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Hello, my name is Evan Fraser and I work 
at the University of Guelph

in Ontario Canada. 

CHANGING LIVES

IMPROVING LIFE

This is part of a series on how to feed 
the world's growing population.
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For instance, a scientist may move a gene from one species to another 

in order to give the original organism some special trait such as the 
1

ability to withstand drought .  

One of the most controversial aspects of the food system today is 

biotechnology.  

One type of biotechnology is called Genetic Modification and happens 

when scientists manipulate a plant's (or animal's) DNA. 

This can happen in a number of ways.  
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Supporters think creating genetically 
modified organisms - or GMOs -  is 
necessary to ensure our crops are 
productive and resilient enough to 

2provide adequate food in the future .  

Others think GMOs are unleashing a range of 
3serious social and environmental problems .
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Let's start with the arguments in 
favour of GMOs. Some scientists 
claim that GMOs will allow us to 
create new super crops . . . .

. . . . that will be 50% more 
4productive than current ones .  
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And that this is necessary to meet the demands of our growing 
5population that will require about 70% more food by 2050 . 
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But critics disagree.  

One problem is that most GM varieties available today were not 
created to be more productive, or withstand drought, or use 
nutrients more efficiently, but were designed to be resistant to one 
particular herbicide called “Roundup.”

“Roundup ready” corn, cotton and soy seeds are extremely popular 
with farmers especially in North America because they allow farmers 
to plant a field with this “roundup ready” seed and then spray the 
entire field with roundup to kill weeds. 

6
This kills the weeds but does not harm the crop . 
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. . . And so poor farmers often go into debt to buy inputs 
like roundup and GM seeds. 

But roundup has led to at least two problems.  

The first is that these seeds and sprays cost money. . .  
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But if these crops ever fail, poor farmers struggle to pay back their 
loans.  In India alone, well over 100,000 farmers have committed suicide 

7
in the last 10 years because of such debts .  

So many critics point out that biotechnologies like roundup-ready seeds 
8benefit corporations more than they help farmers .  
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A second problem is that 
roundup has become so 
popular that weeds are 
developing a resistance to 

9this spray .

By using roundup too often, farmers kill off everything but those 
weeds that are immune.  

This is because in any weed population a small number of individual 
10plants may be resistant to the spray .
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11And in doing so, super weeds have evolved , 
12

becoming a major problem for farmers and ecosystems alike .   
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But do these 
problems mean we 
should reject 
biotechnology 
entirely?  

I don't think so. 

But I do think that we should always investigate whether low-tech 
solutions exist to problems before we start thinking about such high-
tech strategies as moving genes between species.  
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For instance, in large parts of the developing world a lack of 
13

phosphorus in the soil limits yields .  But in India a traditional variety 
of rice called Kasalath is able to grow without much phosphorus.

15In 2012, scientists figured out how Kasalath's amazing ability works  
and are now using a scientific method called “marker assisted plant 
breeding” to move the gene responsible for this trait into other rice 

16varieties .  
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This illustrates the potential for biotechnologies that avoid many of 
the problems associated with GMOs. 

Take the case of the geneticist 
Manish Raizada who works at the 
University of Guelph and has spent part 
of his career using GM techniques to 
understand how plants function.

But there other even 
simpler stories about how 
science and technology can 
play a major role in feeding 

the future. 
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Unlike a lot of plant geneticists, instead of starting in the lab, 
Manish begins his research by talking to farmers in the developing 
world to identify what they actually need. 

While working with farmers in Nepal with a local organization 
called LI-BIRD, his team found that farmers traditionally plant 

17
grain by scattering handfuls of seeds into the dirt . 

14
© Evan Fraser, feedingninebillion.com, University of Guelph,  2013



But by simply planting seeds in orderly rows, Manish's collaborators 
18

showed farmers they could increase yields by 25-40% .

This is because evenly spaced seeds have equal access to soil 
nutrients, moisture and sun light. 
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This team developed an elegantly simple tool kit to make it easy to 
plant in rows: 

two sticks and a string to mark lines in the ground, and a 
hollowed out stick drops one seed at a time into the prepared earth. 

It's the perfect marriage of science and 
19locally appropriate technology !

16
© Evan Fraser, feedingninebillion.com, University of Guelph,  2013



we should always look to 
see what fly swatters are 

at hand 

before we launch a 
cruise missile.

The moral of this story is that of the 
fly swatter versus the Cruise missile – 
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But that's all for now. If you are interested in 
learning more, you can check out my recent book 
Empires of Food. 

Also, you can find me on YouTube, Facebook and 
Twitter where I regularly post about issues relating 
to global food security.  

The website  hosts www.feedingninebillion.com
annotated scripts for all the videos along with 
references and a blog. 

I hope to see you again, but until then, thanks for 
watching!
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1For some background information on genetically engineered drought resistance potatoes see: , KWON HB, LEE JT, RYU JC, BYU MO. YEO ET
2000.  Genetic engineering of drought resistant potato plants by introduction of the trehalose-6-phosphate synthase (TPS1) gene from 
Saccharomyces cerevisiae. Europe Pubmed Central 10(3), 263-68:  
http://europepmc.org/abstract/MED/10901163/reload=0;jsessionid=dNMQlA6xug8nMTAjXiXR.42

2Here is a nice editorial that reviews some of these topics:  SIEDOW, JAMES . 2001. Feeding Ten Billion. Three Views. American Society of Plant 
Physiologists,126(1), 20-22:
http://www.plantphysiology.org/content/126/1/20.full

3Pavone offers a discussion of how framing environmental and social issues as 'problems' can encourage a search for technological solutions. See: 
PAVONE, V., GOVEN, J., & GUARINO, R. 2011. From risk assessment to in-context trajectory evaluation - GMOs and their social implications. 
Environmental Sciences Europe, 23(1), 3. doi:10.1186/2190-4715-23-3

4 When discussing GM crops, it is important to have a basic understanding of the science behind the process. The following publication by the 
Monsanto Company explains some of the key terms used in the biotechnology industry, and provides some examples of GM seed varieties that 
successfully increased yields.  "Do GM Crops Increase Yields?" Monsanto. Monsanto Company, 26:
http://www.monsanto.com/newsviews/Pages/do-gm-crops-increase-yield.aspx 

5 Following a 2009 conference, the FAO released this brief summary of the future food-production challenges the world faces towards the year 
2050. "Global Agriculture Towards 2050." High Level Expert Forum-How to Feed the World 2050. Proc. of High Level Expert Forum-How to Feed 
the World 2050, Rome. FAO:  http://www.fao.org/fileadmin/templates/wsfs/docs/Issues_papers/HLEF2050_Global_Agriculture.pdf

6 While Roundup Ready crops are the most common type of GMO in our fields there are other similar crops such as BT cotton that produces it's 
own insecticide.  The following New York Times article provides some background on this topic: 
http://www.nytimes.com/2010/05/04/business/energy-environment/04weed.html?pagewanted=all&_r=0 

7 This issue has been in the news a lot recently and the following article summarizes this point.  

Newman, Bryan. A Bitter Harvest: Farmer Suicide in India. Institute for Food and Development Policy. University of North Carolina: 
http://www.foodfirst.org/en/node/1611   

But we also need to note that some people see this as a much bigger issue than simply farmers going into debt to buy genetically modified 
inputs.  Here is a National Post article that takes issue with this argument and points out the farmer suicides are part of a larger phenomena than 
just the cost of inputs:  
http://news.nationalpost.com/2013/01/26/the-myth-of-indias-gm-genocide-genetically-modified-cotton-blamed-for-wave-of-farmer-suicides/ 

8 The following academic articles provide some background on the issue of roundup and roundup ready seeds: 
(1) ANDREWS, B. 2013. Glyphosate-resistant weed worries: How we got them, what we can do. Farmers Forum. 

http://www.farmersforum.com/APRIL2013/p15%20(W).htm 
(2) BENBROOK, C. M. 2012. Impacts of genetically engineered crops on pesticide use in the US--the first sixteen years. Environmental 

Sciences Europe, 24, 1-13.  http://www.enveurope.com/content/24/1/24
(3) POWLES, S. B. 2008. Evolved glyphosate-resistant weeds around the world: lessons to be learnt. Pest Management Science, 64, 360-

365. 
http://onlinelibrary.wiley.com/store/10.1002/ps.1525/asset/1525_ftp.pdf?v=1&t=hju31ojf&s=a5d3096c87481ceb8b624c2026663b65
a502eb15 

(4) SHANER, D. L. 2000. The impact of glyphosate-tolerant crops on the use of other herbicides and on resistance management. Pest 
Management Science, 56, 320-326. http://onlinelibrary.wiley.com/store/10.1002/(SICI)1526-4998(200004)56:4%3C320::AID-
PS125%3E3.0.CO;2-B/asset/125_ftp.pdf?v=1&t=hju30mq1&s=7223f765fecbc64ed9f165196b8876c4eca94880 

9Monsanto, the producer of the herbicide “Roundup Ready”, has provided an explanation in layman's terms of how weeds gain resistance to 
herbicides. "How Resistance Develops." Roundup Ready - Weed Management Solutions. Monsanto, 2013: 
http://www.rrwms.ca/how_resistance_develops

10See footnote 9 for the full background.   

11This article by the BBC discusses the growing problem of glyphosate resistance, and outlines alternative herbicides currently under 
development. This is contrasted with the argument of teaching farmers more traditional methods of fighting weeds.  
McGrath, Matt. "Agent Orange Chemical in GM War on Resistant Weeds." BBC News. BBC World Service: http://www.bbc.co.uk/news/science-
environment-19585341 

12It is important to note that these debates are not just about Roundup and Roundup Ready seed but also about other types of GM such as a GM 
cotton variety called “BT cotton” that is supposed to be resistant to the cotton budworm but that budworms are developing a resistance to. 
Please see:   http://www.reuters.com/article/2012/10/02/us-usa-study-pesticides-idUSBRE89100X20121002

13This academic journal article explains the importance of phosphorous to crops, as well as the development of crop varieties that can thrive in 

Endnotes:
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low phosphorus conditions. 
Gamuyao, Rico, and Et Al. "The Protein Kinase Pstol1 from Traditional Rice Confers Tolerance of Phosphorus Deficiency." Nature 488.7412 (2012): 
535-39. Nature: International Weekly Journal of Science: .  http://www.nature.com/nature/journal/v488/n7412/full/nature11346.html

14See previous footnote for background.  

15For background see the following academic article: HEUER, S., GAMUYAO, R., CHIN, J. H., PARIASCA-TANAKA, J., PESARESI, P., CATAUSAN, S., 
DALID, C., SLAMET-LOEDIN, I., TECSON-MENDOZA, E. M. & WISSUWA, M. 2012. The protein kinase Pstol1 from traditional rice confers tolerance 
of phosphorus deficiency. Nature, 488, 535-539.  
http://www.nature.com/nature/journal/v488/n7412/full/nature11346.html 

16The following newspaper article provides an overview of this discovery and the potential it holds for boosting yields in parts of the world where 
rice productivity is very limited: 
http://www.thehindu.com/sci-tech/agriculture/growing-rice-in-soil-poor-in-phosphorus-possible/article3808244.ece  

17Here is a link to a presentation by Manish, slide 31 shows pictures of traditional broadcast sowing, as compared with the more effective practice of 
line sowing. 
Raizada, Manish N. "Sustainable Agriculture Kit Progress Report." Speech. India, Coimbatore. 24 Feb. 2012. SAK Global. Web. 18:
http://www.sakglobal.org/uploads/4/2/4/8/4248579/sak_progress_report_raizada_feb23_7pm_updated.pdf   

18Here is a link to a presentation by Manish.  Slide 15 is where he talks about the boost farmers get in yield if they plant in rows: 
http://www.sakglobal.org/uploads/4/2/4/8/4248579/candidate_sak_interventions_raizada_feb21_small.pdf  
 
19Low level technology that requires use of local resources have greater retention with small holder farmers. See the following as another example 
of appropriate marriage of science and locally appropriate technology.  
Erenstein, Olaf. (2003)  “Smallholder conservation farming in the tropics and sub-tropics: a guide to the development and dissemination of mulching 
with crop residues and cover crops. Agriculture, Ecosystems & Environment, 100(1), 17-37. 
 

20
© Evan Fraser, feedingninebillion.com, University of Guelph,  2013

http://www.nature.com/nature/journal/v488/n7412/full/nature11346.html
http://www.nature.com/nature/journal/v488/n7412/full/nature11346.html
http://www.thehindu.com/sci-tech/agriculture/growing-rice-in-soil-poor-in-phosphorus-possible/article3808244.ece
http://www.sakglobal.org/uploads/4/2/4/8/4248579/sak_progress_report_raizada_feb23_7pm_updated.pdf
http://www.sakglobal.org/uploads/4/2/4/8/4248579/candidate_sak_interventions_raizada_feb21_small.pdf


Illustration: Scott Mooney (scottmoonman@gmail.com)
Text: Evan Fraser (frasere@uoguelph.ca)
Layout/colour: Marie Puddister

Funding through the SSHRC

Credits

© Evan Fraser, feedingninebillion.com, University of Guelph,  2013


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22

