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from the [Director

IN FISCAL YEAR 1995-96, the
AAES will undergo a budget reduction that
will require us to terminate some of our
research programs.

The initial process to prioritize
projects was initiated last year. University-
wide similar reductions and subsequent
prioritization has been ongoing the past
year. These are austere times, but times in
which we can restructure our programs to
most efficiently meet the needs of the
future.

Budgetary cuts will be especially
difficult to implement at some of our out-
lying research units. However, I've found
some of our most innovative people are
working at the substations, and if anyone
can persevere and thrive during hard times,
they will do it.

On campus, we have to make
some hard decisions as to which programs
to support and on which to cut back and/or
eliminate. These are not simple decisions,
because all our research programs are
important.

For too long we have eaten our
proverbial seed corn. We have taken
research results and adapted the technology
to production agriculture, but we haven’t
consistently re-invested in our research
programs nationwide. As a result, the tech-
nology producers need to push on to the
next frontier of food and fiber production
may not be there.

These aren’t the cards we would
like to hold, but they are the ones we’ve
been dealt. And, we intend to play them to
the best of our abilities.
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NEW OPPORTUNITIES FOR
SPORT FISH POND FERTILIZATIGN e

reater fish production

and decreased weed

growth are two good
reasons for fertilizing sport fish
ponds in the South. Fertilizer
nutrients cause plankton blooms
by increasing the abundance of
microscopic plants and animals.
Plankton blooms eliminate under-
water weeds by shading and serve
as food to support larger fish pop-
ulations.

An AAES research project
compared the effectiveness of com-
monly used solid and liquid fertiliz-
ers with two new products. One new
product is a controlled-release fertil-
izer (CRF) introduced on the market
in 1995. The other, introduced in
1993, is a powdered, water-soluble
fertilizer (WSF) that dissolves almost
instantly. These products have
attracted the attention of pond own-
ers and state agencies, and several
private consultants and hatcheries are
already using them.

Conventional, solid fertiliz-
ers, applied as prills or grains, have
been used for at least 50 years. These
fertilizers usually are applied to
ponds at rates equivalent to 0-10
pounds of nitrogen (N) per acre and
8-10 pounds of phosphorous (P) per
acre; applications are made at three-
to four-week intervals between early
spring and late fall. AAES research in
the 1980s demonstrated that nutrient

Alabama Agricultural Experiment Station
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New fish pond fertilizers are not only as effective as traditional fertilizers, they are safer for

the environment.

inputs for pond fertilization could be
reduced 50-75% by using liquid fer-
tilizer. A popular liquid fertilizer now
used in Alabama has 10% N and
34% P (10-34-0). It must be applied
at three- to four-week intervals to
maintain adequate plankton blooms.
Because liquid fertilizers are denser

than water, they must be premixed
with water and then splashed or
sprayed over the pond surface from a
boat.

A single dose of CRF (13-
13-13) made in the early spring grad-




ually released nutrients into the water
and maintained a good plankton
bloom throughout the growing sea-
son. Fish production was similar to
that achieved in ponds treated at
four-week intervals with liquid or
conventional fertilizer, even though
annual phosphorous input was much
less (Table 1). However, a controlled-
release fertilizer containing about 10-
15% N and 34-48% P would provide

Every pond reacts differently to fertilizer and nutrient
input as shown in North Auburn Fisheries Unit above.

better results than the 13-13-13 CRF

used. Current AAES research is
being conducted on CRFs that have
an analysis more suited for pond fer-
tilization.

The WSF product (10-52-4),
which is composed of powdered
monoammonium phosphate, was
evaluated at different treatment

4

rates — 2-8 pounds per acre per
application. Plankton blooms were
adequate throughout the growing
season, and fish production did not
differ among treatments. Fish produc-
tion in ponds treated with two pounds
of WSF was as good as that achieved
with other fertilizers (Table 1).
Because of their history of
good fertilization and management,
research ponds often respond better
to nutrient inputs and
require slightly less fertil-
izer than the typical sport
fish pond. The current
application rate for liquid
fertilizer is based upon a
decade of work in both
sport fish and research
ponds. However, there is
little experience with the
use of water-soluble and
controlled-release fertiliz-
ers, and it is possible that
some ponds may need
higher application rates
than indicated in Table 1.
In addition to being effec-
tive, CRF and WSF are cost compet-
itive (Table 2) and environmentally
superior to other pond fertilizers.
CRFs minimize nutrient loss to the
bottom soils by releasing nutrients
gradually and supplying plankton
with smaller quantities on a more
regular basis. This also prevents the

feast or famine syndrome experi-
enced by plankton as a result of
monthly fertilizer applications. CRFs
also eliminate the necessity for
monthly applications. Although they
still require applications at three- to
four-week intervals, WSFs reduce
nutrient loss because they dissolve
immediately and permit rapid nutri-
ent uptake.

While all four fertilizers pro-
vide similar fish production when
properly applied, it is difficult to say
which is best. There are advantages
and disadvantages to all forms of fer-
tilizer, and each pond owner must
find the form that is most suited to
his or her management goals.

Liquid fertilizers are inex-
pensive and completely soluble, but
they must be diluted before use.
Granular fertilizers require no dilu-
tion, but they are expensive and
require the use of a fertilization plat-
form. CRFs, in theory, enable pond
owners to make only one application
per year, but in reality, additional
applications might be needed in the
cooler months when the fertilizer
release rate is lower. Finally, WSFs
provide the benefits of liquid fertiliz-
ers, but they must be spread in deep-
er water to prevent adsorption by
pond sediments, and they are some-
times difficult to find in stores.

Rushton is a Graduate Research Assistant
and Boyd is a Professor in Fisheries and
Allied Aquacultures.
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atfish restricted from

feed for three weeks,

then fed all they wanted,
weighed the same as fish fed
continuously at the end of an
18-week growing season, according
to recent AAES research. In addition,
fish restricted from feed for six and nine
weeks completed the growing season at
91% and 87% of the final weight of

fish fed continuously.

Compensatory weight gain
following a period of restricted food
intake is well recognized in live-
stock, but no research information is
available on this phenomenon in fish.
Sometimes, because of disease or
water quality problems, or because
farmers are short on cash, labor, or
pond space, catfish are not fed for a
period during the growing season. A
study was conducted at the
AAES to determine if
channel catfish restricted
from feed for three, six, and
nine weeks during an 18-
week growing season could
catch up to fish fed continu-
ously.

Fingerling channel
catfish averaging approxi-
mately 1.5 ounces were

Alabama Agricultural Experiment Station

stocked in earthen ponds
(5,500 per acre) in early spring and
maintained on the same feeding regi-
men until June 1, when daytime
water temperature reached optimum
feeding temperature of 82-84°F.
Subsequently, three groups of fish
(three ponds per group) were held on
restricted feeding for various periods.
All fish were fed as much as they
wanted daily once they were off
restricted feeding . A control group of
fish was fed as much as they wanted
daily throughout the 18-month grow-
ing season.

Fish weight, body fat con-
tent, muscle fiber diameter, and feed
consumption were measured at three-
week intervals for the 18-week grow-
out period (see table). Fish held on
restricted feeding for three weeks
weighed the same as those fed con-
tinuously at the end of the trial; in
fact, they required only three weeks
of full feeding to catch up with the
control. Fish on restricted feeding for
six weeks weighed 91% as much as

Highlights of Agricultural Research Vol. 42, No. 3, Fall 1995

Richard T. Lovell
and Myung K. Kim

the control at the end of the trial. Fish
on restricted feeding for nine weeks
weighed 87% as much as the control
at the end of the experiment. Feed
conversion was almost identical for
the four groups of fish, indicating
that feed assimilation was consistent,
whether fish were fed continuously
or not.

Once feeding resumed, body
fat and muscle diameter were imme-
diately and significantly lower
among fish in the feeding restricted
groups. However, at the end of the
18-week cycle, body fat content was
essentially the same for all four
groups, though muscle fiber diameter
was smaller for the fish on restricted
feeding for six and nine weeks. Body
fat content increased quickly after the
fish went on full feed, but muscle
fibers filled out more slowly. Dressing
yield was slightly less for fish on
restricted feeding for six and nine

" weeks.

These results indicate that at
optimum growth temperature, two-
year-old channel catfish will quickly
recover from three weeks of feed
restriction, if they are fed as much as
they will eat when put on full feed.
Results also show that muscle mass
and body fat change with temporary
feed restriction in growing
catfish. These studies show
that catfish can catch up in
weight gain following rela-
tively long periods of restrict-
ed feeding provided they are
subsequently fed all they want
to eat.

Lovell is a Professor and Kim is a
former Graduate Research



HORSES HAVE A MAJOR IMPACT ON

“orses are an integral part of life in Alabama. Horse
production, training, and events make major

contributions to the rural economy. Nearly every
county has horse organizations, farms, and show or
performance facilities.

Many counties have a regu-
lar schedule of equine activities.
Breeding and sales, racing, recre-
ation, showing, and other endeavors
are significant sources of income,
employment, and leisure.

An AAES study found the
annual turnover of horse-related expen-
ditures to exceed $563 million, about
1% of the gross state product. This
overall impact includes expenditures
by horse owners, related businesses,
and tourists traveling to various
equine activities. Several regional
and national shows, the Birmingham
racetrack, and a multitude of rodeos,
polo matches, field trials, trail rides,
open shows, and other equestrian
events fuel the majority of these
expenditures.

Horses have impacts on the
rural economy through: the service
businesses they support—farriers,
trainers, and veterinarians; breeding
fees and sales; spectator and partici-
pant travel and entertainment expens-
es away from home; and the largest
category,
Owners buy feed, materials, health
care products, insurance, and ser-
vices for horses every day. Buildings,
trailers, fences, and pasture mainte-

care and maintenance.

6

nance are expenditures linked to
horses. Horse shows and competi-
tions create demand for clothing,
tack, and other items.

The average annual cost of
keeping an Alabama racing horse in
training was estimated to be $15,390
in 1990. The estimated average annu-
al cost of keeping a show horse was
$11,005. Although professional show-
ing is a much more widespread activ-
ity than racing, the high levels of
expenditures for each set of animals
reflect the more intensive level of care
and maintenance required to keep
them in proper condition. The figure
shows spending for each use distrib-
uted over four cost categories.

Horses used for purposes
other than racing or showing are clas-
sified as recreational-use horses.
Their owners spend about $3,140
annually per horse for care and main-
tenance. Expenditure levels for these
animals reflect lower care and main-
tenance needs associated with horses
not actively showing, racing, or com-
peting in other events. Although the

study did not estimate separate bud-

gets for breeding stock, expenses for
these animals probably approximate
the keeping of a recreational horse.

Highlights of Agricultural Research

Horse shows are a pervasive
part of rural life in Alabama. Shows
are competitions in which prizes are
awarded based on body conforma-
tion, groomed appearance, physical
capabilities, and behavioral perfor-
mance of the horse and rider. Shows
provide an opportunity for horse
owners, trainers, breeders, and riders
to display their animals. Shows stim-

ulate interest in breeding stock and
training procedures because winning
horses and trainers command higher
sale prices and fees. On average,
owners of active show horses spent

Alabama Agricultural Experiment Station
Vol. 42, No. 3, Fall 1995



ALABAMA ECONOMY AND RURAL LIFE

Joseph J. Molnar, Cynthia A. McCall, Regina Broadway, and Robert M. Pendergrass

$1,495 annually on travel and related
expenses to participate in horse shows.
The estimate includes expenditures
for fuel, food, and lodging for the peo-
ple traveling with the horse, as well as
stall fees, and registration fees for the
horse.

The impact of rodeos is con-
centrated in the communities that
host the rodeos. Most of a rodeo’s
effects on the local economy are
derived from the spectators because
there are typically many more specta-
tors than contestants in a rodeo’s
events. Rodeo spectators generate
economic activity through admission
fees, concessions, and souvenirs.

Out-of-state horses stabled in
a locale represent a significant eco-
nomic impact to the area. This impact

Alabama Agricultural Experiment Station
Vol. 42, No. 3, Fall 1995
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stems from food and lodging for per-
sonnel accompanying the horses, as
well as services and supplies pur-
chased for the horses. For example,
each out-of-state horse stabled at the
track or horse show may generate
about $90 per day. Though a small
facility with a short program may
attract relatively few horses, the total
impact can be large.

Horses have significant links
to agriculture. About 16% of the nation-
al agricultural and agribusiness gross
economic product can be attributed to
the horse industry. Horse production,
care, and maintenance create demand
for oats, corn, clover, alfalfa, hay, and
other feed crops produced by Alabama
farmers. Horse keeping, breeding, and
raising help retain the agricultural infra-
structure in areas where farms are few

in number. Horse pastures, fences, and
barns often add to the aesthetic appeal
of the Alabama countryside.

The authors estimate that 5%
of Alabama households have some
personal or familial connection to
horse ownership, breeding, or compe-
tition. More people are involved with
horses than is commonly recognized
by the institutions that serve agricul-
ture and the recreating public.

This lack of recognition is
due to the traditional nature of the
Alabama horse industry: a loosely
connected aggregate of breed- and
activity-related associations, each
with unique organizational arrange-
ments. This fragmentation and lack
of a unified voice obscures the con-
siderable importance of t

Care and maintenance expenditures for three horse uses in Alabama, 1990.




RED MAPLE CULTIVAR
PERFORMANCE IN
THE SOUTHEAST

Jeff L. Sibley, D. Joseph Eakes, Charles H. Gilliam, Gary J. Keever,
and William A. Dozier, Jr., and John T. Owen

Figure 1. Typical fall color of Autumn Blaze; (inset) foliage of red maple cultivars (top row,
left to right): Armstrong, Autumn Blaze, Autumn Flame, Bowhall, Fairview Flame, Gerling,
Karpick, (bottom row, left to right) Morgan, Northwood, October Glory, Redskin, Red
Sunset, Scarsen, Schlesingeri, and Tilford.
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Y hen landscapers and

Yhomeowners plant red

maple seedlings, they

expect rapid tree growth,
attractive canopy form,
and excellent red fall
color. Unfortunately, red
maples show consider-

able variations when

grown from seed. On the
other hand, red maple

cultivars, which are

cloned from tissue col-
lected from a superior
mother tree, are uniform
in shape, foliage, and
color.

However, cultivars are often
selected for Alabama based only on
evaluations in the plants’ native
regions. Many of these cultivars
prove to be unsuitable for the
Southeast. Of the 52 named red
maple cultivars, none have been
released from selections originating
in the southern portion of their native
range, which extends throughout the
Eastern U.S. and Canada.

To address this problem, an
AAES study identified several supe-
rior red maples for urban and resi-
dential landscapes in the Southeast.
Determination of suitable red maple
cultivars for the region can increase
the selection of shade and ornamental
trees.

Cultivars included in the
AAES trials represent a broad cross
section of the classified red maples
(Acer rubrum L.). Red maple culti-
vars known to perform well in the
Southeast were compared with selec-

Alabama Agricultural Experiment Station
Highlights of Agricultural Research
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tions from the Freeman maple
group. Freeman maples are general-
ly grouped with red maple cultivars,
but are recognized botanically as
Acer x freemanii, a cross between red
maple and silver maple (Acer sac-
charinum L.).

Cultivars were obtained in
March 1988 from Microplant, Inc., in
Fairview, Ore., and grown in contain-
ers for two years. Trees ranged from
four to five feet tall when transplant-
ed in March 1990, into a Cecil grav-
elly sandy loam soil at the Piedmont
Substation. Trees were planted on a
30x35 foot spacing and were fertil-
ized with one pound of nitrogen,
phosphorus, and potassium (13-13-
13) per inch of caliper at planting and
in March of following years before
bud break. Drip irrigation was sup-
plied to each tree.

Acer X freemanii cultivars
included Autumn Blaze, Morgan
(Indian Summer), and Scarsen (Scarlet
Sentinel). Acer rubrum cultivars
included Autumn Flame, Fairview
Flame, Franksred (Red Sunset),
Karpick, Northwood, October Glory,
Redskin, Schlesingeri, and Tilford.
Since the traditional practice has been
to plant trees from seed, a group of
seedlings from seed collected at A.
McGill & Son Nursery of Fairview,
Ore., were planted for comparison.

Autumn Flame and three
Freeman maple selections, Autumn
Blaze, Scarsen, and Morgan, general-
ly increased the most in height over
the five years (Table 1). Northwood
increased the least in height, about
one-half that of most other cultivars.
Average annual height increase for
Autumn Flame was 117% greater
than had been reported in previous

Alabama Agricultural Experiment Station

studies; Franksred, 50% greater;
Scarsen, 47% greater; Schlesingeri,
36% greater; seedlings, 71% greater;
and Tilford, 35% greater. These
enhanced growth differences could
be attributed to the use of irrigation
or own-root trees versus budded
trees.

Caliper increases did not fol-
low height increase trends from 1991
through 1994 as a general rule. While
the Freeman group selections had a
tendency for height growth typical of
silver maple, the caliper growth on an
annual basis was different for each.
Among the 13 selections, Autumn
Blaze, an A. x freemanii, had the
greatest annual increase in caliper.
Most selections developed greater
increases in caliper each successive
year following establishment until
1994. Caliper increases were lower
in 1994 than 1993 for all but Autumn
Blaze (Figure 1).

Fall color duration varied
yearly. The longest duration of
fall color in 1992 occurred with
October Glory and Fairview Flame,
while in 1993 Fairview Flame,
Schlesingeri, Franksred, and October
Glory had the longest duration of fall
color (Figure 2).

Cultivars showed greater
variability in the timing of peak fall
color in 1992 than in 1993. In both
years Northwood and Morgan were
the first cultivars to exhibit fall color
and to have fall color peaks.
However, Northwood had complete-
ly defoliated near the time Autumn
Blaze was at its peak and before
October Glory had begun to display
notable fall color. Peak fall color was
displayed 7-10 days later in 1993 for
most cultivars. For the two seasons

Highlights of Agricultural Research Vol. 42, No. 3, Fall 1995

for Alabama’s rural economy.

To address this problem,
horse industry and Auburn University
representatives recently organized the
Alabama Horse Council, which will
promote development of the industry.

Spending by spectators, rid-
ers, owners, breeders, and trainers
clearly helps to bolster Alabama’s
rural economy. Although the estimated
70,000 horses in Alabama are dwarfed
by the 1.7 million cattle in the state, the
impacts of horses are magnified due to
the high value of each individual ani-
mal. Moreover, horses and horse activ-
ities often bring urban dollars to rural
places, and most importantly, out-of-
state dollars to Alabama.

Molnar is a Professor of Rural Sociology,
McCall is an Associate Professor of Animal
and Dairy Science, Broadway is a former
Graduate Research Assistant, and Pender-
grass is a Research Associate at the
University of Tennessee Agricultural Policy
Analysis Center.

that fall color evaluations were made,
the cultivars Fairview Flame and
October Glory had the best display
of red coloration, based on typical
color hue and duration, while North-
wood, Morgan, and Redskin had
poor fall color. Defoliation coincid-
ed with the end of fall color for most
cultivars each year. While all trees of
a particular cultivar developed the
same fall color, only 20% of the
seedlings in the AAES evaluation
exhibited red fall color; other seedlings
had yellow to brown fall color.
Superior red maple cultivars
for the Southeast, based on fall color
display and height and diameter
growth, were Autumn Flame, Autumn
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COTTON DEFOLIANTS AND BOILL OPENERS

SAFEGUARD QUALITY, IMPROVE HARVEST

fter battling
seedling
diseases
early, insects late,

and weeds and

grasses throughout
the crop year, cotton
\ farmers are then
challenged to pick
the right time to
harvest their crop.
If harvesting is
done too early, not
enough bolls are
open; too late and
open bolls lose
quality, plus cold
weather is a prob-

lem.

Defoliation
often allows growers
to pick mature cot-
ton several weeks
earlier than they
could without defo-
liants, thus prevent-
ing loss of boll qual-
ity and reducing the
risk  of  getting
caught by bad
weather late in the
growing season.
Though only a hand-
ful of cotton defo-
liants are currently
registered for use, a
three-year test at the
Tennessee  Valley

Substation in Belle Mina indicates
certain treatments can result in good
defoliation, high quality cotton, and
increased profit for growers.

Defoliants registered for use
on cotton are DEF/Folex, Dropp, and
Harvade. These defoliants are often
used in combination with Prep,
which enhances boll opening, to
allow for earlier and more complete
harvest of the highest possible num-
ber of mature bolls. This combina-
tion of defoliant and boll opener
also allows growers to harvest a
field once, instead of “scrapping”
(second harvest), which is rarely
cost effective.

In the AAES study, seven
core treatments were used as part
of a nationwide test (see table),
along with addi-
tional treatments
sometimes used
in the Southeast.
Treatments were
applied in a spray
volume of 10 gal-
lons of solution per
acre when an aver-
age of 50-60% of
cotton bolls were
open. Visual defoli-
ation ratings were
obtained seven and
14 days after treat-
ment. Seed cotton
was harvested from
plots receiving
these treatments
and ginned to pro-
vide lint which was

graded to determine the quality.

Defoliation treatments in-
creased leaf drop 22-34% above
untreated control plots. Mixtures of
Prep with Folex, Prep with Dropp,
and Prep with Harvade produced 5-
11% more consistent defoliation over
a wide range of environmental condi-
tions than the products produced
without the boll opener during the
three-year study.

Cotton fiber thickness
(micronaire), strength, and degree of
whiteness were within commercially
accepted ranges throughout the test
period. Total yield was not signifi-
cantly different when using Prep ver-
sus not using the boll opener.
However, using Prep in combination
with the defoliants produced from 6-

Alabama Agricultural Experiment Station
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15% higher yields
on the first picking
each year. This indi-
cates that defoliants
do not adversely
affect the quality of
fiber harvested,
while allowing
growers to get their
cotton out of the
field earlier.
Previous
studies have shown
that the lint in an
open boll looses
approximately 1%
of its weight for each
day it is not harvest-
ed after opening. A
two-week delay in
harvesting cotton
can result in signifi-
cant economic loss
due to the weather-
ing of lint in open
bolls. The proper use
of defoliants and
Prep can result in
farmers harvesting
high-quality cotton
in a shorter period of
time, which is good
for the industry and
consumers.

Burmester is an
Extension Research
Agronomist, Patterson
is an Associate Professor,
and Monks is an
Assistant Professor in
Agronomy and Soils.
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Stk Typical Sept. Oct. Nov. ’
il LB S T L R
Autumn Blaze R-P __—— =%
Autumn Flame O-R-Y """"-__
Fairview Flame R-P _______,_.:_
Franksred R-O ———————'——
Karpick O-R | , 7-
o s aaas
Northwood  Y-O T ——— e
Gcsober Glory AP : T e - |
' Redskin o T —
e Y e
Schlesingeri o -—————_
~Seedling ¢ _~
Tilford Y-B =

Figure 2. Hue and duration of fall color for red maple selections in 1992and 1993. Color notation
as follows: B = brown, O = orange, P = purple, R = red, Y = yellow (primary color listed first);
= Presence of color; ENEEER = Peak color period. Foliar fall color patterns were evalu-
ated two or three times weekly from September through December of 1992 and 1993. Color peak
was the maximum ranking the cultivar attained each season. Peak color periods were determined
to be one observation prior to the peak date and one observation after the established peak.

Blaze, Fairview Flame, and October Glory. By this same criteria, Karpick and
Northwood were poor selections. The Freeman red maple selections, along
with A. rubrum Autumn Flame, had the best growth performance in this study
with no apparent adaptability limitations to the climate of the Southeast.

Sibley is a Research Assistant, Eakes is an Assistant Professor, Gilliam is a Professor; Keever is
a Professor, and Dozier is Department Chair and Professor of Horticulture. Owen is
Superintendent of the Piedmont Substation

Table |. Height and Trunk Caliper of Red Maple Selections

Cultivar/ Avg. annual I Final height Avg. annual ' Final caliper
seedling height increase caliper increase
in. ft. in. ft.
Autumn Flame 35.0 18.7 0.94 5.2
Autumn Blaze 39.0 18.9 1.06 54
Scarsen 35.0 16.7 0.71 3.7
Morgan 35.0 17.0 0.79 4.1
Northwood 157 12.7 0.47 2.9
Franksred 29.1 I5:7 0.75 39
Schlesingeri 30.7 14.6 0.79 4.0
Seedling 34.6 17.8 0.94 4.8
October Glory 3.5 16.9 0.87 4.7
Fairview Flame 28.7 15.4 0.91 4.8
Karpick 24.0 12.9 0.47 2.7
Redskin 24.8 13.4 0.75 4.0
Tilford 299 15.0 0.63 3.3

| Growth increases were determined by the difference in current and the previous
season’s measurements from 1990-1994.
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BLUE BEES FOR BLUEBERRIES?

NATIVE BEE MAY PROVIL
HELP FOR BI

Figure I (inset on left): The n
biteye blueberry. Figure 2 (a

ing a linear arrangement of
larvae inside. (Photos: Lacy i

Cooperative research be-
tween the AAES and the USDA has
shown that the Southeastern blueber-
ry bee (Habropoda laboriosa), a
native ground-nesting bee, effective-
ly pollinates rabbiteye blueberry.
However, Southeastern blueberry
bees may be uncommon on larger
acreages or in habitats lacking suitable
nest sites. Honey bee hives have there-
fore been brought in each year to pol-
linate this valuable fruit crop. Unfor-
tunately, their ineffectiveness at pol-
linating rabbiteye blueberry and their
susceptibility to diseases and newly-
introduced parasitic mites could limit
their future use. |

As a possible solution, com-
mercial bumble bee colonies are now
being considered for rabbiteye blue-
berry pollination, but their sophisti-
cated management requirements and
small colony size make them prohib-

The most commonly grown blueberry species in the itively expensive. The possibility of

Southeast is rabbiteye, Vaccinium ashei. This species  native bee shortages and a lack of a
requires bees for pollination and fruit set, but not any bee will ~reliable and affordable commercial
pollinator for rabbiteye blueberry
underscore a need to find new and
better pollinators for this crop.

In addition to the honey bee

ommercial blueberry production is expanding in
Alabama, with 5,000 acres of land currently planted.

do. Rabbiteye blueberry has specialized flowers and its pollen
must be transferred between bushes of compatible varieties to
set fruit.

j 19 Alabama Agricultural Experiment Station
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NEW POLLINATION
'EBERRY PRODUCERS

Blair Sampson, Jim Cane and John Neff

bee, Osmia ribifloris is an effective pollinator of rab-
): The interior of a completed O. ribifloris nest show-
ons with two open cocoons revealing the developing

and bumble bees there are about
20,000 other species of bees world-
wide. The majority of these bees live
alone and a female bee is responsible
for both building her nest and provi-
sioning it with pollen and nectar.
Although solitary bees do not pro-
duce workers, they are gaining new
respect as crop pollinators for sev-
eral reasons: they can specialize on
certain plant species; they have
many unique adaptations for han-
dling flowers; and in many cases,
their brief adult life spans can be
managed to coincide with crop flow-
ering. Numerous species of solitary
bees also have a great potential for
commercial management. The best
candidates are those species that
nest in dense aggregations, readily
accept artificial nest sites, and easi-
ly awaken from hibernation after a
sufficient cold period, thus permit-
ting predictable emergence with
bloom. An additional benefit of
solitary bees is their gentle behavior
around their nests, thus making
them safer to handle.

The alfalfa leafcutting bee,
Megachile rotundata, for example,

Alabama Agricultural Experiment Station

has all of these characteristics and
has replaced the honey bee as the
principal pollinator of cultivated
alfalfa in the northwestern United
States. Relatives of the alfalfa leaf-
cutting bee, belonging to the genus
Osmia, also are promising candidates
for management because they dis-
play the same useful characteristics
and some species forage on a vari-
ety of crops, including blueberries,
almonds, pears, and apples.

An AAES study focused on
an iridescent-blue native bee, Osmia
ribifloris (see Figure 1). Preliminary
studies from California and Maine
suggest that O. ribifloris has consid-
erable potential as a blueberry polli-
nator. This bee is found from Texas
west to California. Adults emerge in
early spring, and in the wild, they
nest in a wide array of pre-existing
cavities.

O. ribifloris is being studied
as a new pollinator for managed
blueberries because it forms large
nest aggregations in artificial wood
domiciles and its diet in its native
range includes close relatives of the
rabbiteye blueberry. However, artifi-
cially dense nesting populations of
any bee are more susceptible to dis-
ease and parasitism. Procedures to
screen for pathogens and parasitic
mites specific to O. ribifloris are
being developed by the USDA to
help ensure the commercial success
of the bee by preventing the intro-
duction of this bee’s natural enemies.

The goal of this study was to
assess the potential of O. ribifloris
for improving fruit set on rabbiteye
blueberry, in light of the advances
being made in the management of
this bee.
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Overwintering adults, still in
their cocoons, were shipped in the
fall from Austin, Texas, to Auburn.
The following spring, 56 female and
36 male O. ribifloris cocoons were
removed from cold storage and
warmed to outdoor temperatures.
These cocoons were placed into 7-mm
(inside diameter) x 14-cm long waxed
paper straws. Straws were inserted
into pre-drilled holes in pine blocks.
Adult bees emerged into a 14.4 x 9-
meter screenhouse, where they were
confined with established flowering
rabbiteye blueberry bushes. All other
bee species were excluded.

The potential of O. ribifloris
as a blueberry pollinator was eval-
uated in two ways. First, researchers
tested if rabbiteye blueberry leaves
and flowers provided enough
resources to sustain a small popula-
tion of O. ribifloris. Second, the pol-
lination effectiveness of O. ribifloris
was gauged by the number of fruit
that developed from 553 rabbiteye
blueberry flowers visited only by
these bees.

Female O. ribifloris mated
soon after emergence, and 37 of the
original 56 females began gathering
pollen five days later. Instead of
buzzing blueberry flowers, as do
bumble bees or the Southeastern
blueberry bee, female O. ribifloris
removed pollen by batting the
anthers with their front and middle
pairs of legs. Each female transport-
ed blueberry pollen back to her nest
with the help of a brush under her
abdomen. She was also able to reach
the sugar-rich nectaries hidden deep
inside the rabbiteye flower.
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CONSUMER INSIGHTS CAN HELP RURAL
RETAILERS INCREASE PROFITS

Evelyn L. Brannon and Lenda Jo Anderson

he ease, acceptability, and frequency of shopping away from hometown
- stores has increased concern for the survival of small, independent,
locally owned businesses in rural towns. However, despite the increas-
ing competition from other shopping alternatives, opportunities exist
for these independent retailers to enhance profitability if they under-
stand the tradeoffs consumers use in choosing a shopping destination.

An AAES survey was con-
ducted to determine the relative posi-
tion of hometown merchants, as
compared to other shopping alterna-
tives, in the minds of rural Alabama
consumers. The 198 rural consumers
surveyed indicated that they most
frequently shopped mass merchan-
disers, such as WalMart or K-Mart.
Hometown merchants were the next
most frequent choice. Mass merchan-
disers ranked best in terms of conve-
nience and value for price, but they
ranked worst in the area of assort-
ment/selection. Hometown mer-
chants, on the other hand, received
the highest ratings for service.

The survey was mailed to
residents in six small Alabama towns
selected to represent economic and
geographic diversity. Subjects were
randomly selected from listings for
those towns published on a commer-
cial CD-ROM phone directory.
Respondents were asked to indicate
how frequently they shopped each
shopping alternative (mass merchan-
disers, department stores, specialty
stores, hometown merchants, and
non-store options like catalogs and
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television shopping) on a scale from
very frequently (once a month or
more) to never. To increase accuracy
in the responses,
names of well

Experience and expectations
determine consumers’ preferred shop-
ping destination. To
capture that compo-
nent of the shopping

known stores decision, respondents
were used to were asked to rate
identify the store shopping  alterna-
classifications.

tives from “best” to

T h reyeqe “worst” on each key
shopping alternatives attribute — value
stood out as destina- for price, assort-
tions shopped very ment/selection,

frequently (once a
month or more): mass
merchandisers (64% of
respondents), hometown
merchants (39%), and tra-
ditional departments stores
(24%). Shopping venues
with the highest percentage
of “never” responses were
television shopping (88%),
career-oriented specialty
stores (87%), stores for special
sizes (75%), and specialty stores
(56%). When reporting occa-

quality, conve-
nience, and service.
Over 60%
respondents
ranked mass mer-
chandisers highest
of all alternatives
on value for price
(average 6.3 on
a 7-point scale)
and convenience
(average 6.1).
The only attri-
bute where mass

of

sional shopping (one or two merchandisers
times per year), factory outlets were ranked
(41%) and catalogs (27%) were worse  than
selected most often. other shopping

Alabama Agricultural Experiment Station
Highlights of Agricultural Research Vol. 42, No. 3, Fall 1995



alternatives was on assortment/
selection.

Department stores ranked
highest of all alternatives on assort-
ment/selection (average 4.7) and
quality (average 5.2). Sixty-five per-
cent of all respondents awarded
department stores one of the two top
scores on quality.

Fifty percent of respondents
awarded hometown merchants the
highest score on service (average
5.2). Hometown merchants were
ranked second only to mass merchan-
disers on convenience (average 4.6).
On the quality dimension, almost an
equal percentage of respondents
assigned the best score and the worst
score to hometown merchants, show-
ing that groups of consumers may
have an opposite experience and dif-
fering expectations for the same
shopping destination.

One Alabama independent
rural retailer summed up the current
situation: “It used to be that people
would give your small town indepen-
dent merchants first shot at shopping
with them — not any more.” Today
rural, suburban, and urban customers
share similar preferences and choose
a particular shopping destination
according to their expectations for
convenience, price, selection, quality,
and service. In this survey, home-
town merchants ranked first in ser-
vice, second in convenience, and
third in quality compared to six other
shopping destinations. These results
show that hometown merchants
enjoy a generally positive position in
the minds of rural Alabama con-
sumers when compared to other
shopping alternatives — a position
that can be enhanced through con-
sumer research and competitive
analysis.
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A “gut feeling” about what
consumers expect provides poor sup-
port for business decisions made in a
competitive climate. Instead, rural
retailers must constantly take the
consumers’ pulse by conducting con-
sumer research. In-store interviews,
comment cards inviting candid input,
occasional surveys or focus groups
can help retailers find out what
makes the difference between a satis-
fied regular customer and an unsatis-
fied infrequent customer. Even cus-
tomer complaints can be used to
assess how well the retailer is deliv-
ering friendly service, accommodat-
ing consumers’ lifestyles with the
right mix of products and services,
and providing convenient parking
and store hours.

Rural retailers can develop a
response plan to stiff competition by
shopping the other stores and talking
with their customers to identify
exploitable weaknesses. In this sur-
vey, 67% of respondents gave mass
merchandisers the lowest ranking on
assortment/selection—an exploitable
weakness that hometown merchants
can capitalize on by carrying differ-
ent product lines or more distinctive
styles, by offering services coordinat-
ed with products, or by marketing
locally produced products. Such tac-
tics are essential for survival in a
marketplace where consumers have
an increasing number of choices in
shopping destinations and higher
expectations for value, assortment,
quality, convenience, and service.

Brannon and Anderson are Associate
Professors of Consumer Affairs.
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Besides food, blueberry
plants provided a female bee with
nest-building material. Leaf collect-
ing trips started with a female bee
chewing small portions of a leaf into
a pulp. Back at the nest, she fash-
ioned this pulp into nest plugs and
partitions needed for her offsprings
protection (see Figure 2). However,
not all sources of leaf material were
acceptable. Females preferred small-
er and more delicate blueberry
leaves, but they also gathered oak
and blackberry leaf material.

After only 10 days, females
had filled their nest straws with cells.
Researchers found that these nests
could be protected from predation by
ants using Tanglefoot™ barriers. X-
ray photos of the interior of O. ribi-

floris nests show that 456 new

cocoons were produced; a return of
five new cocoons for each bee
released. Straws contained, on aver-
age, eight healthy pupae (range 0-18
cocoons) indicating that rabbiteye
blueberry was a satisfactory host
plant for this bee (see Figure 2).

These results also indicate
that O. ribifloris was an effective pol-
linator of rabbiteye blueberry. Bushes
visited solely by male and female O.
ribifloris set on average 54 mature
berries for every 100 flowers. This is
an excellent fruit set for commercial
rabbiteye blueberry. As rabbiteye
blueberries do not self-pollinate, all of
the fruit set can be attributed to this
bee. This preliminary study shows
that O. ribifloris could provide an
inexpensive, easily managed, effec-
tive, and sustainable solution to the
challenges of rabbiteye blueberry pol-
lination in the Southeast.

Sampson is a Graduate Research Assistant,
Cane is an Associate Professor of
Entomology and Neff is Director of the
Central Texas Melittological Institute.



RAPID BACTERIAL
TEST HELPS CATFISH
PROCESSORS ENSURE
FooD QUALITY

ood-borne disease outbreaks associ-

ated with poultry, eggs, milk, and beef

; in recent years have made consumers
more aware of microbial food risks. AAES
researchers recently evaluated a simple pro-
cedure for detection and enumeration of E.
coli bacteria on catfish which shortens the
testing procedure by seven days. This proce-

dure also can be used for other foods.

There have always been microbial
health risks associated with foods because foods
are not sterile; even many cooked, ready-to-eat
foods are not sterile. Raw, animal-derived foods
are particularly susceptible to microbial
spoilage and require refrigeration to extend the
shelf life and slow microbial growth. Raw foods
naturally harbor microbes, just as humans have
a natural microbial flora associated with their
skin and intestinal tracts. Microorganisms on
raw foods are rarely a problem because the
foods are cooked before consumption, and when
properly cooked, foods are safe.

Food processors abide by strict regula-
tory guidelines which are enforced by routine
inspections to determine compliance with state
and federal codes governing “food wholesome-
ness and safety.” Food-borne disease outbreaks
in recent years have made regulatory codes for
Catfish fillets are macerated in sterile phosphate buffered water prior to food processors even more stringent. The
Ryt gL S, integrity and national reputation of food proces-

sors are strong incentives for processors to do
their best to ensure safe, wholesome food products. Otherwise, they risk reg-
ulatory agency sanctions, loss of consumer trust, and possible business failure.

Food buyers for major retail and restaurant chains are establishing
their own microbial specifications to ensure that they are purchasing safe,

16 Alabama Agricultural Experiment Station
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wholesome foods from food proces-
sors. In some cases, the microbial
specifications are more stringent than
those recommended by regulatory
agencies because food buyers want to
protect themselves from possible lia-
bility from the consuming public.
Another concern for food
processors is standardized microbial
criteria and standardized testing pro-
cedures. There are no mandated
microbial standards for raw poultry,
beef, pork, and most seafoods, but
raw milk has a standard. Microbial
populations in excess of set standards
indicate that sanitary practices and/or
product holding temperatures are
inadequate to maintain the desired
degree of wholesomeness and safety
of the food. Foods with microbial
populations in excess of the stan-
dards are not permitted for sale.
Although raw poultry, beef,
pork, and most seafoods do not have
mandatory microbial standards, they

Characteristic green metallic sheen of E.
coli grown on agar plate.

do have microbial specifications and
limits which serve as industry and
regulatory guidelines by which
acceptable food quality is deter-
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mined. Because

Todd C. Hannah, Thomas A. McCaskey,

and Richard T. Lovell

most raw protein

foods do not have
mandatory micro-
bial standards, they
also do not have

standardized testing
procedures, which
means laboratories  conducting
analyses can conduct
analyses by different procedures,
often leading to discrepancies in the
test results.

AAES researchers are help-
ing catfish processors to ensure the
wholesomeness and safety of their
products. Buyers who require the
processors to meet microbial specifi-
cations sometimes require tests to be
conducted more quickly than the
lengthy procedures that require a
week or more for completion. AAES
researchers evaluated two testing
procedures for determining the num-
ber of Escherichia coli bacteria on
catfish fillets. The procedures also
would be applicable to beef, pork,
and poultry.

E. coli is associated with
humans and warm-blooded animals,
and is often used as an indicator for
the presence of pathogenic bacteria
of fecal origin. Despite the publicity
about E. coli, it is not generally path-
ogenic to healthy adults, because all
humans harbor the bacterium in their
intestinal tracts. Variants of E. coli,
such as E. coli O157:H7, are patho-
genic, but they are rarely encoun-
tered in the environment and have
not been detected on catfish.

Goals of the study were to
evaluate a quick, easy procedure and
to compare its reliability to a widely

microbial
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gram.

accepted FDA procedure. E. coli
were enumerated by the FDA Most
Probable Number (MPN) procedure,
referred to as Procedure A in this arti-
cle. Several steps are required to
complete Procedure A, which usual-
ly takes about eight days. This stan-
dard test was compared to the exper-
imental Procedure B, which used EC
Petrifilm (3M Company) in a one-
step process that usually can be com-
pleted in one day — two days at the
most.

Before analyses by the two
procedures, 50-gram portions of catfish
fillets were placed in sterile plastic bags
with 450 milliliters of sterile phosphate
buffered water. (One ounce equals 29
grams or 30 milliliters.) These bags
were placed in a mechanical agitator
called a Stomacher, which agitated and
macerated the samples, causing bacte-
ria on the fish to be suspended in the
buffered water. The water was then
used to enumerate E. coli by the two
procedures. All samples were analyzed
in duplicate by both procedures.

When E. coli were enumerat-
ed by Procedure B, the counts were not
statistically ~different from those
obtained by the standard FDA proce-
dure (see table). The average E. coli
count for fillets analyzed by the FDA
procedure was 1.80 per gram, and the
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Henry Daniell, Sharon Zhang, Babu Guda, and Dan Urry

iodegradable products are in
great demand these days as
consumers and manufactur-
ers look for more environ-
mentally friendly products
and packages. AAES genetic
engineering research has
made a giant step toward
providing a new, renewable
source of biodegradable
plastic by implanting a syn-
thetic polymer gene into bac-

teria and tobacco plants.
Protein-based polymers are
naturally occurring polymers that
exist in some bacteria as a product of
biosynthesis. These polymers can be
used to make numerous plastic prod-
ucts, ranging from milk cartons to
medical devices. Unlike plastics
made from petroleum-based prod-
ucts, protein-based polymers are
environmentally safe over their entire
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life cycle, from production to
disposal. They can be made from
renewable resources using water-
based processing techniques and are
biodegradable. In contrast, petrole-
um-based plastics are made from
exhaustible fossil fuels, require toxic
and hazardous chemicals in their pro-
duction, and are a major problem in
solid waste disposal because they do
not degrade.

Protein-based polymers also
are useful in a variety of other areas.
They are remarkably biocompatible,
which means they are nontoxic and
are readily accepted by organisms.
Because of this, they are useful in
many medical applications, including
the prevention of post-surgical adhe-
sions, tissue reconstruction, and pro-
grammed drug delivery. In addition,
the polymers have numerous techno-
logical applications including: trans-
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ducers; molecular machines; super-

absorbents; plastic packaging; and
controlled release of herbicides, pes-
ticides, and fertilizers.

For protein-based polymers
to be commercially viable, however,
they must be produced in large quan-
tities and as affordably as petroleum-
based polymers that are currently
produced. A possible way to accom-
plish this is to produce these poly-
mers in plants. Traditional row crops,
such as corn and soybeans, already
are being used to obtain products,
such as lipids and oils, for use in
industrial applications. If these crops
could be used to make biodegradable
plastics, the profitability and sustain-
ability of agriculture could be
enhanced and, if plants can produce
biodegradable polymers as abundant-
ly as plants produce lipids (20-40%

Alabama Agricultural Experiment Station
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of dry weight), the polymers could be
produced at a cost comparable to
vegetable oil (50 cents per kilogram).

Introducing a polymer-mak-
ing gene into these plants and other
organisms has been the focus of an
AAES research project. The natural
formation of polymers is a compli-
cated process involving several genes
that is difficult to duplicate on a com-
mercial scale, so researchers simpli-
fied the process by developing a sin-
gle synthetic gene to implant in bac-
teria or plant cells.

The synthetic genes were
produced in collaboration with scien-
tists at the University of Alabama at
Birmingham, then introduced into
bacterial cells (E. coli, for example)
using standard procedures. Results of
this phase of the research showed
that the synthetic gene was incorpo-
rated into the E. coli genetic structure
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and resulted in efficient pro-
duction of polymers inside
the bacteria. Some of the
genetically altered cells
formed single, large bodies
of polymers that occupied
70% to 80% of the cell. In
other cells, many smaller
bodies of polymers occupied
80-90% of the cells (see
Figure 1A). On average, a
65-75% area of the fully
grown cells was filled with
this polymer.

These synthetic genes
were then introduced into
tobacco cells using the Gene
Gun, a device that literally fires
genetic material into a cell where it
can become part of the cell’s genetic
structure. Tobacco was chosen
because of its relative ease of genetic
manipulation and because concerns
about the ill effects of tobacco use
may soon limit its current market. If
it can be used as a source of protein-
based polymers, tobacco growers
would have a new use for their crops.

Researchers have successful-
ly incorporated the synthetic gene
into tobacco plant cells. This is the
first time scientists have demonstrat-
ed expression of a synthetic gene
(with no natural analog) in plants.
Examination of the genetically
altered plants showed polymer-like
inclusions in tobacco leaves (see
Figure 1B).

The next step of the research
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average for Procedure B was 1.99 per
gram. The target level of E. coli rec-
ommended by the International
Commission on Microbiological
Specifications for Foods for fresh and
frozen fish is 11 per gram, and the
maximum allowable is 500 per gram.

A study was performed to
determine if the bacteria enumerated
by Procedure B were actually E. coli.
Of 120 randomly picked colonies
from the EC Petrifilm plates used in
Procedure B, 119 were identified to
be E. coli.

Procedure B saves time and
labor, compared to the standard FDA
procedure, but does not limit accuracy.
This test would give food processors
an opportunity to analyze their prod-
ucts before shipment to the public.

Hannah is a Research Assistant, McCaskey is
a Professor of Animal and Dairy Sciences,
and Lovell is a Professor of Fisheries and
Allied Aquacultures.

will be to propagate new plants from
these genetically-altered plants and
determine if the synthetic gene will
transmit to new generations. If this
occurs, researchers may then be able
to implant these and similar synthetic
genes into a variety of crops, includ-
ing row crops and trees, and use these
crops to make biodegradable plastics.
The result could be a stronger agri-
cultural industry and also a cleaner

environment

Daniell is an Associate Professor, Zhang is a
Research Associate, and Guda is a Graduate
Student in Botany and Microbiology. Urry is
a Professor in the University of Alabama at
Birmingham School of Medicine.
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researchers have
AAESbeen evaluating
biological control

agents as alternatives to pesticides

for hard-to-control diseases, such as
bacterial wilt of cucurbits caused by
the
Erwinia tracheiphila. Bacterial wilt

insect-transmitted bacterium

is particularly destructive to cucum-
bers and muskmelons; squash and
pumpkin are susceptible but are not

affected as severely.

Fungicides are not effective
against bacterial diseases, so the pri-
mary control method for bacterial
wilt involves use of insecticides tar-
geted against cucumber beetles that
spread the pathogen from plant to
plant. However, cucumber beetle
infestations are impossible to control
completely with insecticides because
beetles are highly mobile and contin-
ually invade cucumber plantings
from adjacent fields or weedy areas.
In addition, cucumber plants contain
a compound called “cucurbitacin”
that causes cucumber beetles to feed
even more vigorously once they taste
it in the cucumber leaves. This cucur-
bitacin-induced feeding stimulation
can cause even greater spread of bac-
terial wilt by cucumber beetles.

Over the past five years,
AAES scientists have been investi-
gating the beneficial properties of
specific strains of root-colonizing
bacteria, also known as plant growth-
promoting rhizobacteria (PGPR),
when applied to cucumber as a seed
treatment or a root-drench applica-
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tion. It is known that certain PGPR
strains colonize plant roots follow-
ing treatment and affect plant physi-
ology in a way that results in
increased plant growth and also
enhanced activation of the plant’s
own defense mechanisms against dis-
ease. Although the immune systems
in plants and animals are very differ-
ent, PGPR treatment may be thought
of as a sort of “vaccination” against
plant disease.

Work at Auburn previously
demonstrated that PGPR treatment
was effective for control of anthrac-
nose disease on cucumbers, caused
by the fungus Colletotrichum orbicu-
lare. The current study was conduct-
ed in 1993 and 1994 to evaluate these
same PGPR strains for control of
bacterial wilt disease of cucurbits and
PGPR’s effects on the cucumber bee-
tle vectors of the disease.

Field experiments were done
at the E.V. Smith Research Center
Horticulture Unit in Shorter, and
greenhouse experiments were con-
ducted at the Plant Science Center at
Auburn University. In field experi-

ments, PGPR treatments were com-
pared with an insecticide control
(weekly sprays with Asana XL™
insecticide) and a nontreated control.
In 1993 field experiments, four
PGPR strains (86B-61, 90-166, INR-
5, and INR-7) were tested; two
strains (90-166 and INR-7) were
evaluated in 1994. Straight 8 cucum-
ber seeds used in the PGPR treat-
ments were dipped into pelleted bac-
terial cells before planting.
Cucumber yields from the
PGPR-treated plants were higher
than yields in the insecticide-treated
and nontreated controls in both years
of the field experiment (see table).
Bacterial wilt symptoms were not
prevalent in 1993, but in 1994, the
percentage of wilted vines was
approximately seven to nine times
greater in the nontreated plots com-
pared with the PGPR treatments, and
about three to four times greater in
the insecticide control plots com-
pared with PGPR treatments.
Unexpectedly, numbers of cucumber
beetles in the PGPR treatments were
not only lower than in the nontreated
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Figure 1. Reduced beetle feeding on PGPR-treated cucumber
stems compared with greater damage on nontreated stems.

control treatments, but were lower
than numbers in the insecticide con-
trol where insecticide was applied on
a weekly basis. These results indicate
that the PGPR treatments were supe-
rior to weekly insecticide applica-
tions for control of cucumber beetles
and spread of bacterial wilt disease.

Cotyledon leaves from
PGPR-treated and nontreated plants
were analyzed for cucurbitacin con-
tent. This analysis showed that
cucurbitacin concentration in PGPR-
treated plants was reduced by 16-
44%, depending on PGPR strain,
compared with nontreated plants.
These results suggest that a possible
explanation for the lower cucumber
beetle populations on PGPR-treated
plants is a reduction in the cucumber
beetle feeding stimulant cucur-
bitacin. Previous experiments have
demonstrated that cucumber beetles
can detect cucurbitacin in amounts
as small as a billionth of a gram.
Therefore, it is likely that cucumber
beetles in the field can discriminate
among plants with varying cucur-
bitacin concentrations.

A series of greenhouse experi-
ments was done in which cucumber bee-
tles infected with the bacterial wilt
pathogen were released to feed on plants
inside screen cages to prevent beetle
escape. Experiments were designed
two ways: (1) choice experiments in
which beetles were free to feed on both
PGPR or nontreated plants in the same
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cage, and (2) no-choice experiments in
which beetles were confined in a
cage with either PGPR-treated or
nontreated plants.

In both designs, beetle feed-
ing on cotyledons and stems of
PGPR-treated plants was significant-
ly lower than on nontreated plants
(see Figure 1). Wilt symptoms on
plants in cages were first observed
five to seven days after release of the
infected beetles; experiments were
run for 17-23 days after beetle
release, after which the plants were
examined for signs of wilt.

In both the choice and no-
choice experiments, the average num-
bers of wilted leaves per plant were sig-
nificantly lower on PGPR-treated
plants compared with the nontreated
plants (see Figure 2). These results
demonstrate that spread of bacterial
wilt by cucumber beetles is signifi-
cantly reduced by PGPR treatment,
even if beetles are restricted to feed-
ing only on PGPR-treated plants.

Another series of experiments
was done in which the bacterial wilt
pathogen was inoculated into PGPR-
treated and nontreated plants without
cucumber beetles (artificial inocula-
tion). Plants were examined for wilt
symptoms 23 days after inoculation.
The average numbers of wilted leaves
per plant were significantly lower on
PGPR-treated plants compared with
nontreated, indicating that PGPR pro-
tect plants from infection even if beetles
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Figure 2. PGPR-treated plants on left show little wilt symptoms
while nontreated plants are severely wilted.

are not involved in transmission.

Based on these results, it
appears that PGPR-induced protec-
tion against bacterial wilt disease
works on two levels. First, PGPR
protects the plants against cucumber
beetle feeding, thereby reducing
spread of the disease. This feeding
reduction probably is linked to
reduced levels of cucurbitacin in
PGPR-treated plants. The second
level of protection occurs after the
pathogen is introduced, and is mani-
fested as plant resistance or tolerance
to bacterial wilt infection.

PGPR treatment of crops by
seed treatment or transplant drench
application represents an exciting,
new, and environmentally friendly
tool for use in pest management.
While most biological control agents
have activity against a narrow spec-
trum of pests or pathogens, a key
advantage of PGPR is that PGPR-
induced resistance may lead to protec-
tion against a wide spectrum of
pathogens and/or pests. This was
demonstrated in AAES experiments,
where two diverse pests (a bacterial
pathogen and an insect) were con-
trolled by PGPR.

Zehnder is an Associate Professor and Yao is a
Graduate Research Assistant in Entomology.
Kloepper is Department Head and a Professor,
Wei is a Postdoctoral Fellow, Tuzun is an
Associate Professor, and Shelby is a Research
Fellow in Plant Pathology. Chambliss is a
Professor of Horticulture and Witt is
Superintendent of the EV. Smith Research
Center Horticutture Unit.
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Beef Herds Can Benefit
From Wise Use of Implants

Frank F. Bartol, James G. Floyd, Jr., Dale A. Coleman,
Anne A. Wiley, and Donald F. Buxton

ROWTH PROMOTING IMPLANTS are among the
most cost effective management tools available to the
beef cattle producer. Implanted calves typically weigh
about 15-20 pounds more at weaning than nonimplanted

calves. However, previous research involving laboratory

animals has shown that the same hormones used in growth-promoting

Photographs illustrate the microscopic structure of the wall of
the adult (15 months old) uterus in a normal, nonimplanted
control heifer (A), and a heifer that received an implant on the
day of birth that released both progesterone and estradiol for
approximately 200 days (B). Note marked loss of uterine
glands (G) due to hormone exposure in (B). S = uterine stro-
ma (connective tissue) , M = myometrium (muscle), L = uter-

ine lumen (interior).

implants (progestins
and estrogens), when
given very early in life,
alter the structure and
function of adult repro-
ductive tract tissues.
This includes the uterus,
an organ responsible for
maintaining pregnancy.
Furthermore, the soon-
er following birth that
these animals
exposed to the hor-
mones, the more severe
the problems. Critical
periods of exposure,

were

during which adminis-

tration of certain hor-
mones to heifer calves
might affect develop-
ment of reproductive
organs and fertility in
adults, have not been
defined.

In cattle, the
uterus is not completely
developed at birth. The
wall of the uterus,
which includes the lin-

ing (endometrium) and

More detailed data and infor-
mation about this study can be
found in Theriogenology
(1995) 43:835-844.
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the muscular layer (myometrium),
undergoes dramatic structural changes
during the first three months of life
when uterine glands form in the
endometrium and uterine muscula-
ture increases. Interruption of these
events, during early critical develop-
mental periods, could cause repro-
ductive problems in cattle similar to
those recognized in laboratory ani-
mals. Such changes might limit the
ability of the uterus to support preg-
nancy in adult heifers.

Controlled studies of the
long-term effects of hormone expo-
sure during early life on subsequent
adult uterine structure and function
have not been reported in cattle.
Therefore, an AAES study was insti-
tuted to determine if exposure of
heifer calves to specific implant hor-
mones, beginning between birth and
earliest labeled use (45 days of age),
would affect adult uterine structure
or protein content of uterine fluid and
whether these effects would be relat-
ed to the age of the calves when hor-
mone exposure began.

Twenty crossbred heifer
calves of similar genetic background
were assigned to one of four treat-
ment groups (five calves per group)
defined by the age of calves when
they received a Synovex-C growth-
promoting implant. Synovex-C treat-
ment consists of four pellets designed
to release progesterone (P, 100 mg)
and estradiol benzoate (E, 10 mg,
long-acting estrogen) for about 200
days.

Three groups of calves were
implanted on either the day of birth,
or at 21 or 45 days of age. Calves in

Alabama Agricultural Experiment Station
Vol. 42, No. 3, Fall 1995



the fourth group were not
implanted and served as
controls. Day 45 was chosen
because it is the earliest age at
which this implant is approved
for use in heifers intended for

reproduction. Birth was chosen
because hormone exposure

would occur prior to the onset of d

rapid growth of uterine glands,

and previous studies indicated that
consequences of early hormone
exposure might be severe. Day 21
was chosen as an intermediate day

between birth and 45 days of age
when uterine tissues are maturing.

All heifers were kept togeth-
er, weaned at 205 days of age, and
maintained on pasture at the Piedmont
Substation (Camp Hill). Heifers were
allowed to reach puberty, and the
reproductive tract was removed from
each heifer on day 12 of an estrous
cycle when they were approximately
15 months of age.

Each reproductive tract, in-
cluding both the uterus and cervix, was
weighed, and uterine fluids were col-
lected to test for protein content (uter-
ine “milk”). Crossections of the uterus
were examined to evaluate develop-
ment of the uterine wall, where an
embryo would normally attach and be
sustained during pregnancy.

Results are shown in the
table. Regardless of the age at which
calves were implanted, exposure to P
and E reduced the combined weight
of the uterus and cervix by 35%,
endometrial area by 27%, and myome-
trial area by 23%. Endometrial gland
density, an estimate of the number
of uterine glands per unit area of

Alabama Agricultural Experiment Station
Highlights of Agricultural Research

Implant all heifers to be sold as
feeder calves (not intended for use
as replacements) according to label
rections.
' If a heifer is likely to be used as a
breeding replacement, there is no

need to implant her,

If heifers are not selected as
replacements until weaning, implant
only those born after the birth of a

sufficient number of potential replace-

ments.

Implant all heifers according to
label directions but retain and breed
more replacements to compensate for

any potential negative effects on preg-

nancy rates.

endometrium, also was reduced by
40% in implanted heifers. This effect
was clearly related to the age at
which calves were implanted.
Endometrial gland density was
reduced by 65% in heifers implanted
at birth, while reductions of 22%
and 33% were observed for heifers
implanted on either day 21 or day 45.
Consistent with the reduction in
endometrial area and gland density,
protein content of uterine fluid was
reduced by 46% in implanted heifers.

Photographs in the figure,
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taken through a microscope, show
the normal structure of the adult uter-
ine wall in a nonimplanted control
heifer (A) compared to that of a
heifer that was implanted at birth
(B). Note the abundance of
endometrial glands (marked G in
the figure) in nonimplanted
heifer (A) compared with the
large area without glands in
implanted heifer (B). Results
indicate that exposure of
calves to P and E, beginning
between birth and 45 days
of age, does affect adult
uterine structure and pro-
tein content of uterine
fluid and does alter adult
endometrial anatomy.
Furthermore, effects
were more dramatic
the earlier that expo-
sure began.
Clearkys
neither treatment-
induced structural
changes in uter-
ine tissues, par-
ticularly those
identified in heifers first exposed to P
and E at birth, nor reduced uterine
fluid protein content are desirable
effects in heifers intended for repro-
duction. Since both maternal uterine
tissues and uterine fluids play impor-
tant roles in support of embryo devel-
opment, these results provide a
potential explanation for reduced fer-
tility observed in some heifers
implanted outside of label directions.
However, the potential for uterine
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changes observed in this study to
affect pregnancy rate in adult heifers
remains to be investigated.

The fact that exposure of
newborn calves to P and E had such
profound effects on adult uterine
anatomy indicates that biological
processes affected by these hormones
early in life regulate patterns of uter-
ine development. Therefore, these
hormones, and other drugs that affect
their action, may be useful tools with
which to identify mechanisms that
regulate development of the uterine
wall. It will be important to identify
these biological processes and to
determine the extent to which the
success of developmental events that
occur shortly after birth may dictate
the capacity of uterine tissues to
function properly.

Overall, beef herds can bene-
fit from the wise use of growth pro-

moting implants to increase pounds
of gain and improve body composi-

tion. The proper and aggressive use
of growth-promoting implants can
enhance the efficiency and profitabil-
ity of beef production and should be
encouraged. However, this study
shows that careful management is
vital to ensure that cattle producers
reap the benefits of these implants
while avoiding reproductive compli-
cations in replacement heifers.
Research summarized here reinforces
the importance of following label

guidelines for use of implants, pro-
vides justification for continued
efforts to develop and refine guide-
lines for the use of these important
tools, and sets the stage for new stud-
ies designed to identify developmen-
tal factors that affect reproductive
efficiency in cattle.

Bartol, Floyd, and Coleman are Associate
Professors and Wiley is a Research
Associate in Animal and Dairy Science.
Buxton is a Professor of Anatomy and
Histology.




