1 Soil respiration in different ecosystems
Excerpt from Dr. R. Van Hulst
Aims:

1. Measuring CO2  release from different soils under controlled conditions
2. Relating  CO2  release to rate of decomposition and fertility
3. Collecting balsam fir stems for growth rate analysis in lab 4
We will perform an on-site analysis for #3 only.
1.1 Introduction

Plants, or collectively, vegetation, are what we see first in nature, and understandably so, because plants make up 99.9% of the biomass of most terrestrial ecosystems (Botkin 1990). Many plants are moreover large, and they are not shy and always wait to be exam​ined. Plants also form the back​drop for any animal activity: they provide food (directly or indirectly), shelter, and sometimes also a threat to animals. To humans, many plants have always had near magical qualities, and we start our ecology labs with a close look at plant growth.  

   Ecological inquiry, like all scientific inquiry, starts with a question. To answer the question we often must perform one or more experiments, or, equivalently, investigate reality by making pointed observations. In ecology, as in astronomy, manipulative ex​periments are not always possible, but if they are not, we attempt to substitute a mensura​tive approach, i.e. we carefully measure those parameters that our working hypothesis claims to be related in a certain way. How do we form a working hypothesis? By using our knowledge of biology, our intuition, and perhaps even a dose of magic! Essential for testing hypotheses is intellectual honesty, to guarantee every hypothesis a fair trial.

   Science studies patterns in space and in time: situations which repeat themselves over and over again. From these we try to infer causal mechanism, that is, we form working hypotheses and test them by investigating the predictions which they entail, and making the necessary measurements to verify whether our guesses were correct. Our initial hypotheses will be simple ones, and as our insight into the situation increases we will be able to ask more pointed questions and suggest deeper causal explanations.

   In this lab and also in the next two, we ask the following question: what factors influence the growth rate of a common tree in the area, balsam fir (sapin baumière, Abies balsamea). You can find this species behind Bishop’s, near the Johnville Bog (our excursion area for this lab), and both at the foot and on top of Mt. Megantic and Mt. Gosford (next week’s field trip). Trees keep an internal history of their past growth in their growth rings. In these labs we focus on this past growth. We are especially interested in finding out how much a tree has grown in the past year. There are two ways to measure tree growth:

1. We can, in early fall, when trees have stopped growing, measure the thickness of the last growth ring near the bottom of the trunk. First, though, we have to obtain either a cross section of the tree, or at least expose the last growth ring. A small tree can be cut near the ground, and a larger tree can be ‘cored’ with an increment borer (we only need the last cm or so). The increment borer needs to be screwed into the tree, so we cannot obtain a sample at the soil level. We will need about 30 cm space to be able to screw the instrument into the tree. Having exposed the growth rings, you need to measure the thickness of the last growth ring with an accuracy of 0.1 mm. You can use vernier calipers to do this.

2. We can also measure the vertical length of the past season’s growth, from the tip of the woody stem down to the last whorl (or, in a deciduous tree, down to the last terminal bud scar). This is a non-destructive measurement, so we can make it more than once. Using a measuring ribbon or a ruler, measure it with an accuracy of 1 mm.

The first method has the advantage that we can determine the growth rate of a tree at various times in the past, when a big tree was still a small seedling, for example. Both methods are fairly rapid, but the second method is the fastest.

   What environmental factors influence the growth rate of a tree? There are three main ones:

1. Light available to the plant: a plant growing in deep shade cannot grow as fast as a plant growing in the open.

2. Soil fertility and water available to the plant: a plant growing in dry, sterile, or rocky soil cannot grow as fast as a plant growing in moist, fertile soil.

3. Length of the growing season and average temperature: a tree growing up north cannot grow as fast as a tree of the same species growing near Bishop’s.

Now, these three factors are not independent: a tree seedling that finds itself underneath a canopy of dense foliage from adult trees will receive little light and, even in fertile soils, it will receive little nutrition, because adult trees compete with it, both for light, and for water and nutrients. Adult trees are taller and have more wide-ranging root systems, so they are better at capturing resources.

   If we only compare plants growing in one area, variation in length of growing season need not concern us, but in lab 2 we will sample some firs near the top of Mt. Megantic (at 1100 m altitude). Here, the growing season definitely is much shorter than near Bishop’s. Light intensity at a site can be measured very approximately with a simple light meter as relative light intensity: measure the light intensity right above your sample tree, and then, immediately thereafter, measure light intensity again in the open. Divide the first number by the second, and you have the relative light intensity. This procedure works best on dark, cloudy days, when there is no direct sun light. Even then, the light color that the instrument measures is not light as plants need it (photosynthetically active radiation, or PAR), and direct sunlight (e.g. from sun flecks) can be very important for a plant. The direction of the sun changes over the day and during the growing season, and to properly measure these factors would be very costly and labor intensive. Fortunately, we can get a reasonable idea of the main differences in light conditions by measuring relative light intensity, as just described. 

   Fertility is even harder to measure. All plants need water, the same five macronutrients (N, P, K, Ca, Mg), as well as some micronutrients that are usually not limiting. There are some differences in the form in which nitrogen can be taken up (mainly as nitrate or as ammonia), and these and other differences may also depend on the soil biota (bacteria and fungi). More importantly, though, it is not easy to measure the turnover of these nutrients: how fast are they made available again while they are being used up? This obviously depends very much on the soil biota: how many bacteria, fungi, and animals are in the soil, and how active are they?

   You will be provided in the lab with a flow-through carbon dioxide sensor. While the instrument could be operated in the field, we will keep it in the lab, and you will have to bring soil samples back to the lab. These soil samples should consist only of soil, so brush aside any litter that may be present on top of the soil. Take a sample of at least 1 kg, from the top 10 cm of soil, and place it in a labeled plastic bag. In the lab, weigh 1 kg of the sample, and place it in the container that is hooked up to the CO2 analyzer. Switch the air pump on and close the container. Make sure that air comes out of the exhaust hose, but do not hook it up to the CO2 analyzer. The next day, a steady state CO2 concentration should have been reached, and you can hook up the CO2 analyzer. Switch on the analyzer to the 500 – 2000 ppm position, and write down the reading you get after about half an hour. This number is the CO2 concentration of the air above the sample, and not the CO2 flux (why not?). Nevertheless, a high CO2 concentration is indicative of an active decomposer community in the sample. As long as we treat different samples equally, measuring their CO2 concentration in this way should give us a good idea of the relative fertility of different soils. Active decomposers indicate rapid mineralization, which indicates relatively fertile conditions—at least in natural environments where fertilization is not an issue.

   You do need to make sure that you have not included green plants (why not?). Roots also respire, but do not decompose. However, removing all roots from our samples would require far too much time, so we will neglect the extra CO2 created by root respiration. We will analyze the CO2 data and the balsam fir growth data in lab 4. All you need to do in this and next week’s lab is to collect the soil samples and the balsam fir samples.

1.2 Johnville Bog

Our first field lab will take place at Johnville Bog, a natural area owned and managed by the city of Sherbrooke. Here we will find balsam firs growing in different conditions to use for our analysis of balsam fir ecology. We will also make use of the occasion for visiting an area with what, for most of you, will be an entirely new type of environment, with its own plants and animals: a bog. We will start by trying to describe, as best we can, the vegetation of several types of sites. First we will walk through a black spruce forest on peat, then we will inspect the rather open peat bog vegetation near a small lake, and finally we will study deciduous forest vegetation on a sandy ridge. Figure 1.1 provides a map indicating the areas to be stud​ied, and how to get there. Our study areas include a variety of sites and soil conditions. General questions we are interested in answering include the following (feel free to extend my list):

· What are the main plants in these three areas?

· How do the soils vary over the areas?

· How does the litter depth (depth of the layer of dead plant material) vary in these areas?

· How does the nutrient status vary over these areas?

· What is the disturbance history of the area (i.e., what processes that remove biomass have prevailed in the area: was there any cutting of trees, were there insect outbreaks, etc.).
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Figure 1.1. The Johnville Bog area; study areas are indicated: 1. Black spruce on peat; 2. Open bog; 3. Maple forest on esker.
1.2 Soils and litter

Most plants are rooted in soil, they draw an important part of their sustenance from the soil, and it is no wonder therefore that the local vegetation is strongly influenced by the soil. Soils, in their turn, originate from bedrock (studied by geologists), under the influence of the weather (studied by meteorologists), and vegetation (studied by us). We will in​vestigate the relationship between vegetation and soil by examining the soils at several points in the excursion areas.

   In order to examine the soil we typically have to dig a soil pit. We describe the soil profile in detail, and try to understand its genesis or origin. The crucial factors here are the climate and the veg​etation. In wet climates such as ours, where the predominant direction of water movement in the soil is downward, soils are susceptible to leaching: soluble substances are washed out of the topsoil (and out of reach of the plants), to end up in streams or in the ground water.

   The extent of leaching in our cli​mate is mainly determined by the vegetation and by the soil. Vegetation that produces an acidic litter acidifies the percolating rain water, and this enhances leaching. Also, sandy soils are more subject to leaching then clay soils. Most conifers produce a very acidic litter, and they are often found on sandy soils. Consequently, leach​ing under them is usually substantial. Most deciduous trees, on the other hand, have a much less acidic litter, and leaching under them is much less pronounced. At least in cool climates like ours, strongly leached soils typically have a very pale E-layer (the eluviated, or leached layer), followed by a dark orange B-layer where some of the dissolved substances (notably clays, ferric and aluminum salts, hence the color) precipitate. In sandy soils water movement is more rapid than in loamy or clay soils, hence leaching is enhanced in the former. If the precipitation is already acidic even before it contacts the trees or the litter, as has been more and more the case in our area, then the process is enhanced even more.

   For the plants there are several negative conse​quences of leaching: first, most nu​trients (N, K, Ca, Mg) are also leached out of the top soil, the layer where the feeder roots are. Furthermore, as the pH of the soil water falls, some toxic ions, such as aluminum, that were bound in insoluble complexes, become soluble, and they can negatively affect the plants. Also, the low pH may dis​turb the fragile equilibrium between plant roots and soil fungi and bacteria, many of which are impor​tant in supplying the plant’s nutrients, and some of which may even be​come pathogens on the plants.

   Some ‘soils’ are largely organic in nature. This is the case near the bog pond and under the black spruce forest. In these areas decomposition of organic matter is largely prevented by the very acid nature of the substrate. Use the pH meter to verify this! Sour things do not rot (i.e. are not decomposed by bacteria), and even fungi are not plentiful in these very acidic environments. Why are these areas so acidic? Peat moss (Sphagnum spp.) pumps out protons, and conifers produce very acidic litter.

   What happens in an ecosystem where decomposition has been effectively ‘switched off’? Nutrient cycling has been switched off too, so old nutrients are all locked up in organic matter, and new nutrients have to come from rainwater or groundwater. Groundwater is mostly blocked in Johnville Bog by an impervious layer of loam, and rainwater is essentially distilled water (or was, for nowadays it does contain industrially produced sulfates and nitrates). So where do the plants that grow near the bog get their nutrients? Mostly from whatever small sources are available: rainwater, dust, the odd dead animal… However, few nutrients are available, so bog plants typically grow very slowly. We will determine the age of a black spruce or a tamarack tree near the open bog to see just how slowly these trees have grown.

   One value that is interesting to examine in different ecosystems is the decomposition index k, calculated as the annual litter production divided by the total dead organic matter accumulation (see Figure 1.2). Ecosystems with high values of k (tropical rainforests, for example) do not accumulate much litter, those with low values (like bogs), do. Forests that accumulate much organic matter have a large fraction of their nutrients tied up in long-lived organic matter. Nutrient cycling is slow in such forests. Because of the slow nutrient cycling, minerals are not readily available to bog plants. Often the plants are not even rooted in mineral soil, and the peaty substrate is extremely poor in nutrients.
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Figure 1.2. Yearly organic litter input I against total accumulation of litter A in various ecosystem types. The decomposition index k equals I/A. Note the low decomposition rate and the consequent high litter accumulation in bogs, and the low values for deciduous forests. (modified from Swift et al. 1979) 

   There is another way for plants to obtain nutrients in a bog: they can catch an animal, or a lot of little animals. There are three species of carnivorous plants in the Johnville Bog, so you’ll want to watch your step (for the sake of the plants, that is). The most conspicuous is the pitcher plant, Sarracenia purpurea). The leaves of this species have evolved into ‘pitchers’ that collect rainwater, and small bugs that slide into the pitcher cannot crawl out because of the many downward pointing bristles in its neck. Some proteolytic enzymes produced by the plant digest the catch, and the plant absorbs the nutrients. The second carnivorous plant is tiny: sundew (Drosera rotundifolia) grows amid the peath mosses, and its round leaves have little hairs with little sticky droplets at their ends. Small insects get stuck to these, and digested. The third carnivorous plant is the bladderworth (Utricularia sp.), a small waterplant that can be found in the pond. It has small ‘bladders’ with trapdoors, that capture water insects. In all three cases these plants are after scarce minerals (chiefly nitrate and ammonia), not after the energy in their prey (sitting in the sun will take care of that). All other plants are obliged to grow VERY slowly. To assist them in that, and to enable them to keep their leaves for longer than one summer, they have thick and leathery leaves.

1.3 History

Woody plants in temperate areas conveniently carry their history with them, in the form of a tree ring and terminal bud scar pattern. We will use this to attempt to get some idea of the history of the forest and the trees studied. The proper way to study the growth rings of a tree is with the aid of an instrument known as an increment borer. You will be shown how to use one, and how to interpret the growth rings, and, most importantly, how to seal the bore hole and clean the instrument.

1.4 Animals

It is hard to predict what animals we will actually see on this field trip, although you will probably see (feel?) some mosquitoes. Keep your eyes and ears open for other animals (birds, voles, hares, dragonflies,…), and for traces that betray that animals have visited the site (scat, grazing and browsing marks, bear claw marks on smooth-barked trees, tracks, …). 

1.5 Balsam fir project

   While you are investigating the general flora and fauna, you should examine each fir tree or seedling that you encounter, or a random sample of them. With an increment borer, you can obtain a core that goes through the middle of the tree, and determine the age, as well as the thickness of the last ring and the length of this year’s primary shoot extension. If the tree is too thin to core, you can cut it off at soil level. You should also determine the relative light intensity (use one of the light meters), and the nature of the substrate (soil, peat,…). Write all these down in your field book. We will pool these data and the ones we gather in lab 4, and analyze the data then.

Instruments required:
· Measuring tape

· Ruler, for litter/peat depth, and peat probe

· Compass

· Increment borer and wax

· pH-meter, pH-paper, dissolved solids tester, redox-potential tester

· Light meter

You will be required to make a journal entry of your observations made during this trip.  Keep a small notebook handy, and hand it in when we return to Bishop’s Campus. 
2





1





3





1





�








