) times .10 (percent yield loss) times 35.29 (full-season
seed cotton yield, cwt.) .

g $1.40 ( ginning cost per cwt.) times .10 ( percent yield loss) times 35.29 ( full-season seed
cotton yield, cwt).

h Reduced interest charges on insecticide, irrigation, and fertilizer costs.
Value of yield loss equals [full-season lint and cottonseed yield times full-season price]
minus [short- season lint and cottonseed yield times full -season price].

variation in the estimated loss. The
yield materializing during the latter
phases of the growing season depends
upon many factors, including the fol -
lowing : ( 1 ) the location, (2) precision
with which water is applied, (3) mois-
ture- holding capability of the soil, (4 )
soil fertility, ( 5 ) presence of diseases,
( 6) effectiveness of insect control,
(7) date of planting, and ( 8 ) the
weather. Because of the large number
of environmental, biological, and cul-
tural factors that affect late -season
production and the variation in these
factors over time and space, it is very
difficult to establish a single, valid
estimate of late -season incremental
yields.

Expected lint and cottonseed prices
are another important dimension of
the economic loss associated with
lower yields. As is the case with yields,
neither can prices be predicted with
absolute precision. The uncertainty
surrounding both yield losses and
prices suggests that it would be ap-
propriate to examine the economic
impact of several different yield and
price assumptions. Accordingly, yield
losses expressed as a percent of full-
season yield, ranging from zero to 40
percent were considered. Base prices
for middling, 1 -1/16 inch, white lint
were allowed to vary between 30 and

60 cents per pound. Cottonseed prices
were held constant at $60 per ton.
Loss of Government Payments

Under the provisions of the Agricul-
tural Act of 1970, which applied to
crop years 1971 -73, per acre govern-
ment payments received by producers
were dependent upon the payment
rate per pound of lint and the pro-
ducer's yield as projected by the Agri-
cultural Stabilization and Conserva-
tion Service committee. The projected
yield for a given year was calculated
as a simple average of yields pro-
duced on the farm over the past three
years. Accordingly, early termination
and an associated yield loss resulted
in payment losses. Thus, past legis-
lation provided a strong economic in-
centive for producers to lengthen the
growing season in the hope of in-
creasing yields and government pay-
ments.

New legislation enacted in August
1973 ( covering the 1974 -77 crop

years ) substitutes a target price con-
cept for the yield- related payments
made under the 1970 Agriculture Act.
With this new feature, producers will
receive payments from the govern-
ment if the market price drops below
a specified level ( 38 cents - 1974) .

The payment will be calculated by
multiplying the difference between



the target price and the actual market
price times the projected yield ( aver-
age yield reported on acreage harvest-
ed over the last three years ) times the
base acreage allotment. Accordingly,
a lower yielding short -season will re-
duce producer payments only when
the market price drops below the tar-
get price. Due to the unlikelihood of
market prices dropping below the tar-
get price in the near future, a poten-
tial loss of government payments re-
sulting from an early termination pol-
icy was not included in the study
analysis.

Study Results
A partial budgeting analysis was

utilized to determine the expected
changes in per acre net income result-
ing from early termination. To illus-
trate how these net income changes
were derived and provided some per-
spective regarding the relative impor-
tance of the various individual cost -
return changes, the analysis for the
August 15 termination is presented in
Table 1. As noted, per acre income
would increase by $7.00 if the last irri-
gation was advanced by one month.

Entomologists have noted that pink
bollworm larvae begin entering dia-
pause after mid -September. The num-
ber entering diapause can be sharply
reduced by eliminating young fruit-
ing forms as a source of food at this
time. This observation makes August
15 an especially critical terminal irri-
gation date if future pink bollworm
populations are to be controlled. The
impact of various base lint prices and
percent yield losses on the net income
change for this termination date is pre-
sented in Table 2.

An examination of Table 2 will re-
veal that substantial net income
changes may occur with an August 15
termination. Whether these changes
are favorable or not depends upon the
lint price and percent yield loss. For
example, assuming 50 cent lint, the
change in per acre net income ranges
from $54.78 to $180.02 for zero and 40

Table 2. Change in Annual Per Acre Net Income Realized by
Advancing the Terminal Irrigation Date from September 15 to
August 15 at Selected Yield Reductions and Base Lint Prices, Salt
River Project Water.a

Expected Reduction Base Lint Price
in Yield ( percent) 30¢ 40¢ 50¢ 60¢

o
5

10
15
20
25
30
35
40

$52.38 $53.38 $54.78 $55.98
35.15 30.29 25.43 19.57
17.92 7.00 -3.92 -16.84

.69 -16.29 -33.27 -53.25
-16.54 -39.58 -62.62 -89.66
-33.77 -62.87 -91.97 -126.07
-51.00 -86.16 -121.32 -162.48
-68.23 -109.45 -150.67 -198.89
-85.46 -132.74 -180.02 - 235.30

a To obtain the total annual net income per acre for the August 15 termination, it would be
necessary to add (or subtract if change is negative) the table values to (from) the total
per acre net income expected for the September 15 termination.

percent short- season yield losses, re-
spectively. The impact of varying lint
prices is less marked, but still signifi-
cent. Doubling the lint price from 30
to 60 cents at a 10 percent yield loss
moves the net income change from
a $17.92 gain to a $16.84 loss, for ex-
ample. Of course, the impact of vary-
ing the lint price increases with great-
er yield losses.

While the information in Table 2
indicates the change in net income
that can be expected for different
yield losses, producers may be unsure
as to which yield reduction level is
most relevant to their particular opera-
tion. As mentioned earlier, consider-
able uncertainty exists about t h e s e
losses. However producers will likely
have an opinion as to whether losses
will typically be greater or less than a
given amount. Consequently, a break -
even yield loss analysis should provide
considerable decision -making assist-
ance.

A break -even analysis can be used
to identify the percent yield loss
which, for a given early termination
alternative and lint price, will result
in no net income change. By isolating
this critical yield loss, cotton growers

Table 3. Break -Even Percent Yield Losses for
Advancing the Terminal Irrigation from September
15 to August 15, Selected Lint Prices and Water
Sources.

Water
Source

Base Lint Price
30. 40¢ 50¢ 606

- - - Percent Yield Loss - - -

Colorado River
Salt River Project
300 Foot Well
500 Foot Well
700 Foot Well

14.1
15.2
15.9
17.4
19.2

have only to estimate whether they
expect losses to be greater or less than
this level. Greater losses imply that
early termination will reduce net in-
come; lower losses indicate an in-
crease in net income. Break -even per-
cent yield losses for producers ad-
vancing their terminal irrigation by
one month ( i.e., from September 15
to August 15) are reported in Table 3
for various base lint prices and water
sources. The table indicates, for ex-
ample, that producers terminating at
this time and who are using Salt River
Project water and have 40 cent lint
prices could afford to lose as much as
11.5 percent of their full -season yield
and still realize the same per acre net
income as with full- season production.
If their yield loss is expected to be less
than 11.5 percent, it would be to their
advantage to apply the final irriga-
tion on August 15. Since the cost of
yield losses becomes more significant
at higher lint prices, the table indi-
cates a decline in the break -even yield
loss with lint price increases. Early
termination will permit greater sav-
ings where water costs are higher.

(Turn to page 15)

Table 4. Break -Even Percent Yield Losses for
Advancing the Terminal Irrigation from September
15 to August 31, Selected Lint Prices and Water
Sources.
Water
Source

Base Lint Price
300 40¢ 50¢ 600

- - - Percent Yield Loss - - -

10.7 8.6 7.2 Colorado River 4.4 3.3 2.7 2.2
11.5 9.3 7.7 Salt River Project 4.9 3.7 3.0 2.5
12.0 9.7 8.1 300 Foot Well 5.2 3.9 3.2 2.7
13.2 10.7 8.8 500 Foot Well 6.0 4.5 3.6 3.0
14.4 11.6 9.6 700 Foot Well 6.7 5.0 4.1 3.4
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By late summer 1973 many retail
meat cases were empty, or only par -
tilly filled on an irregular basis with
relatively high priced meat products.
Obviously, most housewives and other
consumers were aware that there was,
for the time, a meat "shortage" in the
U.S.!

Some reasons for this 1973 shortage
have been discussed or referred to in
previous articles.' Instead, the pur-
pose of this article is to review U.S.
and World meat production trends
during the past 5 years to provide a
historical basis for evaluating the pros-
pects of a more adequate world sup-
ply of meat for the remainder of the
1970s.

U.S. Meat Production,
1968 -1972

Total U.S. meat production in-
creased almost 5 percent from 1968
to 1972 ( from 35.3 to 37.0 billion
pounds annually, Table 1) .2 This was
not a steady year -to -year increase. In
fact, the 1972 production was 800 mil-
lion pounds below the record output
in 1971.

Thus, the U.S. "shortage" of meat
during the summer of 1973 was due,
at least in part, to the decline in 1972
production, and panic buying and
hoarding as a result of the uncertainty
of future supplies. Almost all of the
1972 decline was accounted for by
pork, and a relatively small drop in
mutton, lamb and goatmeat. In con-
trast to the erratic year -to -year pro-
duction of pork, U.S. production of
beef has increased each year since
1968.

The leading meat producing coun-
try is the U.S. It accounts for approxi-
mately 25 percent of the world's total
supply (Chart 2). The U.S.S.R., sec-
ond highest producer, accounts for
about 15 percent, followed in order
by West Germany, France, Brazil, Ar-
gentina, and Australia. These seven
leading meat producing countries sup-
ply about 60 to 65 percent of total
world meat output.

World Meat Production,
1968 -1972

Although U.S. meat production
dropped 2 percent from 1971 to 1972,
world meat production increased by
* Extension Marketing Specialist and Exten-
sion Assistant, Cooperative Extension Serv-
ice, University of Arizona, Tucson.
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World Meat Production

Will there be enough
for the late 1970's

by C. Curtis Cable, Jr., and Gary J. Jordan

about 1 percent ( Table 1 ) . This world
increase in meat production was rela-
tively small when compared to the

2.9 percent increase from 1969 to 1970,
and the 3.5 percent increase from 1970
to 1971.

Chart 1. Red Meat Production in Seven Leading Producing Coun-
tries, 1972.

40

30

20

I0

~.HH-;;;
-ii.,....
....... .;.;;.-...............
..;.;.;.........--

Lamb, mutton and goatmeat*

Pork

Beef and veal

* Includes small quantities of
horsemeat in some countries

U.S. U.S.S.R. Germany, France Brazi I Argentina Australia
West



Chart 2. Percentage Distribution of World Red Meat Production.'
1968 1972

W. Germany

France

Brazil

Argentina

Australia

Based on carcass weights; includes beef, veal,
nary data for 1972.
During 1971 -1972 the lower rate of

increase was due primarily to reduced
U.S. pork production, and a decline
in beef and veal output in the Euro-
pean Community.

On the other hand, however, off-set-
ting these declines were significant
increases in beef, veal, lamb and mut-
ton production in Australia, and in
beef and veal production in Brazil
and Argentina.
Beef and Veal In 1972 world beef
and veal production reached a new
high of 75.8 billion pounds ( Table 1 ) .

This is about 1 percent above the
previous record of 75.1 billion pounds
in 1970. Production reached new
yearly highs in the United S t a t es,
Mexico, Australia, Japan, and several
Central American, East European,
and African countries.

In all regions except Western
Europe, 1972 production advanced
over 1971. The rebuilding of Western
Europe dairy herds, the major source
of beef, caused an 8 percent decline
in that region. However, production-

increased by about 0.5 billion pounds
in each of the world's two major beef
exporting countries, Australia and
Argentina.

U.S. beef and veal production in-
creased 1.8 percent from 1971 to 1972,
to the record 22.9 billion pounds. Al-
though cattle slaughter was up only
slightly, slaughter weights were up
nearly 2 percent and accounted for
most of the increased output. Calf

pork, lamb, mutton, goatmeat and horsemeat;

slaughter was down 17 percent, as
was veal production.
Pork World pork production in-
creased only 1 percent from 1971 to

excludes variety, rabbit, and poultry; prelimi-

1972, compared with a 9 percent in-
crease from 1970 to 1971. In some
countries breeding stock were slaugh-

(Turn to page 16)

Table 1. World Red Meat Production by Major Producing Courr-
tries, 1968 -72.

Commodity
and Country 1968

-

1969 1970 1971

- Billion pounds1 -

19722

-

1969 1970 1971 19722
Percent change

from previous year

BEEF AND VEAL
United States 21.6 21.8 22.3 22.5 22.9 + 1.0 +2.0 +0.8 +1.8
USSR 11.3 11.4 11.1 11.3 11.5 + 1.0 -3.2 +2.0 +1.9
West Germany 2.7 2.8 3.0 3.0 2.6 +2.1 +7.0 +1.5 -13.6
France 3.6 3.4 3.5 3.5 3.2 -4.4 +0.8 +2.2 -9.1
Brazil 3.7 4.0 4.1 4.0 4.5 +7.8 +1.0 -1.1 +10.7
Argentina 5.6 6.4 5.8 4.4 4.9 +12.6 -9.0 -23.1 +9.2
Australia 2.0 2.1 2.2 2.3 2.6 + 3.4 +8.1 +3.6 +11.5

WORLD TOTAL 72.3 74.2 75.1 74.7 75.8 +2.7 +1.2 -0.5 +1.5

PORK
United States 13.1 13.0 13.4 14.8 13.7 -0.8 +3.7 +10.1 -7.7-
USSR 6.3 6.3 7.0 8.2 8.7 +0.4 +11.0 +16.7 +5.7
West Germany 4.8 4.8 4.9 5.2 5.2 +0.4 +2.4 +6.5 +0.3
France 2.8 2.6 2.7 3.0 3.0 -7.4 +4.6 +9.9 +2.4
Brazil 1.3 1.3 1.4 1.3 1.4 +1.4 +5.6 -8.3 +9.9
Argentina 0.4 0.5 0.5 0.5 0.5 +12.1 +2.7 +16.7 -13.9
Australia 0.3 0.4 0.4 0.4 0.4 +8.3 +7.5 +4.2 +7.0

WORLD TOTAL 50.4 50.3 53.1 58.1 58.9 -0.3 +5.6 +9.4 +1.4

TOTALS
United States 35.3 35.3 36.3 37.8 37.0 +0.2 +2.6 +4.2 -2.0
USSR 19.8 19.8 20.1 21.6 22.3 +0.06 +1.6 +7.3 +3.0
West Germany 7.5 7.6 7.9 8.3 7.9 +1.0 +4.0 +4.5 -4.8
France 6.8 6.5 6.6 7.0 6.7 -5.3 +2.1 +5.4 -3.8
Brazil 5.2 5.5 5.6 5.5 6.1 +6.1 +2.2 -2.5 +10.0
Argentina 6.7 7.4 6.8 5.6 5.7 +10.8 -8.0 -18.6 +2.6
Australia 3.8 3.9 4.3 4.5 5.1 +3.4 +9.1 +6.0 +12.9
WORLD TOTAL 133.8 135.5 139.5 144.4 146.1 +1.3 +2.9 +3.5 +1.2

Carcass weight basis. 2 Preliminary.
3 Includes beef, veal, pork, lamb, mutton, goatmeat and horsemeat; excludes variety, rabbit,
and poultry.
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Introduction
Sewage effluent usually is consid-

ered a waste product, and as such is
most often disposed of as a valueless
substance. In reality, however, sew-
age effluent is 99.9985% pure water
after receiving modern primary and
secondary treatment'. Furthermore,
modern day treatment plants are
capable of producing treated effluent
which is safe for human consumption.
Studies at the University of Arizona2
have shown that treated municipal
effluent can be benefically used to
irrigate field crops. Effluent from the
City of Tucson was used for this pur-
pose for over 20 years by local farm-
ers until it was discontinued in 19703.
While field crop irrigation provides an
excellent means for disposing of the
effluent and supplying needed nutri-
ents and water for crops, it is not
always economically feasible where
agricultural crops are not grown near
the supply of effluent. More recently4,
it has been demonstrated that turf-
grasses, because of their great nitro-
gen requirement, are extremely effec-
tive in utilizing the nitrogen contained
in sewage effluent. After nitrogen re-
moval by the soil and turfgrass, 40%
of the applied effluent passed below
the root zone and was available for
groundwater recharge.

Why Turfgrass?
Use of treated sewage effluent to

irrigate recreational turfgrass may
often be more feasible economically
than alternative uses such as the irri-
gation of field crops or use by indus-
try. Treatment plants and large acre-
ages of turfgrass are usually situated
on the periphery of cities, away from
heavily populated sections because
of the undesirable odors commonly

8

Irrigating Recreational
Turfgrass with Sewage
Effluent

by Gordon V . Johnson

emitted from treatment plants and
lower land costs for recreation facili-
ties. Consequently, transmission of
sewage effluent from treatment plants
to large acreages of turfgrass where it
could be used for irrigation should not
require extensive pipe lines.

A second advantage to using turf-
grass acreage for disposal of effluent
is that in southern Arizona, where dis-
posal is of great concern because of
rapid population increases, the climate
is favorable for growing turfgrasses
all year. Thus, unlike field grop irriga-
tion which must be halted during
harvest, between crops, and at other
times when heavy equipment is
brought onto the field, culture of ber-
mudagrass during the summer and
cool season grasses during the winter
requires weekly and often daily irriga-
tion throughout the year. Also, turf-
grasses require nitrogen at a relatively
constant level throughout the year,
whereas field crops generally have a
high demand early and a low demand
late in their growth period.

Properly cultured recreational turf-
grasses provide a plant density which
requires large amounts of nitrogen per
unit of land area. Consequently, more
effluent would have to be supplied to
meet the nitrogen requirement than
would be necessary for water use by
the turfgrasses. Since most field crops
have a smaller nitrogen requirement,
irrigation with treated effluent only
may result in excessive application of
nitrogen leading to groundwater pol-
lution.3

Also important in the consideration
of irrigating recreational turfgrass
with sewage effluent is the fact that
as cities grow and housing develop-
ments materialize, the acreage of rec-

reational turfgrass ( or the need for
it) usually increases also. This parallel,
evidenced by an increasing number
of housing developments which have
included a golf course ( e.g. Tucson
Estates and El Dorado Estates, Tuc-
son) provides new disposal areas as
the volume of sewage effluent in-
creases.

How Much Effluent, How
Much Turfgrass?

The relationship between effluent
volumes and turfgrass acreage needs
to be examined in considering sewage
effluent irrigation of turfgrass to de-
termine what proportion of the total
effluent volume can be utilized in this
manner. Current effluent volumes are
usually known by treatment plant
officials, and approximate future vol-
umes can be estimated on the basis
of population growth. Estimates on
recreational turfgrass acreages avail-
able for effluent irrigation can also be
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calculated, although predicting future
available acreages is often more diffi-
cult. Once effluent volumes and turf -
grass acreages for a community are
known, estimates of the amount of
effluent which can be used can be
calculated.

Annual consumptive water use by
creeping bentgrass (Agrostis palustris
Hurls.), a cool season turfgrass used
exclusively for golf putting greens in
the Tucson area, is about 56 inches.5
Consumptive water use for other turf -
grasses presumably is similar when
grown under optimum soil moisture
conditions. Turfgrasses will utilize an
average of 1 lb. of nitrogen per 1000
ft.` per month although they can often
be maintained in a fair to good con-
dition using about one half this rate.
Using the higher rate, annual nitro-
gen consumption would be approxi-
mately 525 lb. per acre. Assuming an
average nitrogen concentration of 20
ppm in the effluent, one acre foot of
effluent would supply 54 lbs. of nitro-
gen and about 9.7 acre feet would be
required to satisfy the nitrogen re-
quirement of an acre of turfgrass for
one year. Approximately five acre feet
of the applied effluent would be free
to recharge groundwater. Research at
The University of Arizona Turfgrass
Research Center has demonstrated
that the water available for recharge
would contain less than one ppm
nitrate- nitrogen and be of overall ex-
cellent quality'.

Using the above values for turfgrass
water and nitrogen requirements, the
acreage of turfgrass which could be
irrigated annually with a given volume
of effluent can be found using Figure
1. For example, a city such as Green
Valley, Arizona, with a population of
about 5,000 and an annual sewage
effluent volume of approximately 450
acre feet, could use all its effluent to
irrigate 75 acres of turfgrass if the
effluent contained 30 ppm nitrogen.
Only 45 acres of turfgrass would be
required to utilize the city's entire
effluent supply if it contained an aver-
age of 20 ppm nitrogen. Obviously the
two golf courses at Green Valley, com-
prising a total of about 210 acres of
irrigated turfgrass could utilize all of
the existing effluent from the city. For
this community one may also project
from Figure 1 that the effluent vol-
ume could be increased to 1,350 acre
feet annually ( assuming 30 ppm nitro-
gen ) without danger of "overloading"
the soil -turfgrass system. The popula-
tion of Green Valley would need to be

more than doubled in order to pro-
duce enough effluent for continual
use on the two existing golf courses.
The relationship between existing
effluent volume and turfgrass acreage
for the small community of Green
Valley would indicate that the city is
"effluent poor."

This approach to disposal of sewage
effluent is ideally suited to use by
small existing communities, such as
Green Valley, or small rapidly grow-
ing communities which can incorpo-
rate the disposal system into expansion
plans.

What About the Big City?
The use of sewage effluent for irri-

gation of recreational turfgrass in a
large city would be more difficult to
implement. This is due primarily to
the fact that large cities have usually
developed over a long period of time,
during which their growth may en-
compass and spread beyond areas of
recreational turfgrass initially intend-
ed to be near the outer limits of the
city. Consequently, large acreages of
turfgrass may be scattered at random
throughout the city. Increasing vol-
umes of sewage effluent, however,
may have been handled by enlarging
an existing treatment facility and
trunk lines rather than periodically
building s e p a r ate new treatment
plants. Using treated effluent, there-
fore, would require construction of a
rather elaborate system of transmis-
sion lines from a single large treat-
ment plant to the several locations of
large turfgrass acreages within the
city. The feasibility of using all of the
effluent from a large city for irrigating
recreational turfgrass can be illus-
trated using Tucson as an example.

The annual volume of treated sew-
age effluent from Tucson is about
36,500 acre feet and has an average
nitrogen content of 25 to 30 ppm.
Using a mean value of 27.5 ppm nitro-
gen and extrapolating from Figure 1,
about 5,200 acres of turfgrass would
be needed to utilize all of the efflu-
ent. A liberal estimate of the turfgrass
acreage of golf courses, parks, and
playgrounds in the metropolitan area
would be only about 4,600 acres. Even
if its recreational turfgrass were irri-
gated with effluent, Tucson could be
considered an "effluent rich" metro-
politan area, based on the relationship
between available effluent and recrea-
tional turfgrass acreage.

Solution to the Big City Problem
One approach to the sewage dis-

posai problem of an "effluent rich"
city such as Tucson is to view it as
being "turfgrass poor." From this
point of view a solution to the prob-
lem would be to establish an addi-
tional 600 acres of turfgrass. While
this may seem somewhat extravagant,
its effect may have considerable ap-
peal to much of the city's population.
Consider, for example, three more 18-
hole municipal golf courses of 80 acres
each and an additional 360 acres of
playground and picnic areas. These
could be situated on the Rillito, Pan -
tano and Santa Cruz flood plains to
provide green belts within and around
the outskirts of the city. Provision
could be made for bridle and cycling
paths.

Establishment of recreational turf-

grass in these areas would be consist-
ent with the concepts of Land Use
Planning. The generally sandy alluvial
soils of the flood plains are well suited
to turfgrass culture and provide an
ideal material for rapid infiltration of
the irrigation effluent and the per-
colation of good quality water to con-
serve ground water sources. While the
recreational areas in these locations
would be subject to periodic floodin,
the damage resulting from inundation
would be minimal compared to sim-
ilar flooding of residential or comer-
cial housing. Establishment of turf-
grass on these areas would reduce
their erosion potential and tend to
stabilize the soils.

Summary and Implications
Using sewage effluent to irrigate

recreational turfgrass can provide
water and nutrients required by the
turf. Because of the relatively high
nitrogen and low water requirements,
excessive amounts of effluent must be
applied. As the excessive effluent
passes through the turfgrass and soil
its chemical constituents ( especially
nitrogen ) are removed allowing good
quality water to percolate to ground-
water aquifers. Disposal of effluent
by this manner does not carry the
stigma of pollution hazards associated
with field crop irrigation or discharge
of effluent into dry stream beds. In
addition to the benefit of increased
groundwater recharge, using effluent
to irrigate recreational turfgrass could
often relieve domestic water short-
ages.

This type of effluent disposal is
technically feasible for most of the
Southwestern United States where
turfgrasses are grown all year. Eco-

(Turn to page 15)
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Figure 1. The critical stage of embryonic
development - 30 days after conception -
is where embryonic death occurs. The tiny
embryo is encased in the large chorionic
sac. Fluid filled, the sac attaches to the
uterine wall to exchange nutrients and
waste material with the maternal tissue.

Embryonic Mortality:
is related to body temperature

by G. H. Stott, Frank Wiersma & Vittorio Vaz*

Body temperature of 1 to 2° above
normal in the cow at the time of in-
semination can affect the mortality of
the embryo 30 to 40 days later.

The discovery at the University of
Arizona has a very practical import-
ance in the breeding and manage-
ment of beef and dairy cattle, where
body temperatures of this level quite
commonly accur. The body temper-
ature of the animal can be raised the
undesirable 1 to 2 °F by disease, ex-
ercise and high ambient temperature,
seperately and collectively. In Arizona
the problem is particularly evident
during the summer months.

Embryo mortality is one of the most
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intriguing and important problems in
human fertility and animal produc-
tion. Reproductive specialists have
estimated that 20 to 60 percent of all
potential young die during embryonic
development. In the bovine this occurs
up to 40 days following conception.
The embryonic death is not revealed
to ordinary observation. Dairy and
cattle men generally never know that
it occurs. Dead embryo and embry-
onic membranes are absorbed by the
maternal uterus or excreted in an ob-
scure form. The only external clue
is the prolonged cycle before the
animal shows estrus again, prepara-
tory to being rebred.

Embryonic mortality is
a serious problem in all
domestic animals as well
as in human beings.

Studies during the past decade in
Arizona have shown that seasonal high
climatic temperatures reduce drastic-
ally the fertility in dairy cattle and
that a high rate of embryonic death
is associated with the seasonal de-
pression. Other Universities and Ex-
periment Stations have reported simi-
lar studies of thermal stress on swine,
sheep, and laboratory animals with
much the same results. Common to
all species is an apparent critical
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ment of Dairy Science and Food Sciences.



Figure 2. An enlarged illustration of a 30
day old embryo. It is at this stage of de-
velopment that 20 to 60 percent of all
embryonic deaths occur.

period from the time the animal is
inseminated up to 5 or 6 days follow-
ing, that increased body temperature
results in embryonic mortality.
Though the terminal damage occurs
during this period, development of
the embryo continues on for 4 to 6
weeks before vital function ceases.
The latent affect of the thermal treat-
ment makes it difficult to identify
tissues or functions that are altered
that later terminate life.

This is where current research be-
comes significant. By manipulating
body temperature of the cow at short
intervals before and after insemina-
tion, delineation of the critical period
within a matter of hours has been
made, and in turn corresponded with
the reproductive process occurring at
the time.

Two procedures were used. During
hot summer months where body tem-
peratures were generally 2 to 5 °F
above normal throughout most of the
day, cows in estrus were placed in
air- conditioned barn. As a result body
temperatures were lowered toward
normality before the cows were in-
seminated. Surprisingly it took up to
14 hours to reduce the body temper-
ature of these animals to normal
levels (103.0 ±4.0 to 100.9 ±0.4) .

Cows remaining in the barn for 14
hours before being bred had a lower
body temperature by 1°F and higher
fertility (30% pregnancy vs. 9% )
than cows held in the barn for only
9 hours, thus indicating that body
temperature within a few hours of
insemination was critical.

The second method, cows with
normal body temperatures during the
winter months, were placed in a ther-
mal chamber and their body temper-
ature raised 1 to 2°F before being
inseminated. They were maintained at
this temperature for one hour after
inseminating, then cooled back to nor-
mal. A second group was heated to
the same body temperature, held for
an hour, then cooled before being in-
seminated. A control group was in-
seminated without heating.

Animals whose body temperatures
were 1 to 2° above normal when
inseminated and held for one hour
had a high rate of embryonic death
(5 out of 10) as determined by palpa-

tion of the developing embryo and
blood hormone measurements. Those
heated, cooled, and then bred, con-
ceived but did not show embryonic
mortality.

Evidently body temperature is criti-
cal when semen is first placed in the
uterus and for a short time after, prior
to ovulation and fertilization. Since
heating, then cooling the cow prior to
insemination does not affect fertility,
the simple deduction is that the semen
is directly affected by the above nor-
mal temperature of the uterus, result-
ing in the latent embryonic catas-
trophe.

It is well known that spermatozoa
pass through an aging process. Experi-
ments have shown that they are in-
capable of carrying on normal syn-
gamy ( cell union) with the ovum
without a period of preparation or
maturation after being placed in the
female reproductive tract. Within a
few hours after maturation is reached
the male germ cells ironically become
senile, losing their ability to produce

in conjugation with the ovum, a via-
ble embryo. The aged spermatozoa
however, retain to a large degree the
ability to fertilize the ovum for some
time after senility, but marked with
the high rate of embryonic mortality.

Could senile spermatozoa be the
cause of the high rate of embryonic
death in cows inseminated when their
body temperatures are above normal?
Very probable. For it is well known
that semen activity and aging is
greatly increased by slight increases
of ambient temperature that ap-
proaches or is above body tempera-
ture. Cell motility is accelerated along
with metabolism resulting in a shorter
period of viable activity.

Whether the hypothesis is correct
or not, the problem is evident; breed-
ing cattle with a fever results in a
high rate of embryonic mortality.

Suggested tips to follow in order to
avoid the problem when inseminating
dairy and beef cattle are:

(Turn to page 16)
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Figure 1. Artificial rumen apparatus used to study the digestabil-
ity of alfalfa harvested at two stages of maturity.

ALFALFA QUALITY:
is there a difference?

by T. J. Vorachek, A. K. Dobrenz, Brent Theurer & W. H. Hale'

Introduction
Scientists at the University of Ari-

zona are investigating the effect of
harvest management on quality of
alfalfa hay. They are also comparing
the digestibility of recently released
and older, more established cultivars
( varieties ) and determining apparent
digestible dry matter potential of these
alfalfas. In addition, measurements
are being made on the amount of
water required per unit of forage
utilized by the animal. Data such as
this may be used to calculate total
cost of production ( meat, milk, and
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wool) , including the cost of water re-
quired to produce the forage.

Research in Progress
This study was designed to deter-

mine to what extent varietal and sea-
sonal factors influenced total dry
matter and digestible dry matter pro-
duction. Determination of seasonal
production patterns may aid the pro-
ducer in making decisions on fre-
quency and date of water application.
The practice of withholding water
from the alfalfa in July and August,
because of increased demands by
other crops, is frequently done in

southern Arizona according to Schon-
horst, Thompson, and Dennis (1) .

Factors Measured
The study investigated water -use

efficiency, total dry matter yield, di-
gestible dry matter yield (in vitro),
and the leaf to stem -petiole ratios of
four alfalfa cultivars grown under
field conditions, at the Plant Material
Center, Tucson, Arizona. Measure-
ments were made on three year old

* Research Associate, Professor of Agron-
omy and Plant Genetics, and Professors of
Animal Science Department.



Table 1. Average values at each harvest for several factors mea-
sured on four alfalfa cultivars

Variables
1 /10- bloom
Dry weight (tons /acre)
Leaflet to stem- petiole ratio
Apparent digestible dry matter (%)
Apparent digestible dry matter

(tons /acre)
Full -bloom
Dry weight (tons /acre)
Leaflet to stem - petiole ratio
Apparent digestible dry matter (%)
Apparent digestible dry matter

(tons/acre)
* Within stage of maturity, means for

significantly different at 5% level.

experimental plots of `Mesa- Sirsa', 'El-
Unico', `Sonora' and `Moapa' alfalfa.

These cultivars were arranged in a
randomized block design within each
of two borders, 21 ft. x 380 ft. ( 6.4 m
x 55.9 m) . These borders represented
the stage of maturity treatment, with
one border being harvested at 1/10 -
bloom, while the other border was
harvested at full bloom. Both borders
were irrigated throughout the grow-
ing season when approximately 50%
of available soil moisture to a depth
of 4 ft. was utilized. Soil moisture was
determined gravimetrically at 1 -ft. in-
tervals to a depth of 4 ft. at or near
the center of each border. Irrigation
water was applied by flood irrigation
from a well with a pumping capacity
of 450 gallons per minute. The amount
of water applied to each border was
calculated by multiplying time of ap-
plication by pump output.

Water -use efficiency was calculated
by dividing the weight of total water
applied ( irrigation plus rainfall) by
dry forage weight and digestible thy
forage weight per plot. The resuhing
values were the units of water re-
quired to produce a unit of dry forage
or digestible dry forage.

Forage was harvested from an area
3 ft. x 25 ft. ( .91 cm x 7.6 cm ), and
these values were projected to an acre
basis and used to calculate dry forage
yield and digestible dry matter in tons
per acre. One -tenth bloom stage was
defined as the point a which 1 /10 of
the stems had one or more blossoms,

r while full -bloom referred to the stage
when all the stems had one or more
blossoms. Total forage production was
calculated on a dry matter basis for
each harvest.

It should be noted that the alfalfa
was not allowed to go through the
common commercial practice of field -
curing but rather was raked -up im-

cut at two stages of maturity in 1971.
Cultivars

El -Unico Sonora Moapa Mesa -Sirsa
1.7 ab* 1.6 b 1.7 ab 1.9 a

.55 b .5'7 a .57 a .52 b
58.8 a 58.9 a 59.0 a 59.1 a

1.0 ab 1.0 b 1.0 ab 1.1 a

2.3 a 2.2 a 2.1 a 2.3 a
.49 b

56.7 a
.52 a

57.5 a
.54 a

57.3 a
.47 b

57.2 a

1.3 a 1.3 a 1.2 a 1.3 a
each variable followed by the same letter are not

mediately after mowing. As a result
there was essentially no leaf -loss as
compared to the variable leaf -losses
under practical conditions. This would
result in a slightly higher quality for-
age since leaves are very high in nu-

and cattle ) . The advantage of this
system over the digestion trial in
which forage is fed directly to the
animal, is that a large number of
samples can be compared with less
time and expense involved. The pro-
cedure for the artificial rumen in-
volves collection of rumen fluid from
a fistulated steer ( Figure 2) . This
rumen fluid contains the bacteria that
makes the ruminant type of digestion
unique. The rumen fluid was added
to the artificial rumen and indubated
at 39 C for 24 hr. Apparent digesti-
bility was calculated by subtracting
the weight of plant material after di-
gestion in the artificial rumen from
the weight of plant material prior to
digestion, this value was then divided
by the initial sample weight giving
percent digestibility.

The apparent digestible dry matter

Figure 2. Terry
fistulated steer.
tritive value and are readily digested.

Apparent digestibility values were
determined via the Van Soest, Wine
and Moore ( 3) cell -wall technique ( a
chemical analysis ) and through use of
a modified Tilley and Terry ( 2 ) in
vitro technique ( an artificial rumen) .
The artifical rumen is pictured in
( Figure 1 ) . This technique simulates
the type of digestion plant materials
undergo in ruminant animals ( sheep

Vorachek removing rumen inoculum from a

( ADDM ) values obtained from this
artificial rumen technique are esti-
mates of the true dry matter digest-
ibility of alfalfa which is determined
with live animals in a digestion trial.

Dry Forage and Digestible
Dry Forage Production

Total amounts of forage and ADDM

(Please turn page)
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Figure 3. Total dry forage yield and apparent
digestible dry matter production per acre of four
alfalfa cultivars harvested at two stages of matur-
ity in 1971.

produced for the entire growing sea-
son were significantly different among
cultivars ( Figure 3) . Mesa -Sirsa was
the most productive cultivar at both
stages of maturity while Sonora and
Moapa were the least productive at
1/10 and full -bloom respectively,
when both factors were considered.

Variation in water -use efficiency
among cultivars was also found. Mesa -
Sirsa was the most efficient cultivar
with regard to water applied per unit
of dry forage produced at both stages
of maturity, while Sonora and Moapa
were least efficient at the 1/10 and
full -bloom stages, respectively ( Fig-
ure 4) . Mesa -Sirsa and Moapa were
the most efficient cultivars in pro-
duction of ADDM per unit of water
applied for the 1 /10 -bloom stage of
maturity, while Sonora was least effi-
cient. However, at the full -bloom
stage, Mesa -Sirsa and Moapa were the
most and least efficient cultivars in
ADDM p r o d u c t i o n, respectively.
When stages of maturity were corn-
pared the full -bloom stage was con-
siderably less efficient than the 1/10 -
bloom stage in dry forage and ADDM
production per unit of water applied.

Although alfalfa harvested at the
full -bloom stage yielded slightly more
forage, than when harvested at 1/10 -
bloom, harvesting at full bloom re-
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Figure 4. Pounds of water required per pound
of dry forage and apparent digestible dry matter
produced from four cultivars harvested at two
stages of maturity in 1971.

quired approximately 20% more wa-
ter over the season. The full -bloom
plants required more time to reach
maturity and therefore required more
water ( full -bloom border required
additional irrigations vs. the 1/10-
bloom border ) . The additional water
used for the full -bloom harvests may
be also due to decreased water -use ef-
ficiency in forage production with the
advanced stages of maturity of the
individual plants.

Seasonal trends and cultivar varia-
tion in dry forage yields, ADDM pro-
duction and leaflet to stem -petiole
ratios were evident in this study
( Tables 1 and 2) . It should be noted
that percent apparent dry matter di-

gestibility did not vary significantly
among cultivars ( Table 1) . As a re-
sult differences among cultivars in
ADDM values largely effect differ-
ences in dry forage production. Per-
cent ADDM and leaflet to stem-peti-
ole ratios were highest in the early
and final harvests ( Table 2) . Dry
forage yield and ADDM production,
which were negatively correlated with
leaflet to stem -petiole ratios, tended
to be higher early in the growing
season, peaked in late June or July
and then declined steadily. This sea-
sonal trend tends to support the prac-
tice of withholding water from the
alfalfa during July and August, since
roughtly two -thirds of the production

Table 2. Average values for several factors measured on alfalfa
at two stages of maturity in 1971.
Variables Harvest Dates
1 /10 -bloom May 5 June 5 July 7 Aug. 9 Sept. 9 Oct. 7
Dry weight (tons /acre) 2.0 b* 2.1 ab 2.3 a 1.7 c 1.2 d 1.0 d
Leaflet to stem -petiole ratio .62 b .51 d .36 f .58 c .46 c .79 a
Apparent digestible dry

matter (%)
Apparent digestible dry matter

(tons /acre)
Full -bloom
Dry weight (tons /acre)
Leaflet to stem - petiole ratio
Apparent digestible dry matter (%)
Apparent digestible dry

matter (tons /acre) 1.5 b 1.6 a 1.2 c
I Within stage of maturity, means for each variable followed by the

significantly different at 5% level.

59.5 b 61.5 a 57.4 c 56.5 c

1.2 b 1.3 a 1.3 a 1.0 e
May 13 June 21 July 27

2.5 b 2.8 a 2.0 c
.54 b .40 e .44 c

59.3 a 57.0 b 55.9 c

57.7 c 61.2 a

0.7 d 0.6 d

Sept. 1 Oct.14
2.0 c 1.7 d
.44 c .70a

55.2 c 58.6 a

1.2 c 1.0 e

same letter are not



was obtained by the first of July.
During this period the alfalfa goes
into the `summer slump' and forage
production is drastically reduced.

These observations should be of
interest to the alfalfa producer since
the water requirement of a forage
crop in the arid southwest is of major
importance, both with regard to eco-
nomics and, more important, avail-
ability. They also point out some of
the management practices that result
in the maximum production of digesti-
ble forage per acre at a minimum cost.
Although seasonal trends were noted
for most of the variables studied, dry
forage yield was the dominant factor
influencing total ADDM production,
or that portion of the forage produced
per acre which is utilized by the ani-
mal. This was illustrated by the fact
that although Mesa -Sirsa generally
had a much lower leaflet to stem-
petiole ratio (lower quality ) than
Sonora, Mesa -Sirsa was generally
found to be the superior cultivar in
ADDM production.

Conclusion
Differences in apparent digestibil-

ity among these four cultivars were
-insignificant. Therefore, from the
standpoint of the maximum produc-

tion of digestible forage, the producer
v,should select among these cultivars
::based strictly on dry forage yield and
water -use efficiency.
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Turfgrass
(From page 9)

nomically, application of this use for
effluent is most favorable for small
existing communities or communities
which are rapidly expanding. It is
implied that communities may evalu-
ate the success of their efforts to pro-
vide the public with adequate recrea-
tion facilities by comparing the exist-
ing turfgrass acreage with that re-
quired for the disposal of current
effluent volumes.

Economics of Short Season Cotton
(From page 5)

This explains why larger break-even
yield losses are reported for the high-
er cost water sources. The sources of
water reported in Table 3 are ar-
ranged from the least to the most
expensive source, i.e., Colorado River
and 700 foot well, respectively.

Table 4 presents the break-even
yield losses for a two -week shortening
of the growing season. The change in
these losses that is associated with
different water sources and lint paral-
lels those noted in Table 3 for the
same reasons. Break -even yield losses
are less for the two week than the
one month earlier termination because
the former has less cost savings, thus
less yield can be lost.

Summary
Cotton producers electing to short-

en their growing season will normally
experience a reduction in both produc-
tion costs and gross returns. Obvious-
ly, for early termination to be a profit-
able practice, costs must be reduced
more than returns. This study has in-
dicated the kinds of cost -return ( and
net income ) changes that will likely
occur under various early termination
circumstances. As demonstrated in
Table 2, yield losses are an especially
important factor. At a given lint price,
early termination can be either a high-
ly profitable or a very costly policy,
depending upon the extent of the yield
loss. The importance of yield losses is
further magnified by higher lint
prices. The source and cost of water
was also found to be an important
factor. For example, with 50 cent lint,
producers using cheaper Colorado
River water can afford to lose about
nine percent of their full- season yield
through a one month shortening of
the growing season and still break
even; this compares to approximately
12 percent for those pumping water
from 700 foot underground. Because
of the variation over time and space
in these and other cost -return factors,
it is extremely hazardous to make gen-
eral recommendations regarding the
advisability or inadvisability of short-
ening the growing season for cotton.
However, this study has developed
guidelines that should permit produc-
ers to make better decisions in light of
their unique resources and risk pre-
ferences.
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World Meat Production:
(From page 7)

tered in 1972 because of feed short-
ages.

U.S. pork production dropped near-
ly 8 percent from 14.8 billion pounds
in 1971 to 13.7 billion pounds in 1972.
Number of hogs slaughtered dropped
about 10 percent from 95.5 million
to 85.7 million head. Average dressed
weights, however, were up slightly.

In the European Community, 1972
production increased slightly over
1971 output. Slaughter weights were
up only slightly, and the low rate of
increase is attributed to a buildup of
breeding stock.

Eastern Europe production in-
creased 12.6 percent from 1971 to 1972

from 6.5 billion to 7.3 b i l l i o n
pounds. These countries are increas-
ing hog numbers and pork production
in line with long -term livestock expan-
sion efforts.
Lamb and Mutton - Lamb, mutton
and goatmeat ( and small quantities
of horsemeat in some countries ) ac-
counted for only about 8 percent of
world meat output in 1972. Of the
seven leading meat producing coun-
tries, lamb, mutton, and goatmeat
were of major significance in only
Australia and U.S.S.R. ( Chart 1) .

For the world as a whole, lamb and
mutton production dropped 1 percent
from 10.8 billion pounds in 1971 to
10.7 billion pounds in 1972. Prodi c-
tion declined in many countries, but
increased from 1.8 billion to 2.1 bil-
lion pounds in Australia.

Summary and Implications
Annual red meat production in the

world increased by 12.3 billion
pounds, during the five years 1968-
1972 ( Table 1 ) . Big increases in an-
nual output occurred from 1969 to
1970, and from 1970 to 1971. The in-
crease was relatively much less from
1971 to 1972 than for the two pre-
vious years.

Large quantities of U.S. grains and
other animal feeds have been exported
since mid -1972 because of shortages
of feeds in many foreign meat pro-
ducing countries. Crop failures have
been cited as the cause for this world
feed grains shortage in 1972.

Effects of this shortage, and the
resulting effect of U.S. exports to fill

16

this void on domestic grain prices,
have been thoroughly explored in
newspapers and other news media. In
short, high grain prices mean high
meat prices!

In light of events that have oc-
curred in the early 1970s:

(1) Can the world produce suffi-
cient quantities of grain to support a
livestock -meat industry that can sup-
ply the growing worldwide demand
for red meats?

( 2) If so, should international
policies be implemented to build up
reserves in world supplies of feed
grains to be used in years of wide-
spread crop failures?

( 3 ) If the world cannot produce
sufficient feed grains, are there nat-
ural forage- producing areas in the
world which can be improved and
more fully utilized for red meat pro-
duction?

The time is rapidly approaching
when all of these questions must be
answered.

Footnotes
"Rising Food Prices Are A World Problem,"
Arizona Agri -File, Q -135, May 1973. "Will
Retail Price Ceilings Reduce Food Costs?",
Arizona Agri -File, Q -157, June 1973. "A
Boomerang! Meat Price Ceilings," Arizona
Agri- File, Q -213, July 1973.

2 Data in this article were summarized from:
U.S. Department of Agriculture, "World
Red Meat Production in 1972," Foreign
Agriculture Circular FLM- 12 -73, Foreign
Agriculture Service, July 1973.
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(From page 11)

1. Inseminate only once each day dur-
ing the mid -morning hours. Cows
showing signs of heat throughout
the day should be inseminated the
following morning. This increases
the probability of successful breed-
ing in two ways, (1) the body tem-
perature of the cow during the hot
season is nearer normal during the
morning hours than other periods
of the day, and (2) ovulation oc-
curs near 12 hours after the signs
of estrus, therefore spermatozoa
has less time to become senile be-
fore actual syngamy occurs.

2. Avoid excessive exercising or ex-
citing the cattle before inseminat-
ing. This raises body temperature.:;
as well as depresses hormone re-
lease essential for moving sperma-
tozoa to the site of ovum fertiliza-
tion.
It is common to see cows cut from

the ( "cowboyed ") in a corral or
pasture and run to a chute to be in-
seminated. It would be much better]
if the cows to be inseminated were
separated from the herd ahead of
time, held in a small enclosure, and
inseminated when they are calm and
have been standing long enough for
the body temperature to reach normal
levels.
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