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Intermediate Stand Management 

Stand Management of Existing Stands

Sometimes when a speaker starts, you might like to know a little bit about me. I'll give you just a couple of minutes. I work for the Northern Research Station that's also a U.S. Forest Service Research and Development Branch office in Morgantown, West Virginia. We're on campus at West Virginia University. I'm a research forester for 27 years now. For 19 years, I worked on the Fernow Experimental Forest in West Virginia, and that's also part of the Monongahela Hill National Forest. If you remember the Monongahela's famous for the clear cutting controversy. The Sierra Club filed suit against the Forest Service in Elkins, West Virginia. That's where the supervisor's office is. And after going to college and getting a job with the Forest Service, and while I was in college, the clear cutting controversy was in the Journal of Forestry. Every month, there was an article or 2 about the-I think they called it the Monster of Monongahela -was one of the titles of the articles. Turns out, I lived in Elkins for 10 years, just about a mile away from where the suit was filed. That suit led to the National Forest Management Act and some other good things that have come along. And so that's just a bit of history. I was in school when that erupted, and some of my research actually dealt with alternative silvicultural practices that are alternatives to clear cuttings. This presentation is about crop tree management. The title we've given it is Intermediate Stand Management. I just want to tell you a little bit about the flexibility of crop tree management. Intermediate practices, I think David earlier talked about regeneration practices, activities and vegetation manipulation treatments that are intended to develop advanced reproduction or develop reproduction potential or to stimulate or to release reproduction. This suite of treatments, intermediate treatments, are essentially those intended to culture an existing stand. So these treatments are not really intended to regenerate a stand; they're intended to culture or improve the stand you already have. And this would include thinnings, timber stand improvements, cleanings, liberation cuts. Sometimes people like to say that crop tree management is another treatment, but if you use your imagination and use your training in silviculture, crop tree management can be used to do a cleaning. Crop tree management can be used to do a commercial thinning. An improvement cut, a liberation cut. The crop tree approach simply focuses the attention that we're going to gives these trees on a few trees; not the stand area, but a few trees in a stand. So I'll go through about an hour, not quite an hour, now but we'll discuss the crop tree management approach and some other things. This is my outline. We're going to talk a little bit about hardwood stand dynamics, then I'll go through the 6-step process of crop tree management. Beyond the notes in your notebook, there's also a handout that describes an inventory procedure. If you're looking at a young stand or an inventory stand and you're wondering, "Does this stand need crop tree management, would it benefit from crop tree management, should I prescribe crop tree management for this stand?" That precedes here is a suggestion of how you can collect data, analyze the data, and answer that question. Not all stands need or can benefit from crop tree management. I like to say, "we never say never, and we never say always." Some stands, crop tree management is advisable.  But some people think that if it's pre-commercial, in other words you're putting money into a stand, never do that. That's really not a good way to make decisions. There was an old saying when I was in school, "Forestry that didn't' pay wasn't good forestry," meaning if you weren't taking some money out of the woods, it wasn't good forestry. But think about that: Vine control, preparation for advanced reproduction, control of invasive plants-there are a lot of times when you're spending money to make your stand better or you're going to improve the situation in your forests. And crop tree management sometimes costs money. Why would you do it? Because down the road, the stand will be better and it'll return your investment at a good rate of return in some stands. Not all stands, so it's not never, and it's not always. You have to do an analysis to see which stands it would work in. I'll talk a little but about operations-how to get the job done. This is a mighty powerful tool, right here for crop tree management. You put one of these with one of these, and you can really improve a stand. And this can be filled with a glyphosate product. My 15-year-old daughter can go to Wal-Mart and buy the product. It's a very safe herbicide, but of course, you should take precautions as you would with any herbicides. But the point is, I can use these two tools to release crop trees and make my woods better. And I'll go into some detail later. And then we'll try to leave a little time for questions, but we're also going to do a field exercise, where you're going to go out and pick crop trees. You're going to put blue flagging on the crop trees and decide which trees to remove to favor those crop trees by putting the striped flag on it. And it's a nice exercise. I think it helped the concepts to gel. How many of you have supervisors that don't know what's going on? Is David here? David's not here. He would be smiling. He knows that's one of my jokes. The point is, if you're trying to explain, "What are you doing to this woods? What's the purpose," sometimes you can demonstrate crop tree management without actually killing or cutting any trees with some flagging and show landowners or show your supervisors or show your screws or show a contractor what it is you want done. Sometimes some people learn different ways. I learn by doing things with my hands and trying it. Some people learn by reading. Some people learn by watching. Sometimes if you just demonstrate this in a small area, the light goes on and they see what you mean. "Oh, I'm not killing 2,000 trees out there. I'm killing 100 trees to favor 60 trees. Oh, I got it. Okay." And there's still 1,500 trees out there. But the 60 that are good have some more room to grow. So I'll go through this whole procedure and then we'll have some time for questions. So lets start-sometimes it's good to start when you're trying to decide how to apply crop tree management. Let's go to a mature stand. Think in your mind of a mature stand, and I have a question I want to ask you. How many trees are in a mature stand per acre? How many trees per acre? 75, 100, do I hear 200? Do I hear 300? Well, one question that pops into your mind, you might think "What do you mean? How big are they? What's the size threshold?" If we're talking about trees that are say, a foot tall all the way up to the codominant canopy in an 80-year-old stand, there can be tens of thousands of trees, counting all the little seedlings. If we say we're just going to count the trees that are 1 in DBH diameter at breast height and larger, that's far fewer trees. And if we just say "how many trees are up in the main canopy, just dominant and codominant," that's a really smaller number. A much smaller number than saying, "How many trees per acre?" And the reason that it's important is because crop tree management is applied when the stands are immature. Not when it's mature. So if we want to know how many trees, how many crop trees we want to release or manage or how many we want to look for, look to the mature stand. I'll give you some numbers here in a minute, but sometimes when you look at that stand, it looks like hundreds of trees. But really, in crop tree management, sometimes we're only managing 20 or 30 trees per acre, 30 or 40 trees per acre, 50 or 60 trees per acre. It's whatever your stand gives you. You can't really change the species of the trees that are there, but you can favor the preferred species. And sometimes, there's only 10 or 15 of the preferred species present. So how many trees essentially depends on your objectives, too. If you're dealing with bird nesting, bird habitat, you might have to look at all the trees. If you're dealing with commercial wood values, maybe we're only talking about a few trees in the main canopy. Here's some data that we collected. This is at the Coopers Rock State Forest in West Virginia, and it's a mixed oak, mixed hardwood stand on site index 70. And we have 20 half-acre plots, where we've been monitoring growth and development for 25 years. We tagged every tree on all the plots, and we have a data set that now amounts to 8,000-10,000 trees, depending is we counted the ones that died in the past. Btu we have social security numbers for all these trees on all these plots. So what we did is we took all the trees in the data set and ranked them according to their value. We ranked them according to their value-the most valuable tree, the next most valuable tree, the next most valuable tree. And the 10 most valuable trees per acre when you take the 20 plots and convert it to a per-acre basis, occupied 15% of the basal area, a third of the commercial volume, and almost half the stand value. Is that surprising to you? If you buy or sell wood, this is true. This is how bidders bid on timber. Sometimes the number of trees per acre makes the difference on whether somebody bids $3,000 or $4,000 an acre for timber. It might turn on just a few trees. The 20 most valuable trees, about half the volume and 60% of the value. And the sweet spot, what I'm getting to here is somewhere in the neighborhood around 50 trees, 89% of the volume and over 90% of the value present on that stand. When you go to 70, you've accounted for all the volume and virtually all the value. So what's that telling you? If you're dealing with a 10-year-old stand, or a 15-year-old stand, when that stand is mature, all the volume and the value is going to be in no more than 60 or 70 trees. That's all there's room for out there. they're plants; they use light, water, nutrients, and heat. And those resources on a site are fixed. You can't make more water be there, and you can't make more sunlight be there, and what's in the soil is in the soil. The nutrients, that's relatively fixed. So what that stand is capable of producing is growing space. And usually in these hardwood stands, there's enough growing space for the canopy, the over story canopy, to hold about 60 or 70 trees per acre. That's why when we say we've practiced crop tree management, that's really the maximum of crop trees we want to try to manage. Sometimes there are less than that. You go out and I'm looking for high value northern red oak, or high value white oak, or a certain species that I want to favor for diversity. And oftentimes, there are just a few trees out there that meet your objectives. If you learn in a circle-some people learn in a circle-this is the same data. 12 red oaks, 20% of the value; 8 black cherry, 36% of the value. In just these 20 trees, over half the stand value is in these. If we had gotten to this stand earlier when it was 10 or 15 years old, I might have 20 red oaks and maybe 15 or 16 good black cherry, and fewer yellow poplar and fewer of the others. In other words, with crop tree management, I'm tipping the scale in the favor of the species that I want to win the growing space. And you can do that by getting in there early. It might cost you some money, but if I could have twice as many black cherry, there's not an investment in the world that pays that kind of return. The double the number of black cherry in your stand or double the number of northern red oak in your stand, just by a simple early treatment. If there's only 8 cherry to begin with, that's all you have. But if there's 30 to begin with, then you know that half or maybe 2/3 of them are probably going to die from competition, you can jump in there with crop tree management and save them. Keep them in the main canopy. Give the growing space to them. Remember the site resources are fixed-light, water, nutrients, and heat. What we do is allocate those resources to the trees we want. I usually play a game here. I don't really have time. I let you pick one thing about this pile of logs you could change. This is your pile of logs, I'll give them to you. But you could change one characteristic, and usually people would say, "Species. I'll change them all to black cherry or whatever the most valuable specie sin your market is," and some people will say, "I'll make them bigger. I'll make them twice as large. Same number of logs, but twice as big." Other people will say, "Well those are saw products. I'll change them all to venire logs." But the point here I like to make, it's too late to change this situation, the time to make those changes was when the stand was young, not when you're a month or so from a harvest. You have to make those decisions 20-25 years out. And then that pile of logs will be just what you want. So these are the tree value factors-size, species, quality and product market-meaning pulp, you get saw products, and rather than saw products, you get venire products or whatever. I mentioned the clear cuts on the Monongahela Hill in the National Forest. These data came from 96 clear cuts that were made from the mid 1960's to 1990. And the Monongahela Hill made maybe 1,000 or 1,200 harvests during that period. A lot of them were clear cuts. And we sampled those to see whatever happened to those clear cuts that were made. Well they regenerated naturally, and they're still mixed hardwood stands. Some of them were 10 years old and some of them were 15 years old, 20, 25, some of them were 40 years old. So we just sampled in there and we looked at the numbers of trees, the numbers of trees in the main canopy, and the number of trees that we would consider crop trees. In other words, preferred species. And it's really interesting how the stand changes over time. When it's 10 years old, you've got probably 25,000 or 26,000 trees per acre that are bigger than an inch DBH. As the stands age, this decline in the number of trees is just the natural maturation of a hardwood stand. Trees that are fewer numbers of trees and the average stand diameter goes up. Where are the other trees going? They're dying from competition. There's just not enough growing space. Because they take up more room with their crowns and root systems, there's only so much pizza there, and as when there's not enough pizza, some people leave the party. And that's exactly what's going on. Dominants and codominants-these are the trees up in the main canopy that have managed to compete well and win the growing space. But they're not all good trees. Some of them are crooked, some of them are forked, some of them are not preferred species, but they're up in the main canopy. They've won the initial part of the race. When you look over here, these are the crop trees. For this demonstration, I defined crop trees as dominant or codominant, in other words, they've competed well on their microsite. They're up in the main canopy, and they're the preferred species in these woods. Black cherry, northern red oak, or sugar maple. And they're good quality. We made a judgment whether they had straight stems, no cankers, no forks, no evidence of poor vigor or anything like that. So outwardly, they look like good trees. The key take-home message here is this: look how many crop trees I had at 10 years old. I had 145 per acre. They were codominant, they were the species I wanted, and they were good quality. I waited 10 years, what happened? It's just bad luck. The competition, they didn't all make it. And what's that happened. And they might have been adjacent to a red ample sprout clump, or an aggressive yellow poplar sprout clump, and the good trees that you hope to keep, they didn't all make it. Through crop tree management, we can sustain or retain as many of those as we feel like we can, or that we need to meet our objectives. And this is an area I like to point out. Somewhere between age 10 which is canopy closure in our woods, if the sites are better, sometimes the canopies close at age 7 or 8, and on poorer sites, the canopy might not close until age 15, but somewhere between age 10 or say canopy closure, and the next 10 years is when you have an abundance of crop trees that you have to choose and mold the composition of that stand. Now lets say that your objectives were not financial. If you wanted to promote wildlife food, you could select the trees from this group that gave you a diversity and an abundance of wildlife food. Maybe it was just species diversity. You had maybe 5 species present, and you wanted to maximize diversity. You could make sure that you had 10 or 12 or each species in the main canopy at maturity. And if any computations that are used to define to compute diversity, that would maximize diversity. You'd have all those species represented in equal numbers in dominant positions. So using crop tree management, you can sort of attack any of your set of objectives. If could be wildlife, timber, diversity, if could be habitat or just diversity of habitat. Or protection against diseases. Diverse stands are more resistant to disease, more resistant to those kinds of problems than pure stands and pure black cherry or pure yellow poplar. You want to have diversity for health reasons. Or maybe you're more susceptible to gypsy moth or some other defoliator. You may want to manage crop trees so that they have high vigor so that when gypsy moth defoliations occur, you're in a good position to be resistant to those. How many crop trees in young stands? Here's roughly the same data in a graphical form. This is the total number of trees per acre as the stand ages, and that's just the stand thinning itself in the average diameter is getting larger. These are all the trees one inch and larger. Theses are all the dominants and codominants so you can see from age 10 out there to about age 30, there's a pretty steep drop in the number of dominants and codominants. They're taking their place in the canopy. And also relative to the dominants and codominants here, here the crop trees as we define them. And this zone right in here is the sweet spot. We really want to do our crop tree management as early as we can. We still have a sufficient number of crop trees to have them well distributed, to have the diversity we want, the species we want. Otherwise, we just sort of leave that up to some serendipitous result. It just happens. Leave it up to the coincidence that we would have the good trees; the preferred trees would make it. We would like to have more control of that situation as managers. And so in some cases, we would get into those stands, choose the crop trees, release their crowns, give them more growing space, allow them to develop bigger crowns and root systems so they can survive onto maturity. That's the part of this talk-any questions so far? That's the part of the talk on hardwood stand dynamics. I like that word 'dynamics,' it just never stops changing; it's moving target. What we can do it make it go in the direction that we would like it to go even though we're not even sure if we chose 50 crop trees, if they would all survive. They have a much higher probability of surviving if we put them in a good competitive position for the future. Let me talk a little bit about the crop tree management process. I'll just as an aside, I have this crop tree field guide. A part of the process is described in here, but it describes in tabs, there's a tab for each species, black cherry, white ash, yellow poplar, northern red oak. This was written by Arlyn Perky and Brenda Wilkins. Arlyn's retired now. I just saw him not too long ago, a couple of months ago. He looks really good; he's tanned and thinner. I don't know why people get thinner when they don't work anymore, it seems to be backwards, but that's the way it happens. But we're writing another summary paper on crop tree management and I asked Arlyn to review it for us and he jumped right in here. He was glad to see that we were assembling all that we know how. He retired several years ago and there's new information out. But this is a helpful guide for you, and also for landowners. This is written so that you can give this to non-professionals and they get it. That's the thing about forestry-sometimes they don't get it. Why can't they get it? Show them these appendices back here. Some of the tabs explain how you release the crown of a crop tree, and it's very interesting how Arlyn has a section in here. If you feel like you're cutting too many trees, don't cut fewer trees around each crop tree, select fewer crop trees. Because we want to make sure that the crop trees that we pick are fully released. So you might end up cutting 3 or 4 trees to release 1 crop tree. You say, 'Well, I want to cut fewer trees, so I'll only release the tree on 2 sides." Well, that's not going to get the job done, because the best trees still don't have full growing space. And he has a diagram explaining how to do that. So it's a very helpful reference. And I gave you a stack of other published papers. This little guy here is by Neil Lamson and Clay Smith. Clay hired me. He was my supervisor for 13 years. He's a very nice gentleman. Arlyn Perky and Brenda Wilkins again, but this describes how to release a crop tree. I've been in this so long, I'm surprised who doesn't know how to release a crop tree. But you know, I've talked to maybe 60 to 90 students like you every year, and find that a few of them actually apply crop tree management, but there's also a few that are just coming to realize the value of the tool. And that's okay, that's why we're here. There's a paper I wrote on the effective crown growing space on the development of trees. I'm going to talk about that in the few slides at the end. One of my new friends, Jeff Ward, a crop tree release increases growth of mature red oak. Do you ever wonder how old a tree would be before it wouldn't respond to release?  We've released trees that were 90 to 100 years old. You give them more growing space, guess what? They grow faster, because the site resources that they were dealing with were limited to them. Here's another paper by Clay Smith. This is management of wild grape vines. Very critical in young stands, because some times before you do crop tree management, you might need to deal with the vine problem first, because it may be the vines that are threatening the survival of the crop trees. And then here's crop tree release. Crown release increase growth of the crown. This is for middle-aged stands-50 or 60 year old stands. And the same way, there's a nice thing in here showing how the degree of release comparing releasing trees on one side versus 2 sides versus 3 sides versus 4 sides. And there is a benefit to increasing the degree of release. Then here's another paper I gave you. It has absolutely nothing to do with this talk, but as I was going out the door, we have this senior person that helps me get everything together, and she's very nice, Helen Wassick. And she's won all kind of awards. She's a really nice person and she distributes our written information to customers and she says, "Here, they always like this." I said, "But Helen, it's about crop tree management, " she says "Here, they'll like this. Take this with you." But it's about forest roads, and actually I've looked through it, and it's very good. And lot of diagrams, and if you don't' know much about forest road construction, this is a good primer to get you up tot speed. And then I have one here that I did not give you, I just didn't have enough copies. It's a new paper from Penn State. Herbicides and forest vegetation management, and see me after. There's a website where I think you can download this in color and just print it on your color printer. But it describes in tabular form all the various herbicides that are used in forestry. This is really a good reference; the common name, the formulation, the signal word, whether it's caution or danger, the toxicity, how to mix it, and it actually talks about how it works in the plant. I found that interesting, the mode of action of how it actually affects the plants, how long it lives, I guess. I'll give you this later, I just didn't have enough copies. I just wanted to catch up on that. Okay, the crop tree management, that was your break by the way, crop tree management process. The first thing we want to do is set our stand management objectives. We can't do anything until we know what we want the stand to achieve. But that's limited by what the stand offers us. In other words, you can only play the hand you're dealt. You can't hope for 4 aces if you only get one more card, and you only have 2 aces to begin with, the most you could get it 3. Because, you know, that's it. Now, the other thing that will define the crop trees based on objectives. If your objectives are wildlife, habitat or wildlife food, then that's a certain definition of a crop tree. If it's timber value, the highest possible timber value from a market value stand point, that's another subset of trees. If it's diversity-so I can't tell you what crop trees are in your woods. That depends on what your objective are and what the stand is offering you. And then I'll describe briefly this inventory process that will help you decide whether or not a stand could use release, and then we'll talk about planning and projecting the development of crop trees. Actually by crop tree release, you're increasing their probability of survival. Jeff Ward did some work that's really interesting. You know that an oak only has like a 50/50 chance of surviving from age 10 to maturity in a hardwood, it's 50/50. I think it's 50% from age 25 to 50, and then only 50% again from age 50 out to age 80. So 50, half of half, 25%, right? So 3 out of 4 are going to die. Which ones do you want to win? A crooked one with the fork right there at about 8 feet off, or the nice straight one with a nice full vigorous crown? And that's the sense of crop tree management. You can actually select these trees based on their quality, not necessarily their species. And then I'll talk about planning adjusting the treatment, and then applying the treatment with mechanical felling, or girdling or hack-and-squirt herbicide treatments, or what have you. So what are your objectives? My objectives are always these 2. I want to increase productivity-notice that's weasel terminology. What do you mean productivity? Productivity of whatever I want to produce, but I want to increase it. It could be habitat, it could be diversity, money, or whatever. I want to be a good steward. I want to leave the stand at least as good as I found it, hopefully better. I want to sustain the preferred species, I want to increase the diversity of benefits. It would be nice If I had a woods where I could get money, I could recreate in it, I could just enjoy it, it would be beautiful, it would support a diverse wildlife community, all that. If I can get all those benefits by managing crop trees, it might not even matter if it's "economical." The fact is that the money might come close to breaking even, but you get all these other benefits because you invested in it. And then finally, credit Arlyn Perky, Arlyn who authored this little book I gave you, he always points this out in his talks that you can protect unique species. You need trees in your woods. Maybe it's the last hickory, and you just want to make sure that you don't lose the last one, or maybe it's the last 2 or 3 of the species on the site and you know that it's really on the decline, but you want to protect them and maintain them, and lifeboat that species to the next time you regenerate the stand. Maintain the seed sources so that maybe the next time you can increase the number. But whatever you do, you don't' want to lose the last species of that species on the site. Does anybody turkey hunt in here? Do you know the field of view of a wild turkey? Well, it's like 260 degrees. And do you ever notice while they're in flocks, why they do this? One looks one way and the other looks the other way. And there's no way that a predator or anything can approach them, because they can see. They'll make a cluck or something and warn everybody that "Hey everybody, look out! There's a West Virginian in the woods with a shotgun, so lets move." Well, if your objectives happen to be wild turkey, that thread links back to the species composition of the stand. And that links back to the species composition of the immature trees in your woods, and if you're managing crop trees, you say, "Well I'm choosing these trees as crop trees," but what you're really after is wild turkeys. It's all linked together. If your objectives are defined by what you're interested in, then the crop trees are then defined by your objectives. And so that's the linkage I'm trying to make. Get the look ahead what it is you want to produce, what do you have now, and those crop trees are essentially wildlife food or wildlife habitat to the thing you really want, which is wild turkey. Now what's a crop tree? You focus on the stand development. The future composition of the overstory. It might be 50% oak right now, but if you don't protect it through crop tree management, it may decline to 5% oak when it's mature. You have to make that judgment now. How much oak, how much poplar, how much whatever do I want in the future? That would help you define what the crop trees are. I like to say focus on the best 75 trees per acre. Some trees are not worth releasing, but don't start thinking about 200 crop trees, because we know there's only room for 60 or 70 of them at maturity. Focus on potential benefits; what the market value will be. What the seed production will be. You know that trees with large, dominant crowns produce more seed than trees with codominant, smaller crowns or intermediate small crowns or overtopped, wimpy crowns? So this idea of releasing crop trees may be to sustain the tree just over time, but then when you get down there to reproduction time, when you're trying to reproduce the stand, those crop trees will be the trees that also produce the most seed for you. So you're actually managing for seed production way down the road. Crop trees help meet the stand goals. You decide what you want. You decide which trees have to be there so you achieve that. And then I always lie to point this out-the potential risk. A tree may have al the characteristics you like. The right species, it's codominant, it's in the right place, but it has a canker on it, or it's a sprout off of the stump and it's very poor attachment. You really don't want to invest in trees where the risk is evident that they can't survive to the end of the rotation, even if you released them. So this is one of those-they teach foresters to be very observant in the woods. Look at the whole tree before you decide it's a crop tree. Now I'm going through this inventory process, is crop tree management needed? Everybody wants an answer. Forester likes the sound of where we got this. They want a one treatment, one time, tell me what to do, and we'll do it. Should I apply crop tree management? I don't know. We'd have to look at the stand. We really have to look at the stand. I don't know what are your objectives. What do you need? What's the stand offerings? Could we make it any better at all? Or if it's all one species, it doesn't matter what you do. That's why we do this inventory. The inventory is fairly simple. I know a forester on the Monongahela Hill. He could do 7 stands in one day. They're just little 1/100-acre plots. He just visits the plots, it's just 11 feet radius. He looks around, records the crop trees and records what's competing with them. He moves to the next plot. He does one plot per acre, up to 10 acres, and then after that, he does one plot every 5 acres. He gets back in the office and he has data from 7 or 8 stands. And he can decide on a limited budget which stands should we do crop tree management. And that's what this inventory is all about. You record the crop trees, only the dominants, codominants, and intermediates. I'm not really concerned about overtop trees. They've lost the race, we can't really help them. Species, diameter, and crown class, we record that. This is very important. We'll talk about this in some detail-the competitive status. What if all of your crop trees that you want to achieve your goals are dominant trees in the stand? You wouldn't do crop tree management. They're already head and shoulders above the competition. What if all those trees were all codominant, but fairly vigorous? Well, crop tree management is probably needed, but it's not urgent. We can put it off for a few years, because they're still going to be there. What if the crop trees you need are weak codominants? They're northern red oaks; they're starting to slip and they're next to yellow poplar sprout clumps. That's a high priority; you've got to get in there right now or you're going to lose them. And finally, what if their competitive status is that they're weak or they're intermediates, but that's all you have. Every oak that you want to keep is already in an intermediate position. If you don't do something immediately, you'd going to lose every one of them. So that's why it's important not to just know what's out there, but its status among its neighbors. And then we also record the competitors-what's competing with the crop trees, just dominants and codominants. Again, intermediates, if they're shorter than the crop trees, we don't even need to release the, because the crop trees is already above the competitors. Only the competitors that are threatening them. So here's just a little 1/100 acre plot, you record the crop trees and the competitors. And that hand out that I gave you that's in your 3-ring binder, it's several paragraphs that explain all this, so we don't need to go through a lot of detail-it's explained in the document. This is an example of the first plot. Plot number 1, I go through there and I say, "Oh, I've got a red oak crop tree, it's 3 inches DBH, this is in a sapling stand. It's codominant, it's competitive status 2, meaning it's okay. It's the same height as its neighbors, it's about the same competitive status." And those neighbors are 2 red maples and one other species. And oh, by the way, there's a vine in the crown of that tree. It might tell me when I get done with the analysis, it's not crop tree management I need, it's vine control. But that's a related issue. The other crop tree is a black oak, it's 3 inches, it's dominant, its competitive status is 1, and it's nearest competitors are 2 red maples, and it also has a vine. I've got a white oak, it's 2 inches DBH, it's intermediate in crown class, competitive status 4, and it's has 6 red maples competing with it. So the point here is for each of these plots, it's very quick. You get to the plot center, crop tree, crop tree, maybe there' sonly one on the plot. Maybe there's none of the plot. Maybe there's 3 on the plot. Whatever you see. And it just record quickly and go to the next plot. What you're after is you're trying to figure out whether crop tree management will make the stand any better. If it won't make it better, it's not worth investing in. These are the competitive status, ratings that I just described, and there's a lot more verbiage here to explain it, so I won't read them to you again. But the idea is number 1, they don't need any help. Number 2, they need some help, but it's not urgent. Number 3, they need help right now. And number 4, something about up a creek without a paddle. I mean, we're really at the end of the trail here, we're going to lose him if we don't do something. Well let me slow down a little bit here. For instance, see I did this inventory and I found out that I have-these are my crop trees. I've got 34 white oaks per acre, 63 northern red oaks per acre, 51 black oaks per acre. These are the crop trees. And these are their competitors. So overall, I've got 576 trees per acre, 148 of them are crop trees by their species, and right now, lets just take red oak as an example. Right now red oaks make up 11% of the overstory. 11% of the overstory, based on my inventory. That's just the way it came out. But right away, the questions should be, "Where are those red oaks? Are they dominant? And they codominant? Are they intermediates or are they in trouble?" Just doing crop trees doesn't tell you that. That's why competitive status is important. Now were going to project the development of these crop trees. The projections are based on their competitive status, and we're going to project them with release and without release, because that's all this is-we're trying to decide if we do the treatment or we don't do the treatment. If we do the treatment, then they have a higher probability of survival. If we don't do the treatment, then we're probably stuck, with the species composition we have now or worse. If we look at the competitors, I'm going to assume for this that at maturity, we have 75 trees per acre, as I've said a couple of times. Now lets project their development. Let's go back to the 63 northern red oaks I told you we counted. I had 63 northern red oaks, 5 of them were competitive status 1-they were dominant. 12 of them were codominant, competitive status 2. 19 of them were competitive status 3-they had really aggressive neighbors next to them, and you've recorded that into your inventory. And 27 of them were intermediate-they've already fallen behind the other competitors, so I've projected their development. These probabilities are from Jeff Wardsworth up in Connecticut. If they're dominant, they have a 90% chance of survival if I do not do the release. These codominant ones, if I don't do the release, they've only got a 50% of survival. These here that only have a 30% chance of survival, and these intermediates have a very slim to none. And slim left town, basically. They don't have much chance at all. Now this column here describes without release. 90, 50, 30, 5% probability. If I do the release, look at what happens to the probabilities. Dominant trees go up slightly, they're already dominant, we can't help them much. But we nearly doubled, in some cases doubled the probability of survival for these trees in competitive status 2 and 3. And we don't really help much in this case. Released intermediate oaks, that is, they still only have a 20% chance of survival with some of the work we've done. So if your oaks are already intermediate-they've already slipped below the main canopy, you've got to release 5 trees to get 1 to come through, and that's a very expensive way to do business. You're working on 5 trees to get 1 to come through. So this indicates here that if we don't do the release, we'll have about 18 oaks per acre, and if we do the release, we'll probably have 30-some oaks per acre survive to maturity. So look at what we've done. We've essentially doubled the number of oaks that are going to survive. Now if this mix of numbers came out a different way, if we didn't have this many in this 2 and 3 category, if they were either all up here or all down here, it would indicate maybe we don't need to do the release. In this case, I sort of picked a stand where this would work, but it's obvious we can do very well with the release-we can release the number of preferred oaks. And then we've put everything back together, and that's all described in here. I just want to go through it as we were together. But this is the bottom line here: we did the same thing for white oaks, red oaks, black oaks. Let's look over here at the end. If we do the release with crop tree release, instead of 10 white oaks, we'll have 17 white oaks. Instead of 23 red oaks, we'll have 43 red oaks. Instead of 17 black oaks, we'd have 34 black oaks, and essentially, we're reducing the number of competitors and increasing the number of crop trees by doing the release. This is very simple-it's a go, no go, look at this. Sometimes you look at a stand and you shouldn't do the release. Sometimes you look at this data and it jumps right out at you. That's a stand that needs to be released. So it's never 'never,' and it's never 'always;' somewhere in the middle there. This little document will help you get through, deciding how to do that. So do the crop trees need my help? That's essentially what this analysis will tell you. How old do you think that stand is? We're going to go visit one that's about this age for our exercise. It's 12 years old. I have 1 slide about vine control. How do vines kill trees? Some people think they shade their crowns and reduce photosynthesis. And they probably do some of that. But the way vines really kill a tree is they are potential risks. They sit there in the crown of the tree until you get an ice storm, in northern regions, a snow storm, and those vines act a like a big catcher's mitt. And they catch the ice and break the crown of the crop tree. That's why if you don't treat vines when you've got this problem, you're just letting that thing out. That's just a problem waiting to happen until you get a bad weather event. And that's why you want to get rid of the vines. And Clay's paper describes how to do that with wild grape vines. So that's all I want to say there. But it's also an intermediate stand treatment. And some times it's important to do vine control before you do crop tree management. You might want to eliminate the vines. Make sure you take care of that problem first, or sometimes it can be done simultaneously, depending on the degree of both problems. The 5th step, we want to plan and adjust the treatment. That's where we're going to get into the exercise. You would mark a demonstration plot. I would use a quarter of an acre. It's 105 feet on a side, roughly. And you can see form one side to the other, usually. And you can mark your crop trees. Now in a quarter acre, how many crop trees would you probably have? 12? 13? 14? It's not that many. And when you decide which ones you're going to cut, you usually end up cutting or killing 2 or 2.5 trees per crop tree. Because if 2 crop trees are near each other, by taking out the one between them, you release both crop trees. So taking out one tree releases two. And you don't really take out 4 trees to release 1 tree. Sometimes it's somewhat less than that. And then you can use it to show it to staff, contractors, clients, or what have you. And eventually, you might want to adjust the number of crop trees or the way you've done it. Somebody's not happy, but the land owner says, 'Ooh, I don't want to cut that many trees, I don't want to do that.' Okay, scale back, release 20 trees per acre, but the best 20 trees. This is how we do it. 'CT' stands for crop tree. And we take out the trees that are adjacent crown touching-'CT' could also stand for crown touching, and I've never thought of that. And the competitor is touching the crown of the crop tree. If it's beneath the crop tree, there's no need to take it out. It actually acts as a trainer on the main stem of the crop tree. Unless it's in your way. Sometimes when they're using chainsaws, they want to take it out just because they want to be able to move around. But you would take out all the trees that are touching the crop trees. Here's another view of it from above. And my friend, Neil Lamson, who wrote this little guy, this little brochure here, he had some poetic sayings. He would say, '50 best, and ignore the rest,' so that would be something that you could remember. Actually, I'd release 60, and if I only had 30, that's all I'd release. And he's like to say, '50 best and ignore the rest.' That would help people learn quickly. But another thing he'd say, 'when in doubt, take it out.' In other words, if you're looking up at the crown of a crop tree, and you wonder if that tree next to it is touching it, is that touching? Well, that's probably close enough. In other words, if you don't see space between the crown of your crop tree and its competitor, then that's a competitor, and we need to get rid of that tree. Unless it's another crop tree. You can have 2 crop trees together, then you just release around both of them as if they're one tree. Just some examples here. This was a 16-year-old stand and we released 60 trees by felling. We cut the trees and felled them onto the ground. And you can see that the stumps have already started to sprout form the cut trees that were around our crop trees. And then that's at 2 years after treatment. And then at 5 years after treatment, you can see that the sprouts from the cut stumps are getting fairly dense, and they're essentially shading and protecting the bowls of the crop trees from sunlight and other things. Now had we used herbicides, we could have killed the competitors, and those stumps wouldn't sprout and start pulling water and nutrients out of the ground. See, there's still plants there-they have to share those resources. So one benefit of the herbicide treatments is you eliminate your entire organism, that's the competitor-roots and all. And then that growing space becomes available to the crop trees.  Now lets talk for a moment about sides free to grow. On these young crop trees, I really would recommend that you release at least 3 sides. At least 3 sides, hopefully, all 4 sides. Some of our data indicate that releasing it on 1 or 2 sides really doesn't give you the benefit you're looking for, and you could be wasting your investment. You go out there and you plan the treatment, you get the project implemented, you've spent the money, but the best trees really didn't get the growing space you hoped they would receive. Yellow poplar, this is their response. Different sides of release. Notice that one is better than none. Two is better than one, and so on. And I've seen other data where this is not really linear. Sometimes 3 and 4 sides release are roughly equal or not statistically different. So I would say at least 3 sides, hopefully 4, if you can do it. Crown touching, you notice here, this is Neil's saying 'when in doubt, take it out.' If I were below this crop tree and looked up, I would think that those are still competing with my crop tree. You don't want to go back, you don't want to have to pay for this twice, so once you're out there, make sure that the tree's released. And then finally, you apply this treatment. You can do a 2-step process, where you mark the stand or select the crop trees and have a crew come in and release them. That's 2 steps. On the Monongahela, a friend of mine, Glen Gergins, he's managed to work with good contractors. All he does is turn them loose. He'll give them a map, he'll say here's the stands that we want released. His contractors that he worked with repeatedly, respected the jobs that they did. He said 'I want this unit, I want 35 acres released. These are the trees I want released, and the contractor selects the crop tree and releases it al in one pass. It keeps the cost down to the home unit, but it requires follow up and training your contractors so that they know what you want, and people want their customers to be satisfied, they just want to be clear on what it is you want. Method, I mentioned the hack and squirt. You can also use basal spraying. Basal spraying is-the problem I have with that is it is a little more expensive-in some cases, it's a lot more expensive. A little thing about it is if you have, you know, say your crop trees are sprout origin. There are sprouts off of stumps, if you go spraying and injecting, you can damage the crop trees in some cases. You have to make sure that you're killing unlike species, and you're taking out red maple to release red oak. They're not root grafted, but if you're releasing like species, be careful with herbicides. Some of them have soil activity, some of them where there's root grass, you can inject one tree and end up damaging or killing your crop tree. So there's a little learning curve here to go through. Mechanically, you can do some girdling. Some species, depending on whether they're diffuse porous or non-diffuse porous woods, girdling may or may not kill the tree right away to kill it at all. Chainsaw felling is very effective because it's right now. You fall the tree, the tree is released. But it's, you know, you risk danger, you have trees falling, it's noisy, you cut yourself with the saw, people have to have operators training and things like that. Sometimes landowners would rather use a hack-and-squirt, because it's quiet, they can learn how to use it, they can do it at their own pace, so on and so forth. Yes sir. "Can you say that again about the diffuse and non-porous diffuse," Yeah, the species, it depends on whether they're ring porous or non-diffuse porous woods. I'll show you a yellow poplar that I girdled last year in this course, and it's not dead. And I girdled it. I mean, I really girdled it. The band is about this wide, and that tree's still alive. Now, it's going to die, but as far as releasing my crop tree, my crop tree went through another growing season with a neighbor, so it wasn't immediate. Now, crop tree management-it increase DBH growth, it improves stand quality, species composition. That's our 3 main effects we can have on the stand. And the summary, I'll give you for young stands. The first release should occur at age 10 to 20, but here's a more general rule: at or about the time the canopy closes. I've seen areas where people will go in and try to release crop trees before the canopy's closed. Some of those trees may not have fought that competitive battle in their microsite, and they appear to be the best, tallest tree. You need to get the canopy closure, because there are things about the microsite below ground and the soil depth and other issues that are going on. That has to sort itself out. At canopy closure, you can then identify those that are probably going to be winners. Now, if it's a species that's threatened, but it's a high priority for your objectives, I have seen some work where they'll release trees before canopy closure just to sustain them until the canopy closes. But you can hear the cash register, those things are getting expensive, because you're going in really early. Crown touching, make sure the crop tree is free to grow around its crown. You can release seedling origin and sprout origin crop trees the same way. If you have a sprout origin, say stump sprouts, 4 sprouts on the same stump, you like one of those as a crop tree, just take the other 3 off. My friend Neil Lamson used to recommend on sprout clumps to keep the best 2 on the sprout clump and take the others off. And usually in most cases, you'll release no more than 40-60 crop trees per acre. That's all there's room for, and a lot of times when you really set your objectives tight, that's all the trees you're going to find. Sometimes you find less-20 or 30 good trees worthy of release. Now, I have a few slides on what happens when we release trees, a lot of times when you really set your objectives tight, that's all the trees you're going to find. Sometimes you find less-20 or 30 good trees worthy of release. Now, I have a few slides of what happens when you release trees, and a few slides on logging wounds a little bit about stand productivity. So what happens when you free up this crown? Four things are affected: height growth, DBH growth, crown diameter growth, and stem quality or the length of the clear stem. That's described in my paper in detail. That's why I kind of fly through these, because you have a lot of more detailed information to read. Height growth, young trees, 16-year-old oaks, crop tree release. Really, it's not statistically different if you release the tree or not release the tree. What happens to a plant in your dining room? It reaches toward the window. Well, these trees, when you release them, they have small crowns, and the trees you're cutting have small crowns. So they continue to reach, to get taller. When you do this same treatment to 55-year-old trees, you dramatically reduce height growth, because what do the trees do? They grow laterally. They don't get taller, as they would if they had neighbors. And that may not be an issue for a 55-year-old stand, because it's near its maximum height, anyhow. But my point here is in a very old stands like 80 and beyond, height growth will be shut off essentially by crop tree release, because you might releasing a tree with a 40-foot crown width in the tree you took out, it had a 35-foot crown width. And so this tree does nothing but grow laterally. Young stands, the other issue is crown development and DBH growth. DBH growth, all the trees we've ever released at any age, all the species at any age had responded. Black cherry is the one I could think of when it was much older, 80 or 90 years old, didn't have a statistically significant response to release. It really couldn't use the growing space, due to its crown architecture. The crown was a big as it was going to be. But there's a definite response in DBH growth. There's a definite response in crown diameter growth at all ages. Again, they'll grow laterally, even 80-year-old trees. This might be important if you leave reserve trees. In 2 age stands, if you leave reserve trees after clear cutting, clear cutting with reserves or irregular shelterwoods, those trees will continue to expand, even if they're older. How about clear stem development? We've actually had negative clear stem development. These are epicormic branches forming, where the clear stem length got shorter after release for older trees. It still got longer, in other words, it was still putting on clear stem in young trees, but not as fast if they hadn't been released. But the nice thing about young trees, when you release these trees at a young age, the canopy soon closes back in and clear stem development is less of an issue. The canopy will re-

close within 10 years, sometimes 7 to 8 years, and then clear stem development resumes as it was before release. Epicormic branching is a key factor on selecting crop trees. These are the factors that affect species genetics. Some species are just prone to this. Within a species, some individual trees have genetic-you can tell, you can look at the tree and say, 'Well, that tree already has epicormic branching. If I release it, it's just going to get more.' There might be an issue with the microsite there. It's telling you, 'don't release me! I've already got epicormic branches, I'm going to get more.' Crown position, those that are more compromised at subordinate crown classes would develop more than dominant. Position on the bowl, the higher up---that's where the branches are going to form. Your southwest and south aspects, they're going to develop more epicormics than on north and east aspect. And stand density, the more you reduce stand density, the more you release the tree, the more likely it would be to develop epicormics. Here's a good example of all of those features. This is an intermediate or a weak codominant white oak. First of all, white oak is prone to that. This particular tree already had epicormics. And what side of the tree are they on? That's where the sun is shining, of course, and they're mainly up in the upper part of the tree. And this is a risk rating for epicormic branching in your notes. I've tried to write everything down for you so you don't have to take notes. What about logging wounds? If you're going to practice crop tree management and commercial thinnings, you've got to be very careful that you don't damage the very tree you're trying to promote. This is some data from some stands that we looked at, 20 stands that we looked at after they were released. The size of the wound, 1 to 50 square inches. I'm going a little slower here. This is about 50 square inches, right here. That's a relatively small wound. 100 square inches is roughly that big. And the take home message here is that if the wounds are relatively small, they'll always close in and heal themselves within 10 years. If they're larger, after 10 years, very large wounds, say twice the size of this sheet of paper, after 10 years, over 90% of them will still be open wounds. They could damage the wood quality, and infestations from insects and diseases and so on are still available and could still risk threatening the tree. Now lets look at seasonal cut. This is another way to manage this issue of logging wounds. You can accept a contract so that logging can only be done for certain practices where you have valuable residual trees in certain months. May to June is probably not a great time, because that's when we have the greatest number of trees with wounds. November through February is when it's the least. And also, the size of the wound, the total area of the tree wounded is more in certain months than others. So you can set your contract when you're doing crop tree management, that's one way, and you can always work with a good logger, a reputable logger. Lets talk briefly as we finish here about commercial thinning. How could we do crop tree management in commercial thinning? Same way; the trees you're taking out are sold. They're marked for a sale, but you could mark the trees so that they release the crops of the crop trees. We could concentrate growth on desirable trees, advance the stand development, which means we have fewer trees per acre after the thinning in the larger average stand diameter. And when you look in your silviculture text, one of the key reasons why we thin in the first place is that we can eliminate mortality. We harvest mortality, and that would increase the yield, because we don't allow trees to die and stand there if we're losing volume. This is some work that I did. This is those 20 half-acre plots. There's a correct stand density. Somewhere in the neighborhood of 55 to 60% residual stocking, and this is true on poor quality sites, as well as good sites, where we can maximize wood production by hitting the appropriate stand density. This is the residual stand density. That was relative density, but lets talk for a minute about basal area. I'm sort of old school basal area person. Somewhere in the neighborhood of 60 to 65 square feet of basal area residual is where we maximize wood production. Now why do I mention this in a crop tree talk? It's very important. If you under thin the stand, if you don't thin it enough, you're losing production. If you over thin the stand, you're losing production. So how do we apply crop tree management? We do both. We make sure that the best 35 or 40 trees per acre are released, and we make sure that the stand density is somewhere on that appropriate target. That's all we can do. So when you mark the stand, you don't look for trees to cut, you look for good crop trees to release. The cut comes from what's around those crop trees. And the summary for commercial thinnings, the first thinning is all market-driven; whenever you can make that first sell, or if you're trying to prioritize 10 stands or 20 stands, it depends on which stands are our highest priority for revenue production or needed thinning, or whatever your other objectives are. Leave 45 to 60% of full stocking. That depends on the initial stand in the rotation age. This is a good rule of thumb. A lot of people don't-I think Don Beck gave us this. David mentioned-Don, I saw you had a note up here. You can leave basal area approximately equal to site index. Site index 70, leave about 70 square feet. Size index 100, leave about 100 square feet. Yellow poplar stand, site index of 120, leave about 120 square feet. It's a really neat rule of thumbs. And you notice those curves I showed you, they're not really steep. They're kind of flat at the top, so you can be not quite at the exact bull’s-eye and still be close to where you need to be. And I say that you'll probably in mature stands or commercial-sized stands, you'll probably end up releasing 35, maybe up to 50 saw timber trees per acre. And that's all I have. I think we've made it. 

