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NTSORMIL
More Than 30 Years of Excellence

A deeper look into the commitment, passion and hard work
INTSORMIL continually invests in reducing and preventing
global hunger and poverty in developing countries.
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A | ishing to expand
| the effort to
i increase worldwide
‘,‘ agricultural
production, the

U.S. Congress in December 1975
approved an amendment to the
Foreign Assistance Act of 1961.
Included in the amendment was Title
XII, “Famine Prevention and Freedom
from Hunger.” A main objective
of the new Title was to provide the
means by which U.S. universities
could make their expertise in science
and technology more available to low-
income countries, and thus help them
solve food and nutrition problems.

| One component of the Title XII
program is “support for long-term
collaborative university research,
in developing countries themselves,
on food production, distribution,

| storage, marketing and consumption.”

E Collaborative Research Support

| Programs (CRSPs) are one of the

| avenues of achieving this objective.

| The Sorghum/Millet Collaborative
Research Program (INTSORMIL)

‘ established in 1979 combines the

| resources and research talent of host-

country research institutions, six U.S.

land grant universities, USDA/ARS

and the U.S. Agency for International

Development (USAID). This 30-year

‘ Happy Malian children

| gathered around recently
harvested pearl millet heads
while their mothers are

threshing pearl millet nearby.
Photo courtesy of E.A. “Short” Heinrichs
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report shows that the INTSORMIL
research program is one in which
researchers from the U.S. and host
countries can effectively collaborate.
Sorghum and millet are basic food
grains for millions of people. Most of
them are located in the poorer nations
of the world where economic, labor,
soil and water resources are limited.
The research is challenging because
sorghum and millet production
and use in less-developed countries
are impeded by problems such as
heat and drought stress, insects,
diseases, and storage and marketing
difficulties. INTSORMIL has
strived to overcome these problems
through a collaborative program
of research, technical assistance,
training and institution building.

The impacts of INTSORMIL research
in the host countries are multiplied
through workshops, newsletters,
webpage updates, information
exchanges, scientist exchanges and an
international exchange of sorghum
and millet germplasm.

INTSORMIL’s research program
helps to alleviate world hunger and,
thus, to realize the goals of USAID
and the Board for International
Food and Agricultural Development
(BIFAD); INTSORMIL’s research
applies to all farms in the world where
sorghum and millet are grown.

The INTSORMIL team is a large
one. We appreciate the Grant and
Leader with Associates Cooperative
Agreement support from USAID. Also
the cooperation of the International
Agricultural Research Centers,
particularly ICRISAT and the USAID
Missions, has been vital to the success
of our collaborative research.

Institutions in the host countries
have been able to improve sorghum
and millet varieties and production
techniques, food quality, farming
systems, agricultural policy, and
scientist training. The results are core
to INTSORMIL’s effort to fight hunger
with research.

— John Yohe
INTSORMIL Program Director

Fighting hunger and
poverty with research

Women threshing recently
harvested pearl millet heads
in a village in Mali, western
Africa.

Photo courtesy of E.A. “Short” Heinrichs
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n Zambia in southern Africa, a
farmer can afford to build a new
house for his family. In Ethiopia
in the Horn of Africa, farmers are
using new varieties of sorghum
and millet to feed their families. In
Burkina Faso in western Africa, the
residents of a village give USAID
and INTSORMIL the credit for
providing new storage facilities for
their grain crops. In El Salvador in
Central America, bakers experiment

with sorghum flour in making bread.

At several U.S. universities, aspiring
plant breeders from Central America
and Africa learn the ropes from
established INTSORMIL scientists.
Despite these successes,
INTSORMIL's work isn’t complete.
The challenges presented by
climate change and the mandates
issued by USAID’s “Feed the
Future” initiative and by the U.N.
Millennium Development Goals
make the work of INTSORMIL even
more critical. With ample funding,
scientists and staff members of the
International Sorghum, Millet and
Other Grains Collaborative Research
Support Program (the SMOG
CRSP, best known by its common

b |

name INTSORMIL) will continue
to contribute to the world’s food
security. Although INTSORMIL
scientists in the U.S., Africa and
Central America have worked
diligently for more than 30 years,
they still have work to do to develop
varieties of food grains that will
contribute to food security among
hungry people in Africa and Central
America.

This report has three goals:

To identify INTSORMIL's
accomplishments over the last 30
years,

To tell stories of farmers who
use INTSORMIL research to
improve their families’ lives and
of scientists who have learned
how to help those farmers, and

To describe current efforts by
INTSORMIL scientists.

In this report, you will also find
short explanations of processes and
concepts central to the INTSORMIL
objectives, such as an explanation of
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the concept of food security and of
the process of crop rotation.

The stories were written by six
undergraduate students in the
University of Nebraska-Lincoln
College of Journalism and Mass
Communications (CoJMC), with
the collaboration of one CoJMC
graduate student. All the students
worked on the U.S. stories in the
spring of 2010; in May 2010, three
students accompanied me to Africa
to see for themselves the work of
INTSORMIL in Zambia, Ethiopia
and Burkina Faso and to attend the
West Africa regional meeting of
INTSORMIL scientists. In the fall
of 2010, advertising students and an
advertising professor developed a
plan to distribute this report and to
spread the word about INTSORMIL's
accomplishments over more than
30 years. In the spring and summer
of 2011, a CoJMC graduate student
worked along side three CoJMC
faculty members in designing and
laying out the report.

— Carolyn Johnsen
Managing Editor




INTSORMIL

f

INTSORMIL Variety Development Plant Protection

An Introduction 4 and Research 14 30
5 Abrief history of 16 Texas A&M plant- 32 Biotic & abiotic stresses
INTSORMIL breeding program imperil INTSORMIL
supports INTSORMIL crops
@  Food security defined
719 Plant-breeding methods 33 The fight against insect
@ INTSORMIL CRSP explained: Traditional vs. pests
objectives genetic engineering
) ) 36 Drought tolerance
1 0 INTSORMIL makes 22 Germplasm: Agrlculture s
personal impacts insurance policy 37/ Sorghum downy mildew
INTSORMIL by the Seed companies take Moldy grain
1 3 numbers y 23 INTSORMIL science to 38 ¢
the world A1 World food prize

confirms impact of

26 International scientist’s research

collaboration benefits
sorghum farmers in the 44
Nicaraguan dry zone

28 INTSORMIL in A INTSORMIL in Africa
Central America

Striga infests sorghum



Table of Contents

Farming Practices

50

53
55
56

48

KSU scientists research
cropping systems in
Kansas & Africa

Crop rotation

Intercropping

Grain-storage problems in
Africa

Marketing Collaboration and
58 Training 76
() Poultry project 74 Collaboration
62 Move over wheat; 80 Mentorships fulfill
bread has a new flour — INTSORMIL goals
sorghum _
#4. INTSORMIL mentorship
6 Sorghum & millet foods at UNL
/() Ohio State’s research 46 Purdue’s INTSORMIL
Team
72 Sorghum clear-beer in
Zambia
/4. Technology adoption
study






A brief histor
of INTSORMI{

Story by Jamie Klein & Carolyn Johnsen

ho in the

room has been

trained through

INTSORMIL?”

Bruce Hamaker,
Ph.D.,, asked, his voice amplified
by microphone to fill the large
conference room.

Seventeen people raised one
hand; some jokingly raised two. Some
of these scientists were American,
and some were from Burkina Faso
and other countries in western Africa.
It was May 18, 2010—the first day
for the INTSORMIL West Africa
regional meeting at the Hotel Palm
Beach in Ouagadougou, Burkina
Faso, and the 17 scientists with raised
hands had either received training or
earned an academic degree because of
INTSORMIL.

Since 1979, when INTSORMIL
was established, it has helped
hundreds of students and scientists
earn advanced degrees and has
helped farmers in western, eastern
and southern Africa and in Central
America to grow improved varieties
of sorghum and other grains.

INTSORMILs vision, as stated
on its website, is “to improve food
security, enhance farm income and
improve economic activity in the
major sorghum and pearl millet
producing countries in Africa and
Central America”

In addition, the improved
varieties of grain have benefited
U.S. farmers.

“The role INTSORMIL played
in bringing germplasm back to the

U.S. to develop greenbug-resistant
hybrids resulted in higher yields and
reduced pesticide costs,” INTSORMIL
Program Director John Yohe, Ph.D.,
said in 2006, when INTSORMIL
received a $9 million grant from
USAID to continue its work. By 2011,
USAID’s awards to INTSORMIL had
exceeded $97 million.

In recent years, INTSORMIL
scientists have expanded their food-
security mission by including research
in food science efforts like making
bread and beer from sorghum and
research designed to create new
markets for farmers’ grain.

On UNLs east campus,
INTSORMIL offices are surrounded
by agricultural science buildings.
Nebraska squirrels run by the
building in the summer, and white
snow usually falls thickly in the
winter. INTSORMIL has been at
UNL since 1979, when the CRSP was
established.

Five INTSORMIL staff members
provide support for scientists around
the world. Currently, three of
INTSORMILs U.S. scientists work at
UNL; 14 U.S. scientists work at five
other land grant universities: Kansas
State, Ohio State, Purdue, Texas A&M
and West Texas A&M. Scientists at
the U.S. Department of Agriculture
and in Central America and several
African countries also collaborate
with INTSORMIL. All these scientists
and staff members provide the “C”
(Collaborative) and “R” (Research) in
CRSP.

Preparing sorghum forage and placing it in an
open silo in El Salvador.

Photo courtesy Rene Clara Valencia
INTSORMIL collaborating plant breeder
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Dr. Larry Butler (left), former INTSORMIL
biochemist, and Dr. Gebisa Ejeta with
sorghum seed to be sent to East Africa for
evaluation against the parasitic weed, Striga.

Photo courtesy of Purdue University

Yohe, who has been program
director for 22 years, said
INTSORMIL personnel have worked
hard.

“The program is designed to
cover pretty near the whole matrix of
agriculture in the developing world,”
Yohe said.

Since the beginning of the
program, INTSORMIL scientists
have worked in all regions of Africa
and in Central America. Until 1988,
the program had activities in the

Philippines and India. Through

the early 1990s, research was
conducted in Brazil and Columbia.
INTSORMIL's work in Brazil,
Columbia, India and the Philippines
was ended due to budget constraints.

In 1984, Earl Leng, Ph.D., the
first INTSORMIL program director,
retired. Glen Vollmar, Ph.D., served
as program director from 1984-1988
when he moved up to Director of
International Agriculture Programs
at UNL. In 1988, Yohe was named
director; he had been working for
USAID as a project officer.

In addition to its food-security
goals, INTSORMIL develops and
maintains relationships with master’s
and doctoral students. The program
has trained 1,156 collaborating
scientists, which include students
from the U.S. and around the world.

“We’ve done a lot of unique
things over the years. We’ve had
some really outstanding science,”
Yohe said.

In addition to its current success
in fostering deep-rooted relationships
among dozens of collaborating
scientists in the U.S. and in 21
countries in Africa and Central
America, INTSORMIL has enabled
germplasm transfers and created
sorghum and millet varieties that
resist weeds, insects and drought—all
efforts that target the problems of
food security. Six specific examples
follow.

A sorghum variety valued for

INTSORMIL

Success Through The Years

Title XII mandate

“..improve the participation of the agriculturally related

Congress approves the Title

its nutritive value and drought
resistance and released in El Salvador
in 2004 has become popular
throughout Central America both

as a grain for livestock and for
human food. The variety, known as
“Surefio,” was developed by the Texas
Agricultural Experiment Station with
INTSORMIL support.

In 2008, Salvador Zeledon,
an INTSORMIL scientist in El
Salvador, won first place for a paper
he presented at a scientific meeting
in Costa Rica. The paper described
Zeledon’s work to develop a sorghum
hybrid that would “provide economic
benefits to producers, industrialists
and consumers of sorghum” in
Central America.

About 20 years ago in Zambia,
farmers told Zambia Agricultural
Research Institute (ZARI)
scientists (many collaborate with
INTSORMIL) about their problems
with pesky birds that would peck
away pear] millet grain in the farmers’
fields, depleting much of the yield.
Farmers challenged ZARI scientists
and plant breeders to help them find
a way to deal with the birds. At first,
plant breeders suggested that farmers
in the area plant pearl millet at the
same time—this way the birds would
eat some grain from each field and
not deplete one farmer’s yield.

ZARI research, supported by
INTSORMIL, led to the creation of a
pearl millet that grows with bristles
in the panicle (grain head). Now

X1l Amendment to Foreign
Assistance Act to establish
the Collaborative Research
Support Program (CRSP)

universities in the United States’ governmental efforts
internationally to increase world food production and provide
support to the application of science to solving developing
countries’ food and nutrition problems.”

USAID releases
planning grant for the
establishment of the
INTSORMIL CRSP

1978

1975



when birds try to peck out the grain,
the bristles poke their eyes. The birds
may try again, but will soon grow
irritated and find something else

to eat. The ZARI scientists met the
farmers’ challenge.

Gebisa Ejeta, Ph.D., an agronomy
professor and INTSORMIL scientist
at Purdue University, won the
World Food Prize in 2009. Ejeta
made important contributions to
INTSORMIL's mission with his
research on Striga—a major parasitic
weed of sorghum and pearl millet
in Africa and in other parts of the
world where sorghum is grown.
Striga infestations have largely been
eliminated in the U.S., but in the late
1950s, Striga attacked U.S. maize
(corn).

Lloyd Rooney, Ph.D., at Texas
A&M University and Bruce Hamaker,
Ph.D., at Purdue University are
working with national programs in
western Africa on processing and
marketing of sorghum food products.
Sorghum and pearl millet, traditional
African crops, both have their origins
in Africa.

USAID funds INTSORMIL in
five-year increments. The current
five-year grant of $12.9 million
supports INTSORMIL’s work
through Sept. 30, 2011.

From 2006 to 2009, INTSORMIL
experienced a 33 percent reduction
in its budget. But beginning in
September 30 of 2009, USAID gave
INSTORMIL a budget increase,

USAID awards Tst grant

to the University of
Nebraska-Lincoln (UNL) to
establish the INTSORMIL
Management Entity (ME)

which has allowed more research in
western Africa. But with inflation, the
program hasn’t been able to restore
all its previous research endeavors.

An economic study done by the
Batelle Memorial Institute—an Ohio-
based charitable trust—analyzed
INTSORMIL's impact and concluded,
in 2006: “INTSORMIL is presently
having a significant impact through
projects at the pilot or individual
village level—the next step must be to
roll these impacts out to regional and
national scales.”

Accordingly, despite funding
limitations, INTSORMIL scientists
and staff have expanded their work
into marketing and technology
transfer, adding that effort to research
in plant breeding, plant pathology,
entomology and food science.

Increasing INTSORMIL's
visibility is part of this new effort.
Hamaker, one of two INTSORMIL
coordinators for western Africa,
said one of the first steps toward
a more recognizable program is
to give INTSORMILs logo more
prominence on INTSORMIL
products—like bags of grain or
vehicles purchased by INTSORMIL.
In 2006, INTSORMIL officially
became the “Sorghum, Millet and
Other Grains Collaborative Research
Support Program,” with the acronym
of “SMOG CRSP” But the long-
standing program will continue to be
called “INTSORMIL,” because that
name has international recognition.

USAID awards 2nd grant
to UNL for ME

Dr. Bourema Dembele (left), Deputy Director
General of Mali’s Institut d’Economie

Rurale, and Dr. Lloyd Rooney of Texas A

& M University are long-time INTSORMIL
collaborators.

Photo by E.A. “Short” Heinrichs

At the 2010 West Africa regional
conference, Hamaker recalled
INTSORMIL projects that started
in the western African countries
of Niger and Mali in the early
1980s, with training as the main
goal. Hamaker expressed some
awe at the 30-year history of the
program: “That’s very unusual for
a development project to last that
long.”

USAID awards 3rd grant
to UNL for ME

1979

1984

1991
7



Food security defined

magine a healthy child who skips through a
! grocery store adding food to a shopping cart.

Now imagine a starving child who sits quietly

while her stomach bulges from poor nutrition,

and every bone in her body is visible. These are
some differences between people with food
security and people without.

Statistics released at the 2009 World Summit
on Food Security said more than one billion
'k people in the world experience chronic hunger.

i That would be like everyone in the United States,
Canada, Mexico, Japan, Germany, Spain, France,
Russia and the United Kingdom suffering from
—y chronic hunger. These hungry people need more
. than food; they need food security.

Food is a tangible item people can see, smell,
touch and eat. But food is only a part of food
security. Food security, according to the 1996
World Food Summit, is the ability of all people

= | w q q

3 i_ \ to “at all times have access to sufficient, safe,

v & nutritious food to maintain a healthy and active
life” The World Health Organization says food

EI security has three parts: food availability, food

S, S access and food use.

‘"J'_\: Food availability means the proper quantity of

Fis food is obtainable on a consistent basis. But food

-.i availability relies on food access.

AR People with access to food have the resources

] to acquire nutritious foods. You could give people
l a lifetime supply of doughnuts, but that wouldn’t

USAID awards 4th grant
to UNL for ME

Story by Caroline Brauer

give them food security. They’d still lack proper
nutrition.

Food use is the most important part of food
security. People know how to use food when
they can meet their nutritional needs cleanly and
safely. Laying an entire uncooked meal in front
of people experiencing chronic hunger won’t help
them unless they know how to properly prepare
the food.

Different people and organizations disagree
on what drives food security. Some corporations,
like Monsanto, say their technological advances
in agriculture will increase food security. But
Josh Viertel, president of Slow Food USA, says
high-tech agriculture is causing food insecurity.
Oxfam International says global climate change
is reducing agricultural production and, thus,
reducing food security. The World Health
Organization lists rising energy prices and
subsidized production of bio-fuels as factors
causing global hunger because the agricultural
production for bio-fuels is replacing food

production. _ s
Whatever the theoretical arguments, two things | =00 = “6 Wb«
: I s : SRR
remain factually clear. One: Organizations like - - g 18
. . : =
USAID, the World Health Organization and the R Y )
Food and Agriculture Organization of the U.N. 5 3 AP T
acknowledge hunger exists and are working to o Uiy £k E
eliminate it. Two: About one billion people didn’t s ""i'y b
eat yesterday, haven’t eaten today and won'’t eat LA .%‘!‘1.. fo 2y
tomorrow. ¥ : P g | %
ey, A o, : "
e ¥ 50 el 0 )
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These Ethiopian children have benefited from
INTSORMIL’s mission of delivering food to

African and Central American nations.
Photo by John Yohe

USAID awards 6th grant to
UNL for ME. Official name
changed to “Sorghum, Millet
and Other Grains CRSP.”
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INTSORMIL CRSP

OBJECTIVES

Facilitate growth of rapidly expanding markets for sorghum

and pearl millet.

Improve the food and nutritional quality of sorghum and
pearl millet to enhance marketability and consumer health.

Increase the stability and yield of sorghum and pearl millet
through crop, soil and water management while maintaining
or improving the natural resources of soil and water.

Develop and disseminate information on the management of
biotic stresses in an integrated system to increase grain yield

and quality in the field and in storage.

Enhance the stability and yield of sorghum and pearl millet

b |

¥

through the use of genetic technologies.

Enhance global sorghum and pearl millet genetic resources ) ‘

and the conservation of biodiversity.

Develop effective partnerships with national and international
agencies engaged in the improvement of sorghum and pearl
millet production and the betterment of people dependent on

these crops for their livelihood.

Provide graduate-degree education, short-term training and
distance education that link researchers, policy makers and

development practitioners.

INTSORMIL scientist
Gebisa Ejeta wins World
Food Prize

~

P

USAID awards 7th grant
to UNL for ME
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INTSORMIL makes
personal impacts

Story by Jamie Klein

o get to Makwenda, a village
in Zambia, you have to brave
some rough roads. It’s a
bumpy ride. The village is in
Lusitu, which is part of the
Siavonga District in Zambia where
you can see the physical impacts
of INTSORMIL—and not just in
the fields. Here, some farmers have
used profits from the yields of seeds
developed by INTSORMIL to build
grocery shops or small houses.
One farmer who has profited
with INTSORMIL help is Masten
Muchindu. One day in May 2010,
Muchindu, wearing a blue Hawaiian
shirt and blue open-toed sandals, talked
with visiting INTSORMIL scientists
about his method of storing grain. His
children and several other kids watched
while chewing on sugarcane in the
shade of a hut.
Muchindu, 43, is married with
five children. The entire family helps

manage the farm, but Muchindu also
hires others to work for him. He pays
them in cash, although some would
rather have food prepared for them
instead, he said through a translator.

Muchindu started farming with
INTSORMIL seeds in 1993 or 1994.
He said he wants to continue his work
because he has seen the benefits of
INTSORMIL in his own profits.

“He’s not the only one benefiting
from the crop. Even the neighbors
benefit,” said E P. Muuka, who
translated for Muchindu. Muuka
is a plant breeder with the Zambia
Agricultural Research Institute.

Muuka said Muchindu sometimes
gives seeds to farmers who can’t
afford to buy them. Top priorities,
however, are feeding his family, then the
neighbors and then selling grain on the
market.

His wife, Betty, demonstrated an
old method of grinding grain. In the

shade of a large tree, she knelt and bent
forward, gripping a large rectangular
rock and smashing the sorghum grain
between it and another large stone that
lay on the ground before her.

She made small grunts as she
lifted the heavy rock and dropped it
again and again on the grain. Betty
Muchindu’s efforts are just one example
of the physical labor that INTSORMIL
scientists are working to make easier—
especially for women.

To Dr. Senayit Yetneberk, a food
scientist at the Melkassa Research
Center in Ethiopia, INTSORMIL means
extra funds for her project concerning
female empowerment. Half the funds
come from INTSORMIL; the Ethiopian
government provides the other half.
The money has bought three major
pieces of equipment: a computer,

a texture analyzer and a tangential
abrasive-dehulling device. The
equipment helps Yetneberk learn more
about the qualities of the grains she
studies: sorghum, pearl millet and teff.

The funds also help Yetneberk
bring 50 women to Melkassa for
training. The center—which is south
of Ethiopia’s capitol, Addis Ababa—
is part of the Ethiopian Institute
of Agricultural Research (EIAR, a
government agency) and is partially
supported by INTSORMIL.

“Women are resourceful,”
Yetneberk said. “This (project) will
empower them.”

Yetneberk’s project will teach
Ethiopian women to bake and sell
food items made from sorghum, maize
(corn) or teff so they can work toward
becoming economically independent.

Betty Muchindu demonstrates how she grinds
sorghum grain.
Photo by Kate Veik
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Photo by Kate Veik
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Yetneberk will work with five groups,
each with ten female farmers, to teach
them how to make snacks or other

baked goods and how to sell them.

The funding for her research is
not Yetneberk’s first experience with
INTSORMIL. She completed six weeks
of training at both Purdue University
and Texas A&M University in 1994 on a
partial sponsorship by INTSORMIL.

Yetneberk said the scientists
she met in the U.S. were “wonderful
people,” and she was able to make many
personal and professional contacts.

“My professional perspective has
widened, which is profitable to me. ’'m
confident in myself in my profession,”
Yetneberk said.

Another Ethiopian scientist, Taye
Tadesse (also with EIAR) described the
effect of INTSORMIL on Ethiopian
scientists and research.

“There is an impact on the
implementation of the research,”
Tadesse said.

Tadesse said Ethiopian scientists
often don’t have the resources to get
their research out to farmers, but
INTSORMIL provides the links to
help farmers use new grain varieties
and methods and technologies
recommended by the scientists.

Near the east end of the Rift Valley
in Ethiopia is Miesso—another town

12

where INTSORMIL science helps local
farmers.

On a cloudy day in May 2010, 15
farmers gathered to talk about their
lives and farming. They sat on the
porch of a community building and
under a nearby acacia tree.

The farmers said they recognized
the technology (such as seeds and
advice) that INTSORMIL and
Ethiopian government agencies
provide. The farmers also said the
recommendations from agriculture
programs around Ethiopia, including
INTSORMIL, help them make the most
of their workdays.

Stalk borers, which can stunt
sorghum growth and reduce grain
production, are major pests for the
farmers, but scientists with
INTSORMIL and other programs have
advised the farmers on how to deal with
stalk borers. For example, crop rotation
can reduce the numbers of stalk borers
in the soil. By growing sorghum one
year, then pearl millet the next year
farmers can control a stalk-borer
infestation. In another method, farmers
can plant elephant grass first, and stalk
borer will use it as a host. Then farmers
remove the elephant grass and grow
sorghum, thus reducing the crop’s
chances of stalk-borer infestation.

Farmers in eastern
Ethiopia gather to
tell visitors what
INTSORMIL means

to them.
Photo by Kate Veik

Through a translator the farmers
said without this kind of advice they
would not have the chance “to change
our lives.”

Mamed Yesuf, a 50-year-old farmer,
said if he works hard he can change
his life. He also said he happily accepts
professional recommendations because
although he has some knowledge of
indigenous farming, professional advice
can help him tackle farming challenges.

“We need recommendations to
learn,” he said through a translator.

Whether by providing sophisticated
equipment to a scientist or by showing
a farmer how to fight off crop pests,
INTSORMIL has spent more than 30
years trying to help improve the world’s
food security and making a difference
in the lives of Africans, Central
Americans and North Americans.



INTSORMIL by the numbers

-3-4
Years needed to create a sorghum
hybrid

-4,000+

Participants in INTSORMIL-
sponsored conferences and
workshops since 2001

-10

Collaborative Research Support
Programs (CRSPs) sponsored by
USAID

-32

Years that INTSORMIL has
existed

-Dozens

New sorghum lines introduced

~About 1,200

Graduate students trained by
INTSORMIL scientists

U.S. Land-Grant Universities

that are currently INTSORMIL
partners

18

U.S. Principal Investigators (PIs)

~Thousands——

Farmers using INTSORMIL-
developed practices and
technology

~Hundreds—

Scientific papers published

INTSORMIL objectives

-11

U.S. Universities partnering with
INTSORMIL over the years

-21

Collaborating countries in Africa
and Central America

-$97,503,102——

Total funding from USAID since
1979

13
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Variety Development

and Research

FACT...

* More than one billion people - one
sixth of the world’s population - suffer
from chronic hunger.

*Each year, more than 3.5 million
children die from undernutrition.

*Hunger robs the poor of a healthy
and productive life and stunts the
mental and physical development of
the next generation.

+ Reducing chronic hunger is
essential to build a foundation for
investments in health, education
and economic growth. It is critical
to the sustainable development of
individuals, communities and nations.

— from USAID’s “Feed the Future”
statement of opportunity

n USAID’s quest to improve food

security, the agency has enabled

INTSORMIL scientists to create

varieties of grain crops that increase

small farmers” harvests of these
grains and, thus, improve farm
families’ nutrition and increase the
possibility of farmers making a profit
on their crops. The five stories in this
section describe both that research and
its results.

The stories include a description
of germplasm as “agriculture’s
insurance policy,” a profile of
INTSORMIL sorghum breeder Gary
Peterson of Texas A&M University and
a short comparison of two common
plant-breeding methods—one used by
INTSORMIL scientists. INTSORMIL’s

High-tannin sorghum cultivar in a breeding
plot at Texas A&M University.

Photo by E.A. “Short” Heinrichs

science must benefit U.S. farmers as
well as farmers in Africa and Central
America; accordingly, the fourth story
in this section illustrates how seed
companies take INTSORMIL science
from Texas A&M University test
plots to farmers around the world—
including in the U.S. The fifth story
describes a new sorghum variety
developed by INTSORMIL scientists
that has great potential for increasing
the incomes of small farmers in a
water-short area of Nicaragua.
Among other things, the U.N.
Millennium Development Goals aim
to halve, between 1990 and 2015, the
proportion of people who suffer from
hunger. This first goal contains this
language:

* Despite some progress, one in four
children in the developing world are
still underweight.

*Children in rural areas are nearly
twice as likely to be underweight as
those in urban areas.

+In some regions, the prevalence of
underweight children is dramatically
higher among the poor.

This information only increases
the urgency of continuing to work to
achieve food security. To that end,
the stories in this section demonstrate
the efforts of INTSORMIL scientists
and staff to continue that work by
developing varieties of grain suited
to small farms in Africa and Central
America.

— By Carolyn Johnsen
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Texas A&M plant-breeding
program supports INTSORMIL

Story and photos by Alia Conley

o0 an untrained eye, the 3,000

rows of sorghum plants look

identical.

But Gary Peterson,

Ph.D., can look at a sorghum
plant and name the seed and plant
color, know what diseases it has and if
there is insect damage. He can describe
the characteristics of the two parent
plants, too.

“You just learn,” Peterson said.
“You learn what things look like. You
learn if you make crosses, what type of
material is going to come out of that.”
Peterson is an INTSORMIL scientist
and professor of grain-sorghum
breeding at Texas A&M University
(TAMU).

For two weeks every July,

Peterson walks row-by-row outside in

90-degree, humid weather in Corpus
Christi, Texas, and makes notes with
his electronic pad. He’s looking for
sorghum with a full head of white seed,
and for plants about five feet tall for
varieties suitable for Africa and three to
three and a half feet tall for U.S. crops.
He duplicates this process in Puerto
Rico and in Lubbock, Texas.

In fact, Peterson spends most of
his time in Lubbock, as a sorghum
breeder at the Texas A&M AgriLife
Research and Extension Center. He has
no laboratory. Sorghum fields are his
workplace.

Sorghum breeding is the only
job Peterson has had; 2010 was his
28th year in the fields and as a part of
INTSORMIL. So Peterson has been
with the INTSORMIL program for

nearly as long as it has existed.

“It’s really enjoyable because there’s
a tremendous amount of diversity,”
Peterson said. “You get to be out in the
field and identify those things that look
good.”

Corpus Christi is one of the best
areas to grow sorghum because of the
climate. Any sorghum variety that
performs well here can also perform
well across the United States and in
southern Africa.

All of Peterson’s work in the
fields examining 16-foot-long rows of
sorghum culminates in one objective—
to create a sorghum plant that can resist
biotic stress like disease and insects
and abiotic stress like drought. When
Peterson scans the fields, he’s looking
for sorghum varieties that will thrive
despite these stresses and produce a
high yield of high-quality grain.

From planting to maturity,
sorghum has a life cycle of about four
months. In the first 30 to 40 days, the
seed germinates and the plant grows
roots and all of its leaves. The sorghum
panicle (which will eventually produce
the plant’s grain) forms about this time
and, in the next 30-35 days, will emerge
from the plant. Flowering occurs for
about seven days. After flowering, the
grain takes 30 to 40 days to mature and
dry and is then ready for harvest.

Peterson has three research
locations — one each in Puerto
Rico, Corpus Christi and Lubbock.
Workers plant seeds in Puerto Rico
in December; Peterson travels there
to make crosses in late January and

Dr. Gary Peterson observing the performance
of sorghum cultivars in a breeding plot.
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Dr. Gary Peterson determines the health of a sorghum grain by cutting it in half.

returns in March to harvest the
sorghum. In Corpus Christi, planting
starts in late March, and harvest is in
July. Planting in Lubbock starts in May,
and harvest begins in September.

This schedule speeds up the
breeding process, allowing Peterson to
make observations on lines in Corpus
Christi in July, to use those observations
to make crosses that produce new
breeding populations at Lubbock in
August and then to send the crossed
seed to Puerto Rico in time for the
planting season there.

“Thus we are able to accomplish
2-3 years’ activity in one year,” Peterson
wrote in an e-mail.

College students working for
Peterson follow his directions to
crossbreed top-notch sorghum varieties.

“Plant breeding is a numbers
game,” Peterson said. “The more
people that you have working for

you, the more crosses you can make,
the more rows you can plant out, the
higher probability you have of selecting
something that’s worthwhile.”

“He is a good mentor
and a great scientist.
He is open-minded and
believesthatinadynamic
world researchers need
to be dynamic and
innovative.”

— Lloyd Mbulwe

The crossbreeding process
combines the genetics of two plants
to create a new one, like humans do
with reproduction. After four or five
generations of crosses, Peterson selects
two to four lines for sorghum farmers
to use, in either the United States, Africa
or Central America.

Peterson creates new sorghum
varieties with a process called plastic-
bag emasculation.

A sorghum plant is self-pollinating,
which means it has both male and
female sex organs. To cross sorghum
varieties to create a new variety,
Peterson selects one plant to use as a
female and waits until the sorghum
head starts to flower. He cuts the tip of
the grain head off and puts a plastic bag
on the remaining part of the grain head,
followed with a paper bag the size of a
small lunch sack.

The bags trap humidity so the plant
doesn’t shed pollen. After two or three
days, Peterson returns with pollen from
the plant he has chosen as the male,
takes the bags off the female grain head
and puts the pollen on the plant. He
puts a new bag on the female plant and
waits to harvest the grain.
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Peterson’s workers make 150
plastic-bag crosses a year, which can
result in 75 to 100 successful, new
sorghum types.

Two other INTSORMIL scientists,
William Rooney—a Ph.D. plant

breeder—and his father Lloyd—a Ph.D.

food scientist—also work in the TAMU
sorghum fields.

Although Peterson doesn’t teach
in a classroom, as an INTSORMIL
principal investigator he participates in
training students to become sorghum
breeders. In more than 30 years,
INTSORMIL scientists have trained
about 1,200 graduate students, 431
of them at TAMU. Peterson, himself,
has collaborated with 20 students—all
except one were from Africa. Lloyd
Mbulwe will be Peterson’s newest

graduate student when he comes to the
U.S. from Zambia in 2011.

Mbulwe works as a sorghum
breeder for the INTSORMIL sorghum-
breeding program in Zambia. In
an e-mail, Mbulwe wrote that
INTSORMIL is extremely helpful with
funding sorghum research in Africa.

Mbulwe visited Peterson in late July
and early August 2010 and is excited to
learn and work with Peterson.

“He is a good mentor and a great
scientist,” Mbulwe wrote. “He is open-
minded and believes that in a dynamic
world researchers need to be dynamic
and innovative.”

INTSORMIL will pay for Mbulwe’s
Ph.D. program if INTSORMIL receives
funding to continue for the five years
from September 2011 to September
2016.

It’s fitting that Mbulwe is from
Zambia, because Peterson coordinates
INTSORMIL's southern Africa

program, which includes South Africa,
Botswana, Mozambique and Zambia.

In the 2009 INTSORMIL Annual
Report, Peterson outlined his successes
in developing better sorghum varieties:
decreased drought damage, increased
tolerance to insects and increased yield.
He said he’s grateful for the money that
INTSORMIL provides for him to do
his research and make an impact on
farmers’ lives.

“There is no question; if you look at
the whole range of the program, yes it’s
been a success,” he said.

Dr. Gary Peterson
checks his electronic
pad where he stores
all the information
about each sorghum
type and where it is
located in the fields.



Plant breedin

methods

explained: traditional vs.
genetic engineering

Story by Caroline Brauer, Jenna Gibson, Carolyn Johnsen & Karoline Kastanek

n the reality TV show, Survivor,

contestants try to outwit, outplay

and outlast their competitors.

This show is based on one of the

principles of natural selection: The
well-adapted player wins the game.
Sorghum breeding is similar to this
natural-selection game, except the
process has a helping hand: a plant
breeder.

For 30 years, INTSORMIL’s
plant breeders have used traditional
methods to create grain-crop varieties
that contribute to food security by
resisting drought, disease and pests.
INTSORMIL plant breeders also
use a new technique called marker-
assisted selection to improve efficiency
in the breeding process. The two
techniques have the same goal: to
develop a plant that has a hardier or
higher-yielding blend of genetic traits
than the parent plants that produced
it. The traditional plant-breeding
process used by INTSORMIL scientists
differs from genetic engineering—a
process used widely, except in many
INTSORMIL host countries.

In the traditional process, the
plant breeder identifies parent plants
with specific traits, crosses them and
selects offspring with unique genetic
combinations that neither parent plant
possesses. In addition to ingenuity
and experience, this traditional
plant-breeding process requires time;
creating a new sorghum line requires
several years of work by a plant
breeder.

First, a note about how
reproduction occurs in a sorghum
plant without the intervention of a
plant breeder. Each sorghum flower

study.

has a stigma (female sex organ)

and anthers (male sex organs). A
protective layer within the flower
encapsulates these sex organs until
they mature. Once the anthers mature
and produce pollen (male sex cells),
the pollen falls into the stigma, down
to the ovule (female sex cell) and
fertilization occurs.

A traditional plant breeder may
intervene in this process by selecting
plants for specific, desirable traits.
The first step in selection is called
cross-pollination. To cross-pollinate
sorghum, a breeder finds a female
plant with many of the desired
qualities. Then the breeder finds a
male sorghum plant with the desired
trait or gene to cross to the female
plant. This “insertion” requires
additional steps involving paper bags,
seed selection and a couple of months

Cross-pollinated sorghum heads are enclosed in paper sacks in a greenhouse breeding-

L

Photo by Karoline Kastanek

of waiting for plants to mature.

After finding suitable “parent”
plants, the breeder either removes the
anthers from the female or does not
allow the anthers to shed pollen. The
female plant’s flower is then covered
with a paper bag coated inside with
pollen from the male plant’s anthers.
The pollen in the bag falls into the
stigma and grows through the stigma
to fertilize the ovary. The seed then
matures; the result of this process is an
F, (first generation) seed. Depending
on what pollination technique is used,
the number of seed produced can
range from a few to several.

After the seeds mature, they’re
planted. Then the breeder determines
which plant is actually an F,. To
do so requires knowledge of the
appearance—or phenotype—of each
parent and understanding of the
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inheritance of sorghum genes. In an
F, plant, each parent contributes 50
percent of the genes. This is similar to
a human child receiving half of his or
her genes from each parent.

After identifying the F, plant, the
breeder then plants the F, seed and
makes additional selections from the
progeny—which are the F, plants.
Over several generations, the breeder
selects for the traits of interest and
eventually develops a line that does not
segregate for any trait. The line is then
ready to test and to be used as a parent
to produce new lines.

Genetic engineering (GE) offers
a faster method of developing new
varieties with desirable qualities.

GE allows genes to be transferred
mechanically between plants and
even from different species—such as
from a bacterium to a plant—creating
what’s called a “genetically modified
organism” (GMO). GMO crops
dominate on U.S. farms, where more
than 90 percent of soybeans and 70
percent of corn grown annually are
GMOs. At present, there are no GMO
sorghums grown.

Rather than using GE methods,
INTSORMIL scientists create new
varieties or lines of sorghum and
millet through traditional plant-
breeding. Both methods modify
the genetic makeup of the offspring
plants, but traditional plant-breeding
methods are more acceptable to

20

Farmers in Central America discussing the performance of hybrid sorghum cultivars.
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INTSORMIL’s host countries.

Like the offspring of traditional
breeding methods, GMOs have
targeted qualities, such as resistance
to the effects of certain pesticides—a
quality that would be hard to produce
in conventionally bred plants. And yet,
much of the controversy about GMOs
focuses on the safety of resulting
offspring and the GE method used to
create the offspring.

This controversy is one reason that
INTSORMIL scientists use traditional
plant-breeding methods, even though
they take much longer to produce
varieties with the desired qualities.

In fact, most of INTSORMIL’s host
countries have banned genetic
engineering. Out of the program’s
14 African host countries, only six
are affiliated with the U.N. group

Photo by INTSORMIL

International Centre for Genetic
Engineering and Biotechnology. Only
two of the seven Central American
countries where INTSORMIL works
are signatories to the ICGEB.

One African scientist associated
with INTSORMIL said some African
countries are starting to shift their
stance on GMOs because they
recognize that attaining food security
may require the use of genetic
engineering.

Genetic engineering, however,
is expensive, said John Yohe, Ph.D.,
INTSORMILs director. With
shrinking budgets, INTSORMIL has
chosen to focus on more affordable
ways to develop grain-crop varieties—
all in the name of achieving food
security. ¥

.4 Cross -pollinated
 sorghum heads
¥ waiting to be
threshed.

Photo by E.A. “Short”
Heinrichs



CREATING A
SORGHUM LINE

Sorghum female parent Sorghum male parent

Has one to several genes that need to be
combined with genes from the female parent.

N\ /-

First generation (F, Seed)

Scientists cross-pollinate female and male plants and harvest the
F, seeds. Then scientists confirm the F, plant’s identity through

field phenotyping or using DNA finger-printing techniques.

Selection
Beginning with the F, (second generation) plants are selected for

the best combination of genes based on phenotype (appearance)
and/or molecular markers.

Has many favorable genes.

[o— . —
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Finding the superior sorghum plant

For several generations, the scientists repeat the selection
process until they find plants that will produce the favorable
genes from the mother plant and the favored genes from the

ather plant. Each growing cycle takes four to six months to
complete.




Germplasm: Agriculture’s
insurance policy

Story by Karoline Kastanek

ermplasm is a piece of it alive in a dormant stage until they helped INTSORMIL scientists develop
plant material suspended need it. According to Molecular Plant  new crop varieties that can survive
in growth. For example, Biotechnology’s website, scientists adverse climate conditions such as
scientists may collect a can use liquid nitrogen to lower the drought, cold temperatures and soil
plant’s seed, flower bud, plant material’s temperature and low in nutrients.
cell or tissue and freeze or suspend its  thus, suspend plant-material growth. Scientists know that the greatest
growth to preserve the genetic qualities  Scientists can also reduce the oxygen genetic diversity of a plant can be
of the plant. Varieties of germplasm concentration in the storage area or found in its place of origin. Thus,
provide some insurance that genetic give hormones to germplasm to slow INTSORMIL scientists harvest most
diversity of a plant species will survive.  its growth. of their sorghum and pearl millet
Genetic diversity is a crucial factor To improve crop traits, scientists germplasm from Africa. As more
in food security. In fact, the U.S. all over the world store germplasm. uses of sorghum and pearl millet
Department of Agriculture’s National “INTSORMIL scientists have develop, scientists are also constantly
Germplasm Resources Laboratory stored and used germplasm as seed experimenting to find or develop
website says, “Well-documented since inception of the program,” varieties with higher yield potential for
plant genetic diversity in germplasm said John Yohe, Ph.D., director of more uses than just food grain—such
collections provides plant breeders and INTSORMIL. For example, these as for biofuel.
other scientists with the raw materials  scientists preserve germplasm in seed In effect, INTSORMIL scientists
necessary for crop improvement and form in dry, cold-storage places such store germplasm to make better grain.
other research efforts.” as a facility in Lubbock, Texas. This It’s like insurance for genetic diversity.
After harvesting germplasm, collection of sorghum, millet and o

scientists have several options to keep ~ other small-grain plant material has

Biodiversity of sorghum
in Kansas State
University breeding
plots in Manhattan,

Kan.
Photo by E.A. “Short” Heinrichs




Seed com

panies take

INTSORMIL science
to the world

reeding sorghum is like solving

a giant 1,000-piece puzzle. But

it’s a team effort.

The Texas AgrilLife

sorghum improvement
program at Texas A&M University
(TAMU) is the go-to place for seed
companies large and small, who sell to
farmers across the U.S. and the world.
Gary Peterson, Ph.D., an INTSORMIL
scientist, works with other INTSORMIL
researchers to develop sorghum in fields
in Puerto Rico and in Corpus Christi
and Lubbock, Texas. Each scientist adds
his or her expertise to the sorghum
plant, until the puzzle is complete.

The INTSORMIL program involves

Story by Alia Conley & Carolyn Johnsen

scientists and farmers from Africa and
Central America, but U.S. farmers also
benefit from the research. Scientists use
their discoveries to create new lines of
sorghum, and the seeds are available for
companies to buy.

According to Peterson, there’s not a
better group of people to help him solve
the puzzle.

“There has always been very good
camaraderie in the sorghum industry;
said Peterson, a professor of grain-
sorghum breeding at TAMU.

Companies who are INTSORMIL’s
clients help shape the breeding process
with comments and suggestions.
Donnie Swink, executive vice president

of Crosbyton Seed Company in
Crosbyton, Texas, buys sorghum
germplasm (sorghum DNA in the form
of seeds) for his company from TAMU.

“INTSORMIL is pretty important to
us,” Swink said. “It’s just another tool to
get better lines and better products out
to the U.S. farmers and the rest of the
world.”

TAMU, a widely respected name
in sorghum breeding, has the longest-
running program in the United States.
The program in Lubbock, Texas,
celebrated its 100th anniversary in
September 2010.

“TAMU has used the geographic
diversity of Texas and knowledge of
sorghum to produce germplasm that
has been widely used in the industry,”
Peterson wrote in an e-mail.

Sorghum originating in the TAMU
program and further developed by
private seed companies has been
extensively used by private industry.
Firm statistics are not available, since
companies can use the lines obtained
from TAMU either directly as hybrid
parents or as sources for their own
breeding programs. TAMU-released
lines with genes for improved grain
yield, adaptation, and resistance to
drought or disease or insects have
been used directly as parents for
many hybrids sold domestically or
internationally.

Once Peterson and his colleagues
create new sorghum with desirable
characteristics, such as insect- or

Dr. Gary Peterson displays a sorghum

hybrid generated in a breeding plot.
Photo by INTSORMIL
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disease-resistance, they plant the seeds
in fields near Texas cities associated
with TAMU, such as Lubbock and
Corpus Christi. Using a program on
his handheld computer, Peterson marks
and documents the different sorghum
plants in the fields to identify their
particular traits.

When the sorghum grain is mature,
seed company representatives visit
the fields once or twice a year to go
“shopping.” They evaluate each type of
sorghum and decide if they want to use
the germplasm in their own breeding
lines, which result in sorghum seed that
the companies sell directly to farmers.

Peterson said varying sizes of
companies use sorghum differently.

“If you're a larger company, you
have your own breeding program and
you would take germplasm and make
crosses into your own germplasm and
develop proprietary lines that are then
used to make proprietary hybrids,

something that only you have,” Peterson

said.

Companies must enter into
an agreement with TAMU to
commercialize a sorghum hybrid
with TAMU germplasm. Under this
“Material Transfer Agreement” (MTA),

24

Srghum breeding plots near Corpus Christi, Texas.

Photo by Alia Conley

companies pay royalties and fees to
TAMU.

TAMU germplasm is available to
sorghum breeders throughout the
world with an MTA.

“We can’t send anything out
to anybody without an MTA,”
Peterson said—even to INTSORMIL

collaborators and other public workers.
“Basically all they’re acknowledging is
that they got their material from us,”
Peterson said.

Peterson joined INTSORMIL in
1982, three years after the program
started. He said the release policy has
changed often, and the program must
adapt to the changes.

“It used to be, if someone wanted
seed we could just give it to them, but
we can’t do that anymore,” Peterson
said. “Now for the Texas program, if
somebody requests a line, whatever the
release policy was at the time that line
was released is the procedure that they
have to use to get that line.”

At shopping time, two to four
sorghum lines might be available for
companies to look at. Each company
looks for different traits, but all
companies want to increase sorghum
yield, because farmers receive money
based on how much sorghum they
produce.

“Seed quality is a big issue,” said
Swink, who is also general manager and
owner of Crosbyton Seed. “You can
have a good hybrid, but the seed quality
can be poor”

After yield and seed quality,
companies look for characteristics (or
traits) such as maturity, sustainability,
adaptation to other climates and
resistance to insects.

Peterson said Corpus Christi is a
good place for companies to pick out
sorghum because of the climate.

“It’s easier to select things in a sub-
tropic environment like Corpus Christi

Dr. Gary Peterson
holds two samples
of sorghum

grain: weathered
sorghum (left) and
non-weathered

sorghum (right).

Photo by Alia Conley
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has and move those into other sorghum
areas,’ Peterson said. “We’ve been able
to have an environment where the
selections will look good in a number of
other places.”

Only a few active sorghum-
breeding programs still operate in
the U.S. The programs are at TAMU,
Kansas State University, the University
of Nebraska-Lincoln and Purdue
University in Indiana. All are part of
the INTSORMIL program, and all are
land-grant universities.

Peterson said INTSORMIL allows
scientists to complete stable and
continuous research, something that’s
helpful because it can take six to ten
years to produce a new sorghum variety.

“Agriculture research is a long-term
endeavor,” Peterson said. “You really
can’t run a program that needs long-

term results on short-term grants.
INTSORMIL has enabled us to have a
long-term view.”

In the last 30 years, the TAMU
program has released a total of 1,115
sorghum lines to companies for sale to
farmers around the world.

Communication between
INTSORMIL and seed companies is
important so scientists can create what
companies are looking for. Swink
said TAMU is a primary source when
Crosbyton Seed Company looks for
new sorghum.

For example, Swink said his
company identifies what U.S., African
and Central American farmers need—
particularly to fight disease—and shares
that information with INTSORMIL
sorghum breeders.

Sorghum cultivars in a breeding plot near Corpus Christi, Texas.

“We give them information on what
we need help on,” Swink said.

Seed companies and farmers
understand that a germplasm might
not work out, and scientists will then
try another type of sorghum. If a plant
doesn’t produce an acceptable yield,
Peterson throws it away and plants
something new.

“Failure’s not a good word to use,”
Peterson said. “It’s trial and error. If we
knew exactly what plants to cross, we
could solve all problems.”

Although the risk for unsuccessful
germplasm exists, seed companies
still return to TAMU to buy sorghum
because of the connection with the
INTSORMIL program.

Photo by Alia Conley

“Agriculture research is a long-term endeavor...INTSORMIL has
enabled us to have a long-term view.”

— Gary Peterson,

Texas A & M University
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International collaboration
benefits sorghum farmers in
the Nicaraguan Dry Zone

Story by E. A. “Short” Heinrichs

cientists collaborating with

INTSORMIL have developed

an improved variety of

sorghum that gives farmers in

dry areas of Nicaragua a
bright economic and food-secure
future.

Tests in 40 farmers’ fields showed
that the new drought-tolerant variety,
called INTA Segovia, yields 23 percent
more grain than the best local variety
currently planted by farmers. INTA
Segovia should have a significant
economic impact on rural income in
Central American countries because
it produces well in drought-prone
regions—40 percent of the land area in
Nicaragua alone.

INTSORMIL collaborated
with scientists at INTA (Instituto
Nicaraguense de Tecnologia),

Texas A&M University and CENTA
(Centro Nacional de Tecnologias
Agropecuarias)-El Salvador to develop
INTA Segovia.

Farmers participating in the seed-
multiplication portion of this effort
will be taught the scientific methods
of seed production. The farmers
producing this certified seed will use
it to plant their own fields in 2012
and may sell the rest to other farmers,
to continue the distribution process.
Silverio Rios, who leads a farmers’
association that has tested INTA
Segovia and is producing more seed

for distribution to other farmers, said
he is excited about the variety’s large
heads, which contain an abundance of
high-quality, nutritious grain.
Sorghum is an important crop
grown on 59,000 hectares (about
145,800 acres) by 48,000 smallholder
farmers on Nicaragua’s drought-prone
hillsides. Sorghum is a key crop in
the battle against hunger in Central
America because it provides both food
for people and feed grain for poultry
and pigs. ¥

Silverio Rios,
leader of an
association of
farmers.

Heinrichs

Photo by E.A. “Short”
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Rene Clara Valencia by tall INTA Segovia sorghum.




U.S. Principal Investigators
in Central America

N icaragua

uatemala
_Costa Rica
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—- Guatemala

William Rooney (Texas A&M University)

Honduras

William Rooney, Lloyd Rooney (Texas A&M University)

Nicaragua

Joe Hancock (Kansas State University), Lloyd Rooney, William Rooney

—El Salvador

Joe Hancock, Lloyd Rooney, William Rooney

—~Costa Rica

William Rooney

—Panama

William Rooney

~ Haiti

William Rooney
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Plant

major goal of INTSORMIL
plant breeders is to develop
grain varieties with genetic
traits that enable plants to
resist or repel damage
from insects, weeds, disease and
drought. The scope of the threat is
global: More than 100 insect pests
attack sorghum and millet in the field
and storage; insects that attack these
crops in the field consume leaves,
break stalks and kill young plants;
larvae of the sorghum midge, for
example, can cause 100 percent loss
of grain. Worldwide, insect pests
destroy 35 percent of stored grain. The
seven stories in this section further
quantify the challenges and profile
INTSORMIL scientists who specialize
in developing sorghum and millet
varieties to resist the many threats to
food security posed by insects, weeds,
disease and drought. These stories
explain or explore:

* Biotic and abiotic stress.

« The work of Bonnie Pendleton,
Ph.D., West Texas A&M University
professor and INTSORMIL’s U.S.
entomologist (insect scientist), who
has collaborated with scientists in
10 African countries to develop
“ecologically based technologies that
will decrease loss by insects in the
field and storage, reduce pesticide
use, conserve soil and water without

Rene Clara Valencia, INTSORMIL Central

America Host Country Regional Coordinator,

observing the performance of elite sorghum
cultivars in El Salvador.

Photo courtesy of Rene Clara Valencia

Protection

contamination by pesticides, and
increase yield of food and feed for
domestic use and income from
marketing.” Pendleton’s distinguished
career includes 186 publications and
nearly 300 presentations at regional,
national and international scientific
meetings.

* Drought tolerance.

* The “internationally important
disease” of downy mildew and what
INTSORMIL scientists are doing to
fight it.

# The work of INTSORMIL
scientist John Leslie, Ph.D., a Kansas
State University professor, to control
mold in stored grain, particularly in
finger millet, which is often used to
produce a weaning food for children,
whose development can be affected by
exposure to mold toxins.

* The life and work of INTSORMIL
scientist Gebisa Ejeta, Ph.D., a plant
breeder at Purdue University who
won the prestigious World Food
Prize in 2009. (The World Food
Prize Foundation gave INTSORMIL
permission to reprint this story and its
accompanying photographs.)

* The final story describes one focus
of Ejeta’s work—the parasitic weed
Striga and the threat it poses to grain
crops worldwide.

— By Carolyn Johnsen
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Biotic & abiotic
stresses imperil

INTSORMIL crops

Story by Alia Conley

atthew comes home,

stressed out because he’s in

a fight with his girlfriend

and his boss yelled at him.

Matthew throws his keys
on the kitchen table, where a small plant
is dying because insects are attacking
and eating it.

Stress exists for plants just as for
humans; while stresses for humans can
include relationship problems and loud
noises, stresses on crops include disease,
insect pests and weather.

In physics, stress is pressure or
tension applied to an object. For
example, when a heavy weight pushes
on a metal bar, a physical result should
occur, like the bar bending. Likewise, a
weak plant can wilt or break if a strong
gust of wind hits it.

But stress is often more complicated
for plants. In biology, the definition
of stress is “a departure from optimal
physiological conditions,” according
to Leon Higley and Robert Peterson,
authors of the book “Biotic Stress and
Yield Loss.” Plant stress occurs when
abnormal conditions force plants to
change in order to survive.

The two types of plant stress—
biotic and abiotic stress—are easy to
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distinguish: Think of “bio” (a prefix
meaning “life”) and “a” (a prefix
meaning “not”). Biotic stress occurs
when living organisms such as
bacteria, viruses and fungi damage
plants. Abiotic stress occurs when
nonliving factors harm plants.
Abiotic stress includes environmental
elements, such as drought, excessive
heat, high winds and nutrient
deficiency.

Both biotic and abiotic stresses
can harm sorghum, millet and other
plants grown as crops in Africa,
Central America and the U.S.

For INTSORMIL scientists,
understanding how these stresses
affect plants is essential in order to
research ways to prevent stress on
plants. So INTSORMIL scientists
are at work breeding sorghum and
millet with improved resistance
to stresses like Striga and drought.
This breeding effort is the focus of
six INTSORMIL projects, according
to the program’s 2009 report. By
creating top-notch, stress-resistant
plants, INTSORMIL scientists can
decrease the chances of biotic and
abiotic stressors killing crops that are
essential to food security. ¥

Example of a termite tube, which is

a biotic stress for crops.
Photo by INTSORMIL




The fight against

onnie Pendleton, Ph.D,, lifted

the large, pyramid-shaped

cage to reveal three containers

filled with soil and developing

sorghum plants. She leaned
low to peer closely at each plant.
Pendleton, a professor of integrated
pest management-entomology at West
Texas A&M University, was checking
for damaged leaves. Any red or yellow
spots? Dead leaves?

“Not ready yet,” she said of the
growing plants. “It’ll be a few more
days before we rate them.”

Pendleton then watered the
plants and spoke to one of her
graduate students, Suhas Vyavhare.
Pendleton devotes much of her time
to mentoring students and supervising
their research, which supports her
own research on insect pests of
sorghum and millet. In this WTAMU
greenhouse, Pendleton rates sorghum
lines for resistance to greenbug aphids.

“What I mostly spend my time
doing is trying to manage some of
the worst pests without just using
chemicals on them,” Pendleton said.

Finding ways to manage insects
without insecticides is an important
INTSORMIL goal both in the U.S.
and in the African countries where
Pendleton works. Many African
farmers can’t afford pesticides or
sometimes can’t understand the
directions and end up using the
chemicals improperly, Pendleton
said. Environmental factors, like
drought, also come into play.

Pendleton’s research team
studies plant and insect biology to
identify methods that farmers can
use to control the pests, like clearing
weeds near sorghum fields to keep
insects away.

Insect pests

Photos and story by Jamie Klein

One of her students discovered
that greenbug aphids—insects with
piercing, sucking mouthparts that live
on sorghum leaves—live longer and
reproduce more offspring sooner in
their lifetimes in the summer, when
the sun is out longer. That means
Pendleton can tell farmers that a
mild, sunny winter could lead to an
infestation of greenbug aphids—
something that farmers can fight with
methods other than insecticides.

Pendleton’s project, “Ecologically-
Based Management of Sorghum and
Pearl Millet Insect Pests in Africa and
the United States,” focuses on the
INTSORMIL goal to help farmers
prosper economically by managing
insects that damage the yield and
quality of sorghum and millet. The
project also aims to enhance the
marketability of sorghum and millet
by improving the nutritional quality of
the grain.

Pendleton uses integrated pest
management (IPM) strategies in
developing ways to manage insects and
increase the yield potential of crops.
For example, she has learned that,
to manage insect pests, knowledge
about insect life cycles can help
farmers choose IPM methods like
intercropping (such as planting grasses
among sorghum and millet plants to
draw insect pests away from the crops),
rotating crops and changing planting
dates.

Pendleton and her team have
studied millet head miner, sorghum
midge, different types of aphids, stalk
borers and storage beetles. Pendleton
conducts her research in labs and fields
in Texas and in western Africa, where
she is one of two coordinators for
INTSORMIL’s regional program.

In addition to supporting
Pendleton’s IPM research, the
INTSORMIL project also supports

Dr. Bonnie Pendleton waters sorghum seedlings.




pest-management research and
education of scientists in African
countries and students in both Africa
and the U.S.

While working toward the
INTSORMIL goals, Pendleton teaches
her students as much as she can along
the way. She wants them to know “it’s
possible to collect data, get a result and
publish.” Pendleton said she measures
her project’s progress through her
students: If they are successful, she
feels her mentoring, teaching and
research are successful.

“What I mostly spend my time doing is trying to manage
some of the worst pests without just using chemicals on

them.”

Suhas Vyavhare moved to Canyon,
Texas, from India to work on his
master’s degree with Pendleton.

His research concerns maize (corn)
weevils, pests that damage stored
sorghum grain. Maize weevils can also
infest sorghum kernels in fields, but
are most damaging in storage units.
The insects can eat their way into
sorghum grain and deposit eggs that
hatch into larvae that eat the inside of
the grain.

Vyavhare, whose master’s work is
partially sponsored by INTSORMIL,
said he chose maize weevils as his
research focus because, while growing
up in India, he saw them attacking
sorghum in storage facilities.

“Working with Dr. Pendleton is a
great learning experience,” Vyavhare
said. “She always wants us to improve.
She believes in the practical thing: You
may make a mistake the first or second
time, but she knows it will get better.”

Pendleton’s students typically have
positive things to say about their soft-
spoken mentor. Zachary Eder from
Victoria, Texas, attended West Texas
A&M University because of Pendleton.
He wanted to do applied research—
that is, research that could directly, and
immediately, be helpful to farmers.
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“I came here specifically for
application research. It’s one thing to
tell farmers to wait five to 10 years for
a seed,” Eder said. “It’s another when
we can tell you when to plant and
when to harvest just by telling you how
the insect lives.”

He studies yellow sugarcane
aphids, which aren’t a nuisance
every planting season; when they
do attack sorghum, they can create
a lot of damage quickly, Eder said.
The damage can sometimes be
misdiagnosed as frost damage: The

— Bonnie Pendleton
West Texas A&M University

leaves have spots that turn bright
purple and yellow and then die within
only a few days of infestation.

Of Pendleton, Eder said, “She’s
very down to earth and has a huge
willingness to help.” Vyavhare said
even though Pendleton has other
students, other projects and other
assignments, she still finds time to help
him with his research if he needs it.

“She does everything. She’s
everywhere,” Eder said. “She has
the heart of a teacher and she uses
it” Pendleton’s website says she
has taught university courses for
30 years; at the same time, she has
contributed to INTSORMIL's research
and collaboration goals since she was
a doctoral student in entomology at
Texas A&M University in 1985.

Hamé Abdou Kadi Kadi, an
entomologist in Niger, has worked
with Pendleton on different levels for
26 years. Pendleton was a teaching
assistant in classes he took at Texas
A&M in College Station. Now she
is his American collaborator for
INTSORMIL projects. In her 2009
report, Pendleton credited Kadi
Kadi for teaching farmers in Niger
“identification, biology, and ecology
of millet head miner and sorghum

midge.”

Kadi Kadi described his
relationship with Pendleton as
irreplaceable.

“From my perspective, I would say
she is all to me,” Kadi Kadi said. “You
can’t even describe how the person is
to you, there is no such word. So to
speak Africa language and say, ‘She is
all to me.”

From critiquing his reports
through e-mails to providing a
computer for Kadi Kadi, Pendleton has
tried to help him anyway she could.
Pendleton said he helps her, too, by
being another entomologist for her to
bounce ideas off of or to learn about
insects in different habitats. “For all
of us to develop, you can’t work by
yourself,” she said.

Pendleton’s list of activities and
interests is a long one. She teaches
economic entomology, a class about
insects and their effects on humans, to
56 students twice a week, supervises
five graduate students’ research and
academic work, serves on 65 local and
national professional committees,
writes reports and works on her
INTSORMIL research as a western
Africa coordinator for INTSORMIL.
She and Bruce Hamaker, Ph.D., of
Purdue University coordinate the
regional program with 21 scientists
in five western African countries.
Hamaker and Pendleton also
collaborated to organize the 2010
INTSORMIL West Africa meeting,
where U.S. scientists and their
collaborators from the region met
to update each other on research.
Pendleton’s presentation at the
meeting included brief overviews of
research by her African collaborators
and by her students. She told scientists
at the meeting about progress in
studies of millet head miner, sorghum
midge, aphids and stalk borers.

Despite all her work in academics
and research, Pendleton said she is
rarely stressed.

“What I do I never really find
stressful mostly because I believe in
what I do,” Pendleton said. “I'm used
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to being busy. I'd probably be stressed
if I had nothing to do.”

Pendleton said sorghum plants
have 100-120 insect pests, so there is
always something to study.

“There are so many insects in the
world that it’s difficult to know hardly
anything about any insects, so there is
plenty of work to be done,” she said.
Insects are always a part of Pendleton’s
life: For example, she founded and
coaches the winning WTAMU
Linnaean (entomology quiz) Team
and presents educational programs on
insects for school children and teachers
and for 4-H and FFA.

Pendleton has insect books or
small insect toys all over her office in
Canyon, Texas. She also usually wears
some type of an insect representation,
like a ladybug ring or brooch. She
collects more insect paraphernalia on
her frequent travels—for example, to

Africa two to four times a year.

“T'd have to look in my passport,”
she said. “I think I’ve been to Mali
maybe 13 times.” Pendleton’s website
says she has visited 40 countries and
all U.S. territories and states except for
New England.

Pendleton’s mentor and major
professor of her Ph.D. committee at
Texas A&M University, Dr. George
L. Teetes, was a part of INTSORMIL
research before the name became
official in 1979. After Teetes retired,
Pendleton submitted her own proposal
to INTSORMIL for funding, which
was granted in 2002. Pendleton said
she took over where Teetes left off and
still follows many of the practices he
taught her.

“He taught me all kinds of
techniques,” she said. “I even file my
papers the way he used to file them.
He was super efficient.”

Pendleton said there were times
when she had no idea how they could
finish all their work. Teetes would
simply say, “We’ll get it all done.” And
they would.

“He taught me to be calmer
because it all does work out,” she said.

Pendleton said studying with
Teetes and continuing his research was
a natural result of what she had been
working toward her whole life. When
she was 13 and choosing what courses
to take in high school, Pendleton knew
she wanted to get a Ph.D. and teach
science at the university level.

Pendleton received her bachelor’s
in biological sciences and chemistry
and master’s in anthropology from
California State University, where
many of her relatives also studied. She
received her Ph.D. in entomology from
Texas A&M University. ™
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Drought tolerance

Story by Kate Veik

orghum is no Superman.
Sorghum has proved to be

more tolerant of drought than

cereals more common to the

United States such as maize
(corn), wheat and barley, but
prolonged water shortage still affects
sorghum crops.

In a sense, drought affects
sorghum’s ability to breathe. All
plants have stomates--little pores like
those on human skin. In the process
of photosynthesis, plants use their
stomates to exchange oxygen for
carbon dioxide. The plant turns the
carbon dioxide into sugar for energy,
thus promoting plant growth.

Drought essentially plugs the
stomates, stunting the growth and

yield of the sorghum, according

to William Rooney, Ph.D., an
INTSORMIL scientist and professor
of sorghum breeding and genetics at
Texas A&M University.

“It’s like closing your nose or
your mouth,” Rooney said. “You can’t
breathe.”

When the stomates are plugged,
the plant has less energy to burn.
Instead of growing, sorghum’s task
becomes retaining water merely to
survive, so the plant’s growth either
slows or the sorghum dies.

In his 2009 report for
INTSORMIL, Rooney described
sorghum as grown in Central America,
where he is INTSORMIL regional
coordinator: “The crop is typically

Sorghum in the highlands of Central America where drought is especially severe.

grown in the dry season due to its
enhanced drought tolerance and
ability to produce a crop under limited
water availability.”

INTSORMIL scientists like
Rooney are increasing drought
tolerance in sorghum by breeding
sorghum lines with traits that scientists
know enhance drought resistance.

For example, the staygreen trait
keeps the sorghum plant alive in a
drought after the plant has started
to produce grain, or flowered. By
integrating the staygreen trait into
sorghum lines, INTSORMIL scientists
can help to increase the yield and
quality of sorghum crops in areas that
experience consistent and crippling

S

drought. ¥

Photo by Rene Clara Valencia
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Sorghum downy mildew

Story by Jamie Klein

mall white fuzzy splotches

or light-and-dark streaks of

green on sorghum leaves are

disconcerting to farmers and

crop scientists because they
point to sorghum downy mildew, an
infectious disease that reduces the
amount of grain produced by a field of
sorghum.

Growing sorghum that resists
downy mildew is a goal that
INTSORMIL scientists hope to achieve
through worldwide research efforts.

Although sorghum is
internationally grown, it is a staple
food in the diets of many Africans.

Farmers in Africa grow sorghum
to feed their families and livestock,
so downy mildew’s ability to reduce
the crop’s yield is a major concern,
said Gary Odvody, Ph.D., an associate
professor of sorghum and corn
diseases at Texas A&M Research and
Extension Center.

The fungus that causes sorghum
downy mildew is borne in soil and, if
sorghum plants aren’t around to be
infected, remains in the soil between
farming seasons, said Odvody, a
former INTSORMIL scientist. When
a susceptible sorghum plant is nearby,
spores from the fungus infect sorghum
roots and grow with the plant.

Symptoms of downy mildew,
including multi-colored leaves with
fuzzy white spots underneath, are
noticeable three or four weeks after
the sorghum sprouts from the ground,
Odvody said.

“We look at it as a mosaic pattern
of light-colored cells and green cells of
the host,” he said.

The sorghum leaves may also
have alternating parallel stripes of
green and yellowish-green to white
tissue; leaves with the lighter stripes
eventually die, according to a website

of the University of Nebraska-Lincoln
Department of Plant Pathology.

Infected plants probably die
without producing any grain, Odvody
said.

“INTSORMIL sorghum breeders,
other INTSORMIL scientists and
their international collaborators are
growing sorghum from various genetic
backgrounds and testing them for
downy-mildew resistance both in the
U.S. and internationally,” Odvody said.
“If sorghum breeders can identify
which types of sorghum are resistant
to downy mildew, then it’s possible to

create resistant sorghums for farmers
to use around the world. “

For that reason, Odvody said,
sorghum downy mildew is an
“internationally important disease.”

An example of

sorghum downy
mildew.
Photo by Gary Odvody,

former INTSORMIL scientist
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Moldy grain

Story by Jenna Gibson, Carolyn Johnsen and Kate Veik

n African farmer looks

over his yield. Most of the

sorghum looks healthy, but

a few grains are blackened

with mold. The farmer
can’t sell the moldy grain, but he needs
to get as much money as possible for
his crop.

“Many times a grain trader comes
to the village and is interested in
buying grain that the farmers have
harvested,” said John Leslie, Ph.D.,

a plant pathologist at Kansas State
University.

But the trader wants to buy only
the good grain. The farmer needs
cash, so he sells the good grain and
saves the moldy grain for his animals
and family to eat.

An example of healthy grain on the left

and moldy grain on the right.
Photo courtesy of Gary Odvody,
former INTSORMIL scientist

For African subsistence farmers,
moldy grain may be the only option
for food—a serious food-security
concern.

Leslie and his INTSORMIL
collaborators are researching ways to
limit the effects of mold on sorghum
and millet grain. This goal is directly
related to INTSORMILs efforts to
increase food security in Africa.

Mold in grains can release
poisonous chemicals called aflatoxins.
Aflatoxins in the body affect particular
organs, especially the liver. High doses
of the toxins received over a few days
or weeks can cause death, usually
through liver malfunction. In small
doses over a longer period of time, the
chemicals can induce cancer or weaken
the immune system, leaving people
more open to other infections, Leslie
said.

Mold can cause problems even
for people who don’t directly eat

contaminated cereal grains. Some of
the toxins produced by fungi in moldy
grains, if eaten by animals, can be
passed on. So a cow that eats moldy
grain can produce contaminated milk
that makes people sick. Mothers can
pass on these toxins to infants through
breast milk.

Mold is particularly a problem
in Africa because of the climate.
Aflatoxin-producing mold commonly
grows in places where daytime
temperatures are greater than 90
degrees Fahrenheit, where humidity
is above 80 percent or where plants
are particularly stressed by insects or
drought.

Worldwide, losses due to

grain mold are estimated at $130
million annually, according to one
INTSORMIL report. Leslie said

another study showed a cost of

$1.5 billion to the U.S. economy for
controlling mycotoxin, the food-
contaminant category that includes
aflatoxin. But sorghum and millet—
grains traditionally grown in Africa—
may offer some hope.

Leslie said dangerous mold affects
sorghum and millet less than other
grains like maize (corn). In studies
with colleagues from INTSORMIL
and the International Institute for
Tropical Agriculture, Leslie measured
aflatoxin levels in grain samples. The
international cutoff for acceptable
levels of aflatoxin in grain is 20 parts
per billion. The studies, which looked
at grain from plants grown side
by side in a field in Nigeria, found
74 percent of the harvested maize
samples were unacceptable. But only
13 percent of sorghum samples and
none of the millet samples were too
highly contaminated to be sold in the
international market.

“In terms of food safety, these
results are potentially very important
because it means, in general, that
sorghum and millet are safer food
than maize,” he said. “Effectively, it
looks like sorghum is a healthier diet
than maize, at least in terms of toxin
consumption.”

Scientists may not know why
mold attacks maize more than other
cereal grains, but they do know that
in African climates, reducing mold
exposure and educating farmers is
essential to preventing mold-related
health problems.

A recent complicating factor is
that some agricultural development
agencies are encouraging African
farmers to plant short-season maize
crops in drier areas.



“We’ve been trying to tell the aid
agencies that it’s not a good idea to
encourage this practice,” Leslie said.
“And we’ve been trying to develop
crystal-clear evidence to document
that.”

The more that maize becomes the
food staple, the more people will be
exposed to moldy grains and the toxins
they contain, Leslie said. An important
focus for INTSORMIL researchers, he
said, is to convince farmers and food
processors to use sorghum and millet
rather than maize.

Farmers can identify and separate
moldy grains from good ones, Leslie
said, and by avoiding the blatantly
moldy grains, farmers can reduce their
toxin exposure by 90 to 95 percent.

A cl-ose-up of healthy grain on the left and moldy grain on the right.

Despite the warnings, many farmers
will continue to sell all their good grain
because they need the money. Aslong
as food security is an issue, someone
will be willing to eat the contaminated
grain and risk health problems later to
avoid starving today. So INTSORMIL
researchers like Leslie are focusing on
increasing the resistance of sorghum
and millet to mold and reducing the
reliance on maize.

“The general conclusion is that
sorghum and millet are preferable
to maize because maize poses such a
health risk due to toxin contamination
in these hot dry areas,” Leslie said.
“That should be the main message that
comes through.” "+

Photo courtesy of Gary Odvody, former INTSORMIL scientist
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Dr. Gebisa Ejeta holds the 2009 World Food Prize sculpture.
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~ World food prize confirms
impact of scientist’s research

Story courtesy of the World Food Prize Foundation

Ethiopia

The 2009 World Food Prize
was awarded to Gebisa Ejeta,
Ph.D., of Ethiopia, whose sorghum
hybrids resistant to drought and
the devastating Striga weed have
dramatically increased the production
and availability of one of the world’s
five principal grains, enhancing the
food supply of hundreds of millions of
people in sub-Saharan Africa.

Background on Problem

The greatest biological
impediment to food production in
Africa — the deadly parasitic weed
Striga, known commonly as witchweed
— devastates yields of crops, including
maize (corn), rice, pearl millet,
sugarcane and sorghum, thus severely
limiting food availability. A 2009 U.N.
Environmental Programme report
estimated that Striga plagues 40% of
arable savannah land, affecting the
food security of 100 million people in
Africa.

Personal Background

Born in 1950, Gebisa Ejeta grew
up in a one-room thatched hut with
a mud floor, in the rural village of
Wollonkomi in west-central Ethiopia.
His mother’s deep belief in education
and her struggle to provide her son
with access to local teachers and
schools provided the young Ejeta with
the means to rise out of poverty and
hardship. She made arrangements for
him to attend school in a neighboring
town. Walking 20 kilometers every
Sunday night to attend school during
the week and then back home on
Friday, Ejeta rapidly ascended through
eight grades and passed the national

exam qualifying him to enter high
school.

Ejeta’s high academic standing
earned him financial assistance and
entrance to the secondary-level
Jimma Agricultural and Technical
School, which had been established
by Oklahoma State University under
the U.S. government’s Point Four
Program. After graduating with
distinction, Ejeta entered Alemaya
College (also established by OSU and
supported by the U.S. Agency for
International Development) in eastern
Ethiopia. He received his bachelor’s
degree in plant science in 1973.

In 1973, his college mentor
introduced Ejeta to a renowned
sorghum researcher, John Axtell, Ph.D.,
of Purdue University, who invited him
to assist in collecting sorghum species
from around the country. Axtell was
so impressed with Ejeta that he invited
him to become his graduate student
at Purdue University. This invitation
came at a time when Ethiopia was
about to enter a long period of
political instability which would keep
Ejeta from returning to his home
country for nearly 25 years.

Ejeta entered Purdue in 1974,
earning his Ph.D. in plant breeding
and genetics. Upon completing his
graduate degree, Ejeta accepted a
position as a sorghum researcher at the
International Crop Research Institute
for the Semi-Arid Tropics (ICRISAT)
office in Sudan.

Ejeta later became a faculty
member at Purdue, where today he
holds a distinguished professorship
(Distinguished Professor of Plant
Breeding & Genetics and International
Agriculture).

Achievements

During his time at ICRISAT, Ejeta
developed the first hybrid sorghum
varieties for Africa, which were
drought-tolerant and high-yielding.
With the local importance of sorghum
in the human diet (made into breads,
porridges and beverages), and the vast
potential of dry-land agriculture in
Sudan, Ejeta’s drought-tolerant hybrids
brought dramatic gains in crop
productivity and also catalyzed the
initiation of a commercial sorghum
seed industry in Sudan.

His Hageen Dura-1, as the
hybrid was named, was released in
1983 following field trials in which
the hybrids out-yielded traditional
sorghum varieties by 50 to 100 percent.
Its superior grain qualities contributed
to its rapid spread and wide acceptance
by farmers, who found that yields
increased to more than 150 percent
greater than local sorghum, far
surpassing the percentage gain in the
trials.

Ejeta’s dedication to helping
poor farmers feed themselves and
their families and rise out of poverty
propelled his work in leveraging
the gains of his hybrid breeding
breakthrough. He urged the
establishment of structures which
could monitor production, processing,
certification and marketing of
hybrid seed — and farmer-education
programs in the use of fertilizers,
soil and water conservation, and
other supportive crop management
practices.

By 1999, one million acres of
Hageen Dura-1 had been harvested by
hundreds of thousands of Sudanese
farmers, and millions of Sudanese
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had been fed with grain produced by
Hageen Dura-1.

Another drought-tolerant
sorghum hybrid, NAD-1, was
developed for conditions in Niger by
Ejeta and one of his graduate students
at Purdue University in 1992. This
cultivar has had yields 4 or 5 times the
national sorghum average.

Using some of the drought-
tolerant germplasm from the hybrids
in Niger and Sudan, Ejeta also
developed elite sorghum inbred lines
for the U.S. sorghum hybrid industry.
He has released over 70 parental
lines for the U.S. seed industry’s use
in commercial sorghum hybrids in
both their domestic and international
markets.

Ejeta’s next breakthrough came
in the 1990s, the culmination of
his research to conquer the Striga
weed. Previous attempts by African
sorghum farmers to control the deadly
weed, including crop management
techniques and application of
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Dr. Gebisa Ejeta, Dr.John Yohe and two Et}l]pian farm oys in a field at an integrated Striga management oshop field trip. I

herbicides, had failed until Ejeta and
his Purdue colleague Larry Butler,
Ph.D., formulated a novel research
paradigm for genetic control of this
scourge. With financial support
from the Rockefeller Foundation and
USAID, they developed an approach
integrating genetics, agronomy
and biochemistry that focused on
unraveling the intricate relationships
between the parasitic Striga and the
host sorghum plant. Eventually,
they identified genes for Striga
resistance and transferred them into
locally adapted sorghum varieties
and improved sorghum cultivars.
The new sorghum also possessed
broad adaptation to different African
ecological conditions and farming
systems.

The dissemination of the
new sorghum varieties in Striga-
endemic African countries was
initially facilitated in 1994 by Ejeta,
working closely with World Vision
International and Sasakawa 2000.

Photo by INTSORMIL

Those organizations coordinated a
pilot program with USAID funding
that distributed eight tons of seed
to Eritrea, Ethiopia, Kenya, Mali,
Mozambique, Niger, Rwanda, Senegal,
Somalia, Sudan, Tanzania and
Zimbabwe. The yield increases from
the improved Striga-resistant cultivars
have been as much as four times the
yield of local varieties, even in areas of
severe drought.

In 2002-2003, Ejeta introduced
an integrated Striga management
(ISM) package, again through a pilot
program funded by USAID, to deploy
in Eritrea, Ethiopia and Tanzania along
with the Striga-resistant sorghum
varieties he and his colleagues had
developed at Purdue. This ISM
package achieved further increased
crop productivity through a synergistic
combination of weed resistance in the
host plant, soil-fertility enhancement
and water conservation.

T S T e i WA T, TR g e
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Honors, Awards &
Positions Held

Less than a month after receiving
the 2009 World Food Prize, Gebisa
Ejeta received his home country’s
highest honor: Ethiopia’s President,
H.E. Ato Girma Woldegiorgis awarded
Ejeta the National Hero Award, the
first time the nation’s highest honor
had been given to an Ethiopian for
work in science and technology.

Ejeta has served on various science
and program review panels, technical
committees, and advisory boards
of major research and development
organizations. These include the
international agricultural research
centers (IARCs), the Rockefeller
Foundation, the Food and Agriculture
Organization (FAO) of the United
Nations, and numerous national
and regional organizations in Africa.
He was a member of the team that
launched the Alliance for Green
Revolution in Africa and has served as
a member of the Science Council and
Consortium Board of CGIAR. Heis a

board member of the Sasakawa Africa
Program and currently serves as special
advisor to USAID Administrator Rajiv
Shah, Ph.D.

Ejeta is a Fellow of the American
Association for the Advancement of
Science, a Fellow of the Crop Science
Society of America, and a Fellow of the
American Society of Agronomy.
Legacy

By partnering with leaders and
farmers across sub-Saharan Africa
and educational institutions in the
U.S. and abroad, Ejeta has personally
trained and inspired a new generation
of African agricultural scientists that is
carrying forth his work.

Ejeta’s scientific breakthroughs
in breeding drought-tolerant and
Striga-resistant sorghum have been
combined with his persistent efforts
to foster economic development and
the empowerment of subsistence
farmers through the creation of
agricultural enterprises in rural Africa.
He has led his colleagues in working
with national and local authorities

Four graduate students work with Dr. Gebisa Ejeta in a Purdue University greenhouse.
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and nongovernmental agencies so

that smallholder farmers and rural
entrepreneurs can catalyze efforts to
improve crop productivity, strengthen
nutritional security, increase the value
of agricultural products and boost the
profitability of agricultural enterprise
— thus fostering profound impacts on
lives and livelihoods on a broader scale
across the African continent.

“Dr. Ejeta’s accomplishments
in improving sorghum illustrate
what can be achieved when cutting-
edge technology and international
cooperation in agriculture are used
to uplift and empower the world’s
most vulnerable people,” said Norman
E. Borlaug, Ph.D., founder of the
World Food Prize. “His life is as an
inspiration for young scientists around
the world.

In response to the National Hero
Award, Ejeta announced that he will
use his $250,000 World Food Prize to
establish an educational foundation
aimed at assisting Ethiopian and other
African children. -

Photo by Agricultural Communications, Purdue




Striga infests sorghum

Story by Alia Conley

armers hope that Striga, a

parasitic plant, never attacks

their crops.

Acting like a leech, Striga

steals nutrients from a host
plant. Striga is deadly because of the
aggressive, unique way it weakens
crops directly, unlike other weeds,
which compete with crops only
for space, water, sunlight and soil
nutrients.

Also known as “witchweed,” Striga
is one of the worst enemies for cereal
crops such as maize (corn), millet, rice
and sorghum, said Charles Wortmann,
Ph.D., an INTSORMIL scientist at the
University of Nebraska-Lincoln.

“Many sub-Saharan African
countries have it. [t’'s common in Asia,’
Wortmann said. “It’s widely occurring
in warmer areas from 25 degrees
latitude or closer to the equator.”

Striga (pronounced “STRY guh”)
spreads to sorghum crops through
“contaminated seed and equipment,
surface run-off, eroded soil, wind,
animals and people,” according to
the African Agricultural Technology
Foundation. Each Striga plant can
produce up to 50,000 seeds, which are
tiny and easily scattered.

Striga seeds can stay inactive for
up to 20 years, and become active
only in the presence of roots of plants,
such as sorghum, that stimulate
germination.

The battle starts once Striga
attaches itself to a sorghum root.
Striga’s own roots use a special tip
called a haustorium to invade the
sorghum root and suck nutrients from
the plant, like a straw.

Striga weakens sorghum because
the crop wastes energy by providing
the weed with nutrients, according to
the U.S. Department of Agriculture.
Striga-infested sorghum is less
productive, weaker and yields less
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grain because Striga robs all the crop’s
resources. Striga also inhibits plant
height and discolors sorghum.

Striga infests about 100 million
hectares (247 million acres) of field
crops in sub-Saharan Africa, says
a report by Gebisa Ejeta, Ph.D., an
INTSORMIL scientist and professor of
agronomy at Purdue University.

Striga grows best in low-moisture
climates and in soils with low fertility.
The weed was once a problem in the
U.S., but U.S. farmers have mostly
eradicated it, said Wortmann, an
associate professor of soil science at
UNL. The USDA website identifies
only three states in the U.S. that have a
form of Striga: North Carolina, South
Carolina and Florida.

But the situation is much different
in Africa where, according to the U.N.,
Striga causes crop losses of 40 percent,
and reduces the food security of 100
million African people.

One sign of Striga’s presence in a
sorghum field is plants that fold and
wither even though they are receiving
enough moisture. When farmers
plant sorghum year after year on the
same land without rotating crop types,
Striga can attack more easily. The
U.N. Development Program reports
that Striga is spreading, at least in
part because of farming practices:

“land pressures cause farmers needing
to feed their families to opt for
continuous cropping of the higher
yielding cereal crops without rotation
or moving to other land.”

As Striga matures, yellow-green
stems will emerge above ground four
to seven weeks after the first attack
on the sorghum, according to the Pan-
African Striga Control Network. The
stems produce red flowers two weeks
later, and numerous seedpods develop.
When seeds scatter, the cycle begins
again.

“You can get quite high densities
of Striga in the field,” Wortmann said.
“The seed does persist for a number of
seasons and a number of years so it’s
a problem that’s difficult to get rid of
once you have it.”

Consequently, INTSORMIL
scientists are developing Striga-
resistant strains of sorghum. In fact,
Gebisa Ejeta won the World Food
Prize largely because his sorghum
hybrids “resistant to drought and
the devastating Striga weed have
dramatically increased the production
and availability of one of the world’s
five principal grains, enhancing the
food supply of hundreds of millions of
people in sub-Saharan Africa.”

Striga infesting a

4 sorghumplant.
. Photo by INTSORMIL
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U.S. Principal
Investigators in Africa

Mali

Senegal

Ethiopia

Ghana

N igeria{

Tanzania

Zambia

© Mozambique

Botswana
South Africa



- Mali

Bruce Hamaker, John Sanders & Mitchell Tuinstra
(Purdue University); Joe Hancock, John Leslie,
Vara Prasad, Scott Staggenborg & David Mengel
(Kansas State University); Bonnie Pendleton
(West Texas A&M University); Jeffrey Wilson (U.S.
Department of Agriculture)

- Niger

Bruce Hamaker, Joe Hancock, Bonnie Pendleton,
Vara Prasad, Scott Staggenborg, David Mengel,
John Sanders, Mitchell Tuinstra

-Senegal

Bruce Hamaker, Joe Hancock, John Sanders,
Jeffrey Wilson

-Ethiopia

Gebisa Ejeta (Purdue University),
Charles Wortmann (University of Nebraska-Lincoln)

Burkina Faso

Bruce Hamaker, Vara Prasad, Scott Staggenborg,
David Mengel, John Sanders, Mitchell Tuinstra,
Jeffrey Wilson

Ghana

-Kenya

Gebisa Ejeta, John Leslie

- Uganda

Vara Prasad, Scott Staggenborg, David Mengel

Gebisa Ejeta, Charles Wortmann

Nigeria
Bruce Hamaker, Joe Hancock, Iro Nkama

(University of Maiduguri), Ignatius Angarawai (Lake
Chad Research Center)

- Tanzania

Gebisa Ejeta, Mark Erbaugh, Curtis Weller
(University of Nebraska-Lincoln), David Jackson,
John Leslie, Don Larson, Charles Wortmann

- Mozambique

- Zambia

Mark Erbaugh & Donald Larson (The Ohio State
University), David Jackson (University of Nebraska-
Lincoln), Gary Peterson (Texas A & M University),
Jeffrey Wilson

Bonnie Pendleton, Gary Peterson,
Charles Wortmann

- Botswana

Joe Hancock, Bonnie Pendleton, Gary Peterson,
Mitchell Tuinstra, Jeffrey Wilson

South Africa

Gary Peterson, Don Larson, Mark Erbaugh,
John Leslie, Lloyd Rooney, Bonnie Pendleton
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