Nutritious

ARS plant physiologist Ross M. are spearheading an international effortbeneficial substances such as beta caro-
Welch wants to change the way we mod-to identify varieties of rice, wheat, corn, tene—in their edible parts.

ify crops. beans, and cassava that are high in
Rather than only increasing yields or cronutrients.

mi- “It's important for plants to accumu-
late these micronutrients in forms that

improving disease- and insect-resistance This research is a collaborative effort are biologically available to the human
in plants, Welch wants to harness thewith scientists at several Consultative digestive tract for uptake and use,” says
immense power of plant breeding to Group on International Agricultural Re- Welch.

solve one of the world’s biggest malnu- search (CGIAR) centers, including the
trition problems: the shortage of trace International Center for Tropical Agri-

Plants possess genes that regulate
how much of these metals is taken up

elements and vitamins in the diets of bil- culture (CIAT) in Colombia, the Interna- from the soil by roots and deposited at

lions of people.

tional Maize and Wheat Improvement other locations within the plant. These

“Thanks in large part to the legendary Center (CIMMYT) in Mexico, and the genes first regulate mechanisms that
Green Revolution, many more peoplelnternational Rice Research Center make metals in soil more soluble in soil

around the world get enough calories(IRRI) in the Philippines.
from food for their basic sustenance—

water. Next, they generate transport

Their goal: breed plants that more ef- molecules that move metals into root

except in times of famine,” says Welch. ficiently take up trace metals from the cells, from which they enter the plant’s
“The Green Revolution increased soil and transport more of the micronu- vascular system for further transport to
overall production of the high-yielding trients to edible plant parts, especially other parts of the plant.

rice, wheat, and maize that provide largethe seeds. They also want to propagate

“Breeders can selectively produce

guantities of most macronutrients, nota-plants that synthesize more phytonutri- plant varieties in which these traits are

bly carbohydrates and proteins.

“Unfortunately,” he says, “the huge
boost in food production was followed
by a global increase in micronutrient
malnutrition. These high-yielding foods
do not provide enough of the micronutri-
ents—iron, zinc, iodine, essential trace
elements, and vitamins—that are just as
critical to health, though needed in much
smaller quantities.”

During his career as a federal scien
tist, Welch has worked to transform pro-
duction agriculture to a system that
meets people’s micronutrient needs. Hg
and a small group of scientists atthe U.S
Plant, Soil, and Nutrition Laboratory at
Cornell University in Ithaca, New York,
want to bring the tools and knowledge
base of plant breeding to bear on thg
problem of micronutrient malnutrition.
. Welc-h andseveral colleagugs, in-CIUd_Technician Larry Heller, of Cornell
Ing quln D. Graham at t_he University of University, examines bélrley plants treated
Adelaide, South Australia, and Howrath with plant growth hormones. Scientists
Bouis of the International Food Policy want to know if such treatments affect the
Research Institute in Washington, D.C.,a@mount of iron in the grain.
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ents—that is, plant-based nutrients andespecially prominent,” Welch says.

Beans, Beans, a Marvelous
Food

Iron deficiency is the most prevalent
micronutrient problem in the world, af-
fecting over 2 billion people globally,
many of whom depend on beans as their
staple food.

Welch is working with a laboratory
colleague, ARS animal physiologist
William A. House, Cornell University
research associate Zhigiang Cheng, and
CIAT scientist Steven E. Beebe in Cali,
Colombia. The team selected 24 breed-
ing lines, or genotypes, of common bean
seeds from the CIAT bean seed bank.
These beans came from diverse genetic
backgrounds but shared a common
trait—an enhanced ability to accumulate
iron and zinc.

The micronutrient-dense CIAT beans
selected were grown in a greenhouse in
Ithaca in nutrient solution labeled with a
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radioactive iron isotope, 59Fe. At matu- beans in the study,” he says. and tannin concentrations and the
rity, radiolabeled bean seeds were har- “Sulfur concentration is an indicator amount of bioavailable iron.”

vested, cooked, and freeze-dried. Theof sulfur-containing amino acids in  According to House, the bioavailable
dried beans were ground up and fed toseeds,” Welch adds. “These sulfur-con-iron varied from 53 to 76 percent of the
marginally iron-deficient young rats for taining amino acids may make it easiertotal iron found in the bean seed.

3 hours. for humans to take up and use micro- The international team next plans rat-
“These beans had been geneticallynutrients like iron and zinc in foods made feeding studies to screen more iron- and
selected for their differentiron, zinc, sul- from beans. zinc-enriched genotypes selected from

fur, tannin, and phytic acid concentra-  “Our research showed that by select-1,440 accessions in the Cali bean collec-
tions,” says Welch. “Both phytic acid ing beans with high iron concentrations, tion for their iron and zinc bioavailabil-
and tannins are known antinutrients thatwe also produced beans with greateiity. “This core collection represents the
interfere with iron bioavailability in hu- quantities of bioavailable iron. The en- full range of potential genetic variability
mans. The beans’ iron levels rangedhanced level of iron was readily taken upamong bean species for any given trait,”
from 51 to 157 micrograms per gram of and used by the rats’ bodies,” WelchWelch says.
dry weight. Their zinc levels ranged says.
from 30 to 65 micrograms per gram.” “Depending on the genotype, isotope-
Seed color, Welch says, is somewhatlabeled beans contained a wide range o
correlated to seed tannin levels. White- bioavailable iron, phytic acid, and tannin ; » O
seeded beans contain low levels of tan-concentrations. However, when we fedP'@nned with scientists at other CGIAR
nin. “To assure variability of seed tannin the cooked bean meal to rats, we found€Nters, including CIMMYT and IRRI.

concentration, we included two white no relationship between iron, phytate, | "€S€ Will determine the iron and zinc
bioavailability in select micronutrient-

e ) enriched lines of rice, wheat, corn, and
i cassava.

“Our results indicate that plant breed-
ing can be used to enhance micronutrient
concentrations in staple plant foods,”
Welch says.

Breeding staple plant foods for higher
iron, zinc, and provitamin A carotenoid
concentrations could contribute signifi-
cantly to improving the micronutrient
status of people depending on these
foods as major components of their diet.

Beyond Beans
In the future, other rat studies are

What Fertilizing Can Also Do

Besides changing the expression of
genes in the plants themselves, Welch
says farming systems and agronomic
practices can be modified to improve the
healthfulness of food supplies.

“The nutritional quality of food crops
With ICP emission spectrometry, ARS plant physiologist Ross Welch can determine the n reatlv aff d by the tvpes of
amount of iron and zinc in this liquid obtained by acid-digesting bean seeds. ICP uses the ]E:aﬂ'be 9 ea(tjy ad fﬁt‘? I y ytp ith
unique characteristic light emitted from an element when heated to 8,08D in an argon rert |zer'u§e an “e'r placement with-
plasma to indicate the element’s quantity. in the soil,” he says. “Adequate fertiliza-
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tion can significantly increase levels of applied at rates needed for optimum
vitamins in plant tissue. Well-nourished yields.
plants produce more vitamins than those “On the other hand, the study showed
poorly nourished.” that applying phosphorous without zinc e
But while certain micronutrientfertil- decreases zinc concentration in seed,” h _..---"":
izers and fertilizer practices are well says. “Only when adequate levels of
suited to increasing the density of micro- phosphorus and more than adequate le
nutrients in plant foods, others are not. els of zinc are applied, do seed concentra
Forexample, using zinc fertilizers can tions of zinc begin to rise.”
increase the zinc content of food crops Placement of fertilizer in the soil is
like beans and wheat—improving them also important. Welch cites research
as a micronutrient source. However, showing that zinc fertilization 2 feet be-
“For this to happen, the zinc in the fertil- low the soil surface or foliar applications
izer must be available to the roots for during reproductive growth are much
absorption while the plant is making more effective than surface applications g
seeds,” Welch says. at changing the zinc concentrations of
Several years ago, he led a researcleereal grains.
team in a field study on zinc uptake. He says that during grain develop- |, &
Their study included peas, snap beansment, the amount of subsoil zinc avail- g
C?’bbage’ and table beets. Th.ey app“e@b.le IS more |mportant than zinc on theCornell plant scientist Matthew Wheal
zinc sulfate and phosphorus in narrowsoil surface. During plant development, runs a high-performance liquid
strips at varying rates—from 0 to 80 ki- many surface soils become dry, while chromatograph that quantifies molecules

lograms per hectare. subsoils remain moist longer, enhancingmplicated in iron and zinc uptake by

The response, they found, dependechutrient uptake.
on the levels of phosphorus and zinc “Zinc fertilizer is fairly immobile in
used. Zinc uptake improved with in- soils,” he says. “Thus, root activity is

barley roots.

creasing supply when phosphorus wasgreater in the moist subsoil during seedilling, while roots in the drier surface

KEITH WELLER (K8400-15)

Growing rice plants in a hydroponic solution containing radioactively tagged iron and zinc
will enable Cornell research associate Zhigiang Cheng to see how much iron and zinc in the
harvested rice is nutritionally available.

soil become less active in acquiring zinc
during this phase of plant development.”

Welch says that “to meet the enor-
mous challenges imposed by increasing
global population pressures, a new
greenerevolution must build on historic
gains. It must emphasize the rediversifi-
cation of farming systems that include
micronutrient-rich crops—Ilike beans,
peas, lentils, fruits, and vegetables—as
well as cereals. It must address the in-
creasing need for all staple foods without
sacrificing essential micronutrients in
the bargain."—ByHank Becker, ARS.

This research is part of Human Nutri-
tion Requirements, Food Composition,
and Intake, an ARS National Program
described at http://www.nps.ars.usda.
gov/programs/lappvs.htm.

Ross M. Welch is at the USDA-ARS
U.S. Plant, Soil, and Nutrition Research
Laboratory, Tower Road, Ithaca, NY
14853; phone (607) 255-5434, fax (607)
255-1132, e-mail rmwl@ cornell.edd.

Agricultural Research/May 1999 U



