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Overview of lecture

What is soil quality?
Why are we concerned about soil quality?
How do different common agroforestry systems

and practices affect soil quality
Example from Palau of a successful,

agroforestry-based restoration project
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What is soil quality?

Good soil (that’s simple, right?)

Good for what purpose?
How about agriculture

What kind of agriculture?

How about construction?
What kind of construction?

Most people have an intuitive sense of what makes a “good” soil. But, “good” is in the
eye of the beholder and depends on the desired use.
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Brainstorming: What makes a
good agricultural soil?

I will focus on the use of soils for agriculture and agroforestry in this talk.
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Brainstorming: What makes a
good agricultural soil?

 Fertility
 Workability
 Water availability
 Drainage
 Slope
 Depth
 No toxic elements /

properties (salt, metals)

 Organic matter
 Chemical properties

 CEC, nutrient levels

 Physical properties
 Particle size distribution
 Mineralogy

 Landscape position
 Biological activity

General characteristic Potential indicator

Keep in mind that these general characteristics need to be further refined depending on
the type of agriculture being considered. For example, a soil that is good for lowland
rice or taro is likely completely unsuited for white potatoes.

The type of agriculture also makes a big difference. Some of the most desirable soils
for mechanized plantation agriculture are valued for they physical properties even
though they have generally low soil fertility.

One of the biggest difficulties in looking at soil quality is identifying appropriate (and
measurable) indicators (some suggestions in the right hand column) that will help us
get a handle on the more general and intuitive characteristics in the left hand column.
Some are relatively simple (e.g. depth), others are not (what does one mean by
“fertility” anyway?).
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Three big (and related) issues

How to measure soil quality
 Indicators

How to impact soil quality in a positive way
(make it better)
What is better?
How do we do it?

How to determine if what we are doing has
made any difference
Sensitivity of indicators
Temporal and spatial issues

This talk is not about indicators, but it may be helpful to review the qualities of a good
indicator. A good indicator should be:
1. Substantial – measures what you want to measure

2. Independent (specific) – measures only what you want, not a lot of other things
3. Factual/replicable – not subjective, result doesn’t depend on the person doing the

assessment
4. Plausible/reliable/sensitive – the indicator consistently changes when the property

of interest changes
5. Obtainable – based on data that you can collect

Any attempt to assess soil quality, especially to document changes must also consider
temporal and spatial issues. Many soil properties change slowly over time so long-
term monitoring is often necessary to assess changes in soil quality. Spatial issues
(scale) are also very important. Some practices may have large effects, but only in
a very small area. Other practices may have small, more widely distributed effects.
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Key role of organic matter

Organic matter is the key to soil quality in many
(most) tropical agroecosystems
Structure, CEC, water holding capacity, ability to

complex metals (Al), habitat for micro-organisms, etc.

Practices that improve organic matter status will
nearly always improve soil quality

Practices that degrade organic matter status will
nearly always reduce soil quality
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Reducing soil quality
Removal of organic matter and nutrients with

cropping
Low residue crops, residue removal

Tillage – probably the biggest issue
Degrades soil structure
 Increases oxidation of organic matter

Erosion
Desirable soil components often eroded first

Cropping doesn’t necessarily reduce soil quality, but, in most cropping systems, the
goal is to remove biomass in the form of grain, vegetables, fruits etc. In many systems,
even the non-harvested biomass is not retained for a variety of reasons (cultural
preference, disease control, ease of subsequent cropping, etc.).

Mechanical tillage (and other operations such as mechanical harvests) can have a
huge, negative impact on soil quality.
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How to make it better
Retain/increase organic matter in the system

Reduced or no-tillage and residue management
Additions of organic matter during non-cropping

seasons (cover crops)
Additions of organic matter from “outside the

system” such as tree prunings
May need to “jump start” the system on highly

degraded sites

Reduce erosion
Ground covers, hedgerows, windbreaks

Organic matter is really the key to soil quality in most tropical systems (as will be
illustrated in the upcoming example from Palau). Keeping the soil in place (reducing
erosion) is the other major way to enhance soil quality.
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What about agroforestry?

“Agroforestry” doesn’t necessarily have a
specific impact on soil quality

Agroforestry practices that add organic matter,
reduce erosion, improve infiltration, etc. will
generally improve soil quality

Agroforestry practices that don’t do those
things, won’t improve soil quality
E.g. If you continue to use multiple rototilling

operations between tree hedgerows, you won’t
likely see any soil quality improvements

It is impossible to talk about a general impact of “agroforestry” on soil quality. One
needs to examine the components of any given agroforestry system and then look at
how those individual components and their interactions impact the things that we are
pretty sure affect soil quality (like organic matter status and erosion).

Many “linear” agroforestry systems like hedgerows and windbreaks, may have very
localized soil quality improving effects from increased nutrient cycling and leaf drop,
but, may have very diffuse (and often minimal) soil quality impacts on the field or
farm scale unless measures are deliberately taken to create those positive effects.
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Example of LandscapeExample of Landscape
Restoration usingRestoration using

AgroforestryAgroforestry from Palau from Palau

Al-tolerantAl-tolerant
fernsferns

pitcher plantspitcher plants

Is it possible to make soils like the Babelthuap series productive again?
Note that the main plant vegetating this site is false staghorn fern (Gleichenia
linearis), which tolerates high soluble aluminum levels.
Insectivorous pitcher plants (inset) are also common on these highly degraded soils.
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The problem:

eroded soil
impacts reefs

The land is connected to the sea. Land degradation adversely affects coral reefs by
smothering them with sediment. The water source for these gullies is rainfall on slopes
beginning only 50 meters uphill. Forest clearing followed by grassland maintenance
through continued burning starts the downward spiral of land degradation. This
situation is more easily prevented than it is solved after gullies start to form.
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trees w/otrees w/o
groundground
cover =cover =
gulliesgullies

Planting trees alone without establishing an understory will not prevent further
degradation of sites like this. Even these nitrogen-fixing Acacia trees have a difficult
time surviving on this site. The leaves they drop do not add organic matter to the soil
because the leaves, along with soil, are washed away by the rain. Gullying and surface
erosion still occur because the soil is still unprotected, which increases runoff and
erosion. The watershed for these gullies starts only about 50 meters upslope. Note the
poor condition of the Acacia trees, which are about 10 years old. The gullies formed
after the trees were planted.
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mulched,mulched,
fertilizedfertilized
& seeded& seeded

The vegetated area on the left had a 6-inch thick layer of mulch, fertilizer and seeds
applied to the eroded soil surface. This photo shows the plot five years after mulch etc.
application.
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topsoiltopsoil
formedformed
in 5 yrsin 5 yrs

initial condition

Additions of mulch and some synthetic fertilizer have been demonstrated to produce
an inch of topsoil in less than 5 years. Point out morphological differences between
topsoil within and outside of plot.
Although this is a promising result, it would be difficult to reclaim large areas in this
way. The best path to follow is to ensure that topsoil is not degraded or lost.
The next slide shows data on soil properties from inside and outside of the vegetated
plot.
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Babelthuap Reclamation
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Table is for topsoil (0-2 cm) / subsoil (2 to 10 cm) for three averaged samples within
and outside of the vegetated plot on the Babelthuap soil series. Soil location is
indicated in the far left column. Table examines topsoil and subsoil properties of soil
organic matter, cation exchange capacity and amount of nutrients. Data are
unpublished.
Organic matter is significantly higher inside the vegetated plot area.
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Babelthuap Reclamation
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High SOM produces high CEC so the ability of the soil to hold on to nutrients is
improved to about 4 times greater than minimally vegetated areas.
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Babelthuap Reclamation
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The increase in CEC by the addition of SOM allows nutrients to be held and recycled.
There is probably a healthier soil environment inside the vegetated plot that allows for
more beneficial organisms (like mycorrhizal fungi).
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Babelthuap Reclamation

Table is for topsoil (0-2 cm) / subsoil (2 to 10 cm) for three averaged samples within
and outside of the vegetated plot on the Babelthuap soil series. Soil location is
indicated in the far left column. Table examines topsoil and subsoil properties of pH,
extractable P by Bray 1 extractant in mg/kg or ppm, the amount of phosphorus sorbed
on the exchange complex, and the amount of water held in the soil at 15 bars of
pressure (commonly used to represent the amount of water held at wilting point). Data
are unpublished.
pH has been lowered by the acidifying effects of SOM and possibly by the initial
application of fertilizer.
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Babelthuap Reclamation

Extractable P is much greater in the vegetated plot but how much is due to fertilizer
application? Regardless of that, the P is sticking around and available for plant use.
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Babelthuap Reclamation

Phosphorus is commonly sorbed on to highly weathered soil minerals (especially
oxides). Humus has been observed elsewhere to inhibit P sorption and that appears to
be what’s happening here. The high SOM topsoil within the vegetated plot has the
lowest P sorption, about half as much as topsoil outside the vegetated plot..
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High organic matter content in vegetated topsoil more than doubles the water holding
capacity compared with same unvegetated layer.
15-bar water is the value used to approximate wilting point.
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Take home points -- Palau

Agroforestry practices can potentially be used to
significantly improve the soil quality on a highly
degraded landscape

Trees can’t necessarily do the job alone
 In this case they needed both mulch and starter

fertilizer to “jump start” the process

Significant improvements in several soil quality
indicators can be seen in a relatively short time
(5 years)
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Take home points -- overall

Soil quality is a multi-faceted concept
Definition of “good soil” depends on proposed

use of the land
Agroforestry-related activities may or may not

have positive impacts on soil quality
Used correctly and as a part of a larger

integrated strategy, agroforestry practices can
have strongly positive impacts
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The U.S. Department of Agriculture (USDA) prohibits discrimination in
all its programs and activities on the basis of race, color, national
origin, age, disability, and where applicable, sex, marital status, familial
status, parental status, religion, sexual orientation, genetic information,
political beliefs, reprisal, or because all or a part of an individual's
income is derived from any public assistance program. (Not all
prohibited bases apply to all programs.) Persons with disabilities who
require alternative means for communication of program information
(Braille, large print, audiotape, etc.) should contact USDA's TARGET
Center at (202) 720-2600 (voice and TDD).

To file a complaint of discrimination write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C.
20250-9410 or call (800) 795-3272 (voice) or (202) 720-6382 (TDD).
USDA is an equal opportunity provider and employer.


