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Marilyn:

Well, big fat ideas are needed when we have a big fat problem. And the big fat problem that I’m worried about is how are we going to feed the world in 2050? So if we look at growth in global population, there was very little growth from 2000 BC up to about the 1800s. But in my lifetime, since 1950 population has risen from 2.5 billion to seven billion and in the next 40 years it’s expected to rise by another two billion. Now how are we going to feed these people? Now this is an interesting question and an important question because according to the UNICEF Food Awareness site, half of the world’s population lives on less than $2 a day, one billion people on earth are undernourished and 100 million are starving. This is not a problem for Australians, we are well fed, in fact overfed. But 95% of the food insecure are in Africa and Asia. And this is compounded by the fact that at the moment, food supplies are at an all time low. We only have one month’s supply of grain in storage globally, that with the development of the popula ... world population, we’ve lost 20% of arable land. One third of our forests have gone and our cities are developing at a huge rate in the areas where we have the best agricultural production. So lifting a billion people out of poverty, for people already who are malnourished and then feeding an extra two and a half billion people by 2050 is estimated to need an increase in cereal production of 70%. Now, how are we going to do this? There are some really important things. We have to increase food production. We have to do this when less land is available. We have to pay attention to sustainable agriculture and the environment and we have to be aware that it’s not only food production that’s important here, it’s politics that we have to get right. We have to get food distribution right, we have to build roadways so there are several things that we need to do. What’s a bit frightening is that we’ve only got 40 years to radically transform agriculture to work out how to grow more food without exacerbating environmental problems and dealing with global warming at the same time. So we need to act now.

So my proposal is that we should pay more attention to biotechnology and genetically modified crops. This is a very ... faster way of plant breeding than has been used in the past. Not that it will overtake plant breeding, it’s just another technique. GM crops have been around now for about 16 years and they’ve only two major traits that people have actually been ... have been taken to commercial reality. One is making crops that are resistant to herbicides so you can grow them in the presence of weeds, spray the herbicides, the weeds die, crop plants grow and making plants resistant to insecticides. And opposed to what most of the public thinks, there are only four major crop plants which have been genetically modified. These are soy beans, corn, cotton and canola. As I said, they’ve been planted for over 16 years and in 2011, we’ve had very rapid adoption during that time. The global area of genetically modified crops is now 160 million hectares. This is equivalent to about four and a half times the size of Great Britain or is equivalent to the size of all the arable land in China. So it’s a very large part of global agriculture that is now turned over to GM foods. GM crops are now grown in 29 nations. Of these, 19 are in developing countries and 10 are in industrial nations. And there are 16.7 million farmers that have now adopted this technology. And as opposed to people’s first concerns, 15 million of these farmers are now poor or resource-poor farmers in developing countries. And global crops are not a new experiment as you often hear when you hear people debating this technology.

If we look at soy bean, almost 80% of the global crop is genetically modified. Eighty per cent of the global crop of cotton is genetically modified. Ninety-five per cent of the crop in Australia of cotton is genetically modified. And 30% of corn and canola worldwide, the entire crop is GM. Corn in the United States is now above 80% and expected to reach 95% in the next couple of years. This is not a new technology and people are now being able to ascribe some environmental benefits to GM crops. And some of these include reduced carbon dioxide emissions which we’re all interested in in this era of climate change. And so an example of the emissions are that they have in 2010 alone, that emissions decreased by 19 billion kilograms which is equivalent to nine million cars. About two billion kilograms of this is due directly to less use of chemicals and petroleum products. And the rest of it is due to decreased tillage that you can do with these herbicide resistant plants and by decreasing tillage, that is ploughing, you can increase carbon dioxide sequestration. And of course the other important benefit is reduced chemical insecticide use so from 2006 to 2010 there was a 9% drop in pesticides. And when you see that that equates to 443 million kilograms of chemicals not put into the environment, you can see this is rather substantial. In 2010 alone, there was an 11% drop in pesticides and that equated to 43 million kilograms of chemicals not spread out into our environment. So with the success of these two traits, plants that were engineered to be resistant to herbicides and to be more resistant to insect pests and the rapid adoption of this technology globally and the perceived environmental effects, there are new products in the biotech pipeline. So the sort of products that people are looking at are ... and the important ones are drought tolerance, technology to increase yield, to increase nitrogen utilisation, insect resistance and so on. And they’ve going to expand the crops from corn, soy, canola and cotton to include sugarcane but more importantly wheat and rice which are part of the 10 most important food crops worldwide.

Now, I’m interested in fungal diseases because none of those traits that are being developed address the problem of fungal diseases and yet fungal diseases are amongst the most serious threats to food security globally. We already know for example the Irish potato famine was caused by a fungal disease. It caused millions of deaths and massive migration. Nowadays we still have, despite the heavy use of chemicals we still have serious problems and losses of yield due to fungal diseases. Some of the most important ones are stem rust in wheat which can lead up to 40% loss of global food production and rice blast which leads to a yield loss sufficient to feed 60 million people. And unless we find a way of controlling this, then in the future we may find that yield loss is more important. So what are the most ... the current ways of controlling fungal disease? Well, the first and most usual way is the use of harsh chemicals which we’re worried about because they’re damaging to the environment and many of these chemicals are being banned and are no longer available and then the farmers don’t have that method of control. We have traditional plant breeding, looking for natural resistance, genetic resistance which is something that we will continue to use long into the future. But these forms of natural resistance are becoming harder and harder to find and of course we have rotation methods and traditional farming management methods. These methods have to all be used. No approaches are exclusive. But I’m interested in the idea of using a biotechnology approach but employing plants natural ability to protect themselves against disease.
And we had this idea when we were studying flowers. And this is the flower of the ornamental tobacco and the interesting thing about this flower, like most flowers on earth is that it has all of its organs together. Here’s the female organ, here are the male organs next to it and you will notice that the female organ is glistening and shining and that’s because it’s designed to capture pollen which is brought in by wind and rain and other insects. The interesting thing is that while this is designed to c ... it’s way out in the open designed to capture pollen, you would think that it would also be susceptible to infection by diseases because they would also be carried in by insects. But in fact the female tissues of plants have developed a lot of natural antibiotics to allow sexual reproduction to occur while they protect themselves against disease. We call it safe sex in plants.
So we were interested in trying to identify what the natural antibiotics are, what the natural defence molecules are. So this is a diagram of the female tissue, just cut and stained so that you can have a look at what it looks like inside. And pollen normally lands on the surface here and grows down to the eggs which are down the bottom. And this tissue is really full of natural antibiotic proteins. Some of them are enzymes which protect that tissue against insects but there are other molecules there that protect them against disease. And in our laboratory we’re particularly interested in these natural defence molecules, interestingly called defensins. And they’ve been called defensins because they are related to some naturally occurring antibiotics that are also found in insects and mammals.
This is just a picture of their structures showing that they’re about similar size and that if you look at their protein structure which for biochemists is very beautiful, it’s very highly conserved. The plant defensins have evolved to protect plants against fungal diseases whereas the insect ones work against fungal diseases and mostly bacterial diseases. And the human ones are really important in protecting the wet mucosal surfaces against bacterial infection and now they are just discovering they’re also important in protecting them against fungal diseases as well. Now, we took the gene from this flower that encoded the plant defensin and we transferred it into cotton. We made transgenic cotton to see whether this natural protection method in flowers would protect plants in the field against very serious agricultural diseases. So we moved the gene into cotton and we did field trials in Queensland in land that is so seriously contaminated with fungal disease pathogens that farmers can no longer grow crops there. There’s not enough chemicals to saturate the soil to clean up this fungal disease. And what we are doing here in year one, growing our transgenic plants containing the defensins and just looking at survival compared to the parents, the non-transgenic plants. And we were very surprised to find that most of the parents died and by simply using this one gene from flowers, that the transgenic plants were surviving. And they were producing a lot more cotton and the cotton was high quality and the plants weren’t impacted in any other way. And we’ve done this field testing now for three years. Here’s an example of the second year. Again the row of transgenic plants looking perfectly healthy and the parents, the non-transgenic plants which are identical apart from this one gene, they were all dead. So this was really encouraging. We thought, well would this ... could we use this technology in food plants to try and increase food production to address the question that I’m worried about how are we going to feed the world in the next 40 years? So we’re currently using our technology to see if we can control corn diseases. And here’s an example of a couple of corn diseases. Stalk rot which weakens the stems so that they fall over and ear rot which is a rather nasty fungus that grows all through and over the grain. In the United States alone, these diseases lead to normally about a 10 to 12% loss of yield. And that’s a conservative estimate because farmers have never been able to grow a crop in the absence of disease to know how much they would get if there was no disease. In some areas, losses can be 25% or even higher, you could lose the whole crop. So in North America alone, this will cost ... this is estimated to cost about eight billion dollars. Of course in our lab, we’re interested in feeding the world, we don’t want to just increase corn production in the United States. These diseases that we’re interested in are serious diseases in all the continents of earth. And corn of course is a major food crop in most continents as well. Another reason why we want to control fungal disease in corn is that when these ... the fungus grows in and amongst the seeds, it produces chemicals called mycotoxins and these are some of the most dangerous cancer causing compounds known to man. They try to regulate this at the market level by making sure that when the grain comes into the silos, they try to separate some of it out ... they can’t separate all of it so that they don’t get too much mycotoxin in the product. If it’s too contaminated it goes off to make bourbon, Jack Daniels. But there’s a low level of mycotoxins there and it does affect human health. In Asian countries it has had a serious effect on human health and people have been able to demonstrate that these mycotoxins are associated with a high incidence of liver cancer. So in summary, I’d like people to reconsider the use of biotech crops for food production because I do think that this is one, not the only but one of the solutions to help feed the world in 2050. And it will help reach the United Nations millennium development goal of cutting poverty in half by optimising crop productivity. So what are the first crops that we think will have a major influence on food production? Well, drought tolerant corn is expected to be released in North America next year. And after that has been adopted, it’s expected to be introduced in Africa by 2017. This is really important technology and it’s relevant to Australians as well when GM wheat is accepted because probably drought tolerant wheat would be one of the first targets for improved wheat production in Australia. The next one is golden rice in the Philippines. This has been under development for a very, very long time and golden rice is a rice with enhanced levels of vitamin A. And the purpose of that is to prevent the hundreds and thousands of cases of blindness caused in Asia through inadequate levels of vitamin A in the diet. And golden rice now also has higher iron levels so trying to increase the nutritional status. And one of the major impacts of course on food production and feeding the world by 2050 is addressing food production in China. And insect resistant corn and rice is expected to be released in China in the next couple of years. So, that’s my big fat idea. It’s not an original one but I think I’m saying to the public, look at all the technologies. And of course, safety is important and of course politics of food distribution are important but all of these issues need to be considered together if we’re going to feed the world. Thank you.
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