Healthy Soils for a Sustainable Future

 Okay, excellent. With that, we will go ahead and get started. Good afternoon, everyone, welcome to today's webinar, entitled Healthy Soils for a Sustainable Future. My name is Jen Ryan and I am a natural resources specialist for the national resources conservation services, and I will be a host for today's webinar. I do hear background noise, so please be sure to meet your phone. We will get started with the presentation in just a moment. 

Finally, I want to remind participants that use of trade names during webinars is for information purposes only. Mention of it trade name is not a guarantee of the product nor does it imply endorsement by the department or national resources conservation service over comparable products that are not named. We will now begin. I am pleased to hand the webinar over to Elizabeth. And the Hudson Valley of New York. Is certified educator since 2013, she works to employ biological diversity on the farm or forest. During 2020, she is on one you detail at the NRC as liaison to the USDA. During this time, she's developing training on climate change to help farmers adapt. It will be available. Elizabeth, you may not begin. 
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 Thanks, welcome to the Northeast climate hub webinar series, and thank you all for joining us. I am Elizabeth Marx and I work as the liaison for the Northeast climate hub. The USDA Hubs our national network created is a collaboration of USDA agencies working in partnership with other federal, state, and local governments, land grant institutions, and organization. The Northeast hub covers 12 states remain to West Virginia and include the District of Columbia. Our mission is to develop and deliver science-based knowledge and practical information on climate invitation and mitigation for farmers and land managers. We are very excited to be hosting this webinar today, it is part of a series of webinars which we hope you will find valuable. Today, Dr. Peter Woodbury  is presenting healthy soils for sustainable futures, soil health and greenhouse gases. If you have any questions while the presenters speaking, type them into the chat box and I will monitor and read them out loud at the end. Dr. Woodberry is a senior research associate at Cornell university he designed ways to improve sustainability of agricultural and forest ecosystems and to improve agriculture and. His death he -- Soil quality will be affected by climate change and as well is agriculture and forestry can become more resilient. He recently worked with an international team to assess natural climate solutions, quantifying how natural and improved management can reduce greenhouse gas emissions. In addition to academic research, Dr. Woodberry provides tools, techniques, and expertise to federal and state governments on mitigation and adaptation. He has worked to contribute to national carbon accounting required under the United Nations convention. Welcome, we are very excited to learn what you have to share with us today, it is now time for the presentation, take it away. 
 Thanks very much, Elizabeth. Let's begin with soil health, I will not give a lot of detail here, but just to say one thing that soil health usually means is an increased organic matter that also means increased carbon in the soil. This provides a lot of benefits that are shown here, I will not read them all but I will add that sequestering carbon is one a lot of people are interested in but I want to emphasize that improving soil health is really important for economic reasons for crop production reasons, sustainability reasons, and the greenhouse gas benefits may be important or they may be secondary to other goals and benefits. So, how can soil health help mitigate climate change, reduce greenhouse gas emissions, and adapt to climate change? I want to distort with one example, we will go through a bunch of additional practices through the talks. For the example of double cropping, you will have -- That means it is one way to have vegetation growing in the soil more of the year. Your protecting the soil by having the vegetation, you are adding carbon and other nutrients to the soil, and with double cropping your increasing productivity. That is, you are getting two crops in place of one or increasing the total amount of crop produced per area. Having that crop cover can reduce erosion, and it can also reduce greenhouse gas emissions, a small way to do that is by adding carbon to the soil. Another way you can do it, is by increasing the productivity of the land and reducing the likelihood that new land gets brought into production for food production. That is a topic called leakage, what you doing one piece of land may affect somewhere else. So which greenhouse gases come from farms? There are three that are the big ones, methane, and if you saw the talk in the series last week from my colleague Jenifer Wightman, she focused on livestock and manure  and greenhouse gas emissions. And talked a lot about methane. I'm focusing on crop production today, will be talking more about nitrous oxide and carbon dioxide. Sorted greenhouse is come from on the farm? There are lots of different sources, and this diagram shows, for example, that methane coming from manure, coming directly from livestock, it is also coming directly from crop fields after manure is applied to them. Nitrous oxide is coming from soil or nitrogen fertilizers has been added. And their other sources as well. So this shows burning biomass can produce greenhouse gases as well. So, some of your familiar with the idea of global warming potential, but I want to make sure we are all on the same page. Here is the page. Carbon dioxide is treated as the standard, it has a global warming potential of 1. Both for a 20 year time you and 100 year timeframe. There are two different values of global warming potential. Methane in 20 year timeframe is a global warming potential value of it before, that is Eighty Four times as powerful as carbon dioxide as a greenhouse gas. Nitrous oxide is even more powerful. 200 64 times as powerful as CO2 and 20 year timeframe. Over a 100 year timeframe these numbers are little bit different, especially for methane. It is not -- It is much more potent than carbon dioxide, 25 times more potent. The reason these matter is we really want to look at all of the greenhouse gases together and look for practices of benefit when you include all gases. Mistake people make sometimes is to focus too much on carbon dioxide in agriculture, and on carbon sequestration in soil, that is an important topic, but we want to make sure we are not having increases in methane or nitrous oxide emission, because they're more potent is greenhouse gases. So, how can you avoid admitting greenhouse gases in agriculture? We can avoid producing them in the first place, if we reduce tractor passes, we reduce the emissions directly from the tractor. Which is not using the machinery, not burning fossil fuels, and not emitting the CO2. If we reduce tillage, that is one way to reduce tractor presses as well. If we can use nitrogen fertilizer more efficiently we can use less of it and get the same crop yield we are reducing the production as well. There are quite a lot of greenhouse gas emissions associated with producing nitrogen fertilizer. And that is really important, again, because nitrous oxide is almost 3 times -- 300 times as potent as CO2 in terms of a greenhouse gas. So here are some ways that improving soil health can reduce greenhouse gas emissions, I will not read them all, but we will go through each one of them now. Sustainable intensification, this means increasing crop or livestock yield with increased efficiency, your reducing the amount of greenhouse gas emissions with the amount of product you produce. On a per acre basis, if you could increase crop yields by 30%, with only a 5% increase in fertilizer use, you might actually be increasing greenhouse gas emissions on a per acre basis, but your reducing it for the amount of crop that you're producing. That is important for the reason I mentioned earlier, of leakage. If we can produce more product on the agriculture land we already are using, it reduces the likelihood that new land, somewhere in the world, will be brought into production to meet the demand for product. So, this is just an example showing that greenhouse gas emissions can decrease on a product basis. So, this is showing some analysis that we did years ago in New York State, estimating greenhouse gas emissions from warm season grass production. As the grass production increases on the bottom axis, you can see that the greenhouse gas emissions on the vertical axis is decreasing. I want to emphasize, this is per ton of grass produced. It is not an area basis. Another way that we can reduce greenhouse gas emissions is to grow and protect forests. I know this is an agriculture talk, but I want to bring it up because it is important as an opportunity in many forms, and in many regions in the eastern United States. So, the picture at the bottom is a goldenrod field. If we could regrow forest there, we could store a lot of carbon industries. We can also reduce urban sprawl and protect existing forest. You can also improve management of farm woodlands. So, why do we want to grow and protect forests? As I mentioned, we are storing carbon in the tree trunks and soil, and also in the wood products. So, if you think of the wood house, where storing the carbon in the house from perhaps 100 years or longer. And again, the soil health aspect here is with healthy vegetation growing, we can reduce erosion and improve environmental quality. As an example in New York State, we do have quite a lot of forest here, that is true of other states in the Northeast and eastern United States as well. 30% of farmland in this state is wooded. And how can we grow on project these forests? We can improve the management of existing wood lots, planting the management of existing wood lots, planting  riparian buffer strips, planting trees and other perennial vegetation trees and other perennial vegetation  close to streams and rivers can reduce nutrient sediment run often improve reduce nutrient sediment run often improve  water quality. We can also add trees add trees  in agricultural fields or agricultural areas underproduction. There are lots of different ways areas underproduction. There are lots of different ways  to do this. I have listed a few of them there, and the photograph here is listed a few of them there, and the photograph here is  showing a planted civil pasture of black locust and black walnuts.of black locust and black walnuts.  $1500 per acre of locust fenceposts from the first setting it 20 years, and after that continues to grow locust fenceposts from the first setting it 20 years, and after that continues to grow  the longer term black walnut trees and all the same time and all the same time , it is serving as livestock livestock  forage. I mention a source here at the bottom that discusses this, here at the bottom that discusses this,  do have a list of literature cited at the end if you want to dig cited at the end if you want to dig  further into many of these topics. Adding carbon to soil Adding carbon to soil  improves soil health, we began with that. Harris just a reminder of issues that with that. Harris just a reminder of issues that  we can see in farm fields where we can get ponding and erosion from compacted soils.fields where we can get ponding and erosion from compacted soils.  Improving adding more organic matter and improving soil management can reduce erosion  matter and improving soil management can reduce erosion  and keep the soil where we want it.we want it.  This can also not just prevent erosion, but also keep the water where we can use it. Improve the water prevent erosion, but also keep the water where we can use it. Improve the water  holding capacity of soils. And we can also be storing carbon in thecan also be storing carbon in the  soil, which can be important, but as we will be discussing, it's not necessarily permanent if you but as we will be discussing, it's not necessarily permanent if you  have a change in management, an increase of tillage, you could use that soil carbon again. increase of tillage, you could use that soil carbon again.  Another practice is replacing annual crops with perennial crops. Why would we want to do this? Again, annual crops with perennial crops. Why would we want to do this? Again,  the same of increasing soil carbon storage and improving soil health. Perennials also tend to usecarbon storage and improving soil health. Perennials also tend to use  nitrogen fertilizer more efficiently, and we will talk about that more in a moment.and we will talk about that more in a moment.  So, what are some ways this could be done? Obviously, you have to have perennials that are suitablethis could be done? Obviously, you have to have perennials that are suitable  for the farm operation. There options to go perennial forest is and place of  options to go perennial forest is and place of  crap is for example. Or adding them to crop rotations. adding them to crop rotations.  Another option on more marginal maybe twomarginal maybe two  converted to pastor. And have a livestock production. a livestock production.  Another important topic is nitrogen fertilizer management, really important because anfertilizer management, really important because an  annual crops, a lot of nitrogen applied to the field does not end up in the crop. That integrate cause nitrogen applied to the field does not end up in the crop. That integrate cause  pollution elsewhere. If we can improve nitrogen fertilizer management, improve nitrogen fertilizer management,  we can prove environment equality, and also improve profitability.and also improve profitability.  Since nitrogen fertilizer is pretty expensive.expensive.  So this is just showing analysis that we did for corn  analysis that we did for corn  and other crops, and just to point out the nitrogen is really important to point out the nitrogen is really important  in the overall greenhouse gas emissions from crop production. So, the key on this from crop production. So, the key on this  diagram shows a lot of different sources.different sources.  But, over 60% of it is related to nitrogen.is related to nitrogen.  So how can we reduce emissions? There are toolsreduce emissions? There are tools  such as Adapt-N  to address the for our'sto address the for our's  of the right source, rate, time, and place. Tools such as these time, and place. Tools such as these  can get the for factors right so that we are improving the efficiency of using that so that we are improving the efficiency of using that  nitrogen and using less of the environment, including losing less the environment, including losing less  nitrous oxide. Again, this is important for farmers not just to is important for farmers not just to  improve environmental quality, but also to improve the bottom line. Strip trials on a number of farms have shown to improve the bottom line. Strip trials on a number of farms have shown  that using tools such as these and using side dressingand using side dressing , you can reduce the total fertilizer up location whilefertilizer up location while  maintaining or increasing yield. That will increase profitability as well as reducing environmental pollution.will increase profitability as well as reducing environmental pollution.  So we began talking out about double crops, butabout double crops, but  cover crops are also an option when double crops are not suitable. option when double crops are not suitable.  These are especially beneficial if it is combined with reducing tillage, so we are both adding moreit is combined with reducing tillage, so we are both adding more  organic matter or carbon to the soil, and then helping keep it there and the soil, and then helping keep it there and  improve the soil quality by reducing tillage.tillage.  So, double cropping or cover cropping don'tcover cropping don't  just improve soil health, but can also scavenge some of the nitrogen in the soil can also scavenge some of the nitrogen in the soil  after the main crop and keep it there. And some portion of that could be available for it there. And some portion of that could be available for  subsequent crops. Again, in focusing on double cropping here because there is a lot of attention on  on double cropping here because there is a lot of attention on  cover crops, and they are great, but I want to bring up this idea that a double crop is also great, but I want to bring up this idea that a double crop is also  providing a product. So that provides the chance again to combine the chance again to combine  increased profitability with increased environmental performance.performance.  In northern areas, like here in New York State, growing seasons are getting longer due to here in New York State, growing seasons are getting longer due to  climate change. There are increasing opportunities for double cropping.opportunities for double cropping.  Another way to improve soil health is to add organic matter to the soil. health is to add organic matter to the soil.  That could be crop residues, manure, compost, biochar, number of things.manure, compost, biochar, number of things.  An important consideration is that we want to be managingwe want to be managing  manure and compost for nutrients as well as organic matter. We wanted to be part of a nutrient as well as organic matter. We wanted to be part of a nutrient  management plan. Another question in some areas, there may be other uses for the crop residue.in some areas, there may be other uses for the crop residue.  And biochar is intriguing, it can store carbon in some soils for a long time, it can store carbon in some soils for a long time,  but by producing the biochar we may have had the option instead of reducing the we may have had the option instead of reducing the  biochar to use more of that biomass to produce bioenergy biomass to produce bioenergy , so that is a trade-off that has to be examined to make the right choice.that has to be examined to make the right choice.  Another consideration here is an accounting question. And we will get more into an accounting question. And we will get more into  this toward the end of the talk. talk.  But, this is a question of the idea of giving credit for improved performance. the idea of giving credit for improved performance.  And I would say with the sources of organic matter we willthe sources of organic matter we will  want producers to be managing organic sources organic sources  appropriately in the first place. So, for example, replacing nitrogen fertilizer with compost or manureSo, for example, replacing nitrogen fertilizer with compost or manure , we have to think hard about whether we should be giving a farmerabout whether we should be giving a farmer  a carbon credit for that practice. I would say in general, we want to think about practice. I would say in general, we want to think about  appropriate management for those nutrient sources first.nutrient sources first.  And then thinking about an additional benefit beyond that.an additional benefit beyond that.  Reduced tillage and no till is another practice that can improve soil health. is another practice that can improve soil health.  As I mentioned earlier, you can add soil carboncan add soil carbon , but it can be lost again if tillage increases in the future.again if tillage increases in the future.  So this gets into the question of permanence.the question of permanence.  Climate change is a long-term issue, and we need long-term solutions. So, issue, and we need long-term solutions. So,  if we are counting on carbon sequestration, we wanted to be long-term. If we grow forest forcarbon sequestration, we wanted to be long-term. If we grow forest for  100 or 200 years, or longer, that's a relatively long-term carbon storage benefits. longer, that's a relatively long-term carbon storage benefits.  But, if we increase soil carbon due to reducing tillagecarbon due to reducing tillage , and then we increase the tillage again later on, we could easily lose that carbon back to the atmosphere.tillage again later on, we could easily lose that carbon back to the atmosphere.  So I have mentioned these issues before, but I want to stop and hit these issues before, but I want to stop and hit these  highlights again. We've talked about three different greenhouse gases, it is important to always be including all three three different greenhouse gases, it is important to always be including all three  of those. And making sure it is beneficial across all of these greenhouse it is beneficial across all of these greenhouse  gases that we are getting a net benefit.net benefit.  Not just of that benefit for carbon, but increased omission of for carbon, but increased omission of  nitrous oxide or methane. We also want to watch out for even want to watch out for even  small decreases in yield with any of these practices. And of any of these practices. And of  course, they are important for profitability and for farm enterpriseand for farm enterprise . But again, in the greenhouse gas aspect, they are importantgreenhouse gas aspect, they are important  due to the issue of leakage. There is a demand for the product, if we reduce the amount of product leakage. There is a demand for the product, if we reduce the amount of product  produced in one place, we will increase demand, and there is a likelihoodincrease demand, and there is a likelihood  of adding new agricultural land somewhere else. And that can --somewhere else. And that can --  Have a very high greenhouse gas emissions, if we think about the for stationgas emissions, if we think about the for station  in some parts of the world, or the forest may just be burned with no local world, or the forest may just be burned with no local  market for the timber to create new agricultural land. There is a great deal of greenhouse gascreate new agricultural land. There is a great deal of greenhouse gas  emissions associated with that. For example, in the Amazon.example, in the Amazon.  So, here are some of the things that we need to think the things that we need to think  about was greenhouse gas accounting. If we are serious about greenhouse gases, If we are serious about greenhouse gases,  we need permanent solutions, or at least very long-term ones. Again, we need to account for at least very long-term ones. Again, we need to account for  all three greenhouse gases. A topic we have not talked about yet, as if something is verifiable. This comes up topic we have not talked about yet, as if something is verifiable. This comes up  especially if we begin to think about making payments, like a carbon marketabout making payments, like a carbon market , making payments for ecosystem services such as reduced greenhouse gas emissions.such as reduced greenhouse gas emissions.  That the payments being made, however is making that payment is very likely going to want some guarantee however is making that payment is very likely going to want some guarantee  that there is really a real reduction in emissions that can be verified.real reduction in emissions that can be verified.  Can be measured? Is there way to be sure that it really happened?there way to be sure that it really happened?  Is there way to be sure that it is permanent and not reversible?sure that it is permanent and not reversible?  I am going to spend a little time thinking about howa little time thinking about how  can greenhouse gas mitigation be financed? It might be market drivenfinanced? It might be market driven , we have talked about some possibilitiespossibilities  of reducing greenhouse gas emissions while improving profitability. while improving profitability.  And voluntary actions such as double cropping or improving fertilizer managementdouble cropping or improving fertilizer management  may increase production on the farm. farm.  In some cases there is federal and state and local governments that may provide expertise or trainingand state and local governments that may provide expertise or training , planning support for nutrient management plans, or for manure management. plans, or for manure management.  Or for riparian buffers and that type of activity.and that type of activity.  There is also compliance driven, so in the Northeast, so in the Northeast  regional greenhouse gas initiative has the possibility that one way to reduce emissions is to have the possibility that one way to reduce emissions is to have  a process. Sorry about that. I apologize for my phone ringing, I cannot I apologize for my phone ringing, I cannot  turn it off, but it will quit in a moment.will quit in a moment.  In some cases, for example, payments are made payments are made  for cover crops to improve water quality. In Maryland, therequality. In Maryland, there  were a few years ago, when I was tracking it, there was a payment of $60 per when I was tracking it, there was a payment of $60 per  acre per year there were almost 500,000 acres enrolled a number of years ago.almost 500,000 acres enrolled a number of years ago.  One reason I want to bring up double crops, I am not sure whether that programbring up double crops, I am not sure whether that program  would include double crops. So, when people are thinking about these payment schemes, it's important towhen people are thinking about these payment schemes, it's important to  not have too narrow of a focus, if we can get even more benefits from a double crop, a focus, if we can get even more benefits from a double crop,  I would argue they should also be included in these schemes, as long as be included in these schemes, as long as  they're providing the same benefit is the cover crops.the cover crops.  There are challenges to these ideas for ecosystem servicesideas for ecosystem services , whether it is water quality are reduced greenhouse gas emissions. As I mentioned,are reduced greenhouse gas emissions. As I mentioned,  carbon sequestration may not be perfect or permanent, or even ifperfect or permanent, or even if  we have no till indefinitely for 50 years, there will be a slow increaseindefinitely for 50 years, there will be a slow increase  in soil carbon for a number of years'snumber of years's  or decades, two or three decades, there will be a newdecades, there will be a new  study of soil carbon, and we will not get additional increase beyond that. We're still getting the benefit of storing we will not get additional increase beyond that. We're still getting the benefit of storing  the carbon. But again, with a long-term issue like climate change, we need to think about a long-term issue like climate change, we need to think about  long-term solutions. And also, what is called transaction cost can be very high. This gets to that is called transaction cost can be very high. This gets to that  verifiability topic that I mentioned, can we measure the benefit?, can we measure the benefit?  Does this mean we have to be sampling soil? And measuring soil carbon? Does to be sampling soil? And measuring soil carbon? Does  it mean recording and submitting crop management information? In some cases, carbon marketscrop management information? In some cases, carbon markets  often require third party verification, that is yet another verification, that is yet another  activity that has to be paid for, and another issue for the farmerfor, and another issue for the farmer  to deal with. So again, I just want to say I've not talked about manure and livestock, that was again, I just want to say I've not talked about manure and livestock, that was  covered last week, and I encourage you to go back and look at that presentation.you to go back and look at that presentation.  If you challenges and barriers, I am sure all of you may have some additional ones to add. I am sure all of you may have some additional ones to add.  But, the knowledge of how to do these practices, how they fit into the farmto do these practices, how they fit into the farm  enterprise, the capacity to do them. This could include do you have the them. This could include do you have the  equipment for reduced or no till? Do you have the capital to buy that equipment if you till? Do you have the capital to buy that equipment if you  need it? And here are a few summary points.a few summary points.  There are opportunities to prevent greenhouse gas emissions, and wegreenhouse gas emissions, and we  are really preventing omission in the first place, that is often permanent. So, if we can use less fertilizerthe first place, that is often permanent. So, if we can use less fertilizer  and get the same crop production, we have prevented production, we have prevented  the application of some of that fertilizer to the soil, and we have prevented fertilizer to the soil, and we have prevented  nitrous oxide emissions. That is permanent, it will not happen.permanent, it will not happen.  There are also lots of ways to reduce greenhouse gas emissions and sequester carbonways to reduce greenhouse gas emissions and sequester carbon , but not all of them are permanent. We talked about the issues with soil carbon.are permanent. We talked about the issues with soil carbon.  There are lots of other benefits, we've talked about water quality, benefits, we've talked about water quality,  we talked a little bit about soil health.soil health.  There is also improvements to air quality in some cases from reducing dust emissions, or reducing ammonia emissions.air quality in some cases from reducing dust emissions, or reducing ammonia emissions.  And sometimes, the greenhouse gas benefit may be smallergas benefit may be smaller  than other benefits. We may want to be thinking about what we consider to be a primary want to be thinking about what we consider to be a primary  benefit and what we think of as a co-benefit.of as a co-benefit.  In the literature cited, analyst reports and I will list our website where we have which materials reports and I will list our website where we have which materials  designed for extension agents, and soil and water conservation, and soil and water conservation,  agents who work directly with farmers, some of this train the some of this train the  trainer available's there. So, if you take all messages. It is important to evaluate all three if you take all messages. It is important to evaluate all three  of these greenhouse gases together. Make sure that any practices providing a net benefit. Make sure that any practices providing a net benefit.  Again, climate change is a long-term issue, we need to be thinking about long-term solutions.long-term issue, we need to be thinking about long-term solutions.  We should also be prioritizing practices that are permanent or at least verifiable.practices that are permanent or at least verifiable.  And, thinking about the co-benefits of some of these practicesco-benefits of some of these practices , maybe the greenhouse gas benefit is considered a co-benefitbenefit is considered a co-benefit  and really all of these other benefits are more important, and you want to be other benefits are more important, and you want to be  focusing on managing for reducing erosion or improving water quality, and gettingerosion or improving water quality, and getting  the benefit of greenhouse gas reduction as well. Of course, ideally, gas reduction as well. Of course, ideally,  we want to improve sustainability we want to improve performance across all of we want to improve performance across all of  these fronts, air, soil, and water quality, as well as reducing greenhouse gas emissions.water quality, as well as reducing greenhouse gas emissions.  So we have had lots of support for our research lots of support for our research  and outreach activities over the years, I am acknowledging many of those here., I am acknowledging many of those here.  And the literature cited, you will not be able to read all of these butyou will not be able to read all of these but  the presentation is available as a PDF if you want to follow-up. There are a few longer documents at a PDF if you want to follow-up. There are a few longer documents at  the bottom, most of the first ones, some of them are first ones, some of them are  peer-reviewed articles, some are directed toward more general audiences.toward more general audiences.  And as I mentioned, we have an outreach publication we have an outreach publication  website where we have more details on many of more details on many of  these practices I appreciate your time and attention and look forward to your questions. 
 Thank you,time and attention and look forward to your questions. 
 Thank you,  Dr. Woodbury, who will now open this visitation up to a Q&A open this visitation up to a Q&A   discussion. As a reminder, if you have questions please type them into the chat box. I see we have a you have questions please type them into the chat box. I see we have a  few questions already. The first is why not use functioning  why not use functioning  to reduce added nitrogen? 
 Could you say a little more 
 Could you say a little more  about that? I realize I will have to go back through the chat boxwill have to go back through the chat box , I want to know -- Specifically what you are suggesting. 
 Specifically what you are suggesting. 
  We will move on to another question and Ed can expand on that.question and Ed can expand on that.  George asked whether -- I wonder whether you think our understanding of the science I wonder whether you think our understanding of the science  surrounding omissions, sequestering, or reduced is sufficient to be moving ahead with these types of approachesis sufficient to be moving ahead with these types of approaches  as carbon offsetting projects? Or is the evidence base not strong enough?is the evidence base not strong enough?  
 Okay. I am going to give a yes and a no answer here. There  going to give a yes and a no answer here. There  is very strong evidence for many of these greenhouse gas benefits of these greenhouse gas benefits  for many of these practices. As all of you know were involved with agriculture, every farm is different. Every field As all of you know were involved with agriculture, every farm is different. Every field  is different, and every year can be different as well. Management practices are complex and for can be different as well. Management practices are complex and for  management is complex. So, it's hard to have guarantees hard to have guarantees  about greenhouse gas benefits or anything else, because of or anything else, because of  the variability in soils, crops, and management. Again, we have strong evidence and management. Again, we have strong evidence  from many practices reducing greenhouse gas emissions on average across many fields gas emissions on average across many fields  and years. The question of whether the science is strong of whether the science is strong  enough to support carbon markets or other more generallyor other more generally  payments for ecosystem services, that gets more complicated in my mind. that gets more complicated in my mind.  Because -- Of the possibility of people cheating, the difficulty ofof people cheating, the difficulty of  verifying these practices. So, if you think about it from the schemasif you think about it from the schemas  the perspective of the buyer of a carbon they want to make of a carbon they want to make  sure it is real, permanent, and verifiable. That is very hard to achieve  verifiable. That is very hard to achieve  for many of these practices on farms. One exceptionfarms. One exception  that is much more verifiable is adding trees. Because  is adding trees. Because  you can see them, they can be measured, they are there for a long time. So, be measured, they are there for a long time. So,  adding trees is one of the practices thatthe practices that  I would say in general is more verifiable. Adding soil carbon is more verifiable. Adding soil carbon  is a lot harder to verify that it is added, and again, it is that it is added, and again, it is  not permanent, because of the change in management could change thechange in management could change the  carbon level again in the future. I hope I have answered your questionfuture. I hope I have answered your question , at least in part. Feel free to chime in again if there is another piece. 
 We have free to chime in again if there is another piece. 
 We have  another question from Alan, leakage is an interesting topic that is been disgust for more than a decade, has is an interesting topic that is been disgust for more than a decade, has  it been overblown in proportion to practice on 250 acres reallypractice on 250 acres really  affect response of change in another part of the world. 
 in another part of the world. 
  That's a good question. As you heard, emphasized this quite a bit. Exactly because I think it is a topic you heard, emphasized this quite a bit. Exactly because I think it is a topic  that does not get enough attention in the realm of carbon credits and individual fields.  in the realm of carbon credits and individual fields.  I think it is a real challenge, again, when we think about challenge, again, when we think about  agriculture, because management is happening at a field skill or a subfield skill, deformed skills. That we have global at a field skill or a subfield skill, deformed skills. That we have global  commodity markets. We talked about producing corn and soybeans, Brazil is right there. producing corn and soybeans, Brazil is right there.  We are direct competitor with production there. soproduction there. so , on a global scale, if you look at the whole food supply chain and commodity trading around the world, it's you look at the whole food supply chain and commodity trading around the world, it's  a very small world. In that sense, what happens  sense, what happens  in the U.S., if we have a big decrease inhave a big decrease in  production of commodity crops, definitely creates a market opportunity for someone else. That working opportunity can easily include creates a market opportunity for someone else. That working opportunity can easily include  D4 station. So, it is hard to think about and it is hard to think about and it is  hard to say you cannot say one action on one farm one action on one farm  has a specific result to an acre of forest in another part of the world. We cannot make that connection an acre of forest in another part of the world. We cannot make that connection  I think it is still important to think about the cumulative impact of our to think about the cumulative impact of our  activities. That is how we got in the situationin the situation  of high greenhouse gas emissions. It is not the one place admitted all of them,It is not the one place admitted all of them,  it is lots of activities over lots of people over lots of locations emitting greenhouse gases.over lots of people over lots of locations emitting greenhouse gases.  But it is a global issue. 
 Sure.issue. 
 Sure.  Peter, this question is from me, Elizabeth Marx, what do you see as the biggestme, Elizabeth Marx, what do you see as the biggest  bang for the buck for reducing greenhouse gas emissions coming from farms today?reducing greenhouse gas emissions coming from farms today?  
 I have two answers to that. In terms of thinking aboutto that. In terms of thinking about  New York State and other parts of the Northeast and other parts other parts of the Northeast and other parts  of the eastern U.S., adding trees, maintaining trees,trees, maintaining trees,  or increasing tree gross is a very large opportunity for  is a very large opportunity for  carbon sequestration. Again, because trees store a lot of carbon, because you can verify they are there, you can store a lot of carbon, because you can verify they are there, you can  measure their gross rate over time. There are some opportunities  There are some opportunities  in terms of let's say, state government looking for opportunities to really make a difference state government looking for opportunities to really make a difference  across agriculture and forestry in terms of reducing greenhouse gas emissions terms of reducing greenhouse gas emissions  are sequestering carbon. That is my first answer come as a big carbon sequestration opportunity.my first answer come as a big carbon sequestration opportunity.  But in many cases, it is not cheap, if you're going to forestis not cheap, if you're going to forest  for wood products, have to spend a lot of money up front and you don't get any product for spend a lot of money up front and you don't get any product for  many decades. There other practices that may have a quicker returnthat may have a quicker return , so I would say in terms of practicesterms of practices  that can be done on farms today, but have a farms today, but have a  big benefit but can also increase profitability, I would point to improve nitrogen fertilizer management.  increase profitability, I would point to improve nitrogen fertilizer management.  Again, using more sophisticated tools to improve theto improve the  4 Rs approach.  Reduce the total amount of nitrogen fertilizerthe total amount of nitrogen fertilizer , maintaining crop yield, that is an opportunity that can often increase profitabilityis an opportunity that can often increase profitability  while at the same time reduce greenhouse gas emissions. I gave two  reduce greenhouse gas emissions. I gave two  answers, one on a big scale, carbon sequestration opportunity, and nitrogen as kind of scale, carbon sequestration opportunity, and nitrogen as kind of  a low hanging fruit to improve profitability and also get a greenhouse profitability and also get a greenhouse  gas benefits. 
 Sure, it is interesting. Did a rapid carbon study looking at whereis interesting. Did a rapid carbon study looking at where  a lot of the carbon is in the United States, and it is in the United States, and it  is in the northern forests. So, that is consistent.So, that is consistent.  So -- Does biochar increase the flow of carbon, and how long increase the flow of carbon, and how long  can it stay in the soil? 
  
  Yes, biochar has a lot of carbon and if you're not familiar with carbon and if you're not familiar with  it, we are really talking about something very much like charcoal or a type of charcoal.something very much like charcoal or a type of charcoal.  If you have a small piece of charcoal piece of charcoal  and you add them to soil, they last longer than adding other forms of carbonsoil, they last longer than adding other forms of carbon  such as crop residues. Some of it may be lost Some of it may be lost  in years and decades, but some of it will last many decades, and even hundreds of of it will last many decades, and even hundreds of  thousands of years under some soils in some locations. soils in some locations.  I think what we need to look for here is getting the rightlook for here is getting the right  package. Biochar is a relatively expensive product to produce, but you expensive product to produce, but you  could be getting energy while you produce it.you produce it.  You need a system that will be profitable for producing the biocharwill be profitable for producing the biochar  at the farm skill, you will need to be getting benefits that are enoughwill need to be getting benefits that are enough  to offset whatever the cost of that biochar is to the farmers. of that biochar is to the farmers.  Because it is relatively new, I think there are a lot of unknowns about that, and we need I think there are a lot of unknowns about that, and we need  more research. We also need more research in the benefits of adding biochar more research in the benefits of adding biochar  to soil, as compared to say adding whatever it is made of. If it is made adding whatever it is made of. If it is made  of crop residue, what if we just addwe just add  to the soil as opposed to the whole process of making biochar? I think to the whole process of making biochar? I think  it is a promising, interesting talk about, but in terms talk about, but in terms  being used for the farms, there is more research that needs to be done about the cost and benefits. 
 there is more research that needs to be done about the cost and benefits. 
  Great, Margaret asked what about foreign wetland areas? What are your thoughts on that?foreign wetland areas? What are your thoughts on that?  
 This is not an area of expertise for me. I area of expertise for me. I  will say that there are some crop soils that were originally wetlandssome crop soils that were originally wetlands , so some of them are highly productive. So,highly productive. So,  if those crop soils that were true wetlands and had very high organic matter soilswere true wetlands and had very high organic matter soils , the reason they stored so much carbon in the first place was because there wasn't any oxygen, and that makes much carbon in the first place was because there wasn't any oxygen, and that makes  it a lot harder for the soil microbesthe soil microbes  to process and use that carbon. So he gets stored in woodlands, and when carbon. So he gets stored in woodlands, and when  we drain it, the carbon becomes vulnerable to all kinds of microorganisms that want to chew it becomes vulnerable to all kinds of microorganisms that want to chew it  up. So, when we drain wetlands and haveand have  agricultural production, you can often be losing a lot of soil carbon from those soils. Even be losing a lot of soil carbon from those soils. Even  with good agricultural practices. So, there is an opportunity for some of thesethere is an opportunity for some of these  former wetland soils to return them to wetlands instead of agriculture.them to wetlands instead of agriculture.  Of course, that means we're taking land out of production, and often times it is very highly productive land. That taking land out of production, and often times it is very highly productive land. That  is a real trade-off. 
 Lizzie asks can agriculture sequester carbon quickly enough to address the near-term threat of Lizzie asks can agriculture sequester carbon quickly enough to address the near-term threat of  climate change? 
 Yes, it can get immediate benefits.it can get immediate benefits.  If you're talking about increasing soil carbon with increasing crop coversoil carbon with increasing crop cover  through cover crops are double crops, you could be increasing soil carbon relatively quickly within a few years. Especially combined crops, you could be increasing soil carbon relatively quickly within a few years. Especially combined  with reduced till or no till. Is you heard me say, probably 10 times, a challenge Is you heard me say, probably 10 times, a challenge  is keeping the carbon in the soil over the long-term.the soil over the long-term.  Something like adding trees agriculture or replanting forests, there will beor replanting forests, there will be  a lag period before we get very rapid growth get very rapid growth  of the trees. It will be a decade or two before you have rapid forest a decade or two before you have rapid forest  carbon sequestration. The other thing that is important here is we are not going to solve the greenhouse that is important here is we are not going to solve the greenhouse  gas issue just with agriculture. It is going to take, across the boardis going to take, across the board  reduction in emissions. 
 And certainly improving carbon in the And certainly improving carbon in the  soil has very immediate benefits for the farmer itself.for the farmer itself.  And, it's resilience to climate change. A number of you change. A number of you  have asked where you can see the presentation that Petersee the presentation that Peter  has referred to. And that is in a conversation webinar,that is in a conversation webinar,  conservation webinars.net, the name of the presentation is dairy feed and manure the presentation is dairy feed and manure  management, adapting to climate change while balancing water and air resources of our viability. That was while balancing water and air resources of our viability. That was  given by Peter's colleague Jenifer Wightman, and that is in the Jenifer Wightman, and that is in the   it's recorded in the conservation webinars.net it was given on conservation webinars.net it was given on  September 22nd, 2020, it is fairly recent. It fairly recent. It  should be fairly easy to find. Just looking Just looking  at some other questions of -- Heather asks can planting -- Heather asks can planting  help with carbon sequestration -- --  
 I guess you have to think about what is happening to the hemphave to think about what is happening to the hemp , if you grow trees, if you grow a healthy forest, you're storing a lot of carbon in the if you grow a healthy forest, you're storing a lot of carbon in the  growing forest for decades or hundreds of years.hundreds of years.  If you grow hemp, your presumably harvesting it every year.presumably harvesting it every year.  So the greenhouse gas benefit, if you replace an annual crop, , if you replace an annual crop,  are you increasing soil carbon? I don't know the answer to that.carbon? I don't know the answer to that.  That will probably depend more on the soil management practices as wellon the soil management practices as well  of the crop itself. So again, I would have to think about how the hemp So again, I would have to think about how the hemp  is used, I know it can be used as a fiber, it is not something I can be used as a fiber, it is not something I  work on. A possibility is the hemp fiber can be used to replace other materialsis the hemp fiber can be used to replace other materials  that have a lot of greenhouse gas emissions associated with them,greenhouse gas emissions associated with them,  so on the for side if you can use engineered wood products. I-beams made out if you can use engineered wood products. I-beams made out  of wood, if you can use that in place of steel, you are sequesteringuse that in place of steel, you are sequestering  the carbon in the wood in the building for as long as the building is there. And you're in the building for as long as the building is there. And you're  also replacing steel, you are offsetting -- The emissions from steel production. -- The emissions from steel production.  Offhand, I don't know about hemp fiber replacing steel or concrete or the building hemp fiber replacing steel or concrete or the building  materials with high greenhouse gas emissions. I would think more hemp fiber might be emissions. I would think more hemp fiber might be  replacing wood fiber, not sure of the benefit there.of the benefit there.  
 We have a question from Horatio, or cover crops the best way to improve the soilquestion from Horatio, or cover crops the best way to improve the soil , and can nitrogen from cover crops percolate into groundwater?crops percolate into groundwater?  
 Again, agricultural crop management is complicated. There is never one solution best for everybody everywhere. management is complicated. There is never one solution best for everybody everywhere.  Cover crops or double crops are in general very useful are in general very useful . Anything you can do to have vegetation growingto have vegetation growing  more of the year is beneficial for soil health. beneficial for soil health.  So, cover crops and double crops fit into that. Perennial crops fit into that fit into that. Perennial crops fit into that  even more. The part about nitrogen -- So, we want nitrogen -- So, we want  to manage nitrogen appropriately. Even if we do that, there is some residual nitrogen in say if we do that, there is some residual nitrogen in say  acorn crop field after the crop is harvested. Planting itcrop is harvested. Planting it  cover crop, she can get it planted early enough and growing, and have ability it planted early enough and growing, and have ability  to reduce nitrogen or nitrate leaching from a nitrate leaching from a  crop field. The ability to take up some of the nitrogen and store it. If you grow take up some of the nitrogen and store it. If you grow  a cover crop that is producing its own or fixing producing its own or fixing  it so nitrogen, then you have to think about how thatyou have to think about how that  cover crop is managed. A common rotation A common rotation  is corn for several years, the no alfalfa for several years on the no alfalfa for several years on  dairy farms. If you plow down that alfalfadown that alfalfa  after it has been growing for several years and storing nitrogen, if you plow down in the for several years and storing nitrogen, if you plow down in the  fall, you could have a lot of nitrate leaching in the fall and winter. Before of nitrate leaching in the fall and winter. Before  you have a new crop to pick it up. to pick it up.  
 Great, well, I wanted to thank everyone for such great questions. I am going wanted to thank everyone for such great questions. I am going  to turn the webinar back over to you, Jen.to you, Jen.  
 Thank you, Elizabeth, and thank you everyone for joining us today.thank you everyone for joining us today.  I am going to close it out, on behalf of the USDA and  it out, on behalf of the USDA and   National Resoures Conservation Service, wanted to say thank you to Elizabeth and Peter for taking time  out of their schedules say thank you to Elizabeth and Peter for taking time  out of their schedules  to provide an excellent presentation about healthy soils for sustainable futurehealthy soils for sustainable future , soil health and greenhouse gases. And again, thank you everyone for attending today's webinar.And again, thank you everyone for attending today's webinar.  
 [ Event concluded ]]  

