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PROGRAM OF WORK
Research Problem:  Prior dendrochronological research at San Jacinto, California, has shown that some subalpine conifers are growing better than expected since ~1950.  This finding was interpreted as possible evidence of direct fertilization of tree growth by increasing atmospheric CO2.  Such an interpretation is important within broader lines of environmental research of the global carbon cycle and of forest response to global change.  Namely, do trees absorb a substantial portion of anthropogenic CO2 emissions such that their greenhouse effect might be mitigated?  Are forests increasing their productivity and/or ranges as a result of increased availability of CO2–a limiting reactant of photosynthesis?


Curiously, other subalpine conifers of San Jacinto are not growing better (or worse) than expected lately, in spite of the fact that they are growing within the same atmosphere and CO2 level as the trees that are growing well.  If increased CO2 is directly fertilizing some trees, why are others unable to increase their growth as well?  Perhaps the interpretation of direct fertilization by CO2 is too simple.


Two other factors of the subalpine forest of San Jacinto are notable.  One, its shallow soils are generally of poor quality, with coarse texture, little organic matter, and environmental conditions that indicate sluggish nutrient cycling.  Two, San Jacinto is 150 km downwind of coastal southern California with many millions of inhabitants and, consequently, intense air pollution.  A major component of the air pollution there is automobile exhaust, which has oxides of nitrogen (NOx) as byproducts of combustion.  This pollution flows over San Jacinto constantly, depositing its chemical and particulate constituents on the forests.  Thus, the trees contend with at least two anthropogenic impacts: (1) air pollution with various essential nutrients–including N as NOx–and (2) increasing atmospheric CO2.  The broadest objective of our research is to determine the separate and interactive effects of these two impacts of environmental change on tree growth.  We propose to begin by determining relationships of soil nutrient availability on tree growth of San Jacinto and the role that air pollution has on those relationships.  We also propose to do our research plan in a different site that is biologically, geologically, and climatically similar to San Jacinto but is relatively pristine with respect to air pollution.  This site will be in Spain.
Hypothesis to be Tested:  We hypothesize that for air pollution and deposition of nutrients to affect tree growth, soils must play a central role because they regulate nutrient availability and trees absorb most of their inorganic nutrition through their roots with uptake of water.  We propose to measure growth of trees and soil availability of important macronutrients for individual trees to test their relationships across a gradient of soil development within sampling sites.  In San Jacinto, trees growing better than expected are on flat subsites, where soils tend to be deeper and better developed, but trees growing normally are on steep subsites, where soils tend to be shallower and less developed.  We will test our hypothesis using trees growing across a gradient of slope magnitude to approximate the gradient of soil quality and development.

Methods:  Within each site, we will systematically select ~50 mature trees for sampling across a range of slopes from flat to steep (up to 45° slope angle).  For each tree, we will collect increment cores of radial growth from which we will determine absolute growth rate, strength of variation held in common, and trend in growth for recent decades.  We will also bury capsules of ion-exchange resins (IER) within the root zone of each tree to absorb nutrients that become available through time.  After approximately one year, we will collect the IER capsules and analyze them chemically for various nutrient concentrations, especially NO3–, NH4+, PO4–3, and K+.  We will then statistically search for multivariable models of relative soil nutrient availability to explain variation in tree growth across our slope (soil quality) gradient.


Additionally, we propose to measure insoluble organic N, including the 15N isotope ratios, in the tree rings themselves (5- to10-year groupings) to develop chronologies of N content and 15N fractions since 1900.  We've measured N content and 15N in other tree-ring samples, and our results are promising for interpreting N availability at the year of ring formation.  We expect to compare N availability for before and after initiation of air pollution impacts, e.g., 1950.

Role of the US Research Team:  I will organize the fieldwork in San Jacinto and will travel to Spain to participate in fieldwork there organized by Gutiérrez and Casals.  I will retain San Jacinto soil capsules and tree increment cores to measure and analyze.  I will also analyze and interpret data and write reports and manuscripts, all in collaboration with my Spanish colleagues.

Role of the Spain Research Team:  In addition to organizing fieldwork in Spain, Gutiérrez and Casals will travel to California to participate in fieldwork in San Jacinto.  Pere Casals will retain Spain soil capsules to measure nutrient concentrations, and Emilia Gutiérrez will retain Spain tree increment cores to measure and analyze.
Facilities and Instrumentation:  Both institutions are well equipped for the dendrochronological fieldwork of this research, including tree increment borers.  We will need to purchase augur tools and IER capsules for the soils fieldwork, and we will need a global positioning system to locate all sampled trees and find them again the following year.  We will also need to hire a horse packing service for the fieldwork in San Jacinto, which is a remote wilderness site.  Both institutions are well equipped to measure and analyze tree rings, and both respective universities have other facilities to measure chemical contents in biological and solution extract specimens, for a fee.

Proposed Schedule
late Aug.
1999

Fieldwork in US, San Jacinto site

early Sep.
1999

Fieldwork in Spain

Sep.–Jan.
2000

Prepare and measure ring widths from increment cores

Feb.–May
2000

Prepare and measure N content from increment cores

Jun.–Jul.

2000

Analyze all tree-ring data

Aug.


2000

Collect IER capsules buried in prior year (no international travel necessary)

Sep.–Oct.
2000

Prepare and measure nutrient concentrations from IER capsules

Nov.–Dec.
2000

Analyze entire data set





2001

Write reports and manuscripts and continue with next phases of research

