ABSTRACT

JOHNSON, BRUCE KARL. Soil characterization and reconnaissance survey of the
Ranomafana National Park area, southeastern Madagascar. (Under the direction of
Stanley Walter Buol).

The Madagascar rainforests display some of the richest biodiversity found
anywhere on earth. This unique biodiversity is imperiled by deforestation resulting
mainly from the accumulated impacts of small-scale slash-and-burn agriculture (tavy),
practiced by subsistence farmers. The Ranomafana National Park (RNP), created to
conserve an especially species-rich rainforest region, essentially depends upon
developing sustainable agriculture and forestry alternatives to tavy. The main
objectives of this study were to document soil systems of the region, provide detailed
soil characterization data, and to provide soil interpretations for sustainable agriculture
and forestry development.

The regional geology consists mainly of high-grade felsic metamorphic rocks
(gneiss, migmatite) and granites. Saprolite on higher, stable landscape positions
commonly reached 10-20+ meters thick, while saprolite on lower geomorphic surfaces
was generally shallow to rock due to stream downcutting and geologic erosion.
Alluvium was generally shallow (<2-3 meters) to gleyed saprolite in lower-order stream
valleys, but deeper in major river valleys.

Long-term climate data indicated a udic soil moisture regime throughout the
region. Soil temperature measurements indicated an isothermic soil temperature
regime, and were highly correlated with elevation (> = 0.97) and estimates of mean
annual air temperature. The soil temperature data suggested that mean annual air

temperature equals mean annual soil temperature, with no correction factor required.



Upland soils over thick saprolite profiles were generally classified as Oxic
Dystrudepts. Some soils contained horizons that met all criteria for an oxic horizon,

except that Soil Taxonomy considers sand-sized kaolinite pseudomorphs as

weatherable minerals. Upland soils found in lower landscape positions, or places with
thin saprolite profiles, tended to have higher cation exchange capacities and relatively
high biotite and/or feldspar contents, and classified mainly as Typic Dystrudepts.
Argillic horizons were rarely observed and were weakly expressed, and no mappable
areas of soils with argillic horizons were found. Umbric epipedons occurred as small
patches on the upland landscape, but represented only inclusions within potential soil
map units.

Alluvial soils classified into various subgroups of Humaquepts, Dystrudepts,
Fluvaquents, Udifluvents, and Udipsamments. Ochric, umbric, and histic epipedons
were all described for these lowland soils.

Total elemental analyses of representative rock and saprolite samples revealed
extremely low levels of bases and phosphorus. Soil characterization data generally
indicated pH values of 4-5, high to very high aluminum saturation levels, extremely low
exchangeable base levels, and extremely low Olsen phosphorus values, regardless of
landscape position. One area contained a geologic anomaly with extremely high
phosphorus contents, but was limited in extent. With minor exceptions, the RNP area
soils reflected not only very low available nutrients, but also very low total nutrient
reserves.

The combined geologic, total elemental, and soil characterization data revealed
that soil nutrient levels in the RNP area are insufficient for sustained crop production

without nutrient inputs. Those inputs must be obtained either from the rainforest



biomass through burning, through nutrient harvesting of live biomass for compost, or
through chemical fertilizers. Rainforest burning is incompatible with the RNP
conservation objectives. Nutrient harvesting can concentrate nutrients in agricultural
fields, but at the expense of other portions of the ecosystem. Inputs in the form of
chemical fertilizers therefore represent the only long-term solution for sustainable
agriculture if present population densities are maintained. To suggest that “alternative”
agronomic practices (e.g., SRI, or system of rice intensification) can overcome these
fundamental biological and chemical constraints only provides a false hope that will be
ultimately proven unsustainable in the long-term. That will eventually spell calamity for

both the Malagasy rainforest and the Malagasy farmers.
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DEDICATION

This work is dedicated to the farmers of the Ranomafana National Park region,
who lead lives of simplicity and dignity while seeking to provide sustenance for their
families. Hopefully this soils research will contribute in some small way to developing
effective and dependable systems for local food production, while preserving the

remaining forest of their ancestors.



BIOGRAPHY

Writing your own biography is a curious thing (perhaps it feels to much like a
presage to an obituary), but here it goes.

| was born in the Promised Land, Buffalo NY, on March 13, 1961, to Norman
and Ruth Johnson. As the middle child with three sisters and two brothers, my
childhood was blessedly unremarkable but never dull. By the time | was five, | had
received stitches in my head a half-dozen times for various injuries, which according to
my parents explains a lot. The recurring themes of my childhood were a love for the
outdoors and an endless curiosity that eventually evolved into a love of science. These
themes were later overshadowed by enthusiasm for girls, beer and the Buffalo Bills
(not necessarily in that order), but that is another story.

In 1983, | received a B.S. in Geology from Allegheny College. This led to an
assignment mapping natural resources in Grenada for the Peace Corps (1985-1987),
which was not “the toughest job you’ll ever love,” but closer to an ideal job in paradise.
My subsequent desire to link earth sciences, mapping, and people’s basic needs led
me to pursue soil science graduate studies. After Peace Corps, | enrolled at Michigan
State University and received a Master’s in Soil Science (Pedology) in 1990. My

Master’s thesis was titled, Nitrate Leaching Potential as Affected by the Spatial

Variability of Bt Horizon Morphology, completed under the direction of Dr. Jim Crum.

My Ph.D. program at NCSU began as a desire to learn more about tropical
soils, since my career goal at the time was to pursue international consulting work in
Africa and Asia. NCSU not only provided some of the world’s top faculty in tropical
soils, it also offered the uncommon opportunity to perform soils research in

Madagascar. The Madagascar research greatly influenced my professional growth as a



pedologist, challenged many ideas that | had regarding international development and
conservation, and affected me deeply as a member of the human family. Each
person’s life has several “turning points;” Madagascar was one such turning point for
me.

A divorce and a hiatus in my Ph.D. program conspired to land me back in
Buffalo, where in 1997 a miracle and an epiphany occurred. My parents bumped into
my old high-school sweetheart, the former Deborah Ann Beck, who was visiting from
south Florida and whom | hadn’t had any contact for 18 years. Some might say that the
meeting was more than random chance, since it occurred at Debbie’s childhood church
in summer, and my parents were attending a summer sermon there for the first time
ever. They say you just “know” when it’s right. By the time three days were up, the old
romance had fully rekindled, and we knew. We now have a beautiful family with
Jenessa (age 17, from Debbie’s prior marriage), Angelica (age 2), and Evan (age 2
months), living in Naples, Florida. Whatever | have done to deserve such good fortune,
| don’t know. Perhaps God is trying to compensate me for all of those knocks on the
head when | was little.

I’'m currently employed by WilsonMiller, Inc. as an environmental consultant,
performing hydric soil determinations, wetland delineations, vegetation mapping, water
quality investigations, and a variety of scientific tasks. In other words, I'm playing

outdoors and doing science.
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