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Tropical Soils and Food Security:
The Next 50 Years

M. A. Stocking

An appreciation of the dynamism of the links between soil resources and
society provides a platform for examining food security over the next 50 years.
Interventions to reverse declining trends in food security must recognize the
variable resilience and sensitivity of major tropical soil types. In most agro-
ecosystems, declining crop yield is exponentially related to loss of soil quality.
For the majority smallholder (subsistence) farmers, investments to reverse
degradation are primarily driven by private benefit, socially or financially.
“Tragedy of the commons” scenarios can be averted by pragmatic local
solutions that help farmers to help themselves.

The UN Food and Agriculture Organization de-
fines food security as “when all people, at all
times, have physical and economic access to
sufficient, safe and nutritious food to meet their
dietary needs and food preferences for an active
and healthy life” (/). Currently, more than a
billion people have no food security. About 60%
of rural communities in the tropics and subtrop-
ics are persistently affected by decline in house-
hold food production, with sub-Saharan Africa
and parts of Latin America, the Caribbean, and
Central Asia suffering worst (2—4). Technology,
such as irrigation and improved crop varieties,
has changed the situation for some people, but
insecurity still prevails for the poorest and most
vulnerable. The 1996 World Food Summit in
Rome aimed to cut by half the number of un-
dernourished people in the low-income food
deficit countries (5). The target was reaffirmed
in 2000 for achievement by 2015 in the Millen-
nium Development Goals (6).

Reviews of techniques to improve soil man-
agement through conservation and better man-
agement are common [e.g., in Central America
(7)]- The headline challenges for attaining glob-
al food security are political [e.g., conflict over
land (8)], climatological [e.g., drought and
global warming (9)], or epidemiological [e.g.,
impact of AIDS/HIV on farm labor (/0)]. All
too rarely is the underlying and changing qual-
ity of the natural resource base advanced as a
key determinant of the increasing vulnerability
of poor people to food insecurity. So what is the
evidence that changing soil quality reduces
food production? How may we better intervene
to provide food security in the next 50 years?

Soil Quality
Soil quality is “the capacity of a soil to
function within land use and ecosystem
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boundaries, to sustain biological productivity,
maintain environmental quality and promote
plant, animal and human health” (11, 12). As
a concept, it differs from traditional technical
approaches that focus solely on productive
functions, including soil water and chemistry.
Instead, soil quality is a holistic concept,
recognizing soil as part of a dynamic and
diverse production system with biological,
chemical, and physical attributes that relate to
the demands of human society (13, 14). So-
ciety, in turn, actively adapts soil to its needs,
mining it of its nutrients on demand and
replenishing these nutrients in times of plen-
ty. Diverse interactions among soil, its pro-
ductive output, and society are involved, in-
cluding combination of plant nutrients (15),
the complex processes of change in capturing
carbon (16), and the potential positive effects
of soil amendments such as green manure on
crop productivity (17, 18).

Assessing soil quality is a major chal-
lenge because it varies spatially and tem-
porally and is affected by management and
the use of the soil resource. Integrated bi-
ological soil management is now recog-
nized as essential (/9). For example, tradi-
tional forms of conserving biodiversity in
Ghana mean protecting at least 54 varieties
of yam (Dioscorea spp.) while also manag-
ing the soil in sensitive ways that maintain
soil-plant relationships. A product of this
management is that the natural forest veg-
etation is kept to protect the climbing yams
(20). Soil quality is a concept well under-
stood by local farmers in this forest-
savanna zone, and new assessment methods
stress the importance of adopting a strong
farmer perspective (21).

These situations are common throughout
smallholder farming in the tropics [e.g., (22)].
Soil management is an intrinsic part of the
overall management of biodiversity—now
called “agrodiversity” (23)—and is therefore

strategically a component of world develop-
mental issues such as food security for grow-
ing populations and the provision of environ-
mental services (24).

The Evidence of Impact

Ascribing a decline in food production un-
ambiguously to the effects of changing soil
quality is difficult because of the complex
interactions involved. Yields decline for
many reasons, such as excessive off-take of
nutrients in crops without replenishment,
pests and diseases, weed infestations, and
increasing prevalence of climate change—
induced drought (25). There is an emerging
understanding of the importance of micro-
bial communities for soil health through the
use of DNA and RNA methods to deter-
mine soil physical and chemical changes
(26). Many soil factors are involved, in-
cluding soil depth and rooting, available
water capacity, soil organic carbon, soil
biodiversity, salinity and sodicity, alumi-
num toxicity, and general acidification.
The Soil Quality Institute has suggested
several indicators that relate to yields (27),
from which indexing approaches to measure
soil quality have been devised (28). One of
the main factors that integrate the effects of
others is reduction in soil organic carbon
(29). But these indicators do not offer a com-
prehensive measure of the spatial and tempo-
ral variability of soils, nor of the dynamic
relationships of soils and the people who
work them (30). This has led to calls for
interdisciplinary studies to understand how
soil properties and processes interact within
ecosystems (37), how economic utility is af-
fected (32), and how society, culture, and
local knowledge are influenced (33). Two
topics that have attracted considerable atten-
tion for tropical agro-ecosystems are (i) the
effect of declining soil quality on production,
and (ii) the rationality and private benefit of
farmers’ investments in soil conservation.
The cumulative loss of productivity from
soil degradation of virgin land in all agro-
climatic zones is estimated to be 5% (34). But
this estimate hides large differences between
zones and the vulnerabilities of some soils in
the tropics (35). Since 1984, a series of exper-
iments on major tropical soil types has attempt-
ed to determine the relationships between crop
yield and cumulative soil loss (36). Results
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Fig. 1. Erosion-yield relationships for a selection of tropical soils, with initial maize grain yield on virgin
land set to 4000 kg ha~" [Source: (53)]. The initial yield level is artificially set at 4 tonnes on the basis
of the amount of maize required by one typical household for 1 year in the subhumid tropics. Yields
under subsistence agriculture are often well below this level. Exactly the same relationships hold true
for lower starting levels, except that the time to reach critical food insecurity will be shortened, hence

the serious challenge to agriculture and soil management.

[e.g., (37, 38)] indicate that yield decline fol-
lows a curvilinear, negative exponential that
holds true for most tropical and many temperate
soils (Fig. 1). Erosion selectively removes the
finer and more fertile fraction, with enrichment
ratios of eroded sediments being highest on
virgin soil (39). As the soil progressively loses
its quality, subsequent erosion has less propor-
tional impact. Although productivity diminish-
es rapidly in the early stages of erosion, differ-
ent soils show different degrees of impact after
varying amounts of time and prior erosion (40).

Understanding these patterns of yield de-
cline is crucial to determining the implica-
tions of changing soil quality on future yields
and food security. But can tropical smallhold-
er farmers access the resources to maintain
soil quality in the face of these trends?

Resilience and Sensitivity

It is important to distinguish the intrinsic sus-
ceptibility of the soil to erosion (its resilience)
from the variable impact of that erosion on
yields (its sensitivity). These concepts for soil
management combine through changing soil
quality to affect actual production (Fig. 2). Re-
silience includes the “strength” of the soil or its
resistance to shocks such as severe rainstorm
events. Sensitivity denotes its fragility or its
susceptibility to decline in production per unit
amount of degradation (47). Resilience is man-
ifested through specific degradation or erosion
rates on different soils subject to the same ero-
sive conditions, whereas sensitivity is a mea-

sure of how far the change induced in soil
quality affects the soil’s productive capability.

A simple matrix (Fig. 3) illustrates the
possible permutations of resilience and sen-
sitivity for a few tropical soils. The manage-
ment strategies adopted for different permu-
tations of sensitivity and resilience can thus
be related to the capacity of local smallholder
farmers to take remedial action. For exam-
ple, ferralsols (35% of the tropics and sub-
tropics) and acrisols (28%), typical of hu-
mid rainforests and shifting cultivation,
have low to very low resilience and mod-
erate sensitivity. Once vegetation is
removed, they degrade quickly and irre-
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versibly through intense acidification,
increasing free aluminum and phospho-
rus fixation. Combinations of structures
such as terraces and biological mea-
sures such as intercropping are the best
response. Mechanical structures require
human and financial resources, especial-
ly labor and money, and are out of the
reckoning of most subsistence farmers.
Nitosols (3%), by contrast, have moder-
ate resilience and low sensitivity. They
are typical of highland clay-rich areas,
such as Ethiopia and Kenya, and are one
of the safest and most fertile soils of the
tropics and subtropics, with only small
problems of increased erodibility if or-
ganic matter declines.

Biological conservation methods are
effective ways to address both erosion
rate and fertility decline. They include a
wide array of techniques involving the
management of biomass: crop residues,
green manures, and alley cropping, for
example. The principal limitation here is
the availability of organic resources and
the human resources to manage them for
effective soil protection. However, even
at moderate levels of management such
as that available in most smallholder farming
households, nitosols can effectively continue
to withstand degradation and produce indef-
initely, at least for the next 50 years (42).

Appropriate Responses to Changing
Soil Quality

Doomsday scenarios of increasing population
and declining soil resource quality fail to cap-
ture the diversity of soils, while presenting the
worst-case outliers as the typical situation.
There are some bad cases where degradation is
rife and people are starving (43); these will
continue to hold international attention for at
least the next 50 years. However, smallholder
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Fig. 3. A resilience-sensitivity matrix for tropical soils (using FAO/  for
UNESCO Soil Map of the World names), with indicated approaches to
conservation. Under this schema, the top right cell represents the best
soils and the bottom left the worst. Different management strategies
for each of the four permutations are indicated, which in turn affect
the extent to which smallholder farmers have the resources and
understanding to cope with specific scenarios of soil degradation (54).

farmers in the tropics have skills and social
networks that give us cause for optimism for
future soil quality and food security. Many are
managing their soils sustainably and produc-
tively. Although they tend to be limited in labor
resources (i.e., have low “human capital”), they
compensate in forms of collective action and
networking (i.e., “social capital”) (44, 45). This
means that they adapt technologies to their local
needs (using indigenous knowledge and inno-
vation) and avoid labor-demanding and expen-
sive practices. Interventions that use communi-
ty-based approaches that empower farmers to
manage their own situation therefore hold the
greatest promise for maintaining soil quality
and ensuring food security.

One of the most interesting recent develop-
ments in soil quality research, as reflected in the
agendas of the major development agencies, is
the recognition that farming practices do not
merely extract soil nutrients, but evolve in re-
sponse to changing conditions over many years
through informal experimentation and experi-
ence (46). Farmers may often make better deci-
sions than the “experts,” not because of any
greater analytical skills, but because of the expe-
rience gained in integrating a vast array of local
factors responsible for controlling production.
Farmers are unlikely to undertake practices that
undermine the future and put household liveli-
hood and food security at risk unless immediate
survival were in question. They will invest in soil
conservation if the private benefits—financial,
social, and cultural—are greater than the costs.
The greatest damage to soils occurs where con-
ditions are volatile with, for example, migrants
and refugees. Here, local knowledge is poor and

(47). In subhumid Benin,
example, Mucuna
pruriens (velvetbean) is
used as a green manure
mulch and has become
an accepted method to
counter soil fertility de-
cline. From 15 original
farmers involved in ex-
perimentation and adaptation in 1987, 100,000
were reported to have embraced this practice by
1996 (48). This is evidence of adaptability,
flexibility, and responsiveness to techniques
that bring private benefits to smallholders. In
semi-arid Kenya, farmers choose “trashlines”
(bands of uprooted weeds and crop residues) to
intercept sediment and runoff, a technique nev-
er promoted by the advisory services. Yet when
the marginal rates of return and net present
values over 10 years are calculated, trashlines
are almost always the only technique of soil
quality maintenance that consistently benefits
the farmers’ livelihoods (49).

Such findings point to some important, if
uncomfortable, conclusions. Many farmers in
the tropics are willing to invest in the future,
protecting important public goods such as soils,
and are often the best arbiters of choice when it
comes to technologies. Science does not always
get it right and does not necessarily provide
workable or acceptable solutions (50). Soil re-
sources are not a static, homogenous medium;
they are a dynamic element, responding to the
demands placed on them by human beings and
governing expectations of food security. If sim-
ple provisions are made available, such as ade-
quately resourced extension services and access
to technologies, food production by smallhold-
ers can be transformed. The “tragedy of the
commons” lies more in our simplistic, linear,
disciplinary thinking than in reality. The chal-
lenge is to capture diversity by developing ap-
propriate cross-disciplinary analytical methods
and measures. Then, we must get closer to
allaying the tragedy by providing realistic inter-
ventions for those who need it most—the poor,

hungry, and disadvantaged, living on soils that
are sensitive and lack resilience.
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The Future for Fisheries

Daniel Pauly' Jackie Alder,” Elena Bennett,? Villy Christensen,’ Peter Tyedmers,® Reg Watson'

Formal analyses of long-term global marine fisheries prospects have yet to be
performed, because fisheries research focuses on local, species-specific man-
agement issues. Extrapolation of present trends implies expansion of bottom
fisheries into deeper waters, serious impact on biodiversity, and declining
global catches, the last possibly aggravated by fuel cost increases. Examination
of four scenarios, covering various societal development choices, suggests that
the negative trends now besetting fisheries can be turned around, and their
supporting ecosystems rebuilt, at least partly.

Fisheries are commonly perceived as local
affairs requiring, in terms of scientific inputs,
annual reassessments of species-specific
catch quota. Most fisheries scientists are em-
ployed by regulatory agencies to generate
these quota, which ideally should make fish-
eries sustainable and profitable, contributors
to employment and, through international
trade, to global food security.

This perception of fisheries as local and
species-specific, managed to directly benefit
the fishers themselves, is conducive neither
to global predictions nor the collaborative
development of long-term scenarios. Indeed,
recent accounts of this type, except those of
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the United Nations Food and Agriculture
Organization (FAO) (/), tend to be self-
conscious and layered in irony (2-5), perhaps
an appropriate response to 19th-century no-
tions of inexhaustibility.

The past decade established that fisheries
must be viewed as components of a global
enterprise, on its way to undermine its sup-
porting ecosystems (6—10).

These developments occur against a back-
drop of fishing industry lobbyists arguing that
governments drop troublesome regulations
and economists assuming that free markets
generate inexhaustibility. The aquaculture
sector offers to feed the world with farmed
fish, while building more coastal feedlots
wherein carnivores such as salmon and tuna
are fed with other fish (/7), the aquatic equiv-
alent of robbing Peter to pay Paul.

The time has come to look at the future of
fisheries through (i) identification and extrap-
olation of fundamental trends and (ii) de-
velopment and exploration (with or with-

out computer simulation) of possible futures.

The fisheries research community relied,
for broad-based analyses, on a data set now
shown to be severely biased (/0). First-order
correction suggests that rather than increas-
ing, as previously reported, global fisheries
landings are declining by about 500,000 met-
ric tons per year from a peak of 80 to 85
million tons in the late 1980s. Because over-
fishing and habitat degradation are likely to
continue, extrapolation may be considered
(see below). This correction, however, does
not consider discarded “by-catch” (about
30% of global landings), only one component
of the illegal, unreported, or unregulated
(IUU) catches that recently became part of
the international fisheries research agenda
(12, 13).

The geographic and depth expansion of
fisheries is easier to extrapolate (Fig. 1).
Over the past 50 years, fisheries targeting
benthic and bentho-pelagic organisms have
covered the shelves surrounding continents
and islands down to 200 m, with increasing
inroads below 1000 m, whereas fisheries
targeting oceanic tuna, billfishes, and their
relatives covered the world ocean by the
early 1980s (9).

Extrapolating the bottom fisheries trends to
2050 is straightforward (Fig. 1). With satellite
positioning and seafloor-imaging systems, we
will deplete deep slopes, canyons, seamounts,
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