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Karnal Bunt Disease 
Research focuses on its persistence in soil 

ow serious is Karnal bunt and 
what should Arizona growers 
do about it? Does this controver- 

sial fungus disease of wheat and other 
small grains, identified on four kernels of 
Arizona durum seed wheat in 1996, merit 
a zero tolerance policy in certified grain? 
And is it possible to completely eradi- 
cate it from a field? 

Growers, regulatory agencies and 
scientists have different answers to these 
questions, but they all agree that more 
information is needed about how the 
Kamal bunt fungus survives. When the 
bunted kernels were found in Arizona in 
1996, a federal quarantine was placed on 
Arizona wheat, restricting its movement. 
Because the United States is the world's 
largest exporter of wheat, the policy 
regarding this disease has far -reaching 
implications for growers. Twenty -one 
foreign countries have rejected wheat 
containing Karnal bunt. 

In spite of these extreme measures, 
members of the American Phytopatho- 
logical Society, including Merritt Nelson, 
head of the Department of Plant Pathol- 
ogy at The University of Arizona, 
maintain that it has always been re- 
garded as a minor disease of wheat. They 
say it pales in comparison to diseases of 
wheat such as stem rust, which also is 
not a problem in Arizona, but which cuts 
yields significantly in other wheat 
growing areas. 

The current argument centers more on 
the political aspects of trade agreements 
and what other markets will accept, but 
the role of scientists in the UA College of 
Agriculture, as members of the Karnal 
Bunt Task Force, has been to objectively 
examine in greater detail the way the 
fungus spreads and operates. 

"We believe it is important for us to be 
involved in this research, because of its 
impact on growers," Nelson says. It's a 
way to help agencies and growers make 
decisions about planting, soil manage- 
ment, and postharvest crop handling. It 
all begins with the way the fungus 
travels. 

"This disease is spread by the wind," 
Nelson says. "The scientific literature 
shows that burning trash from an 
infected wheat crop ejects spores into the 
stratosphere, up to 3,000 meters (10,000 
feet) where they can travel for miles. 
Suppressing it is possible; eradicating it 
is not." Nelson believes the spores of the 

fungus are already widely distributed 
over the United States and possibly 
Canada. Once spores are in the soil, the 
disease will only develop when the 
climate is just right, and even then, there 
must be a very large number of spores 
present. 

"It takes a tremendous amount of 
inoculum in the field to see even a small 
amount of the disease," Nelson says. He 
believes the fungus has actually been 
present in the U.S. for several years, but 
was not detected until more sophisti- 
cated methods of diagnosing it were 
developed. 

In the life cycle of the fungus, the stage 
called the teliospore (thick -walled 
resting spore) develops in the infected 
kernels, then drops into the soil where it 
has been reported to live for up to five 
years. Not enough is known, however, 
about how soil conditions and farming 
practices affect the persistence of the 
teliospore in the soil. 

"I am going to be working with 
scientists at APHIS /USDA on a project to 
determine the survival capability of 
these teliospores in Arizona soils," says 
Mary Olsen, a plant pathologist in the 
UA College of Agriculture. "We'd like to 
compare irrigated and non -irrigated soil 
to find how long the teliospores remain 
alive (viable) and to check the survival of 
the spores at different depths." 

To do this, Olson will bury samples of 
soil infested with Karnal bunt teliospores 
at different depths in field plots at the UA 
Campus Agricultural Center in Tucson. 
The soil has been analyzed and sent to 
the APHIS research facility in Maryland 
where it will be infested. The soil will be 
put into special bags that prevent the 
spores from escaping and the plots will 
be fenced. 

"We'll bury them in the soil and dig up 
a few every three months over a period 
of three years," Olson says. "We'll send 
samples back to APHIS as we take them 
out, so scientists there can determine 
how many spores have survived." 

The results of these studies will assist 
growers in choosing cultivation and 
rotation schedules that discourage the 
growth and spread of the fungus. Future 
studies will target the effect of cultiva- 
tion, plants and competition from other 
microorganisms in the soil on survival of 
the fungus. - Susan McGinley 
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What is Karnal Bunt? 

Named for the city of Karnal, India, where 
this fungus disease first appeared on a 

wheat crop in 1931, Karnal bunt damages 

seed heads by replacing kernels with a 

brown -black, powdery mass of foul -smelling 
spores. Flour made from a crop that is 

infected at the rate of 3% or more will have 

a fishy odor and taste, making it unfit for 
human consumption from a cosmetic 
standpoint.While the fungus reduces the 
quality of the crop, no serious yield 
reductions have been reported in India or 
more recently, in Mexico, where the fungus 
appeared in I 970.The fungus is nontoxic to 
humans and livestock. 

Caused by the fungus Tilletia indica, the 
disease is also known as partial bunt 
because it usually damages only part of a 

kernel. The strict environmental conditions 
that favor the growth of the fungus involve 
the precise timing of high humidity and /or 
rain occurring during the flowering of the 
crop, at the same time the spores are 
blowing across a field. Crops affected 
include common wheat, durum wheat, rye 
and triticale. 

The disease is difficult to diagnose in the 
field because the pathogen grows inside the 
seedhead, and because it usually does not 
infect a large number of plants or even an 

entire plant. Seed samples must be washed 
and centrifuged in a laboratory to find the 
spores of the fungus. Chemical seed 

treatments, fungicides and fumigation 
provide adequate control. 
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Arizona Veterinary Diagnostic Laboratory 
Assisting Arizona veterinarians and the public 

Abull sickens and dies out on 
the range. A cow goes into 
fatal convulsions. Did they 

eat something poisonous or did a virus 
kill them? Was it a nutrient deficiency? 
More importantly, is the rest of the 
herd in danger? The five specialists 
and their staff at the Arizona Veterinary 
Diagnostic Laboratory in Tucson run 
tests on animal tissues every week to 
answer those questions and others, to 
help protect animal health in Arizona. 

"We're here to serve veterinarians, 
ranchers, farmers, pet owners, zoo 
keepers and wildlife managers as well 
as federal and state agencies such as 
Arizona Game and Fish, the Arizona 
Department of Agriculture, the USDA, 
or the U.S. Fish and Wildlife Service," 
says Carlos Reggiardo, director of the 
unit. "We were created mainly to serve 
Arizona animal agriculture, but at the 
university level we also serve all of our 
college herds and all of our researchers 
who are working with farm animals." 

The laboratory is part of the Depart- 
ment of Veterinary Science and Micro- 
biology in the College of Agriculture, 
and is located at the West Campus 
Agricultural Center along with the 
Aquaculture Pathology Laboratory (see 
facing page). 

The veterinarians on staff examine a 
full range of animals each week, from 
traditional livestock to exotic pets. The 
list includes beef and dairy cattle, pigs 
raised for 4 -H projects, horses, poultry, 
small ruminants (sheep and goats), 
ratites (ostrich and emu), exotic 
reptiles and birds, and other pet 
species. 

"We have just as many urban as rural 
clients," Reggiardo notes. "This is the 
unique thing about Arizona. It's really 
an urban state. We deal with a great 
variety of animals here, not just one 
main agricultural species, such as the 
swine in the Midwest." 

The 14,000 square foot facility is 
equipped with necropsy rooms for 
small and large animals, and four 
specialized labs for bacteriology, 
virology, pathology and toxicology. 
The staff veterinarians have expertise 
in different areas: three are patholo- 
gists, one is a microbiologist, and 
another is a toxicologist. They handle 
all of the cases, from necropsies 
(animal autopsies) and testing to 
communicating with clientele through 
telephone calls and written reports. 

"We mainly diagnose," Reggiardo 
says. "The attending veterinarian 

actually gives the treatment. Thus we 
focus mainly on population medicine, 
or the health of an entire herd or group. 
For example, say you are raising calves 
and wonder why they're dying. You 
call up a veterinarian who examines 
the herd and sends tissue samples to 
us, along with blood, feed samples, 
and an entire animal. We diagnose the 
cause of death so the vet can start 
treatment and prophylaxis [prevention] 
in rest of the population. We try to help 
the vet by diagnosing death and losses 
at any life stage." 

Animals can die from mineral and 
nutritional deficiencies, from infectious 
diseases caused by viruses, bacteria or 
fungi, or from poisonous causes such 
as feed contamination. The laboratory 
also serves human health and welfare 
by screening zoonotic diseases: those 
that can be passed to humans. 

"A lot of animal diseases can be 
transmitted to humans," Reggiardo 
says. "In fact any animal, from domes- 
tic as well as exotic species, has the 
potential of transmitting diseases to 
humans. Rabies and Salmonellosis are 
the usual examples, but there is a long 
list of infectious and parasitic diseases of 
animals which are considered zoonotic." 

Reggiardo says the staff does a 
complete profile on every animal that 
is sent to the lab, to uncover all causes 
of death. This involves performing 
complete necropsies; removing tissue 
samples and testing them in each of the 
four labs; and examining all of the test 
results to determine whether the 
mortality was due to one cause or a 
combination of factors. 

Nutritional diseases are a very 
common problem in Arizona. About 

half the cases tested in the toxicology 
laboratory are really nutritional testing 
accoi ding to Reggiardo. Most of the 
nutritional profiles focus on produc- 
tion agriculture, and with increasing 
frequency, on horses. For cattle, 
mineral deficiencies top the list. And 
surprisingly, copper deficiency ranks 
high. 

"Arizona has widespread copper 
deficiencies in ruminants," he says. It's 
ironic that Arizona is known as the 
Copper State, because it is also in a 
region with widely widespread copper 
deficiencies in cows and sheep. Such 
deficiencies occur because of deficien- 
cies in the soil in some areas, or 
because of interference in its absorp- 
tion by high concentrations of other 
minerals in the plants." 

Poisoning deaths in pets and wildlife 
are often intentional, caused by insecti- 
cides, strychnine, poisonous baits or 
similar products. Accidental poison- 
ings are more common in livestock, 
caused by a wide range of agents, from 
toxic plants to heavy metals to nitrate 
poisoning in irrigated pastures. 

Aside from diagnostic services, the 
lab also provides animal assistance to 
schools for science classes, supports 
research projects throughout the 
university, and assists Arizona Game & 
Fish with their studies of wildlife 
populations. 

"We do charge for our services, but 
just for operations," Reggiardo says. 
"Everything else is state subsidy. This 
is a service that is open to the public: 
we're improving the livelihood of 
people by improving animal health." - Susan McGinley 
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Aquaculture Pathology Program Focuses on Shrimp 
Practical assistance for the worldwide shrimp industry 

Far from the ocean, in the heart of the 
Sonoran Desert, Donald Lightner 
and his staff in the Aquaculture 

Pathology Program diagnose and 
research shrimp diseases. The ideal 
geographic location of the UA, isolated 
from coastal waters, reduces to near 
zero the risk of accidental introduction 
of shrimp pathogens into the aquatic 
environment. 

"Our main goal is to describe diseases 
of farm -raised shrimp and to develop 
diagnostic methods for these diseases 
using traditional and modern molecular 
techniques," says Lightner, who is one 
of the world's foremost authorities on 
shrimp pathology. "After we recognize 
what the problem is and put a name on 
it, and develop an accurate diagnostic 
method, we do research on prevention 
and control methods as well." These 
include methods for developing specific 
pathogen -free (SPF) or specific patho- 
gen- resistant stocks (SPR). 

The aquaculture pathology program 
includes both an on- campus laboratory 
and a primary quarantine facility 
located at the West Campus Agricul- 
tural Center in Tucson, which acquires 
wild or farmed shrimp and assesses the 
disease status of these potentially SPF 
and SPR stocks. High standards of care 
and handling throughout the duration 
of the testing period, which can take 
many months, are necessary to assure 
the specific pathogen -free state of the 
animals. 

The UA provides expert assistance to 
governments and to the shrimp farming 
industry with a variety of diagnostic 
techniques, including microbiological 
and histological identification of the 
disease process, electron microscopic 
examination of newly recognized 
shrimp pathogens, as well as other 
standard diagnostic methods. The UA 
has also pioneered the use of molecular 
(DNA- based) technology in the study 
of shrimp diseases. 

In particular, researchers have 
prepared gene probes to several serious 
viral pathogens and have devised 
techniques for their use in diagnosis. 
The transfer of this technology to the 
private sector has led to the develop- 
ment of gene probe kits that can be used 
in diagnostic laboratories and in the 
field (at shrimp farms and hatcheries). 
Such gene probe kits provide to the 
shrimp farming industry much more 
rapid and sensitive tools for detecting 
pathogens than were available with 

Purified white spot virus from shrimp blood (left) and from shrimp tissue (right). 

traditional methods like histology and 
live animal bioassays. 

Shrimp production worldwide has 
increased steadily since the 1980s, and 
now nearly a third of the world supply 
comes from farms. Most of the product 
is imported by the U.S., Japan and 
Western Europe. Shrimp diseases have 
also become more widespread in the 
industry, resulting in annual losses since 
1992 averaging nearly one billion dollars. 

"Bacterial and viral diseases are the 
most common, with viral diseases 
causing the most economic damage," 
Lightner says. "None of these viral 
diseases are a threat to humans and the 
bacterial diseases are only a threat if 
improperly processed shrimp are 
consumed raw." 

The UA became involved in shrimp 
aquaculture during the early 1970s 
through experimental programs 
conducted in Mexico in connection with 
desalinization projects. The UA is the 
closest U.S. university to the Gulf of 
California in Mexico. Near Puerto 
Penasco, Mexico, UA faculty and staff 
assisted in the development of super - 
intensive shrimp farming methods to 
increase production under controlled 
environmental conditions, including 
raising SPF shrimp in seawater -filled 
"raceways" placed within plastic - 
covered greenhouses. With this technol- 
ogy, the UA produced market -sized 
shrimp at a commercial prototype farm 
in Hawaii at higher stocking densities 
than have been achieved since, any- 
where else in the world. 

In 1987, the UA was invited to join a 
USDA -funded consortium with five 
other institutions to assist in developing 
the domestic shrimp culture industry 
and to reduce the U.S. trade deficit that 
is now over two billion dollars annually 
in imported shrimp. As part of the Gulf 
Coast Marine Shrimp Farming Consor- 
tium, the aquaculture pathology 
program at the UA is working to 
provide a healthy (SPF and SPR) seed 
stock supply for the industry, to assist 

in disease control, and to address the 
environmental aspects and regulations 
of shrimp aquaculture for continued 
growth of the U.S. industry. 

"Because there is no treatment for the 
viral diseases," Lightner says, "most of 
our work centers on detection and 
avoidance, or on the development of 
SPF and SPR stocks. Because of FDA 
regulations, the treatments available for 
treating bacterial diseases of shrimp are 
very limited. So, we work with farmers 
to change farm practices, and when 
permitted by FDA, to test certain types 
of chemotherapuents (for efficacy, food 
safety, and environmental effect) in 
controlling bacterial disease. We also 
help select the breeding stocks and test 
them for their health (SPF and SPR) 
status." 

For the past ten years, the aquaculture 
faculty and staff have conducted a 
shrimp pathology short course during 
the summer session. Since the first 
offering of this course, 501 students 
from the U.S. and 45 other countries 
have attended, from industry, 
academia, and government -related 
agencies. This course includes training 
in the most up -to -date methods for the 
diagnosis of shrimp diseases. In addi- 
tion to the short course, the aquaculture 
pathology laboratory offers shrimp 
disease services to industry through 
workshops, a diagnostic laboratory and 
post -graduate research programs. 

In May, 1994, Lightner's laboratory 
was designated one of two reference 
laboratories in the world for crustacean 
pathogens by the Office of International 
Epizootics headquartered in Paris, 
France. 

Many individuals at the UA are 
involved in these aquaculture pathol- 
ogy programs. In particular, Lightner's 
laboratory includes professional staff as 
well as graduate students who all actively 
participate in the diagnostic, educational 
and research aspects of the program. - Susan McGinley, Wanda 

McCormack, Bonnie T. Poulos 
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Getting the Word Out 
UA research information for cotton growers 

every 

year faculty in the UA 
College of Agriculture conduct 
more than 50 research projects 

related to current problems in cotton 
production. These studies take place 
in applied field settings at the 
university's Maricopa, Yuma and 
Safford agricultural centers, and in 
traditional campus laboratories. 

The primary vehicle for distributing 
cotton research information is the 
Integrated Cotton Management 
(ICM)Group, headed by Jeffrey 
Silvertooth, a cotton agronomist in the 
Department of Plant Sciences. This team 
uses a multi- disciplinary approach to 
provide a statewide extension education 
program in cotton management. 

"We try to address problems using all 
the college resources in research and 
extension that are available in plant 
pathology, plant sciences, soils, ento- 
mology, engineering, biometeorology, 
and economics," he says. The team 
includes 34 extension specialists, county 
extension agents and research special- 
ists, who work with each other and with 
agencies such as USDA / ARS, USDA/ 
APHIS, other departments and univer- 
sities, commercial enterprises, and local 
growers to make cotton production 
more efficient. 

When new technologies such as 
transgenic cotton or insect growth 
regulators are introduced, college 
faculty test them from a neutral stand- 
point to determine their benefits, 
drawbacks and best application. Even 
though new tools are designed to help 
raise a better crop, they don't necessar- 
ily simplify the job of farming. 

"Many of these new technologies 
demand that the grower know more, 
not less," Silvertooth says. "It's not 
really easier to farm. The growers 
recognize that they need more informa- 
tion, and we're working to provide that. 
Therefore, this need is one of our 
greatest functions. We attempt to 
integrate all of the available information 
into a "systems approach," which is 
what the growers ultimately have to 
do." 

The ICM Program is constantly 
reviewed and updated to address 
current needs in the Arizona cotton 
community. 

Publications 

COTTON 

A COI A .EGE OF AGRICULTURE REPORT 

SERIES P -108 
1997 

Cooperative Extension 
Agricultural Experiment station 

The University of Arizona, Tucson 
U.S. Department of Agriculture 

Cotton Report - published annually 
each spring. A comprehensive collection 
of brief reports summarizing results of 
the past year's cotton research in the 
following areas: crop management, 
physiology and growth regulators, 
upland variety testing, Pima cotton 
genetics and variety testing, irrigation, 
insect investigations, soil fertility and 
soil management, planting seed, and 
diseases. Available through the Publica- 
tions Distribution Office, 4042 N. Campbell, 
Tucson, AZ 85719 -1111, (520) 621 -1713. 

Arizona Cotton Advisory Program 
(ACAP) - issued weekly by specialists 
and agents in nine different Arizona 
counties from February to September. 
Coordinated through Cooperative 
Extension offices. A series of short (one 
to four pages) bulletins containing 
county- specific updates on pest man- 
agement, weather and cotton agronomy. 
Available by signing up on mailing list in 
the appropriate county: Pinal, Mohave, 
La Paz, Yuma, Maricopa, Pima, Cochise, 
Graham, Greenlee. 

Arizona Cotton Agronomy series: 
Issued as needed throughout the 
growing season. Short bulletins (usually 
the front and back of a page) written by 
college specialists covering general 
cotton agronomy and crop manage- 
ment. Available through Jeff Silvertooth, 

Department of Plant Sciences, Forbes 214, 
University of Arizona, Tucson, AZ 85721, 
(520) 621 -7616, silver @ag.arizona.edu. 

IPM Series - issued annually /as 
needed. Brochures and laminated 
pocket cards covering whitefly manage- 
ment in Arizona cotton, and other 
topics. Available through the ICM group - Peter Ellsworth, (520) 568 -2273, ext. 
225. 

Management of Silverleaf Whitefly: a 
Comprehensive Manual on the Biology, 
Economic Impact and Control Tactics -a full -color softbound publication, 
co- authored by five specialists from four 
different universities, including The 
University of Arizona. Available through 
Peter Ellsworth, (520) 568 -2273. 

Web sites 

AZMET (Arizona Meteorological 
Network): http: / /ag.arizona.edu/ 
azmet. Managed through the Arizona 
Meteorological Network, this program 
provides real -time weather data on a 
daily basis, gathered from 23 monitor- 
ing stations located throughout 
Arizona's cotton -growing regions. 
Contact Paul Brown, biometeorology 
specialist, Department of Soil, Water and 
Environmental Science, Shantz 504A, 
Tucson, AZ 85721, (520) 1197. 

A web site for cotton will be available 
through the UA College ofAgriculture's 
home page, Aglnfo, in early 1998. 

Field Days and 
Workshops /Seminars 

Cotton Field Days: Held annually at 
the Maricopa (October) and Safford 
(September or October) Agricultural 
Centers, these events usually include a 
guided tour of research plots and 
facilities, presentations of current issues 
by College of Agriculture faculty, 
information /poster displays, and lunch. 
Contact the appropriate agricultural center 
for more information. 
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Does "Retail- tainment" Draw More Shoppers? 
Mall survey focuses on the role of tourist attractions 

Aseven-acre amusement park 
fills the center of the giant Mall 
of America in Minneapolis, 

Minnesota. The Superstition Springs 
Mall in Apache Junction, Arizona has 
an arboretum, a playground and an 
amphitheater. The current trend in 
mall design includes any combination 
of these venues plus movie theaters, 
themed restaurants, museums, and 
other non -retail businesses. Why? To 
draw more shoppers, of course. 

But when people visit a mall's tourist 
attractions, do they really come to shop 
in the surrounding stores as well? Or 
do they just leave after the entertain- 
ment ends? Many individual stores 
already have begun to feature enter- 
tainment right alongside their merchan- 
dise- -teen shopping departments play 
wide -screen music videos; housewares 
sections advertise cooking tips on 
televisions placed next to the pots and 
pans. Taking the entertainment full - 
scale and moving it outside the stores 
and into the heart of the mall itself has 
been the next step, but does it work? 

"Retailing is very competitive in this 
country, says Mary Ann Eastlick, a 
professor in the Division of Retailing 
and Consumer Studies at The Univer- 
sity of Arizona. "There are too many 
stores and too many shopping centers. 

"It has been estimated that there is 
now between 18 and 19 feet of retail 
space for each person in the United 
States," Eastlick says. "This has created 
a lot of pressure in what they call 'B' 
and 'C' shopping malls. These are 
malls that have lower sales volumes 
per square foot; they are usually older 
and need more renovation. They need 
anchors or don't have the location an 
'A' mall has." 

Eastlick, along with Professors 
Sherry Lotz and Soyeon Shim, and 
doctoral student Patti Warrington, are 
conducting a survey of 350 shoppers at 
each of four malls (a total of 1400 
consumers) in cities across the southern 
portion of the U.S. These include 
Orlando, Florida; Charlotte, North 
Carolina; Phoenix, Arizona; and San 
Diego, California. The International 
Council of Shopping Centers (ICSC), a 
trade association for shopping centers, 
is sponsoring the research. 

Mall owners are looking for ways to 
build traffic in their malls, even in 'A' 
malls, and entertainment is one of their 
key ideas, according to Eastlick. This 
combination of both retail and enter- 
tainment formats under one roof is 
known as 'retail -tainment.' But is this 
enough incentive for people to shop 
and be entertained during the same 
visit? And does it encourage future 
mall patronage? Ask the customers. 

"Our proposal is to conduct mall 
intercepts in cities that appeal to winter 
tourists and that also have a large local 
clientele," Eastlick says. Shoppers, who 
must be 18 or older, will be intercepted 
in at least two places in the mall by 
mall survey personnel. (Typically, 
most malls have their own data collec- 
tion services on -site, and don't allow 
others in.) The interviewers are using a 
questionnaire developed from focus 
group interviews conducted by the 
Arizona research team, in conjunction 
with advice from a research mentor 
from the ICSC. 

The interviews, held in January 1998, 
are timed to ensure that winter tourists 
will be included. The interviewers will 
vary their data collection by time of 
day and day of the week to obtain a 
good cross -section of visitors. 

Three main objectives drive the 
research: 1) To determine 
whether consumer -oriented 
factors impact cross - 
shopping behavior 
through consumers' 
degree of involve- 
ment in entertain- 
ment and/or 
shopping 
activities, 2) 
To assess the 
long -term 
impact of 
entertainment - 
based venues on 
future patronage of 
a mall, and 3) To 
develop profiles of 
consumers who shop 
and those who do not. 

Eastlick notes that although many 
shopping centers are now looking to 
incorporate entertainment into their 
strategy to maintain economic advan- 
tages, there have not been any empiri- 
cal studies done to find out whether or 
not this works. 

According to the researchers, this 
study can shed light on customer 
attitudes toward shopping and enter- 
tainment. It can help identify benefits 
of adding entertainment businesses to 
a mall's mix in terms of cross shopping, 
increased expenditures, and future 
patronage intentions. In addition, 
findings will contribute developing 
theories regarding patronage behavior 
and cross shopping in malls that have a 
mix of entertainment -based businesses. 

"The main impact of our research 
will be on economic development," 
Eastlick says. "The area of influence is 
the strategic plan for retailing in 
malls." 

Because one of the malls under study 
is in Arizona, the results of this study 
can directly impact decisions made 
regarding entertainment in malls right 
here in the state. - Susan McGinley 
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Grazing Patterns 
Elk and cattle on they BarV 

The controversy over multiple 
use of rangelands in Arizona 
often focuses on whether or not 

cattle grazing interferes with wildlife 
grazing, particularly elk. What the 
debate lacks is reliable data to show 
exactly how cattle and elk grazing 
patterns do or do not overlap. 

A study now in progress on the V Bar 
V Ranch, a University of Arizona 
research facility in northern Arizona, is 
designed to provide some of this 
missing information. Lacey Halstead, a 
graduate student in the School of 
Renewable Natural Resources in the 
UA College of Agriculture, is measur- 
ing forage use in an existing grazing 
allotment to determine the feeding 
patterns of both cattle and elk. 

The study site, characteristic of other 
ranches at this elevation, is located in 
the Cedar Flats portion of the ranch, at 
an altitude of 5500 -6000 feet. This part 
of the ranch has six pastures; Halstead 
is monitoring four of them, about 600 
acres. The University of Arizona is 
authorized by the U.S. Forest Service 
(USFS) to graze up to 550 head of cattle 
on the allotment (see sidebar). 

The cattle will graze two of the 
pastures this year, and the other two 
next year. This USFS plan theoretically 
rests half of the allotment by attracting 
elk to pastures recently grazed by 
cattle, Halstead says. "The USFS 
system also aims to promote equitable 
and sustainable levels of forage use by 
cattle, elk, and other wild ungulates, 
and improve forage quality by encour- 
aging removal of older growth." 

Halstead, who is working with 
professors Larry Howery, George 
Ruyle and Paul Krausman, all from the 
School of Renewable Natural Re- 
sources, wants to determine how the 
elk interact with the cattle in this 
system. 

"Does the grazing system encourage 
elk to use pastures recently grazed by 
cattle ?" she asks. And does that keep 
the elk from using the pastures that 
have been rested from cattle grazing? 
Halstead also wants to find out what 
effect the grazing system has on 
relative forage use by cattle and elk in 
rested and grazed pastures, and 
whether the USFS height- weight 
technique is as reliable for measuring 
forage use as another method called 
the paired -plot technique. 

The two -year study, begun in March 
of 1997, has three goals: 1) to determine 
relative forage use in pastures sched- 
uled for rest and for cattle grazing, 
immediately before cattle enter the 
grazed pastures, 2) to determine 
relative forage use by cattle and elk 
after cattle exit grazed pastures, corn - 
pared to relative forage use by elk in 
rested pastures, and 3) to determine 
total forage use in rested and grazed 
pastures three to four months after the 
cattle have exited the grazed pastures. 

Halstead measures relative use by 
checking the difference in the amount 
of forage in caged or protected plots 
versus unprotected plots. The paired - 
plot system involves setting up sturdy 
metal cages, also called exclosures, at 
random intervals across the allotment, 
and marking off plots of corresponding 
size without cages. 

"Each pasture has three key areas, 
with six cages per key area, or 72 in 
all," Halstead says. "The cages have a 
base four feet square and are pyramid - 
shaped to keep them from getting 
stepped on or knocked over. Each time 
we go out we sample from two cages 
per key area by pulling them up to clip 
the vegetation. The cages are portable 
and can be moved from year to year. 
We also sample from four unprotected 
plots per key area." 

Along with the paired plots, 
Halstead is measuring height- weight 
relationships of grasses along transects, 
where she checks the height of plants 
along a premeasured, staked line, and 
clips some of the grass to weigh it. She 
uses the grass weights to make a 
height- weight relationship gauge that 
translates heights of grazed plants into 
percent weight removed and then to 
percent utilization. She's comparing 
the two monitoring techniques using 
western wheatgrass, a key species in 
the area as an indicator of forage use. 

"The context of this study is that 
these federal land grazing permits are 
being managed with a lot of resources 
in mind, not just livestock manage- 
ment," Ruyle says. "You need to have 
all these other concerns for wildlife in 
your grazing plan. The specific issue in 
this study is the elk. The grazing 
system itself is planned so that cows 
are in pastures a short period of time. 
It's aimed at fairly light utilization, 
with grazing periods as short as a few 
days all year long, then no grazing for 
months." 

Lacey Halstead with enclosure cage in pasture (March I997). 
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Note growth around cage in June, 1 997. 
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Ruyle adds that the data Halstead is 
collecting will be important not just for 
elk management but also for the whole 
multi- resource scheme. Besides elk, 
other ungulates that graze in the area 
include pronghorn, mule deer, and 
white -tailed deer. 

Preliminary results, from data 
Halstead gathered during the spring 
and fall of 1997, indicate that the 
grazing system may be working 
differently than it was originally 
intended. 

"We're finding that the elk are 
grazing where the cattle are not," 
Halstead notes. She thinks timing may 
make a difference. "This grazing 
system is designed to attract elk to the 
pasture after the cattle are there. In the 
winter, it does that. But in the spring 
they're on the opposite side of where 

the cattle are. They're where the cattle 
were last year. There are reasons for 
that -- topography is one, the amount of 
tree cover is another. We have more 
tree cover, which the elk prefer, on the 
pastures not grazed this year by cattle." 

The researchers found that levels of 
utilization in the pastures were light, 
Ruyle says. The study has another year 
to go, and it may help the USFS with its 
original goal of designing a grazing 
system where the cattle and elk both 
benefit. 

"Hopefully the agencies will be able 
to use this data to adjust grazing 
management in the future," Halstead 
says. "You can't really herd elk around 
but you might be able to manage elk 
grazing by managing cattle, and that's a 
really important thing to know." - Susan McGinley 

The V Bar V Ranch and its 
associated Walker Basin 
allotment are located in 

the Beaver Creek and 
Long Valley Ranger 
Districts of the Coconino 
National Forest. The 
grazing allotment is 

divided into two main 
portions running west to 
east, with three seasonal 
grazing divisions, (i.e., 
winter, transitional and 
summer) in each portion. 
Each year, the cattle are 
moved up the elevational 
gradient through pastures 
on either the north or 
south half of the allot- 
ment during the growing 
season and then moved 
down the elevational 
gradient on the same half 
during the dormant 
season. The other half of 
the allotment is rested 
the entire year. Within 
the grazed half of the 
allotment, cattle are 
moved among pastures 
about every 10-14 days 

to promote uniform 
grazing on current growth 
and to prevent cattle grazing 

The Study Area 

David Womack measures range grass. 

on regrowth. - Lacey Halstead 

Parasitic Wasps 
Protecting greenhouse 
tomatoes 

parasitic 
wasps don't sting and 

they're hardly larger than the 
whiteflies they attack. Yet with 

careful monitoring both exotic and 
domestic species are becoming 
successful biological control agents 
on greenhouse tomatoes in the U.S. 
Southwest and in Europe. 

Oscar Minkenberg, an entomologist 
in The University of Arizona College of 
Agriculture, and his staff raised nearly 
30 million wasps last year for 
inundative release in commercial 
greenhouses and research facilities. 

"We're currently producing three 
strains of wasps from Israel, the United 
Arab Emirates, and Pakistan," he says. 
"They were collected in the field over 
there by collaborators in the USDA/ 
ARS. At the UA we developed a 
unique, mass -rearing technology that 
enables us to produce large numbers of 
the wasps for release here in Arizona, 
and in other states and countries." 

Why use a mini -wasp? Most of the 
chemical sprays that kill whiteflies also 
kill the bumblebees that pollinate the 
tomatoes in greenhouses. Growers 

for ways to handle 
their insect problems without using 
pesticides. 

Whiteflies damage plants by piercing 
leaf surfaces, sucking vital fluids and 
potentially transmitting viruses. They 
exude a sticky substance called honey- 
dew that turns leaf surfaces black, 
cutting off the light the plant needs for 
photosynthesis. In Arizona the Bemisia 
species, or silverleaf (sweetpotato) 
whitefly has caused crop losses in 
cotton, melons and other vegetables, 
and has attacked greenhouse veg- 
etables and flowers as well. 

Parasitic wasps attack whiteflies by 
laying their eggs on or under the 
whitefly nymphs. As the wasp larvae 
feed, they destroy the whiteflies and 
emerge as adult wasps to begin the life 
cycle again. They do not injure the 
plant or other beneficial insects. The 
trick is to keep the balance between 
predator and prey steady enough to 
ensure the wasps a constant minimum 
supply of food while minimizing crop 
damage. 

Arizona cotton growers, the Arizona 
Cotton Research and Protection 
Council and USDA /APHIS support 
biological control, according to 
Minkenberg, and they have funded 
mass rearings of parasitic wasps for 
release in Arizona. 

Agricultural Experiment Station Research Report 9 



"This is a unique collaboration 
between the UA and Arizona cotton 
growers and USDA /APHIS out of 
Phoenix," he says. Although Minkenberg 
has been releasing parasitic wasps in 
open field situations, he admits that the 
controlled environment in greenhouses 
has yielded more consistent results. 

"Greenhouses are the mainstay," 
Minkenberg says. "It's where we see 
the successes right now." Species used 
in Arizona for biological control include 
Eretmocerus californicus (new name, E. 
eremicus), a native of the Southwest, and 
Encarsia formosa, the wasp commercially 

available. 
"In the Southwest, Eretmocerus does a 

lot better because it is suited to our high 
temperatures and lower relative humid- 
ity," Minkenberg says. He started raising 
and releasing Eretmocerus in 1992, then 
got involved with commercial biocontrol 
companies who have taken over mass 
rearings of the native species. Both Koppert 
in Ann Arbor, Mich., and Novartis 

- 
(previously Ciba- Bunting North America) 
in Oxnard, Calif. have assumed the mass 
rearing of Eretmocerus eremicus once 
handled by the UA. - Susan McGinley 

Three commercial growers discuss their results 

Commercial greenhouses in the South- 
west have had varying degrees of success 
with the wasp, according to interviews with 
managers at three of them: Willcox 
Greenhouses and Bonita Nurseries in 
Cochise County, Ariz., and Colorado 
Greenhouses outside Denver, Colo. 

"The best part about using biologicals is 

that you don't have to use chemicals," says 
Piet -hein van Baar, a manager at Willcox 
Greenhouses, where eight acres of 
beefsteak and cluster (cherry) tomatoes are 
cultivated in greenhouses. Van Baar has met 
with the UA's Minkenberg for advising 
purposes. 

"The biggest problem with chemicals is 

that when you spray, the chemical doesn't 
work anymore after a while, because the 
insects build up resistance," van Baar says. 
"And the public doesn't want pesticides. So 
we started with the biologicals in August 
1996. It's difficult: you have to get a balance 
between the beneficials and the pest. 
Sometimes you have to finish with a 

chemical." 
The situation is complex because other 

insects besides whitefly can plague green- 
house tomatoes, and growers often juggle a 

mixture of insecticides and biological 
controls targeted to each pest. 

"We use parasitic wasps such as 

Diglyphus to attack the leafminers, 
Trichogramma wasps for the pinworms, 
Eretmocerus eremicus and Encarsia formosa 
for the whitefly," van Baar notes. "This year 
wasn't a very good year for the wasps. We 
got some other pest bugs and had to use a 

chemical [which disrupted the biological 
control]. You always look at how many 
wasps there are, and you keep looking to 
see what you need and whether it's 
working or not working." 

Based on this weekly monitoring, the 
grower knows how to schedule the wasp 
releases. Most of the parasitic wasps sold in 
the United States come from the Nether- 
lands or England, where growers began 
using Encarsia formosa and other beneficial 

insects in greenhouses more than twenty - 
five years ago. Company consultants visit 
the U.S. periodically to check on the 
success of these wasp populations. 

The wasp pupae arrive in small boxes 
which are placed on the plants so the 
wasps can emerge and colonize the 
greenhouse. A new batch of wasps is 

released weekly throughout the growing 
season. 

Not only do the wasps control the 
whitefly, they also allow the plants to grow 
stronger in the absence of insect damage. 
When plants are not weakened by insects 
they can build their own natural defenses. 
Van Baar has found that this year's crop is 

so strong that it is providing resistance of 
its own right within the plant. 

"What we see is that the crop is so 
strong now and the roots take up so much 
water that the pressure is high inside the 
plant. The stem is getting wet as the plant's 
own toxic substances ooze out of it; these 
toxins kill whiteflies as well," he says. 

According to Jan de Kok, of Bonita 
Nurseries in Willcox, Ariz., both species of 
parasitic wasps are "working quite well." 
They just added Eretmocerus this year; 
their forty acres of beefsteak greenhouse 
tomatoes have been under biological 
control for the last two years. 

"I am really surprised. We have not had 
to spray chemicals at all," de Kok says. 
"We started directly with biological 
control. In this location, we are separated 
from the other greenhouse businesses 
here. The balance was immediately there, 
and we didn't have a problem, even from 
the beginning." 

Biological control can cost more than 
conventional pesticides when several 
different biocontrol agents are used for a 

variety of pests. The public doesn't always 
support the correspondingly higher priced 
product at the grocery store. 

"Most growers want to go along with 
biological control because you get too 
much resistance with pesticides," de Kok 

says. "It's disappointing that the public sees 
the value in it but will not support it 
monetarily. People will not pay one cent 
more for pesticide -free tomatoes." 

Colorado Greenhouses pest management 
advisor Frank Stonaker heard about 
Minkenberg's work a few years ago and 
contacted him regarding the wasps. 

"Oscar provided us with our first 
Eretmocerus last year for a time," Stonaker 
says. "Now we use the European suppliers. 
We'd like to use locally developed products, 
but they're not available yet. We do have 
the greenhouse whitefly situation pretty well 
understood." 

formosa and 
Eretmocerus on 70 acres of beefsteak and 
cluster tomatoes. He has been using the 
Encarsia for about three and a half years, 
but began to rely more heavily on 
Eretmocerus beginning last year. 

"We're still working out which is best," 
Stonaker admitts. "We're still learning, and 
from time to time we still use pesticides. 
Probably sixty to seventy percent of our 
efforts are real successful with parasites. 
The other forty percent we're still working 
out. We don't have good biocontrol agents 
for certain pests yet, such as the potato 
psyllid and the western flower thrips. 

"There are not a lot of field proven 
situations," Stonaker adds. "We're writing 
the book and that's real frustrating some- 
times. You assume you can plug into some- 
body else's research, but the intense light here 
in the Southwest, for example, throws off the 
introduction levels used in Europe." 

Still, Stonaker is optimistic that biocontrol 
will work out for Colorado Greenhouses. 
"We use bumblebees to pollinate and we 
need pretty clean greenhouses as far as 

pesticides go," he says. "Biocontrol is about 
25% cheaper than using pesticides. And the 
benefits are huge, because every time you 
spray a chemical you damage a plant. We 
are also concerned about environmental 
pollution. Our goal is to be under 100 
percent biocontrol within two years." 
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Innovative Meat By- Products 
The UA Meat Lab increases the value of each animal 

Liver slivers, emu jerky, beef neck 
strap chews - these by- products 
come out of The University of 

Arizona Meat Lab nearly every week, 
along with the usual steaks, roasts, 
ribs and chops. 

John Marchello, a meat scientist in 
the Department of Animal Sciences in 
the College of Agriculture, has devel- 
oped a group of successful meat and 
poultry by- products in response to 
requests from ranchers and processors. 

"The definition of a meat by- product 
is anything that comes from the slaugh- 
ter of a meat animal," Marchello says. 
"Meat animals include cattle, sheep, 
swine and goats." In addition, the meat 
lab staff slaughters and processes 
ostrich and emu, which are considered 
poultry. 

A slaughtered animal yields both 
edible and inedible by- products, 
determined through federal inspection. 
Inedible products must be denatured 
and discarded so they can't be con- 
sumed. Parts that are rated for human 
consumption are prepared according to 
guidelines that also make them suitable 
for pets to consume. All of the meat by- 
products Marchello produces go to the 
pet feed industry, primarily for treats. 

"We've improved the value of each 
animal by $40 to $50 with these prod- 
ucts," he says. "With a beef animal, for 
example, a large number of by- products 
can be made human consumable." 

These include cooked and smoked 
beef bones; organs such as heart, liver 
and kidney; and connective tissue, 
including tendons and neck straps 
(connective tissue joining the head to 
the back). Poultry products from the lab 
include smoked and dried ostrich, 
turkey and emu necks, emu and ostrich 
jerky, and ostrich and emu Italian and 
summer sausage. 

The meat lab employs five full -time 
staff members in addition to Marchello, 
and three students. Marchello says they 
also hire several students from local 
high school vocational agriculture 
programs to give them some experience. 

Together they process thousands of 
pounds of animal products each month. 
They guarantee constant production by 
freezing product in a raw state to 
process at slower times of year. 
Marchello oversees the entire process 
from slaughter to packaging, and he is 
always looking for new ways to prepare 
different animal parts. 

"Someone came to us, asking for 
cooked bones for dogs," Marchello says. 
"We're producing seven different sizes 
of bones, from extra -small to large. We 
also process beef knuckles, which are 
the most popular. We have a procedure 
where we put them into our cookers to 
make them shelf -stable. They are 
cooked to enhance color and appear- 
ance, and to intensify flavor." 

Marchello says if these bones were 
not approved for human consumption, 
he would have to denature them. Many 
of the longer beef bones that normally 
would be rendered inedible can be 
salvaged this way. 

As for organ meats used as pet food, 
most are cooked, smoked and ground 
into crumbles or dried as jerky. "We 
generate a lot of beef liver," Marchello 
explains. "We developed a cooked, 
shelf -stable product called 'liver slivers,' 
a name that was approved through 
special labeling. This is a popular item. 
We also cook livers into patties, and 
into crumbly pieces that we pack in 
plastic tumblers for pet trainers to use 
as rewards." Hearts become heart 
jerky, while ground kidneys are cooked 
to a crumble about the size of a whole - 
grain cereal. 

Beef neck straps, both small and large, 
cook down into brittle dog chews about 
the length and width of a long bar of 
taffy. Marchello also makes chews from 
beef tendons and oxtails. All are then 
smoked to make them shelf -stable. 

One product is so original the UA is 
applying for a patent on it, according to 
Marchello. 

"We developed a new shelf -stable pet 
product here according to our own 
formula, that includes 50% meat, along 
with peas and carrots," he says. "A 
small amount of beef tendons give it 
some mass. We add garlic, and smoke 
the roll with 
mesquite to en- 
hance flavor." 

The lab also 
makes a beef log, 
which has more 
beef in it than the 
beef roll. Both the 
beef roll and the log 
are cooked in a 
casing and thus 
look like sausage. 
Although suitable 
for human con- 
sumption, the 

product will be sold for pets to eat. 
Once the process is perfected, Marchello 
plans to do the same thing with mutton, 
emu and ostrich. 

The last two are gaining in popular- 
ity, with an increased demand for 
ostrich because it is a lean meat. "The 
industry picked it up for the overweight 
dog," Marchello notes. "Some people 
are trying to incorporate that into dog 
biscuits." 

Some of the ostrich and emu meat he 
prepares as crumbles, and the necks he 
leaves whole because it's so labor - 
intensive to remove the meat. Instead, 
he cooks and smokes the necks into a 
hard curved stick that dogs can chew on 
in place of a bone. 

Marchello often gives talks on emu 
and ostrich products for producers who 
want to know about the range of items 
they can obtain from these birds and the 
costs involved in processing them. 

After processing, the meat lab staff 
seals the organ meats in three -ounce 
bags, and shrink -wraps the bones, necks 
and neck straps. They package the one- 
pound beef rolls and logs in either clear 
and colored casings, depending on 
specifications from the distributors. The 
UA Meat Lab currently produces these 
by- products for several different pet 
food companies. 

Each product must have label 
approval from the Food Safety and 
Inspection Service (FSIS). Nutrient 
analyses are provided. As long as an 
item has the inspection legend on it, it 
can be shipped interstate. The UA meat 
lab follows and teaches strict federal 
regulations for sanitation and food 
safety, including intensive measures for 
cleaning, sterilizing, monitoring and 
record keeping. All students and 
employees complete this training. - Susan McGinley 
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Broken Branches 
Brown heartwood rot of citrus 

At first it just looks like a dead 
branch. But what's that brown 
streak running down the center 

of the wood inside? It's a fungus, 
Coniophora eremophila, and it's slowly 
killing your citrus tree. 

Brown heartwood rot of citrus is 
native to Arizona; it has been identified 
on the dead wood of many common 
Sonoran Desert plants, including 
ironwood, desert -willow, saguaro cacti, 
Arizona black walnut, jumping cholla, 
velvet mesquite, point -leaf manzanita, 
and others. The fungus sporulates on 
the fallen dead wood of some of these 
plants, and is carried into citrus or- 
chards by wind, where the spores enter 
the wounds in cracked or broken limbs. 

"At first, one branch will appear to be 
affected," says Michael Matheron, a 
plant pathologist at the Yuma Agricul- 
tural Center, Mesa Station. "It falls off, 
followed by another, and another, until 
the tree becomes a stump." The rot is a 
serious problem for many citrus 
growers in Yuma. The disease has also 
been detected in Phoenix, Lake Havasu 
City, and the Coachella Valley in 
California. 

"Lemon trees are showing the most 
serious effects," Matheron says. "The 
disease is most evident in Yuma County 
where a 1992 survey of orchards 
revealed that 30% of lemon trees 27 to 
30 years old were infected." The fungus 
attacks mature trees reaching the end of 
their useful life, which in Yuma hap- 
pens to be 30 to 35 years. The disease 
reduces yields as the branches fall off. 

Matheron has been working with 
Donna Bigelow and R.L. Gilbertson, UA 
plant pathologists, to find out how the 
fungus grows and spreads and to 
develop guidelines growers can follow 
to manage the disease in their orchards. 

"The tree shows no signs of the 
fungus to the naked eye," Matheron 
warns. "It just looks like brown tissue. 
But if you culture it out, it will grow on 
an agar plate." UA laboratory studies 
showed that the fungus favors tempera- 
tures of the low desert. It's most active 
at 86 to 104 degrees Farenheit, (30 to 40 
degrees Celsius). 

The fungus does not sporulate on the 
dead heartwood, even though it's 
spreading inside the tree. To infect 
another tree, spores must come from the 
outside. Because infected trees in an 
orchard cannot spread the disease, 
taking them out won't help, unless a 
grower wants to plant something else in 
place of the declining tree. 

In 1992 and 1993, Matheron inocu- 
lated selected old Lisbon lemon, Marsh 
grapefruit, Valencia orange and Or- 
lando tangelo trees with the fungus by 
drilling a hole in a branch, inserting a 
wooden plug colonized with the 
fungus, and covering it with paraffin. 
After six to nine months, the branch was 
cut off and split open to reveal if the 
branch was infected. Twenty -five trees 
per orchard were inoculated, and they 
all developed the characteristic brown 
streaking of Coniophora eremophila. 

"Of all the citrus tested, the fungus 
seemed to like the lemon best," 
Matheron says. He found that the 
fungus grew rapidly - up to one foot 
during an eight month incubation. 

The next question was, does the 
fungus develop equally in lemon 
branches of different ages? Although 
the scientists had already documented 
that the wounds from broken branches 
seemed to be more susceptible to the 
fungus, they also discovered that 
branch diameter made a difference. 
Younger branches with smaller diam- 
eters did not become as severely 
infected. In fact, pruning younger trees, 
a common orchard practice, appeared 
not to make the tree more susceptible. 

"Our results should encourage the 
growers that their practice of pruning 
young trees doesn't open the tree to 
infection," Matheron says. "It doesn't 
mean younger trees are immune; we 
have found it in isolated cases on 
younger trees. Even in older trees, the 
fungus seems to gain access to the tree 
through a stress fracture, possibly due 
to high winds during thunderstorms, or 
heavy fruit loads, not where a tree 
branch is actually cut off." 

What about controls for the fungus? 
The researchers recently tested four 
fungicides on fungus cultures in a 
laboratory. Later they again inoculated 
trees with the fungus- infected plugs, 
treated the trees with different fungi- 
cides, then harvested the branches to 
find out whether or not the disease had 
spread. Research on different lemon 
rootstocks showed no real difference in 
susceptibility to the fungus. 

"Finding trees to inoculate became a 
problem, because once you inoculate 
these trees, they're gone," Matheron 
admits. "We ended up using the trees 
that were more derelict - one step 
behind the bulldozer." 

Of everything they tried, Matheron 
says only one product worked - 
Nectec paste - and it's not registered 

Diseased citrus branch with vertical streaks of 
brown rot. 

for food crops in the U.S. The paste is a 
combination of imazalil and 
propiconazole and some inert ingredi- 
ents. 

"The Nectec paste seemed to stop it 
dead in its tracks," Matheron says. "All 
of the treatments with it reduced the 
growth of the inoculant, but it's not 
likely that Nectec will be registered for 
tree fruits." In addition to the Nectec 
paste and the fungicides, he also tried 
white tree paint, which wasn't helpful. 

Controlling the disease becomes more 
complex when multiple pathogens are 
involved. For example, nematodes and 
another fungus disease, phytophthora, 
might make a tree more susceptible to 
heartwood rot. 

So what's a grower to do? The 
scientists say 1) minimize limb breakage 
due to equipment, wind and fruit load, 
and 2) remove decayed branches 
immediately. Lemon branches break 
more than grapefruit and orange 
branches, Matheron notes. It might be 
better to grow a shorter lemon tree to 
reduce breakage. 

"If you see the brown rot infection, 
cut the branch off. If the limb breaks at 
the main scaffold, it's gone too far. A 
broken branch is the kind of environ- 
ment that's conducive to the introduc- 
tion of spores," he says. Growers should 
remove orchards at about 30 years if 
severely infected, but the time to pull 
the trees really depends on each grower. 

"The bottom line is that as long as 
they can make more money from a tree 
than it takes to grow that tree for a year, 
they'll keep it in," Matheron says. "On 
the other hand, they might want to take 
declining trees out and replace them 
with young vigorous trees that could 
bear more fruit in a few years." - Susan McGinley 
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Exploding Zoospores 
Using biosurfactants to control plant pathogens 

It began as many scientific 
breakthroughs do - it was an 
accident. In 1995, Michael 

Stanghellini, then a plant pathologist in 
the Department of Plant Pathology, was 
looking for ways to control fungal 
diseases in plants. In a greenhouse on 
campus, he injected hydroponic plant 
specimens with different pathogens and 
then added fungicides. During a routine 
check he noticed that in one unit 
inoculated with the pathogen, not a 
single plant had died. Even more odd, 
he saw that the solution in the unit was 
foaming extensively. 

After considering and dismissing 
several causes, he contacted Raina 
Miller, a microbiologist in the Depart- 
ment of Soil, Water and Environmental 
Science. They had never worked 
together before. They isolated a bacte- 
rium from the recirculating nutrient 
solution of the hydroponic unit, and 
identified it as Pseudomonas aeruginosa. 
They found that the bacterium was 
synthesizing a biosurfactant that was 
responsible for the foaming in the 
nutrient solution. 

"Biosurfactants are like a detergent or 
a soap, but are made naturally in the 
environment by microorganisms," 
Miller says. At the time, she had been 
studying the use of biosurfactants for 
waste management. "We were looking 
at the way biosurfactants could clean up 
soils by physically washing the con- 
taminants from the soils and pulling 
heavy metals or toxic organics like 
petroleum from them." 

Stanghellini's work focused on 
zoosporic plant pathogens, which cause 
the most economically damaging plant 
diseases in the world. He had been 
trying to find the most efficient way to 
control them using the only means then 
available: chemical fungicides. 

These fungus diseases include the 
downy mildews, such as downy mildew 
of grape, cucumber, pumpkin, pepper 
and melons; root rots such as Pythium 
spp.; and the notorious late blight of 
potato, Phytophthora infestans, which 
destroyed the potato crop in Ireland 
during the last century. All of these 
diseases affect Arizona crops. 

Why has it been so difficult to control 
zoosporic plant diseases? These fungi 
undergo a life stage called a zoospore, 
which has no cell wall and is very 
mobile. It has a membrane and two 
tails. The zoospore can encyst rapidly, 
developing cell walls within 60 seconds. 

Phytophthora bacteria one second after exposure to rhamnolipids (left) and about 30 seconds after 
(right). Note shattered areas. 

The zoospore stage is therefore highly 
infectious and spreads quickly. 

Miller and Stanghellini wanted to 
know just how the protective bacteria 
were killing the fungus, so they isolated 
the active material and tested it on a 
series of different zoosporic plant 
pathogens. They found that the 
biosurfactant produced by the bacteria 
was able to lyse, or destroy cell mem- 
branes, with dramatic results. 

"We found that if you take zoospores 
and expose them to these rhamnolipids, 
which are a type of biosurfactant, they 
explode," Miller says. The rhamnolipids 
slice into the membrane, separating it 
enough to release the contents of the 
zoospores. Stanghellini and Miller also 
learned that the bacteria produce large 
amounts of rhamnolipid in the presence 
of a carbon source such as olive oil, 
glucose or soybean oil. 

Their next step was to find out if the 
rhamnolipid- producing bacteria 
occurred naturally on field -grown 
plants. They located the bacteria on the 
roots and leaves of cucumber, tomato 
and cantaloupe. Then they conducted a 
series of greenhouse studies using 
pepper plants to determine where the 
biosurfactant could be applied on the 
plant, and which rhamnolipids worked 
best on each pathogen. 

"We've added it to the roots and the 
leaves, and we've found that just the 
rhamnolipid by itself will provide 
control, or control can be achieved by 
adding the bacteria combined with a 
food source to allow rhamnolipid 
synthesis," Miller says. "We still have to 
figure out how to deliver it to the crop, 
though." 

Miller says that potential application 
methods include 1) spraying the 
biosurfactant on leaf surfaces, or 2) 
spraying on the Pseudomonas bacteria 
in an emulsion (food source) to stimu- 

late the production of the biosurfactant. 
Some fungal pathogens strike during 

warm weather, others flourish during 
cool days and nights, and most prefer 
moist conditions. These factors would 
affect the timing of biosurfactant 
applications. "You could predict the 
times of year when these zoospores 
would be likely to spread - during wet 
or rainy weather, for example - and 
you could apply the appropriate 
biosurfactant maybe two or three times 
a year during that season," Miller 
suggests. 

She and Stanghellini have applied for 
patents for this work, and they continue 
to study the way the rhamnolipids 
affect crop diseases in Arizona. The 
working association that began with an 
accident in a greenhouse has evolved 
into an ongoing research team. Others 
associated with this project include 
post -doctoral student Yimin Zhang, 
working with Miller; and Scott 
Rasmussen, D -H. Kim, and Pat 
Rorabaugh, technical staff working with 
Stanghellini. 

Both scientists believe that the 
pathogens targeted by the rhamnolipids 
probably won't develop resistance to 
them because the pathogen would have 
to undergo a complete structural change 
in its plasma membrane, a major 
chemical alteration that differs from the 
way insects quickly develop resistance 
to pesticides. 

Miller and Stanghellini admit that it's 
probably impossible for any single 
rhamnolipid producing strain of 
bacteria to control all zoosporic plant 
pathogens under all environmental 
conditions. Yet the prospect remains 
that biosurfactants produced by 
bacteria may eventually enable growers 
to control some of their worst fungus 
diseases without using chemical 
pesticides. - Susan McGinley 
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Daily Stress in Midlife 
Charting the ebb and flow of people's 

Life's big crises always cause 
stress - divorce, a death in the 
family, losing a job, crashing a 

car. But what about the little things 
that gradually build up from day to 
day - arguing with a co- worker, 
fighting traffic, missing deadlines? 
How do these irritations affect your 
daily well- being? 

Until now, no one has really studied 
these smaller pressures over time in a 
national sample, according to David 
Almeida, an assistant professor in the 
School of Family and Consumer 
Resources. Using an in -depth tele- 
phone interviewing technique, he and 
his graduate students have amassed 
data from nearly 12,000 interviews 
taken from 1500 people across the 
country. 

"This has been my life for the past 
four years," Almeida says. "I believe 
that the little frustrations and chal- 
lenges of daily life play a big role in 
determining our well -being and 
personal development. The tricky part 
is how to measure these common daily 
stressors." 

Almeida believes the best way to 
understand people's lives is to chart 
their experience over a series of days. 
He chose to conduct telephone diary 
interviews rather than rely on partici- 
pants to fill out daily diaries. 

"The biggest drawback with self - 
report diaries is that the people who 
have time to fill them out aren't that 
stressed," Almeida says. His telephone 
interviews are part of the National 
Study of Daily Experiences (NSDE), 
funded by the John D. and Catherine T. 
MacArthur Foundation, the National 
Institute of Mental Health, and the W.K. 
Kellogg Foundation 

The 1500 participants in the study 
were randomly drawn from a sample of 
8000 people who were already part of a 
larger study on midlife in the U.S. The 
sample is representative of all 48 
contiguous states, and includes people 
from different ethnicities, education 
levels, ages and economic background 
as well as equal numbers of men and 
women. The group includes 250 twin 
pairs --half identical and half fraternal- - 
so the researchers can study the way 
genetic traits affect reactions to stress. 

"Because 1500 is a large number of 
people, I had to limit the number of 
consecutive days we could interview 

lives 

each one," Almeida says. He decided 
to interview each participant for eight 
days in a row. "We collected data 
throughout an entire year, interviewing 
30 to 40 people every week. I had ten 
part -time workers and one supervisor." 
Interviewers included students from 
The University of Arizona, and from 
the University of Michigan, where he 
began this research. 

Almeida set up a special format for 
collecting data, consisting of a series of 
structured questions that would put 
the participant at ease and lead into 
gathering detailed descriptions of the 
events the person had experienced that 
day, and his or her reaction to them. 
The interviewers called between 6:00 
p.m. and 12:30 a.m. each night. 

"Interviewers were trained to probe 
enough to get highly specific, short 
narratives of daily stress," Almeida 
says. Initial questions covered daily 
arguments, disagreements, discrimina- 
tion, and anything else the participant 
considered stressful. Other questions 
related to time use; giving and volun- 
teering; physical health symptoms; 
non -specific psychological stress; work 
productivity and cutbacks; and a 
general daily review of stressful 
experiences. 

"What we found out was that people 
really liked talking to us," Almeida 
says. "Most people are used to talking 

about their problems on the telephone, 
and we actually had to figure out a 
protocol to end the interview. It was 
very important for us to be very 
respectful. I was amazed at how much 
of their lives they opened up to us." 
The interviewers took care not to 
develop any sort of therapeutic rela- 
tionship with the participants. If 
someone was in trouble, the inter- 
viewer offered a list of numbers for the 
person to call to get help. 

During the interviews, the informa- 
tion was both taped and entered 
directly into a computer so it could be 
analyzed the next day. Six UA students 
transcribed and coded the comments 
for qualitative analysis. Almeida says 
the data are so rich, he'll be analyzing 
them on many different levels for the 
next few years. 

"The immediate goal is to get a 
picture of daily stress in the U.S.," 
Almeida says. "But the ultimate goal 
isn't to describe stress, it's to determine 
who is most likely to experience 
stressful situations and to explore the 
differing ways people react to them." 

"If we could figure out who's more 
likely to be exposed we could devise 
programs to reduce stress," Almeida 
says. "We could devise ways to help 
people cope with daily stress." When 
people feel they have more control 
over their environment, they tend to 
perceive it as less stressful. 

Susan McGinley 

Preliminary Results 

Men and women report having at least 
one physical health complaint an average of 
four days a week. Women experience 
slightly more physical complaints, especially 
those aged 45- 54.They reported having 
more headaches and muscle soreness than 
older and younger women. Older adults 
were more likely than younger adults to 
have symptoms that lasted all day, although 
the frequency of physical health complaints 
was not highest for them. 

On average, participants had at least one 
stressful experience between one and 
three days per week. Women's daily stress 
peaked between ages 35 -44. During this 
time women had more stress at work and 
at home than at other periods of adulthood. 
The frequency of daily stress decreased 

throughout the rest of middle adulthood for 
both men and women. A decline in 

interpersonal tensions was responsible for 
the decrease. Negative events that happen 
to friends or relatives was the only category 
of daily stress that was more frequent 
during middle and later adulthood. 

Women at midlife, ages 45 -54, provided 
more emotional support to others than 
during any other period of life. During this 
time women listened to, comforted, and 
advised others an average of one day a 

week more than younger and older women. 
Women at midlife were twice as likely to 
emotionally support their parents and three 
times more likely to emotionally support 
children, compared to younger and older 
women. 
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Annual Research Awards in the College of Agriculture 

Researcher o f theYearAward 

Brian Larkins 

Brian Larkins, a professor in the Department of Plant Sciences, is a pioneer in 
the application of molecular genetics and biotechnology to crop improvement. 
His research over the past 20 years has focused on developing cereal grains with 
higher nutritional quality. His seminal work on lysine inheritance and Quality 
Protein Maize was recognized recently by his election to membership in the 
national Academy of Sciences, a distinction that is reserved for the very finest 
scientists in the U.S. He was also recently selected to receive the Dennis R. 
Hoagland Award from the American Society of Plant Physiologists. 

In the last two decades Larkins has received more than $7 million in grants, 
authored more than 140 scientific publications, and obtained three patents. He has 
given more than 180 invited lectures and symposia presentations throughout the 
U.S. and 13 foreign countries. He has trained 44 graduate students and 
postdoctorals, several of whom currently serve in important administrative and 
research positions at universities, research institutes and industries throughout 
the world. He has been a research consultant for four agricultural biotechnology 
companies, and has served on numerous research grant panels, including those of 
the USDA, NSF and NIH. 

Philip Evans is a principal research specialist in the Department of Entomology. 
As a laboratory manager for William Bowers, he regularly develops innovative 
scientific methods and techniques in analytical and natural products chemistry. 
Through his efforts, the COA has one of the most advanced mass spectrometric 
instruments of its kind in the country for the micro -analysis of biologically active 
chemicals. Not only has Evans represented the college as an invited participant to 
present his work to national and international colloquia, he also serves as a 
consultant in analytical chemistry and co- investigator with numerous faculty 
through the university, and has contributed to many significant discoveries and 23 
publications. 

Evans assisted in the design of the Marley building, working to optimize the 
facilities for research and taking the lead to develop efficient safety procedures for 
laboratory personnel. He often provides tours of the Marley Laboratory research 
facilities, explaining ongoing entomological research to visiting scientists, teach- 
ers, alumni, faculty candidates and guests of the college. He took the initiative to 
create and maintain the award -winning Entomology Home Page, and he teaches 
an evening biology course at Pima Community College, where he encourages 
qualified students to continue their education at the university. 

Outstanding StaffAward 

Philip Evans 

Outstanding Team Award 
These individuals handle all the maintenance, repairs, con- 

struction and trucking for the Tucson Area Agricultural Centers. 
,,. They are responsible for maintaining 200,000 square feet of 

building space, 80 miles of soft surface roads, and an enormous 
infrastructure including more than a hundred miles of fence, 
numerous utility lines, and miles of underground pipe for the 
Campus Agricultural Center, the Santa Rita Experimental Range, 
page Ranch, and the Pinal Air Park Range. 

This team has demonstrated enormous flexibility in constantly 
shifting among their many roles as surveyors, designers, build- 
ers, emergency repairmen, preventative maintenance specialists, 
plumbers, truckers, roofers, heavy equipment operators, train- 
ers, laborers, custodians, event hosts, electricians, heating/ 
cooling technicians, painters, welders and fabrication specialists. 

Their spirit of service extends out to the community during 
the Thanksgiving and Christmas holiday seasons with generous 
contributions to such programs as Children to Children, local 

Dale Gorney, Dale Tenopir, Robert Gutierrez, Esperanza Torres, Dave relief organizations and Adopt -A- Family. They provide mainte- 
Fausey, Bruce Steenson, David Linderman, Ken Pruitt, Dan Nelson nance and repair support to the neighboring Children to 

Children facility after work. 

The Campus Agricultural Center 
Maintenance Crew 
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Arizona Agricultural Experiment Station 
Total Research Funding Sponsored Sources 

Fiscal Year 1996/1997 ($47.0 million) Fiscal Year 1996/1997 ($24.5 million) 

Industry 
$3.3 million (13.5 %) 

Sponsored 
$24.5 million 

(52.1%) 

Federal 
Appropriated 

$1.9 million (4.1%) 

State 
$20.6 million 

(43.8 %) 
Federal 

Government 
$ 12.14 million 

(49.5 %) 

Miscellaneous 
$ I.17 million 

(4.8 %) 

Counties/ 
Cities /State 
$2.08 million 

(8.5 %) 

Foundations/ 
Educational 
Institutions 
$5.81 million 

(23.7 %) 

Exploding Zoospores 
Raina Miller 
Department of Soil, Water and Environ- 

mental Science 
(520) 621 -7231 
rmiller @ag.arizona.edu 

Michael Stanghellini 
Department of Plant Pathology, Univer- 

sity of California - Riverside 
(909) 787 -3407 
mstang @ucracl.ucr.edu 

Veterinary Diagnostic Lab 
Carlos Reggiardo 
Department of Veterinary Science/ 

Microbiology 
(520) 621 -2356 
creggiar @ag.arizona.edu 

Aquaculture Pathology 
Donald Lightner 
Department of Veterinary Sciences and 

Microbiology 
(520) 621 -8414 
aquapath @vetsci.microvet.arizona.edu 

Broken Branches 
Michael Matheron 
The Yuma Agricultural Center - Mesa 

Station 
(520) 726 -0458 
matheron @ag.arizona.edu 

About the researchers 

"Retail -tainment" 
Mary Ann Eastlick 
School of Family and Consumer 

Resources, Division of Retailing and 
Consumer Studies 

(520) 621 -3347 
eastlick @aruba.ccit.arizona.edu 

Sherry Lotz 
School of Family and Consumer 

Resources, Division of Retailing and 
Consumer Studies 

(520) 621 -3063 
slotz @ag.arizona.edu 

Soyeon Shim 
School of Family and Consumer 

Resources, Division of Retailing and 
Consumer Studies 

(520) 621 -8696 
shim @ag.arizona.edu 

Parasitic wasps 
Richard Santangelo 
Department of Entomology 
(520) 321 -7714 
(Note: Oscar Minkenberg is no longer 

at The University of Arizona.) 

Innovative Meat By- Products 
John Marchello 
Campus Agricultural Center 
(520) 621 -1188 
jam @ag.arizona.edu 

Daily Stress in Midlife 
David Almeida, School of Family and 

Consumer Resources 
(520) 621 -7127 
almeida@u.arizona.edu 

Karnal Bunt Disease 
Merritt Nelson 
Department of Plant Pathology 
(520) 621 -1828 
mrnelson @ag.arizona.edu 

Mary Olsen 
Department of Plant Pathology 
(520) 621 -1828 
molsen @ag.arizona.edu 

Getting the Word Out 
Jeff Silvertooth 
Department of Plant Sciences 
(520) 621 -7616 
silver @ag.arizona.edu 

Grazing Patterns 
Lacey Halstead 
School of Renewable Natural Re- 
sources 
(520) 621 -5518 
leh @u.arizona.edu 

George Ruyle 
School of Renewable Natural Re- 
sources 
(520) 621 -1384 
gruyle @ag.arizona.edu 
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