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Quick Look at the Historical Role of Agriculture 

(although most of us never think about it!!) 

Second, improving biological productivity of developing 
country farmers is critical to agricultural development.  

Finally, genetic enhancements (by whatever means) 
have been and remain critical to improvements in 

biological productivity. 

Developing agriculture is the most effective and least 
objectionable route to achieving the goals of 

sustainable development.  



How Do These Principles Apply to 
Situations in Developing Countries? 

Let’s First Gain Perspective on the 
Role of Agriculture in Developing 

Countries… 



  One billion of the world’s poorest people live  
     on ≤ $1 per day and depend on their own 
     agriculture for food.  

How much will you spend on 
your lunch today? 

Global Development Program, Gates Foundation: http://www.gatesfoundation.org;    

Starved for Science. 2008. Robert Parlberg, Harvard University Press.  

  No country has rapidly moved out of poverty 
    without increasing agricultural productivity 

  Malnutrition leads to stunted physical/mental 
     development, increased disease susceptibility   

  Two-thirds of Africans are small farmers; 
     the majority are women with few resources 

  820 million people go to bed hungry each day 



Technologies available for agriculture in most 
developing countries are different from those 

in the developed world… 

Senegal United States 



“The farmers usually come 
on bicycles, sometimes they 
come on foot. Most people 
come from far distances, 10 
km (six miles) away.” 

Mrs. Dinnah Kapiza, Agro-dealer, Mponela, Malawi 

Mrs. Dinnah Kapiza has transformed her used clothing business into a full-line 
farming supply store in rural Malawi that is now critical to the success of poor 

farmers in her region. She opened her store in 2002 with an initial investment of 
MWK$20,000.00 (Malawian kwacha, equivalent to US$310.00).  

http://www.agra-alliance.org/section/people/profiles#kapiza 

Even Getting Seed to Plant Can Be Difficult! 



Also crop productivity is lower in developed vs.  
developing countries because yields are lower. 

WHY?   
For many reasons…among them is that 

varieties are not optimized genetically for 
higher yields in these environments. 
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Can Technology Help Bridge the Divide? 

Physical Improvements 

Biological 
Improvements 



“Complex problems of hunger and agricultural  
development will not be solved by technological  

silver bullets.”  
Peter Rosset, former Co-Director of the Institute of Food  

         and Development Policy 

Alternate views of the possible 
roles of technology… 

“Virtually all technological improvements in 
agricultural production methods that have occurred 

over the last 150 years have relied upon genetic 
improvements in the crops farmers were growing.”  

Paul B. Thompson, Michigan State 



Triticum aestivum
Modern bread variety 

Triticum monococcum�
Ancient variety 

Although not “silver bullets”, what are some 
genetic technologies that can be used to increase 

yields of crops, using wheat as an example? 



What makes the two wheat varieties 
different?  Let’s take a closer look… 

Tweezers 

Peeled skin  



CELLS 



Cell Wall 
Nucleus 



Dividing cell 

Chromosomes 



Chromosome 

Genes 



Chemical units represented by alphabetic letters 



Random 
retention of 
information 
from each 
parent 

of wheat Two 
varieties 
have some 
of the same 
and some  
different 
information 
contained 
in their 
books 



Yield Increase by year 



The 2009 World Food 
Prize will be awarded 
to Dr. Gebisa Ejeta of 

Ethiopia, whose 
sorghum hybrids, 

resistant to drought 
and the devastating 
Striga weed, have 

dramatically 
increased production 

and availability of 
sorghum for the poor.  



Used for 
Marker-
Assisted 
Breeding 

wheat 

1700 books  
(or  1.7 million pages) 

Genomics 



SOURCE: “Body announces plan to develop drought-tolerant maize for Africa”, April 1, 2008, 
Checkbiotech.org 

http://www.checkbiotech.org/green_News_Genetics.aspx?infoId=17403

Water Efficient Maize for Africa (WEMA) uses 
marker-assisted breeding and biotechnology to 

develop drought-tolerant African maize 
varieties



equivalent to a gene 

Inserts 
randomly 

in 
genome 

Biotechnology or Genetic 
Engineering Methods 



 Are GE crops being grown in developing countries? 

 Are small-acreage farmers growing them and why?  

 Are there regulatory and consumer acceptance issues??  

 Is this a magic bullet for food security  

in Africa?  

What questions are being asked about 
GE crops or GMOs? 



515,625 square 
miles worldwide 
in 2009 (equal 
to combined 

areas of CA, TX 
and ID) in 25 
industrial and 

developing 
countries, but…  

25 industrial and developing countries in order of acreage:  
United States, Brazil, Argentina, India, Canada, China, Paraguay, South Africa, Uruguay, 
Bolivia, Philippines, Australia, Burkina Faso, Spain, Mexico, Chile, Colombia, Honduras, 
Czech Republic, Portugal, Romania, Poland, Costa Rica, Egypt, Slovakia. 

Are GE crops being grown? 



…only three 
countries on the 
African continent 
grew them in 2009 



And only in a small number of crops…
predominantly cotton and corn…and 

predominantly a single trait 

Bt Insect-
Resistant Corn 

Bt Insect-
Resistant Cotton 



“Economic evidence does not support 
misconception that transgenic crops only benefit 
large farms; evidence indicates technology might 

actually be ‘pro-poor.”  

(Ruttan VW 2004. Intl J Biotechnol 643-54) 

Will GE crops address 
small farmers’ needs? 

What does “pro-poor” mean? 



Evidence for Bt Cotton Gains 

Bt cotton in: 
•  United States  yield increase 0 – 15% 
•  China               yield increase 10%  
•  South Africa    yield increase 20%-40% 
•  India                 yield increase 60 – 80 % 

How can this technology be pro-poor? 

Reason for  difference: Small-scale farmers suffer bigger pest-
related yield losses due to technical and economic constraints  

Another study, using data collected by researchers on 
field trials of 9000 farming families in India, found a     
45-63% higher yield with Bt vs. nonBt cotton.  
Ref: Bennett et al., 2006. Rev Agric Econ 28: 59-71  

Ref: : Qaim M and Zilberman D. 2003. Science 299:900-902  



Site  Variety  Mean yield  n  Yield difference  t-value  % yield 
   (kg/kg)   (kg/kg)                   difference  
       

Avg. all farmers   
 Own seed  63       
 CRN seed  187  175  59  8.679  32%*   
 Bt seed  246       

Individual Sites: 
Northern Highveld   

 Own seed  32       
 CRN seed  90  33  56  4.490  62%*   
 Bt seed  146       

Southern Highveld   
 Own seed  162       
 CRN seed  278  57  57  4.332  21%*   
 Bt seed  335       

Hlabisa  Own seed  78       
 CRN seed  196  33  58  3.966  30%*   
 Bt seed  254       

Venda  Own seed  42       
 CRN seed  136  20  84  5.117  62%*   
 Bt seed  220       

Mqanduli  Own seed  44       
 CRN seed  70  10  18  1.862  26%   
 Bt seed  88       

Flagstaff  Own seed  69       
 CRN seed  95  22  32  2.084  34%*   
 Bt seed  127       
  *Yield difference statistically significant at a 95% level.   

Gouse et al., Three Seasons of Subsistence Insect-Resistant Maize in South Africa: Have Smallholders 
Benefited? AgBioForum 9(1)-2 

Yield indications for 
first research season 
for  different survey 
areas.  

Following introduction, figures show 
small-scale farmers are getting 

increased yields and better quality 
with Bt maize. 



But there is still cause to be skeptical of claims 
that resource-poor farmers will realize an 

economic gain.  
“Treadmill logic” holds that farmers may have 

little choice but to purchase and adopt these new 
tools. Failure to adopt the most efficient 

technology may result in economic losses.  
The net effect is a loss in farmer autonomy and a 
deeper dependence on the decisions made in the 

manufacturing sector of the economy. 

Biotechnology can help the poor, but whether it 
will depends on people of good will being mindful 
of this situation and moving forward accordingly. 

Paraphrased from B. Thompson, Michigan State 2009 



THE HERALD (Harare) Wisdom Mdzungairi
October 11, 2005

International scientists, including those from the 
United States, have praised Zimbabwe and 
Zambia for rejecting genetically-modified food 
donations from the West to feed scores of their 
rural folk facing drought-induced food shortages.

However, Dr. Luke Mumba, chairman of the Bio-
safety Council of Zambia, said "Extreme views 
have tended to confuse many African 
policymakers and the public because of lack of 
reliable information and guidance available to the 
groups."

Some African countries have taken strong 
stands against, some for GE crops, leaving 

policymakers and the public confused  

Are there regulatory and consumer 
acceptance issues? 



Shouldn’t African farmers and consumers be 
empowered to make their own decisions on 

these issues? 



Genetically engineered crops for developing 
countries: two examples  

Public sector: Development 
of Golden Rice 

Public-Private sector partnership: 
Development of SuperSorghum 



Public sector: Development 
of Golden Rice 



Rice: Critical Part of Many Diets  
2004 (FAOSTAT)* 

* Accessed 02/2007 

FAO Minimum Dietary Energy Requirement 
 = 1800 – 2000 

(weighted average; kcal/person/day) 

Modified from G. Barry, IRRI 



From: "Nutrition: A Cornerstone for Human Health and Productivity", Richard J. Deckelbaum. 
Seminar, Earth Institute of Columbia University, April 14, 2005 

Rice Diet and Micronutrient Nutrition 
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BUT rice is a very 
poor source of 
vitamins and 

minerals 

Modified from G. Barry, IRRI 



: "Nutrition: A Cornerstone for Human Health and Productivity", Richard J. Deckelbaum. 
Seminar at The Earth Institute of Columbia University, April 14, 2005 

Rice diet can be supplemented with other 
fruits, vegetables and meat to acquire needed 
nutrients…but not everyone has that luxury 

Modified from G. Barry, IRRI 



The FACTs in the 
Philippines are… 

2 of 3 infants (6mos.-1yr) have 
iron-deficiency anemia 
1 of 3 Filipinos are at risk of low 
zinc intake 
4 of 10 children are vitamin A 
deficient 
Numbers are increasing since 
1990s 

Emilia Boncodin, Fedl Budget Secy Manila Philippines 

Micronutrient malnutrition 
is a serious public health 

problem  



Biofortification can complement current 
interventions, all of which are needed.  

Biofortification 

Supplementation Food 
Fortification 

Dietary  
Diversity 

Modified from G. Barry, IRRI 



IRRI has made progress on iron and zinc 
biofortified rice…  

E. Boncodin, Fedl Budget Secy Manila Philippines 



Vitamin A deficiency (VAD) is also a target:  
as judged by severity of health impact 

Clinical 
Severe subclinical 
Moderate subclinical 
Mild subclinical 
No data 
No VAD 

VAD causes vision 
loss, poor brain 
development, 

immune system 
failure.  

Consuming  too 
much can be toxic, 

causing birth 
defects. 

Modified from G. Barry, IRRI 



Golden Rice in 2000 

‘Golden Rice’, developed by Ingo 
Potrykus and Peter Beyer, was 

funded by Rockefeller Foundation, 
Swiss Federal Institute of 

Technology, European Union, and 
Swiss Federal Office for Education 

and Science. 

Modified from G. Barry, IRRI 



Types of Golden Rice  

Original GR (2000) 
“Proof of Concept” 

Golden Rice 1 (2004) 
GR1 

Golden Rice 2 (2005) 
GR2 

GR2 has 23-fold increase; normal portion provides  
half of a child’s Vitamin A needs 

GR1 and GR2 developed by Syngenta, donated to GR Humanitarian 
Board for use in developing countries 

NO MAGIC BULLET

Study published in 2009 in American J Clinical 
Nutrition concluded that 

“Golden Rice is an effective source of vitamin A” 



Golden Rice is now a 
breeding project 

•  IR64 & IR36: Mega-varieties with broad Asian 
coverage (GR1 & GR2) 

•  BR29: The most popular and productive boro 
rice variety in Bangladesh (GR1 & GR2) 

•  An IRRI-bred line released as PSB Rc82: the 
most popular rice variety in the Philippines 
(GR2) 

•  Only one event will ever be released/go through 
full regulatory approval; 2011 first release 

•  Parallel introgression breeding being done by 
Golden Rice Network partners in India, 
Vietnam, and the Philippines  

Transferring Golden Rice traits into popular rice 
varieties at IRRI 

E. Boncodin, Fedl Budget Secy Manila Philippines 



Public-Private sector partnership: 
Development of SuperSorghum 



• Fifth most important 
food grain worldwide 

• 90% grown in Africa and 
Asia in arid and semi-
arid regions  

• Staple food for 300 
million in Africa 

Cultivated 
sorghum 

Wild outcrossing 
species 

Why Pick  Sorghum as a Target? 



Sorghum is uniquely adapted to Africa’s climate – 
it withstands both drought and water logging  



Maize Sorghum 

Potchestrom, South Africa  Feb. 17, 2007 

During prolonged drought in South Africa, 
sorghum thrived while maize struggled! 



Why Africa? 

Only region where poverty and hunger both continue to 
increase. In the past 15 years number of Africans living 

on less than $1 per day increased to 50%.  

Africa’s farms yielded 19% less agricultural production 
per capita in 2005 than they did in 1970.  

Nearly one-third of all men, women and children in sub-
Saharan Africa are currently undernourished compared 

with 17% in the developed world.  

In 2004 UN Development Programme said Africa as a 
whole would not reach its 2015 Millennium Development 

Goal for alleviating human poverty until 2147!  
From “Starved for Science: How Biotechnology Is Being Kept out of Africa” by R. Parlberg 2008 



In 2003 the Grand Challenges initiative was launched by the Gates 
Foundation to apply innovation in science and technology to the 
greatest health problems of the developing world, namely Africa.  

14 Grand Challenges identified from more than 1000 suggestions 
from scientists and health experts around the world.  

Topics include:   
Improved childhood vaccines  

Studying immune system to guide development of new vaccines 
 Preventing insects from transmitting diseases  

Preventing drug resistance  
Treating latent and chronic infections  

Diagnosing and tracking diseases in poor countries AND...  



Grand Challenge #9: 
Growing more 

nutritious staple 
crops to combat 

malnutrition in Africa 

Focused on 4 crops: 

banana, cassava, rice 
and SORGHUM 



Sorghum is a 
major food in 

these areas but is 
nutritionally  
deficient in: 

Vitamins 
Minerals 

Amino acids 
(like most  
cereals) 

But, uniquely, it is   
Poorly Digested 

Can’t they just eat 
something else to 

make up for 
deficiencies? 



Addressing the nutritional challenge 

  Goal of Super Sorghum Project 

    Develop more nutritious, easily 
   digestible, biofortified sorghum, containing 

higher levels of pro-vitamin A, vitamin E, 
iron, zinc, and 

    deficient amino acids, lysine, tryptophan 
    and threonine, for the arid and semi-arid 

    tropical areas of Africa 



Focus of ABS Project: Food Quality 

 Earlier breeding efforts to improve some target traits unsuccessful 
 GE strategy needed to improve multiple target traits simultaneously 
 All genes from crop sources, except one from common microbe 
 All approaches validated in corn and other cereals 

         Aims 
 Increase levels of Vitamin A and E 
 Increase iron and zinc availability 
 Improve protein quality  
 Improve digestibility upon cooking 



Vitamin A Deficiency: 
Severe Health Problem in Africa 

Modified from G. Barry, IRRI 

Vit. A 

Vit. E 



Starch granules embedded in protein matrix 

Disulfide bonds within and between kafirins 
hinder starch and storage protein digestibility 

upon cooking 

Protein bodies 
+ matrix 

Improving Digestibility 

Protein bodies 
+ matrix 

Starch granules



NO MAGIC BULLET

Super Sorghum 

But it can help! 



2009 Summer UC Berkeley SORGHUM Crew

???

Rui-Xuan

Joshua

Tamara
MaxJean-Phillippe

Stephanie

Maereg
Katrina

Gena

Bo



For more information:  
Lemaux PG. Annual Review of Plant Biology 2008 & 2009 


