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Cover: Roma (or plum) tomatoes are known for their durability in sauces and canning. 
ARS scientists at the Western Regional Research Center in Albany, California, have 
developed an infrared peeling technique that is mostly waterless to remove the peels 
from these tomatoes before canning. Story begins on page 6. Photo by Peggy Greb. 
(K9208-13)

A new pear cultivar called “Gem” resists fire blight disease and produces sweet, mildly 
aromatic fruit. Story begins on page 5.

STEVEN CASTAGNOLI, OREGON STATE UNIVERSITY (D3363-2)
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A Touch of Clay Helps Prevent Fish Disease

A type of clay used in cosmetics, medicine, and 
papermaking may be just what aquaculture farmers 
need to fight columnaris—a costly and deadly 
bacterial disease that affects freshwater finfish 
worldwide.

Agricultural Research Service scientists have 
discovered that adding this clay, called “kaolin,” 
to water significantly improves the survival rate of 
channel catfish with columnaris disease, which is 
caused by the bacterial pathogen Flavobacterium 
columnare. Columnaris affects many commercially 
grown fish species, but few preventive methods or 
therapies are available to treat it, says Benjamin 
Beck, a fish physiologist at ARS’s Harry K. Dupree 
Stuttgart [Arkansas] National Aquaculture Research 
Center.

“The pathogen is ubiquitous. It’s everywhere,” 
Beck says. “It’s even found on healthy fish at very 
low levels, but doesn’t usually cause a problem until 
they become stressed.”

The disease primarily affects the gills, skin, and 
fins of fish. The bacteria are proteolytic (producing 
tissue-degrading enzymes), and “in severe cases, the 
infection can expose underlying muscle,” Beck adds. 
“Fish can lose their entire fins, but the real target is 
the gill. If the fish loses gill function, it quickly dies, 
because the gills act to exchange gases—similar to 
our lungs.”

Beck and his ARS colleagues evaluated kaolin as 
an alternative to antibiotics, which are sometimes 
used to treat disease in fish. While the United States 
is one of the leading producers of kaolin, it is found 

globally. The soft white clay is also used in the 
manufacture of china, porcelain, and other products.

ARS scientists collaborated with researchers at 
KaMin, LLC, in Macon, Georgia, who supplied the 
kaolin and helped formulate different sizes of clay 
particles to use in the study. Experiments consisted of 
adding kaolin to tanks of water that contained young 
catfish—called “fingerlings”—while some tanks 
received no treatment. The disease-causing pathogen 
was then added to the water of all tanks.

“We chose to test fingerlings, which are about 
3 to 5 inches in size, because many problems with 
columnaris occur during this phase of production,” 
Beck says. “Fingerling sales are a very important 
market for the catfish industry.”

During the 7-day study period, survival rates were 
96 percent for kaolin-treated fish and 79 percent for 
untreated fish. Microscopic analysis of untreated fish 
revealed severe lesions on the gills, whereas gills of 
fish exposed to clay had no lesions.

“We discovered how the kaolin works,” Beck says. 
“It ‘grabs’ the bacterium and binds to it, thereby 
preventing it from attaching to the fish and causing the 
disease.”

Scientists believe that the process can be scaled 
up for commercial production. “We may be able to 
make a filter that contains kaolin, which can be used to 
reduce pathogen loads in the water,” Beck says.

“One thing that makes this clay ideal is that it is 
inexpensive,” he adds. “I can’t quote a price, but 
compared to an antibiotic, it’s reasonably priced.”—
By Sandra Avant, ARS.

Kaolin clay is being evaluated as an alternative to antibiotics for treating columnaris disease in channel catfish fingerlings like these. 

This research is part of ARS National Program #106, Aquaculture.

CINDY LEDBETTER (D3355-1)
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In many Midwestern crop fields, excess water laden 
with nitrates drains into subsurface tile pipes and then 
flows into surface streams and rivers in the Missis-
sippi River watershed. When the nutrient-rich field 
drainage reaches the Gulf of Mexico, it supports algal 
blooms that lower water oxygen levels and contribute 
to the development of the economically and environ-
mentally devastating “dead zone.”

Upriver in Iowa, Agricultural Research Service sci-
entists Rob Malone, Tom Kaspar, and Dan Jaynes are 
using the Root Zone Water Quality Model (RZWQM) 
to assess how using winter rye cover crops in corn-
soybean rotations could mitigate nitrate loads in field 
drainage water. RZWQM is a field-scale computer 
model developed by the Agricultural Systems Re-
search Unit in Fort Collins to simulate plant growth 
and the movement of water, nutrients, and chemicals 
within and around the root zones of agricultural crops.

In one study, the researchers ran the RZWQM 
simulation for several different planting scenarios at 
41 sites across the Midwest from 1961 to 2005. Their 
results indicate that winter rye crops seeded in no-
till corn/soybean systems when the cash crops were 
mature have the potential to reduce annual nitrate loss 
in field drainage by about 43 percent, or by 18 pounds 
per acre.

The model results also suggested that cover crop-
ping is more effective in reducing nitrate losses in 
subsurface drainage in the southern part of the region. 
Overall, however, Malone notes, “The model under-
estimates the benefit of cover crops in reducing nitrate 
discharge, because the nitrate losses simulated by the 

RZWQM were about 30 percent less than field obser-
vations in Iowa.”

Malone and his colleagues, including Purdue Uni-
versity scientist Eileen Kladivko, used their findings 
in a larger regional simulation of nitrate losses from 
tile-drained fields in Indiana, Illinois, Iowa, Minne-
sota, and Ohio, located within the Mississippi River 
Watershed. Most of this farmland is in corn and soy-
bean production and contributes around 46 percent of 
the nitrate load carried by the Mississippi River to the 
Gulf of Mexico.

In this study, two agricultural counties were select-
ed in each state, and the potential for winter rye cover 
crop adoption  was estimated based on cash crop rota-
tion and tillage systems. Results indicated that pro-
ducers could introduce winter rye cover cropping on 
around 30 to 80 percent of the land used for corn and 
soybean production, and that the cover crop systems 
could potentially reduce nitrate loadings to the Mis-
sissippi River by approximately 20 percent.

“Now we need to study the effects of cover cropping 
on land that is not drained by subsurface tiles, as well 
as how cover cropping affects phosphorus loss, erosion, 
soil organic matter, and soil quality,” Malone says. “But 
our results so far indicate that using cover crops such as 
winter rye in Midwest corn and soybean crop production 
could significantly reduce nitrate load runoff via subsur-
face tile drains. And this reduction could substantially 
help mitigate hypoxia and support larger national efforts 
to reduce nitrate loads and protect water quality in the 
Gulf of Mexico.”—By Ann Perry, ARS.

Modeling Nutrient Loss from Midwest Crop Fields

ARS scientists used a simulation model to see if winter rye crops seeded into no-till corn-soybean fields in the Midwest could lower nitrate subsurface 
drainage, and they found that it was successful. Above is a winter rye crop in a no-till corn field in Iowa in the spring.

TOM KASPAR (D3362-1)

This research is part of ARS National Program #211, Water Availability and Watershed Management.
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STEVEN CASTAGNOLI, OREGON STATE UNIVERSITY (D3363-2)

ARS and Collaborators Produce a Gem of a Pear

A new pear cultivar called “Gem” has been 
released by the U.S. Department of Agriculture 
(USDA), Oregon State University, Michigan State 
University, and Clemson University.

Agricultural Research Service horticulturist 
Richard Bell at the ARS Appalachian Fruit Research 
Station in Kearneysville, West Virginia, and his 
colleagues consider Gem to be ideal for the fresh 
market, combining high yields with excellent 
appearance, fruit quality, and storage potential.

“This cultivar ripens a week to 10 days after 
Bartlett and before Bosc and Anjou,” says Bell. “Gem 
has a sweet flavor and can have a nice red blush to the 
skin.” When comparing Gem to Bartlett—a popular 
pear variety—sensory panelists rated it similar in 
appearance, flavor, and purchase intent.

Gem has other advantages, too. The new cultivar 
is resistant to fire blight and isn’t prone to the brown 
discoloration, called “superficial scald,” that affects 
some pear varieties.

“The source of Gem’s fire blight resistance is 
the cultivar Barseck,” says Bell. “Subsequently, 
Gem was evaluated for fruit quality, fire blight 
resistance, and productivity in replicated trials at 
the ARS Kearneysville location and at the research 
centers of Washington State University, Oregon State 
University, Michigan State University, and Clemson 
University.”

Gem can be harvested over a 3-week period. It is 
unique in that it can be eaten at harvest, when the flesh 
is crisp. It requires at least 3 weeks of cold storage 
before normal fruit softening, and it will last for at 
least 28 weeks in cold storage without core breakdown 
or superficial scald. “In common air storage, it can 
stay edible for 5 months,” says Bell.

Gem will be recommended as a fresh-market pear 
for both commercial and home growers.

The cultivar is currently going through the process 
of being certified as virus free via the National Clean 
Plant Network (NCPN), which requires repeated 
negative tests for a number of viruses. The NCPN is 
a voluntary association of specialty crop networks 
that collaborate to promote the use of pathogen-
tested, healthy plant material for food crops in 
the United States. The NCPN is operated by three 
USDA agencies: ARS, the Animal and Plant Health 
Inspection Service, and the National Institute of Food 
and Agriculture.

While budwood of Gem is limited, genetic material 
of this release will be deposited in the National Plant 
Germplasm System, where it will be available for 
research, development, and commercialization of the 
new cultivar.—By Sharon Durham, ARS.

A new pear cultivar, “Gem,” was released by the U.S. Department of Agriculture, Michigan State University, Oregon State University, and Clemson Uni-
versity.  The new cultivar is resistant to fire blight disease, and its flavor is sweet and mildly aromatic.

This research is part of ARS National Program #301, Plant Genetic Resources, Genomics, and Genetic Improvement.

http://www.ars.usda.gov/is/graphics/photos/jan15/d3363-2.htm
Carol.Nathan
Underline

Carol.Nathan
Underline

Carol.Nathan
Underline

Carol.Nathan
Underline

Carol.Nathan
Underline

Carol.Nathan
Underline

Carol.Nathan
Underline

Carol.Nathan
Underline

http://www.ars.usda.gov/main/main.htm
mailto:Richard.Bell@ars.usda.gov
http://www.ars.usda.gov/Main/docs.htm?docid=3470
http://www.ars.usda.gov/Main/docs.htm?docid=3470
http://www.aphis.usda.gov/wps/portal/aphis/home/
http://www.aphis.usda.gov/wps/portal/aphis/home/
http://www.csrees.usda.gov/
http://www.csrees.usda.gov/
http://www.ars.usda.gov/is/contacts.htm#Sharon
http://www.ars.usda.gov/research/programs.htm
http://www.ars.usda.gov/research/programs/programs.htm?NP_CODE=301


6

Peeling Roma-style Tomatoes the Eco-friendly Way

Juicy, ripe, Roma-style tomatoes, stocked in the 
canned goods section of your local supermarket, 
are already peeled and ready for you to add to your 
favorite winter stew, soup, or casserole. Equally 
versatile, and used by restaurant chefs and home cooks 
alike, are canned stewed or diced tomatoes, perfect for 
flavorful Italian or Mexican dishes.

Today, many processors remove the tight-fitting 
peels of these tasty tomatoes by using conventional 
approaches, such as steam-heating or jet sprays of 
heated solutions of sodium hydroxide or potassium 
hydroxide, followed by a tapwater rinse. 

Tomorrow, processors may opt for a new approach, 
developed and tested in studies led by Agricultural 
Research Service engineer Zhongli Pan. He’s based 
at the agency’s Western Regional Research Center in 
Albany, California. 

How Infrared Peeling Works
The process relies on infrared energy, like that 

produced in infrared ovens found in upscale home 
kitchens, for instance. At the cannery, tomatoes 
traveling on conveyor belts would be heated for about 
60 seconds with infrared light emitted from tubular 
units placed alongside the belts. 

The heat loosens the clingy peel and causes it to 
crack. That makes it easier for the peel to split when 
tomatoes enter their next destination—a vacuum 
chamber—and, after that, to be removed by “pinch” 
rollers. 

Pan’s team has refined these steps during more than 
5 years of tests involving about 6,000 commercially 
grown Roma-type (sometimes called “plum”) 
tomatoes. Though scientists have been experimenting 
with infrared peeling of fruits and vegetables for 

several decades, Pan’s infrared tests apparently 
are the most extensive of their kind, to date, for 
environmentally sound peeling of tomatoes.

Among the most important advantages of the new 
technique is that it is mostly waterless. That’s a special 
“plus” for processors in sometimes-drought-stricken 
California, the state that produces the majority of the 
nation’s processed tomatoes.

The technique could not only cut the cost of 
bringing water into the cannery, but may also reduce 
the expense of recycling or properly disposing of it. 
Disposal is a particular concern for processors who 
use sodium hydroxide or potassium hydroxide because 
the substances can boost the cost of treating factory 
wastewater.

Other Advantages
There’s more to like about the infrared “dry-

peeling” technology. The process helps reduce the 
wasteful “overpeeling” that can occur when too 
many layers of the tomato are inadvertently removed 
with the peel. With infrared, overpeeling is less of 
a problem because, when used with precision, the 
technique primarily affects only the peel and a few 
thin layers beneath it.

In a study published in 2014, the researchers 
showed that peel-related loss—measured by 
comparing the tomato’s weight before and after 
peeling—was about 8 to 13 percent with the infrared 
heating and about 13 to 16 percent with sodium 
hydroxide-based peeling. 

Less overpeeling also means that an infrared-
processed tomato could be more attractive than an 
overpeeled one. Overpeeling can expose inner layers, 
which are typically paler than the everyday processing 

Tomatoes before and after peeling using an infrared heating system developed by ARS scientists and their industry and university colleagues. 

Z. PAN LABORATORY (D3360-1)

http://www.ars.usda.gov/is/graphics/photos/jan15/d3360-1.htm
Carol.Nathan
Underline

Carol.Nathan
Underline

Carol.Nathan
Underline

Carol.Nathan
Underline

http://www.ars.usda.gov/main/main.htm
http://www.ars.usda.gov/main/main.htm
mailto:zhongli.pan@ars.usda.gov
http://www.ars.usda.gov/main/site_main.htm?modecode=20-30-05-00


7

tomato’s deep-red upper layers. Too, the tomato’s 
yellowish, veinlike vascular bundles may also be 
exposed by overpeeling.

In addition, infrared peeling can be easier on the 
structure and texture of the tomato. This means that 
tomatoes may remain pleasingly firm, not mushy, and 
should not fall apart as easily when cut. Pan’s team has 
shown that infrared-treated tomatoes were of similar 
or slightly better firmness than tomatoes peeled with 
sodium or potassium hydroxide.

Pan and colleagues Tara McHugh, research 
leader and food technologist with ARS at Albany; 
Carlos Masareje with Precision Canning Equipment, 
Woodland, California; and James Valenti-Jordan of 

This research is part of ARS National Program #306, Quality and Utilization of Agricultural Products.

Del Monte Foods, Walnut Creek, are seeking a patent 
for the peeling process. 

Pan expects to have the system ramped up to 
cannery speeds by 2016. In the meantime, the tomato 
studies are documented in a half-dozen peer-reviewed 
scientific articles. Other articles describe progress 
with using the technology for peeling fresh clingstone 
peaches, another canned-goods classic.—By Marcia 
Wood, ARS. 

At the Western Regional Research Center in Albany, California, research team members test prototype infrared peeling equipment. From left to right are 
ARS engineer Zhongli Pan; engineer Griffiths Atungulu and graduate student Xuan Li, University of California-Davis; and Carlos Masareje, president of 
Precision Canning Equipment.

Z.PAN LABORATORY (D3358-1)
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Field runoff from farms in the Lake Erie basin is 
often rich in soluble plant nutrients, including phos-
phorus. When this nutrient-rich runoff reaches the 
lake, the phosphorus can support abundant algal 
blooms that contaminate municipal drinking water 
supplies.

Phosphorus loss from farm fields has generally 
been attributed to surface runoff. But recent stud-
ies by Agricultural Research Service agricultural 
engineer Kevin King and soil scientist Doug Smith 
tracked how underground tile drains—commonly 
used by midwestern farmers to drain excess water 

Measuring Phosphorus Loss from Midwest Crop Fields

A satellite image of Lake Erie from September 2011, overlaid on a map of the lake and its tributaries. This image shows the algal bloom (green) covering 
the entire western basin and beginning to expand into the central basin. ARS scientists are monitoring phosphorus discharge from farms in surface 
runoff and tile drainage, so they can recommend best management practices to farmers. 

from crop fields—contribute to subsurface movement 
of phosphorus from fertilized fields to nearby water-
ways.

Since 2008, Smith has been monitoring phospho-
rus in surface runoff and tile drainage from fields in 
the St. Joseph River Watershed in northeast Indiana, 
which is part of the larger Lake Erie Watershed. Be-
tween 2008 and 2013, he found that 49 percent of dis-
solved phosphorus and 48 percent of total phosphorus 
in the watershed were discharged via tile drains.

From 2005 until 2012, meanwhile, King monitored 
phosphorus levels in the discharge from six tile drains 

MICHIGAN SEA GRANT (D3367-1)
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9This research is part of ARS National Program #211, Water Availability and Watershed Management.

and the outlet of a headwater watershed in central 
Ohio. The results indicated that tile drainage contrib-
uted 47 percent of phosphorus discharge lost from the 
watershed. Although the amount of phosphorus in tile 
and watershed discharge was generally greater in the 
winter, spring, and fall, phosphorus concentrations 
were greatest in the summer, when surface water 
levels dropped.

Mindful of water-quality concerns, farmers in this 
region were generally careful to apply only the mini-
mal amount of fertilizer needed for crop production, 
and King’s measurements indicated that only around 
2 percent of that phosphorus was lost through tile 
drainage. But even with this careful management, dis-
solved phosphorus and total phosphorus concentra-
tions in the tile drainage and the watershed discharge 
often exceeded concentrations recommended for 
preventing harmful algal blooms.

King’s team concluded that reducing phosphorus 
loss from agricultural production would require best 
management practices that mitigate phosphorus loss 
via tile drainage in the late fall, winter, and early 
spring when most of the phosphorus loading occurs. 

“We need to find ways to help farmers use phospho-
rus-based fertilizers and still reduce phosphorus loads 
in field runoff, because tile drainage is an essential 
part of production management in this region,” he 
says.

Concurring with King on what comes next, Smith 
says, “To reduce phosphorus loading in Lake Erie, 
we must not only manage fields to reduce phosphorus 
losses in surface runoff, but we also must manage 
phosphorus transport to tile drains.”

These findings provide important information to 
support efforts in reducing phosphorus levels in the 
Lake Erie Watershed. The International Joint Com-
mission—including the United States and Canada—
has set a goal to decrease annual total phosphorus 
loading from the Maumee River basin, the largest 
single tributary to Lake Erie, by 39 percent, while 
the Ohio Phosphorus Task Force has recommended 
reducing spring phosphorus loads by 37 percent. In 
addition, the U.S. Environmental Protection Agency 
has announced new goals of reducing phosphorus fer-
tilizer runoff into the Great Lakes by more than 1,400 
tons by 2019.—By Ann Perry, ARS.

Lake Erie’s Maumee Bay is located just east of Toledo. Part of the bay is incorporated into the Maumee Bay State Park—which has wetlands that are a 
draw for birds and bird watchers alike—but algal blooms can significantly reduce water quality in the bay.

TODD MARSEE, MICHIGAN SEA GRANT (D3376-1)
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Bone loss is not the only nemesis of the elderly. As 
the percentage of people aged 85 and older grows, the 
stakes are high for healthy individuals living inde-
pendently who do not maintain their muscle mass and 
strength. Age-related muscle loss—which excludes 
disease-related muscle loss—is called “sarcopenia.” 
This condition can lead to costly surgeries and hospi-
tal stays due to fractures after falls that occurred from 
weak muscles, says physiologist Roger Fielding.

In 2012 alone, 2.4 million nonfatal falls among 
older adults were treated in emergency departments, 
according to the Centers for Disease Control and Pre-
vention’s (CDC) National Center for Injury Preven-
tion and Control. In addition, death rates from falls 
among older people have risen sharply during the past 
decade, CDC reports.

Fielding is with the Jean Mayer USDA Human Nu-
trition Research Center on Aging (HNRCA) at Tufts 
University in Boston, Massachusetts. He is director 
of the center’s Nutrition, Exercise, Physiology, and 
Sarcopenia Laboratory. The HNRCA is funded in part 
by the USDA Agricultural Research Service.

HNRCA and international scientists have now ar-
rived at a consensus on sarcopenia’s clinical defini-
tion. The team developed simple tests to help local 
healthcare practitioners make diagnoses and treatment 
plans. The tests include assessing whether a person 
can walk 13 feet in 4 seconds or less. 

“The gait speed cut point we found is 1 meter—or 
3.25 feet—per second,” says Fielding. “Below that, 
the risk of mortality and institutionalization increases 

dramatically.” Fielding wants clinicians to think of 
these tests as an important vital sign for elders, simi-
lar in importance to blood pressure readings.

By age 80, an estimated 40 percent of the muscle 
mass that was present at age 20 is lost, HNRCA 
researchers say. But a subpopulation of older adults 
has muscle loss that is even greater than that of others 
in their age group. This extreme muscle loss has been 
associated with physical performance limitations and 
disability.

A study headed by HNRCA’s geriatrician Christine 
Liu and coauthored by Fielding and others looked 
at data collected on a group of 177 elders aged 70 to 
89 years who were functionally limited and at risk of 
becoming disabled due to lack of mobility. The data 
was collected during the “Lifestyle Interventions and 
Independence for Elders” study. The volunteers’ body 
composition, including lean muscle and body fat, was 
measured both before and after the intervention.

One group of volunteers participated in a physical 
activity intervention that included aerobic, strength, 
balance, and flexibility training. The results dem-
onstrated that elders with sarcopenia are capable of 
improving their overall physical function, including 
balance, walking, and strength, in response to physi-
cal activity. 

“Sarcopenia should not deter clinicians from en-
couraging physical activity in older clients,” says 
Liu. “Even with relatively little muscle mass, these 
individuals benefited from preventive exercise.”—By 
Rosalie Marion Bliss, ARS.

Physical Activity Intervention for the Elderly

Aerobic, strength, balance, and flexibility training can improve overall physical function—even among people who already have lost muscle mass due 
simply to aging—a condition called “sarcopenia.”

STEPHEN AUSMUS (D429-13)

This research is part of ARS National Program #107, Human Nutrition.
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