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The environmental implications of intensified land use
in developing countries

P. B. TINKER

Department of Plant Sciences, Uni�ersit� of Oxford, South Parks Road, Oxford OX1 3RB, UK

SUMMARY

The major agricultural intensifications in the developed world over the last half century have produced
a range of important environmental problems. These include pollution, damage to wildlife and landscape
and other issues, both on- and off-site. These are largely being controlled by scientific investigation and
Government regulation. As developing countries increase agricultural production over the next 30 years,
this may also cause even more serious environmental damage.

The paper distinguishes between production-related on-site damage, and off-site and more extensive
effects. Both may involve soil and water effects, such as soil erosion, salinization, siltation, eutrophication
and loss of water quality. The use of more agrochemicals can damage water quality, health, wildlife and
biodiversity. Loss of habitat from the extension of farming is particularly damaging to biodiversity. A
developing off-site problem is the production of greenhouse gases by farming systems, including the
conversion of forests to farmland. In the future the introduction of genetically engineered species of plants,
animals or microbes will need secure control.

Much work, probably on a catchment basis, is necessary to understand and control these problems. The
three main requirements are much better environmental information from the developing world; the
selection of environmental indicators to be monitored; and the support of local farmers in protecting the
environment. There are encouraging indications of farmer concern and action over obvious on-site
damage, but this may not extend to extensive off-site issues. The main danger is that a developing food
scarcity would cause the environmental issues to be ignored in a race for production.

1. INTRODUCTION

Environmental issues form a confusing and often
illogical collection that are difficult to classify. They
can be regarded as global, regional or local, of which
the only truly global issues result from alterations to the
atmosphere or ocean. However, some very important
issues are local in origin, but occur so frequently that
they are considered to be global. Because of its global
spread, agriculture is concerned with most of such
issues (figure 1). These effects have occurred so widely
in intensive developed agriculture, that intensive
agriculture is now often regarded as damaging to the
environment on a global scale.

If the Malthusian precipice is to be avoided,
agriculture has to become more productive per unit
area (intensification of agriculture) or it has to use
larger areas of land. The latter is often difficult or
impossible (Buringh & Dudal 1987). The only viable
alternative is intensification of agriculture, based on
greater chemical, physical and biological inputs, which
may cause damage to the environment.

2. WHAT IS ENVIRONMENTAL DAMAGE ?

Issues that are normally agreed to be ‘environ-
mental ’ (figure 1) may affect production, resources
and}or the general environment. It is therefore
desirable to discuss all these issues in the context of

sustainability. In a general sense, sustainability
requires that this generation shall pass on to the next at
least as much capital as it inherited (Serageldin 1996),
including ‘natural capital ’. Environmental issues are
connected with damage to this natural capital.

A more functional definition of sustainability
(Tinker 1988) can be useful in analysing the position of
agriculture. To be sustainable, a process must (i) be
economically viable ; (ii) not destroy the resources on
which it depends; and (iii) not physically damage the
interests of others.

In the first group, some ‘environmental ’ issues have
immediate economic implications, such as the effect of
soil degradation. The second group includes issues of
longer-term resource conservation, such as the use of
ground water. Crosson & Anderson (1992, 1995) argue
that both of these groups should be related to produc-
tion rather than to the environment alone. The third
group brings in issues that have no direct costs to the
farmer; this therefore includes all off-site effects. In this
paper I use the word ‘environmental ’ mainly in the
rather specific sense of the processes that have no direct
economic impact on the farmer who causes them; the
costs are therefore ‘externalized’ (Crosson & Anderson
1992). However, all these problems must be dealt with
before agriculture can be said to be fully sustainable.

Using this definition health problems must also be
included. This includes ‘environmental ’ health issues,
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Figure 1. Interconnections between environmental impacts and original causes.

and the health damage caused by accidents during the
use of agricultural chemicals or processes. There is no
space to discuss either in detail in this paper.

There is a continuing need for more practical
criteria in the concept of agricultural sustainability.
As Biswas (1995) asks, ‘How do we know when our
agriculture has stopped being sustainable? ’ Faeth
(1993) and many others have developed systems for
natural resource accounting, and this is not too difficult
to do in relation to the production-related on-site
effects. Costing the various off-site effects is more
complicated. The costs due to siltation of a dam may
be calculated fairly precisely, but not for the emissions
of greenhouse gases or for loss of biodiversity, so that
assessing these is very subjective. Changes that are
irreversible or only reversible with great difficulty
should always be prevented wherever this is possible.

‘Environmental ’ issues therefore arise from a wide
mixture of motives, ranging from economic self-
interest, through consideration for future resources, to
purely ethical considerations. It is not surprising that
arguments are often confused and agreement difficult
to reach.

3. THE EXPERIENCE OF DEVELOPED

AGRICULTURE

Environmental problems are relatively recent even
in developed agriculture (World Bank 1995), because
the modern technologies were only applied fully after
the Second World War. Apart from the soil damage in
the American Midwest in the 1930s, environmental
concern only developed widely after about 1960
(Carson 1962). Since then complaints against the

intensive farmer in developed countries have increased
rapidly (Tinker 1990, 1993). As a response, many
variants of sustainable farming have been suggested in
the developed world, but none has yet been generally
accepted as being as productive as intensive farming,
but without causing its environmental problems.

Experience from developed temperate farming can-
not be transferred directly to the tropics, yet it may be
helpful. The central question now is whether intensifi-
cation of agriculture in the developing world can avoid
the mistakes that were made during the intensification
of agriculture in the developed world. The developing
world must intensify without causing serious environ-
mental damage, when the demand for food may seem
an absolute priority, and the environmental damage
may appear secondary. This need has not yet been
perceived, thus Yunlong & Smit (1994) discuss sustain-
ability in Chinese agriculture solely in terms of
productivity and resources, i.e. the first two groups of
processes defined above.

4. LAND USE CHANGE AND THE LOSS OF

FORESTS

(a) Land use change

Only a fraction of the world’s land is suitable for
agriculture, and only a fraction of this is still unused
(Buringh & Dudal 1987; Fischer & Heilig 1997).
Much of the best of this potentially available land is at
present under forest, and there is growing alarm about
the rate of loss of forest (Myers 1992; Houghton 1994;
Williams 1994). The felling and burning of forests
releases the greenhouse gas carbon dioxide from the
vegetation and the soil, and also destroys the habitat of
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Table 1. Extent and annual percentage loss of tropical forest, b� t�pe, for 1981–1990 and for the Whole World (after World

Resources Institute 1994)

rain moist dry dry and

forest deciduous montane deciduous desert

extent 1990 Mha 714 592 201 179 68

loss per year % 0.6 0.9 1.1 0.9 0.5

species. Finally, there is a strong aesthetic interest in
tropical forests. Objections to the use of savannah land
are fewer, and large areas of savannah grassland may
be appropriate for agricultural use (Smith et al. 1994).

However, there is an underlying conflict over what
any remaining ‘unused’ land should be used for.
Ecologists are insisting that forests must be retained for
biodiversity conservation; energy and global change
scientists want existing agricultural land to be turned
over to forest, for sequestering carbon or producing
biomass ; meanwhile the agricultural community is
calculating how much extra land is needed to ensure
food security. Some synthesis between these demands
is needed, even though land-use planning on a global
scale may appear an impossible aim. The IMAGE.2
global change model (Alcamo 1994) provides a very
useful synthesis of this type. It contains land use,
agriculture and climate change submodels, the agri-
cultural demand is driven by increases in population
and wealth, and it is therefore possible to consider the
global land use changes that flow from food demand.
The output of this model suggests considerable losses
of African forest in the next century (Alcamo 1994,
p. 57).

(b) The current state of tropical forests

At present tropical forests cover some 6–7% of the
world land surface (World Resources Institute 1994).
Estimates of the loss of forest have caused much
argument because of differences in terminology and
methodology (National Research Council 1993;
Williams 1994; Bruenig 1996; Grainger 1996). Some
authors have taken burning of any area as evidence of
its permanent deforestation, but it is more important to
determine what happens afterwards (Tinker et al.
1996). The traditional shifting cultivation of low or
moderate intensity (Nye & Greenland 1960) allows
secondary forest to regrow, whereas ‘deforestation’
should mean a long-term change in land use. The Food
and Agriculture Organization’s assessment of tropical
forests indicated that 0.8% (14 million ha) per year
out of a total of 1756 million ha of all tropical forest
cover was lost in 1980–90 (World Resources Institute
1994). Surprisingly the annual loss of true rain forest
was only 0.6% per annum, whereas the loss of montane
forest was 1.1%; the consequences of this for soil
erosion are obvious (table 1).

According to Myers (1992), the annual loss of moist
tropical forest for logging is 30000 km#, for cattle
ranching 15000 km#, and for plantations, mining, etc.
10000 km#. Some 87000 km# is used by small farmers,
giving a total of 142000 km#. Myers (1992) suggests
that the annual rate of loss may be 240000 km# by the

year 2000, by when the annual loss will be 4% of the
remaining forest. A rational response to the logging of
tropical forest is to establish plantations of economic
species, but at present plantations cover only 43.8
million ha (World Resources Institute 1994).

Originally Zaire had about 1 million km# of forest,
and so far this has not changed greatly. However, as
Africa is likely to have the largest population increase
and the lowest gross national product per capita in the
next century, this area is likely to decrease pro-
portionately more than any other. The South-East
Asian tropical forest is being felled at a comparatively
high rate of 1.3% per annum (World Resources
Institute 1994), and Myers (1992) considers that it will
be largely lost by 2030.

5. BIODIVERSITY LOSS

Many ecologists argue that the stability or pro-
ductivity of ecosystems is maintained by high bio-
diversity. However, some very productive and stable
ecosystems have low diversity, e.g. coniferous forests,
and the question is not yet settled (Mooney 1996).
Other arguments for conserving biodiversity are the
possibility of obtaining valuable products or genes from
hitherto unused organisms, and the ethical belief that
we should not render any organism extinct. The
strongest general argument is that extinctions are
irreversible environmental changes, and should there-
fore be resisted on the precautionary principle.

There may be between 5 and 30 million species in
the world (May 1992), of which only about 1.4 million
have been identified (Harper & Hawksworth 1994). It
is impossible to determine how many extinctions are
occurring, because the total number of species is
unknown, but if present global trends in loss of habitat
continue, the number of extinctions must become very
large. At the present time about 12% of mammals and
11% of birds are considered to be threatened (World
Conservation and Monitoring Centre 1992), mainly by
habitat destruction (World Bank 1995).

Tropical forests are extremely species-rich
(Whitmore & Sayers 1992), both in plants and animals,
so that discoveries of large numbers of previously
unknown insect species in the canopies of rainforest
trees caused a large increase in the total world estimate
of species (Erwin 1988). The International Union for
Conservation of Nature and Natural Resources (1989)
has stated that ‘conserving biological diversity equals
conserving ecosystems’, but tropical forests are
regarded as ‘ fragile ’ ecosystems (Nilsson & Grelsson
1995), which explains the present concern over the
conservation of tropical forest biota. Conservation in
the environment is also essential for microbes (Bull
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1991), which again argues for the need to maintain all
major ecosystems. The priorities in conservation,
identification and monitoring need to be identified
more sharply (Tinker 1996), because large numbers of
existing protected areas are likely to be inappropriate
for their intended purposes by 2050, due to a
combination of land use and climate change (Alcamo
& Kreileman 1966).

Fragmentation with loss of habitat causes most loss of
diversity (Newton 1995; Turner 1996). Loss of habitat
accounts for 36% of extinctions, the other main causes
being hunting 23% and species introductions 39%
(World Conservation and Monitoring Centre 1992;
Mooney 1996). Settlement for agriculture is therefore
the main cause of extinctions, because fragmentation,
habitat loss, introductions and hunting all follow from
this. Conservationists therefore often see farmers as the
enemy, but sometimes a combination of agricultural
activity and conservation seems to work well (Halffter
1996; Miller 1996). The innovative use of agroforestry
to shield forest reserves offers considerable scope
(Gajasenji et al. 1996). The combination of landscape
use and management with conservation (Szaro &
Johnston 1996) should be strongly supported by
agriculturalists.

It is difficult to protect biodiversity (McNeely 1996)
because those most in favour of conservation are in
towns in the developed world, whereas those who pay
the price are in the rural parts of developing countries.
However, some biodiversity loss affects agriculture
directly. The breeding programmes for crop plants
become more difficult as related species, land races and
local breeds are lost (Evans 1977), as farmers move to
the use of small numbers of high-yielding cultivars in
centres of biodiversity (Lefort & Chauvet 1996). In this
case resource and biodiversity protection support each
other.

6. ON-SITE ENVIRONMENTAL DAMAGE IN

AGRICULTURE

(a) Socioeconomic conditions

Most on-site damage and associated economic loss
caused by farming will be evident to the farmer. In that
sense, ‘ the polluter loses’ directly, and it is to his or her
advantage if ‘ the polluter pays’ by correcting the
problem. According to the definitions above, on-site
damage is therefore more of a resource and economics
problem than a strictly environmental one, though the
off-site consequences are often important (Lal 1997).

On-site environmental damage often depends
greatly upon the socio-economic conditions governing
the use of the land. Thus large range lands (Menke &
Bradford 1992) may be ‘open range’, so that all have
access without limit, or ‘commons’ held by a particular
group, or be individually owned (Anderson &
Thampapillai 1990). In the first case overgrazing is
almost unavoidable, and there are many examples of
this (Hardin & Baden 1977) that finally leads to
‘desertification’, which is the permanent damage to
soil under arid or semi-arid conditions caused by
human action. For the second, local regulations may

Table 2. Inputs including agrochemical use in selected countries

1989–1990 (after World Resources Institute 1994)

farmed

total land}
area person fertilizer pesticides irrigated

country Mha ha kg ha−" kg ha−" land %

Africa 181 0.27 20 ? 6

Cameroon 7 0.59 3 0.4 0

Egypt 2.6 0.05 361 6.6 100

India 170 0.20 73 ? 27

China 96 0.08 284 ? 49

Costa Rica 0.5 0.17 212 11.8 22

Thailand 23 0.42 39 1.6 19

Germany 12 0.15 520 3 4

Belgium 0.8 0.08 470 11.8 0

prevent damage, unless population growth and animal
numbers increase so far that overgrazing occurs. If
overgrazing can be avoided, the use of ranges for local
large fauna can usefully combine conservation and
development (Dasmann et al. 1973).

(b) Soil degradation

The most obvious on-site damage arises from forms
of soil degradation (Lal 1997). There are some
encouraging signs that these problems can be over-
come. A wide range of proven techniques are available
to prevent erosion and maintain water quality, and
many of these are relatively simple and inexpensive
(Food and Agriculture Organization 1996). In a
number of sites in Africa, Asia and the Caribbean,
local farmers have banded together to develop soil
conservation on a catchment basis (Pretty et al. 1995;
Tinker & Anderson 1996) and have achieved signifi-
cant successes. Where the farmers are truly convinced
of the benefit of the work to themselves, and where they
have the opportunity of participatory management,
conservation works have often been successful (Pretty
1996). Despite earlier problems, agroforestry is now
being used to control erosion, as well as providing other
benefits (Ong & Huxley 1996; Sanchez 1997).

(c) Local pollution of soil and water

There will certainly be pollution from excessive or
incorrect use of fertilizers and pesticides. Some of the
developing countries now use rates for specific crops,
such as cotton (tables 2 and 3), at least as high as those
used in the developed countries (Prasad & Goswami
1992), and this must cause both accidents and
pollution, though these are poorly monitored or
documented as yet.

(d) Local biodiversity effects

Larger fields, fewer weeds, less plant diversity, fewer
trees and hedges, and more removal of plant residues
all damage local wildlife, though the impacts can be
lessened (Orians & Lack 1992). The biodiversity in
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Table 3. Percentage of pesticide and land area used for

different crops in India (after Ja�araj & Rabindra 1993)

pesticide cropped

crop share % area %

cotton 52–55 5

rice 17–18 24

vegetables etc. 13–14 3

plantation crops 7–8 2

cereals}oil seeds 6–7 58

sugar cane 2–3 2

others 1–2 6

the soil is likely to decline with both intensification and
degradation (Greenland & Szabolcs 1994; Woomer
& Swift 1994) with effects on the soil properties and the
economic productivity which are still not fully known
(Lavelle et al. 1994).

(e) Local landscape value

The landscape value of agricultural land is esteemed
very highly in Western Europe, but in many
developing countries it may rank rather lower. How-
ever, it can be very important for tourism, and there
are many tropical agricultural landscapes that are
both unique and attractive. It should not be neglected
in a race for productivity.

7. DIRECT OFF-SITE ENVIRONMENTAL

DAMAGE FROM AGRICULTURE

(a) The catchment approach

It is almost mandatory to use a landscape approach
if both on-site and off-site environmental damage is to
be assessed and corrected, and the most logical unit for
this is the catchment. If properly chosen, this is a good
sample of the soils, waters and topography, and in
particular it allows the consequences of farmers actions
to be traced down through a river system (Greenland
et al. 1994; Tinker & Anderson 1996). Local}regional
environmental effects are therefore best studied in the
catchment context.

(b) Nutrient pollution

Increased use of fertilizers and organic manures can
increase nutrient contents in surface and ground water ;
in surface water this can lead to eutrophication from
algal growth. The increased amounts of organic
materials cause increased biological oxygen demand,
water bodies may became anaerobic, and eventually
all biota may be killed (Ryding & Rast 1989).

Anaerobic conditions can also be caused by direct
pollution with liquid organic wastes, such as from
intensive cattle raising. They can also be generated by
agro-industrial operations, such as sugar factories. In
Malaysia there has been serious river pollution by the
effluent from oil palm mills, but Government regu-
lation has now reduced the problem to occasional

accidents (Mohammed et al. 1987), and the effluent is
normally recycled to the plantations as a useful nutrient
source.

A more specific problem is that high concentrations
of nitrate in drinking water can cause methaemo-
globinaemia, or blue baby disease, but this is actually
rather rare (Addiscott et al. 1991; Tinker 1991). The
nitrate limit in drinking water has been set by the
World Health Organization at 11.3 mg nitrate (N) l−".

To avoid nutrient pollution of ground or surface
waters the nutrient cycle in arable farming must be
kept under tight control (Greenland et al. 1994; Tinker
& Anderson 1996); this is an essential part of what are
now called integrated plant nutrition systems (IPNS)
(Food and Agriculture Organization 1996). This
requires exceptionally good management if large yields
are aimed for, because the size of a crop is not known
early in its growth when fertilizers are usually given. If
farmers fertilize for maximum potential yield, but in
fact only attain a fraction of this level, there must be a
surplus of nitrogen left in the soil (Tinker 1991).
Organic sources of nutrients may be even more difficult
to control. Thus the average recovery of nitrogen in
good intensive agriculture is around 50% or less
(Crasswell & Godwin 1984; Tinker 1985). High yields
and accurate nutrient control are difficult to achieve
simultaneously, even in developed intensive agri-
culture.

In developing agriculture the same general
principles operate. If fertilizer rates used are well below
the optimum these problems do not occur (Reardon
1995), but the rates of fertilizer used in developing
countries are now quite high where the Green
Revolution has taken off (table 2) (World Resources
Institute 1994). In India some 10 million ha are now
under a two-crops-per-year rice–wheat system, that
removes a total of 600–700 kg ha−" of N ­ P

#
O

&
­K

#
O

(Narang et al. 1994). Maximum yields were obtained
with 180 kg N­60 kg P

#
O

&
­30 kg K

#
O, plus green

manure for each crop. These rates are comparable with
those used in intensive European agriculture.

There are many reports of high nitrate levels in
water in developing countries following heavy use of
fertilizer, but very little substantial and dependable
data (e.g. Biswas 1995). In Sri Lanka high rates of
fertilizer caused large seasonal changes in a shallow
underlying aquifer, with maxima around 45 mg NO

$
(N) l−" (Meybeck et al. 1989). However, up to the
present the nitrate problem in drinking water is
probably caused more by the close location of waste
drainage tanks and wells than by fertilizer use.

(c) Pesticide pollution

Problems with pesticides cause more concern, be-
cause so many of them are toxins. Pimentel et al. (1991)
estimated that the total environmental and social costs
of pesticide use in the USA are $955 million per year.
Worldwide there are over three million incidents of
acute pesticide poisoning annually (Jeyaratnam 1990).
Insecticides are used more in the tropics against insect
disease vectors, i.e. to protect health, than against
agricultural pests and diseases. However, about 50%
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of rice farmers in the Philippines reported sickness after
pesticide use (Tribe 1995). Organochlorine insecticides
banned in the developed world continue to be used in
some tropical countries, and statistics on the escape of
pesticides to the environment are usually very poor.
The human health issue is obviously dominant in the
developing world, where other environmental
problems connected with pesticides are rarely
mentioned.

Figures for total pesticide use in different countries
are not easy to get, but some developing world
countries are using amounts per ha as large as those in
West Europe (World Resources Institute 1994) (table
2). In India there is a significant local industrial
production of some 100000 t yr−" (Jayaraj & Rabindra
1993). Certain crops such as cotton receive particularly
heavy applications (table 3), so application is very
non-uniform, and average rates may convey little
information on local dangers.

Probably the best documented effect on wildlife is
that of the organochlorine insecticides on the thickness
of eggshells, and thereby on bird populations. Bird
populations were badly affected by organochlorines in
most developed countries (Sheail 1985), with raptors,
at the top of the food chain, most at risk. The recovery
of these bird populations after the banning of the
chemicals is a very encouraging story, but the
favourable outcome depended upon the vigilance of
ecologists, and finally on Government regulation. An
interesting account of the administrative and political
manoeuvring in the UK during this process is in Sheail
(1985). In this case the impact of the pesticides was
therefore reversible, because it was detected and
controlled in time.

In Zimbabwe DDT has been used extensively since
1946, and experience has paralleled that in the UK.
Though it has been withdrawn from agricultural use
since 1985, some 300 t yr−" were still applied in
insect vector control (Douthwaite et al. 1992).
Metabolites of DDT have been found in a number of
species, and the level of this in eggs was correlated with
eggshell thinning for the fish eagle on Lake Kariba
(Douthwaite 1992). It seems likely that there are many
more such cases, but they have not been investigated or
documented. It is difficult to know whether permanent
damage is being done or not.

When agricultural pesticides are introduced, they
may go through an initial phase of excessive use. The
natural variability of pests and weeds means that most
pesticide applied is not effective, with estimated
average values for pesticide reaching the target
organism being 1% (Tribe 1995) or 0.1% (World
Resources Institute 1994, p. 114). This has contributed
to the concept of integrated pest management (IPM),
which is the use of biological or agronomic methods of
control as far as possible, supported by the minimum
use of pesticides (Teng et al. 1993). IPM programmes
often aim to reduce total pesticide use by 50%, based
on data showing that increased pesticide use has not
decreased crop losses (Pimentel et al. 1991).

However, IPM (like IPNS) is more complicated to
use than intensive agricultural methods, though the
consequences are more acceptable. In India pesticide

tolerance is becoming common, so IPM methods have
been tested with some success, but are not always a
complete answer (Jayaraj & Rabindra 1993). Release
of biological enemies or introduction of resistant plant
material can be very successful, as shown by the
introduction of a parasitoid to control the cassava
mealybug in West Africa (Herren 1989). The ap-
plication of IPM on a large scale to control rice pests in
Indonesia (World Resources Institute 1994, p. 116)
has also been very successful, but Rogers et al. (1991)
note that high biodiversity alone is no guarantee of low
pest and disease levels, and that much better under-
standing of the ecology of the rice field is needed to use
these methods reliably.

(d) Water quality

There are few data for general water quality in
developing countries. There are undoubtedly local
instances of severe pollution, but the average level of
agrochemical pollutants in major rivers in developing
countries is still well below that in Europe (Meybeck et

al. 1989; Falkenmark 1997).

(e) Siltation

The amount of soil eroded in India each year is 5334
million tonnes, of which 2052 million tonnes is washed
out to sea by rivers, and 480 million tonnes was
deposited in reservoirs (Abrol & Sehgal 1994). The
remainder is redeposited lower down the river courses,
where it causes problems of siltation. The loss of the
reservoir capacity of expensive dams within a few years
of their completion is a huge waste of capital.

8. GREENHOUSE GASES AND GLOBAL

CHANGE

The main outlines of the processes of global change
leading to climate change are well known (Inter-
governmental Panel on Climatic Change 1995a, b).
Global change as awhole is caused by atmospheric com-
position change, climate change and land use change.
Of these three, the last is already well underway,
and is largely the subject of this discussion meeting.

Agriculture may normally generate greenhouse
gases. A stable agricultural system will probably be at
or near carbon balance, and so will not affect carbon
dioxide levels. There will be a loss of carbon to the
atmosphere on removing forest permanently. Of this,
on average 30% comes from changes in soil and forest
floor carbon and 70% from the forest itself (Houghton
1996). The soil carbon loss following deforestation may
be gradually regained, depending entirely upon the use
to which the land is put (Houghton 1996; Tinker et al.
1996). Both plantation or pasture establishment may
allow some regain of carbon, and old pasture soils may
contain as much carbon as that of high forest (Lugo
et al. 1986). Deep-rooted perennial grassland may
sequester significant amounts in the soil quite rapidly
(Fisher et al. 1994).
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The currently accepted carbon balance for the earth
includes a loss of 2 Gt (Gigatons) C per annum from
forest removal, and usually has a balancing term called
the ‘missing sink’ (Intergovernmental Panel on Cli-
matic Change 1995a). Recent results (Grace et al.
1995) have suggested that apparently mature forests,
both tropical and temperate, are actually sequestering
carbon at present, and that this could account for the
‘missing sink’. If so, the total world forests in the present
state of land use may be close to carbon balance.

The production of methane and nitrous oxide by
agriculture is significant (Duxbury 1995; Inter-
governmental Panel on Climatic Change 1995a).
Wetland rice produces roughly 12% of the global
methane, but the production of nitrous oxide by
different sources is very uncertain. The relationship
between nitrogen fertilizer rate and nitrous oxide
production rate is important if nitrogen fertilizer use
is to be increased, and the factor used by the
Intergovernmental Panel on Climatic Change may
underestimate the nitrous oxide production (Fowler,
personal communication). Larger numbers of cattle,
greater areas of rice and larger rates of nitrogen
fertilizer will all increase the production of these gases.
The net contribution of agriculture to the greenhouse
gas budgets will be watched carefully.

The increasing carbon dioxide concentration in the
atmosphere is likely to increase crop yields, and to
reduce the transpiration rate of crops per unit of
carbon fixed (Rogers and Dahlmann 1993; Rogers
et al. 1997) but there are several complex interactions
with other variables (Gregory 1997). At the carbon
dioxide levels expected in 2020–2030, crop yield
increases may be 5–10% (Goudriaan, personal com-
munication).

The quantitative prediction of climate changes is
still very uncertain, particularly for rainfall, which
may well be the most important factor for crop yields
(Intergovernmental Panel on Climatic Change 1995b).
Significant climatic impacts on agriculture could occur
before 2030 if rainfall or extreme events were affected,
though the global mean temperature increase by then,
from 1990, would only be around 0.5 ° C. The
developing states are expected to be most susceptible-
to damage by climate change (Tinker & Ingram 1996),
and any impact would be more serious in sub-Saharan
Africa than any other region (Schimmelpfennig et al.
1996). The potential interaction between climate
change and agriculture may be important and com-
plicated, and the ‘global change’ and the ‘ food
security ’ scientific communities need to become even
better integrated than now. It is to be hoped that any
food crisis has been overcome before any climate
change crisis develops.

9. BIOTECHNOLOGY AND THE TECHNICAL

FUTURE

The limits and problems of the present main
intensification technologies are well known. The two
great advances in the 20th century that are relevant to
agriculture are computers and biotechnology.

Computers will allow more accurate control of farming
operations and inputs in a variable environment, and
hence reduce pollution, but this is still mostly at the
research stage even in developed agriculture.

Biotechnology has more immediate promise and
dangers, because genetically engineered cultivars of
many cultivated species are now appearing (World
Resources Institute 1994). Pest, disease and herbicide
resistance are the most likely qualities to be provided in
the near future (Persley 1994), but salinity, drought
and acidity tolerance may become available later. The
main environmental concern is about release of
genetically modified organisms–including microbes–
and the possibility of unexpected effects (Raybould &
Gray 1996). Regulation of release of genetically
modified organisms is essential, but it is unlikely that
regulatory control will be adequate in all parts of the
world. This will be a very serious issue in the future.

10. THE ENVIRONMENTAL FUTURE

Environmental concern may be proportional to
affluence (but see Antle 1994), and it may therefore be
considered of trivial importance for developing
countries. This is however too simple. First, some issues
impact directly on both food production and the
environment. Second, much of the action to prevent
food shortages is influenced by organizations that have
strong environmental principles. Third, some tropical
countries are already reacting against environmental
damage, and see that prevention of such damage is in
their own interests. At a practical level, if the poorest
countries receive support from the developed world
(both temperate and tropical), aid budgets could be
used to help them in this regard. The environment
cannot be ignored.

The contention of this paper is that there is a high
probability of serious environmental damage in the
developing countries over the next 30 years, due to
environmental problems becoming marginalized by
the need to produce more food. What can be done to
minimize this, especially the irreversible or very slowly
reversible changes?

The first need is for better and more up-to-date
environmental data to determine the critical issues and
trends. Such data are at present difficult to find, or not
dependable. Some environmental writers have
damaged credibility by excessive claims based on poor
evidence. These data are also needed for environmental
models of various types (Alcomo 1994). All obser-
vations need to be regular, on carefully selected and
representative sites, and made by uniform and properly
validated methods. The total task is enormous, and will
need all the encouragement that the developed world
can give.

The sources of such an improved information flow
are not yet clear. National sources will improve, but
will remain very variable. Aid budgets could be
directed towards improving environmental data, and
it is important that the recipients should come to see
that this is in their own long-term interests. McNeely &
Norgaard (1992) have discussed various political
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factors in this. International agencies are involved, for
example the United Nations Environment Programme
and the Food and Agriculture Organization. The
Global Terrestrial Observing System (GTOS), now
managed by Food and Agriculture Organization, is
developing, and should eventually have a major role
in this area. The need for such an organization is
becoming more urgent.

Second, the selection of indicators of environmental
quality is important, to give the earliest possible
warning of environmental problems. Land quality
indicators are particularly difficult because of the
complexity of the concept of land quality, and much
progress is still needed (Pieri et al. 1995). Evironmental
indicator values for a whole range of different variables
are being assembled in the industrialized states
(Department of Environment 1996), and this should be
done elsewhere. However, environmental effects can
occur unpredictably (World Bank 1995), and one
should not be tied to a rigid set of indicators ; constant
vigilance is necessary.

Third, it is essential to get support from local people
so that environmental damage due to agricultural
change and intensification can be prevented or
reversed. The direct on-site problems that reduce
production are likely to get strong attention (Food and
Agriculture Organization 1996). The imperative need
is to get a positive response from farmers to en-
vironmental programmes, by a judicious mixture of
encouragement, subsidies and regulation. Some of the
possible ways have been outlined by Pretty (1995). The
need to maintain efficient farming needs to be stressed,
and it is vital that advice to farmers must be correct, as
poor advice based on inadequate research loses the
farmers ’ trust. The output of general statements is
enormous, but the actual procedures are less often
defined. These procedures are often fairly simple, but
site specific, so that the farmers skill and the provision
of good advice are the key ingredients.

However, a range of off-site problems has been
discussed in this paper, which are less easily costed
in economic terms, and of progressively less obvious
interest to local farmers. The danger is that these
will be ignored, and especially those for which cost–
benefit calculations are most difficult, because the
damage cannot be quantified in monetary terms. If the
race between food and population over the next three
decades is close, these environmental goods may be
ignored. This would be a tragedy, because the
environmental problems of intensified land use can be
controlled, given the will. The real problems arise
where control appears to be of little direct advantage to
the farmers, and where they are being asked to carry
responsibilities or costs for reasons that are mainly of
interest to the developed world. We must consider
words attributed to Ross Perot, the American presi-
dential candidate, about the logging of forest con-
taining the northern spotted owl in the United States
(Ward Thomas 1996): ‘If our children are hungry, we
will cut every last tree. And we will not worry about
the spotted owls, except maybe to eat them’.

The developing world has the opportunity to
intensify its agriculture and safeguard its food supply

with less damage to the environment than that
originally caused by intensification in developed
countries. However, the opposite can easily happen.

I wish to thank Professor I. Newton, Professor P. Petersen,

and others who have helped me to find and bring together

the very diverse information on this subject.

REFERENCES

Abrol, I. P. & Sehgal, J. L. 1994 Degraded lands and their

rehabilitation in India. In Soil resilience and sustainable land

use (ed. D. J. Greenland & I. Szabolcs), pp. 129–144.

Wallingford, UK: CAB International.

Addiscott, T. M., Whitmore, A. P. & Powlson, D. S. 1991

Farming, fertili�ers and the nitrate problem. Wallingford, UK:

CAB International.

Alcamo, J. 1994 The IMAGE.2 model. Bilthoven: National

Institute of Public Health and the Environment (RIVM).

Alcamo, J. & Kreileman, E. 1996 The global climate s�stem :

near term action for long term protection. Bilthoven: National

Institute of Public Health and the Environment (RIVM).

Anderson, J. R. & Thampapillai, J. 1990 Soil conser�ation in

de�eloping countries : project and polic� inter�ention. Policy and

Research series PRS8. Washington: World Bank.

Antle, J. M. 1994 Health, environment and agricultural

research. In Agricultural technolog� (ed. J. R. Anderson),

pp. 517–531. Wallingford, UK: CAB International.

Biswas, A. K. 1995 Environmental sustainability of

Egyptian agriculture : problems and perspectives. Ambio

24, 16–20.

Bruenig, E. F. 1996 Conser�ation and management of tropical

rainforests. Wallingford, UK: CAB International.

Bull, A. T. 1991 Biotechnology and biodiversity. In The

biodi�ersit� of microorganisms and in�ertebrates ; its role in

sustainable agriculture (ed. D. L. Hawksworth), pp. 203–220.

Wallingford, UK: CAB International.

Buringh, A. & Dudal, R. 1987 Agricultural land use in time

and space. In Land transformation in agriculture (ed. M. G.

Wolman & F. G. A. Fournier), pp. 9–43. Chichester, UK:

John Wiley & Sons.

Carson, R. 1962 Silent spring. New York: Houghton Mifflin.

Craswell, E. T. & Godwin, D. C. 1984 The efficiency of

fertilizers grown under various climates. In Ad�ances in plant

nutrition. I. (ed. P. B. Tinker & A. Lauchli), pp. 1–56. New

York: Praeger Press.

Crosson, P. & Anderson, J. R. 1992 Resources and global

food prospects—supply and demand for cereals to 2030.

World Bank technical paper No 184. Washington: World

Bank.

Crosson, P. & Anderson, J. R. 1995 Achie�ing a sustainable

agricultural s�stem in sub-Saharan Africa. Washington: World

Bank.

Dasmann, R. F., Milton, J. P. & Freemen, P. 1986 Ecological

principles for economic de�elopment. Chichester, UK: John

Wiley & Sons.

Department of Environment 1996 Indicators of sustainable

de�elopment for the United Kingdom. London: HMSO.

Douthwaite, R. J. 1992 Effects of DDT on the fish eagle

Haliaeetus �ocifer population of Lake Kariba in Zimbabwe.

IBIS 134, 250–258.

Douthwaite, R. J., Hustler, C. W., Kruger, J. & Renzoni, A.

1992 DDT residues and mercury levels in reed cormorants

on Lake Kariba: a hazard assessment. Ostrich 63, 123–127.

Duxbury, J. M. 1995 The significance of greenhouse gas

emissions from soils of tropical agroecosystems. In Soil

management and greenhouse effect (ed. R. Lal, J. Kimble,

E. Levine & B. A. Stewart), pp. 279–292. Boca Raton:

CRC Press.

Phil. Trans. R. Soc. Lond. B (1997)

 rstb.royalsocietypublishing.orgDownloaded from 

http://rstb.royalsocietypublishing.org/


1031En�ironmental implications of intensified land use P. B. Tinker

Erwin, T. L. 1988 Canopy arthropod biodiversity : a

chronology of sampling techniques and results. Re�ista

Reruana de Entomologia 32, 71–77.

Evans, L. T. 1997 Adapting and improving crops : the

endless task. Phil. Trans. R. Soc. Lond. B

Faeth, P. 1993 An economic framework for evaluating

agricultural policy and the sustainability of production

systems. Agric. Ecos�st. En�iron. 46, 161–173.

Falkenmark, M. 1997 Meeting water requirements of an

expanding world population. Phil. Trans. R. Soc. Lond. B.

(This volume.)

Fischer, G & Heilig, G. K. 1997 Population momentum

and the demand on land and water resources. Phil. Trans.

R. Soc. Lond. B. (This volume.)

Fisher, M. J., Raou, I. M., Ayarza, M. A. et al. 1994

Carbon storage by introduced deep-rooted grasses in the

South American savannahs. Nature 371, 236–238.

Food and Agriculture Organization 1996 Food production and

en�ironmental impact. Technical paper for World Food

Summit. Rome: Food and Agriculture Organization.

Gajasenji, J., Matta-Machado, R. & Jordan, C. F. 1996

Diversified agroforestry systems: buffers for biodiversity

reserves and landbridges for fragmented habitats in the

tropics. In Biodi�ersit� in managed landscapes (ed. R. C. Szaro

& D. W. Johnston), pp. 506–513. New York: Oxford

University Press.

Grace, J., Lloyd, J., McIntyre, J. et al. 1995 Carbon dioxide

uptake by an undisturbed tropical rain forest in Southwest

Amazonia, 1992–1993. Science 270, 778–780.

Grainger, A. 1996 An evaluation of the FAO tropical forest

resource assessment. Geogrl J. 162, 73–79.

Greenland, D. J., Bowen, G., Eswaran, H., & Rhoades, R.

1994 Soil, Water and nutrient management research—a neW agenda.

IBSRAM Position Paper. Bangkok: International Board

for Soil Research and Management.

Greenland, D. J. & Szabolcs, I. (ed.) 1994 Soil resilience and

sustainable land use. Wallingford, UK: CAB International.

Gregory, P. J., Warren, G. P. & Simmonds, L. P. 1997

Interactions between plant nutrients, water and carbon

dioxide as factors limiting crop yields. Phil. Trans. R. Soc.

Lond. B. (This volume.)

Halffter, G. 1996 Biodiversity conservation and protected

areas in tropical countries. In Biodi�ersit�, science and

de�elopment (ed. F. di Castri & T. Younes), pp 212–223.

Wallingford, UK: CAB International.

Harper, J. L. & Hawksworth, D. L. 1994 Biodiversity :

measurement and estimation. Phil. Trans. R. Soc. Lond. B

345, 5–12.

Hardin, G. & Baden, J. 1977 Managing the commons. San

Francisco: W. H. Freeman & Co.

Herren, H. R. 1989 The biological control program of

IITA: from concept to reality. In The search for solutions to

crop protection in Africa (ed. S. Yaninek & H. R. Herren),

pp. 18–30. Ibadan, Nigeria: IITA Publications Series.

Houghton, R. A. 1994 The worldwide extent of land-use

change. Bioscience 44, 305–313.

Houghton, R. A. 1996 Converting terrestrial ecosystems

from sources to sinks of carbon. Ambio 25, 2–5.

Intergovernmental Panel on Climate Change 1995a Climate

change 1995: the science of climate change. Intergovernmental

Panel on Climate Change, Working Group I. WMO}
UNEP.

Intergovernmental Panel on Climate Change 1995b Climate

change 1995: impacts, adaptations and mitigation. Inter-

governmental Panel on Climate Change, Working Group

II. WMO}UNEP.

International Union for Conservation of Nature and Natural

Resources 1989 From strateg� to action. The IUCN response to

the report of the World Commission on En�ironment and

De�elopment. Gland: International Union for Conservation

of Nature and Natural Resources.

Jayaraj, S. & Rabindra, R. J. 1993 The local view on the

role of plant protection in sustainable agriculture in India.

In Crop protection and sustainable agriculture, pp. 168–180.

CIBA Foundation Symposium 177. Chichester, UK: John

Wiley & Sons.

Jeyaratnam, J. 1990 Acute pesticide poisoning: a major

global health problem. WHO Stats Quarterl� 43, 139–144.

Lavelle, P., Gilot, C., Fragoso, C. & Pashanasi, B. 1994 Soil

fauna and sustainable land use in the humid tropics. In Soil

resilience and sustainable land use (ed. D. J. Greenland and I.

Szabolcs), pp. 291–308. Wallingford, UK: CAB Inter-

national.

Lal, R. & Stewart, B. A. 1992 Soil restoration. Ad�ances in

soil science, 17. New York: Springer-Verlag.

Lefort, M. & Chauvet, M. 1996 Biodiversity and agri-

culture, grasslands and forests. In Biodi�ersit�, science and

de�elopment (ed. F. di Castri & T. Younes), pp. 312–323.

Wallingford, UK: CAB International.

Lugo, A. E., Sanchez, M. J. & Brown, S. 1986 Land use

and organic carbon of some subtropical soils. Plant Soil 96,

185–196.

May, R. M. 1992 How many species inhabit the earth?

Scient. Am. 267, 42–48.

Menke, J. & Bradford, G. E. 1992 Rangelands. Agric.

Ecos�st. En�iron. 42, 141–163.

Meybeck, M., Chapman, D. & Helner, R. 1989 Global

freshWater qualit� : a first assessment. WHO}UNEP. Oxford:

Blackwell Scientific.

Miller, K. R. 1996 Conserving biodiversity in managed

landscapes. In Biodi�ersit� in managed landscapes (ed. R. C.

Szaro & D. W. Johnston), pp. 425–441. New York:

Oxford University Press.

Mooney, H. 1996 Biotic interactions and the ecosystem

function of biodiversity. In Biodi�ersit�, science and de�elopment

(ed. F. di Castri and T. Younes), pp. 153–161. IUBS.

Wallingford, UK: CAB International.

Myers, N. 1992 Tropical forests : present status and future

outlook. In Tropical forests and climate (ed. N. Myers),

pp. 3–32. Dordrecht, Netherlands : Kluwer Academic

Publishers.

McNeely, J. A. 1996 Conserving biodiversity : the key

political economic and social measures. In Biodi�ersit�,

science and de�elopment (ed F. di Castri & T. Younes), pp.

264–281. IUBS. Wallingford, UK: CAB International.

McNeely, J. A. & Norgaard, R. B. 1992 Developed country

policies and biological diversity in developing countries.

Agric. Ecos�st. En�iron. 42, 194–204.

Mohammed, T. D., Lim, K. H., Zin, Z. Z. & Abdul, H. H.

1987 Recent studies on the effects of land application of

oil palm mill effluent on oil palms and the environment.

Proc. of the Int. Oil Palm and Palm Oil Conference, pp.

596–604. Kuala Lumpur: Palm Oil Research Institute of

Malaysia.

Narang, R. S, Tiwana, U. S. & Dev, G. 1994 Maximum

yield research studies in rice–wheat system and soil

productivity—the Indian experience. Trans. 15 World

Congress of Soil Sci., Acapulco, 1994. Satellite Symposium

ID5, pp. 46–55.

National Research Council 1993 Sustainable agriculture and the

en�ironment in the humid tropics. Washington: US National

Academy Press.

Newton, I. 1995 The contribution of some recent research

on birds to ecological understanding. J. Anim. Ecol. 64,

675–696.

Nilsson, J. & Grelsson, G. 1995 The fragility of ecosystems:

a review. J. Appl. Ecol. 32, 677–692.

Phil. Trans. R. Soc. Lond. B (1997)

 rstb.royalsocietypublishing.orgDownloaded from 

http://rstb.royalsocietypublishing.org/


1032 P. B. Tinker En�ironmental implications of intensified land use

Nye, P. H. & Greenland, D. J. 1960 The soil under shifting

culti�ation. Wallingford, UK: CAB International.

Ong, C. H. & Huxley, P. 1996 Tree-crop interactions : a

ph�siological approach. Wallingford, UK: CAB Inter-

national.

Orians, G. H. & Lack, P. 1992 Arable lands. Agric. Ecos�st.

En�iron. 42,101–124.

Persley, G. J. 1994 Biotechnology’s promise. In Agricultural

technolog� (ed. J. R. Anderson), pp. 374–383. Wallingford,

UK: CAB International.

Pieri, C., Dumanski, J., Hamblin, A. & Young, A. 1995

Land qualit� indicators. World Bank discussion paper 315.

Washington: World Bank.

Pimentel, D., McLaughlin, I. & Zepp, A. 1991 Environ-

mental and economic impacts of reducing US agricultural

pesticide use. In CRC handbook of pest management in

agriculture (ed. D. Pimentel), vol. I, pp. 679–718. 2nd edn.

Boca Raton: CRC Press.

Prasad, R. & Goswami, N. N. 1992 Soil fertility restoration

and management for sustainable agriculture in South East

Asia. Ad�. Soil Sci. 17, 37–78.

Pretty, J. N. 1995 Regenerating agriculture : policies and practice

for sustainabilit� and self-reliance. London: Earthscan Publi-

cations.

Pretty, J. N., Thompson, J. & Kiara, J. K. 1995 Agri-

cultural regeneration in Kenya: the catchment approach

to soil and water conservation. Ambio 24, 7–15.

Raybould, A. F. & Gray, A. J. 1993 Genetically modified

crops and hybridization with wild relatives : a UK

perspective. J. Appl. Ecol. 30, 199–219.

Reardon, T. 1995 Sustainability issues for agricultural

research strategies in the semi-arid tropics : focus on the

Sahel. Agric. S�st. 48, 345–352.

Rogers, H. H. & Dahlman, R. C. 1993 Crop responses to

CO
#

enrichment. Vegetatio 104/105, 117–131.

Rogers, P. A., Heong, K. L & Teng, P. S. 1991 Biodiversity

and sustainability of wetland rice production: role and

potential of microorganisms and invertebrates. In The

biodi�ersit� of microorganisms and in�ertebrates (ed. D. L.

Hawksworth), pp. 117–136. Wallingford, UK: CAB

International.

Rogers, H. H., Prior, S. A., Brett Runion, G. & Mitchell, R.

J. 1997 Plant responses to atmospheric CO
#
enrichment :

allocation patterns in crops. Plant and Soil (In the press.)

Ryding, S.-O. & Rast, W. 1989 The control of eutrophication of

lakes and reser�oirs. Paris : UNESCO.

Sanchez, P. A. 1997 Trees and soil fertility enhancement.

Phil. Trans. R. Soc. Lond. B. (This volume.)

Schimmelpfennig, D., Lewandrowski, J., Reilly, J., Tsigas,

M. & Parry, I. 1996 Agricultural adaptation to climate change.

ERS}NASS AER 740. Washington: US Department of

Agriculture.

Serageldin, I. 1996 Sustainabilit� and the Wealth of nations : first

steps in an ongoing journe�. Environmentally sustainable

development studies and monographs series No. 5.

Washington: The World Bank.

Sheail, J. 1985 Pesticide and nature conser�ation. The British

experience 1950–1975. Oxford: Clarendon Press.

Smith, J., Winograd, M., Pachico, D. & Gallopin, G. 1994

The forest margins and savanna of Latin S. America: a

unique opportunity for contributing to natural resource

management. CIAT paper presented at 2020 Ecoregional

Workshop, Airlie House, Virginia.

Szaro, R. C. & Johnston, D. W. 1996 Biodiversity in

managed landscapes. New York: Oxford University Press.

Teng, P. S., Savary, S. & Revilla, R. 1993 Systems of plant

protection. In Crop protection and sustainable agriculture. CIBA

Foundation Symposium 177, pp. 116–139. Chichester,

UK: John Wiley & Sons.

Tinker, P. B. 1985 Crop nutrients : control and efficiency of

use. Phil. Trans. R. Soc. Lond. B 310, 175–190.

Tinker, P. B. 1988 Efficiency of the agricultural industry in

relation to the environment. In En�ironmental management in

agriculture (ed. J. R. Park), pp. 7–20. London: Belhaven

Press.

Tinker, P. B. 1990 Agronomy today: the challenges in

European agriculture. Proc. 1st Congress European Soc. of

Agronom�, Paris, 1990, pp. 1–5.

Tinker, P. B. 1991 Fertilisers in the environment. Fertili�er

Soc. Proc. 302, 1–24. Peterborough: The Fertilizer Society.

Tinker, P. B. 1993 The demand for sustainability. Fertili�er

Soc. Proc. 335, 1–20. Peterborough: The Fertilizer Society.

Tinker, P. B. 1996 Inventorying and monitoring bio-

diversity. In Biodi�ersit�, science and de�elopment (ed F. di

Castri & T. Younes), pp. 166–170. Wallingford, UK: CAB

International.

Tinker, P. B. & Anderson, J. 1996 A strategic re�ieW of natural

resources management research on soil and Water. Consultative

Group on International Agricultural Research. Rome:

Food and Agriculture Organization.

Tinker, P. B. & Ingram, J. S. I. 1996 Agriculture, forestry

and soils. The work of Focus 3. In Global change and

terrestrial ecos�stems (ed. B. Walker & W. Steffen), pp.

207–228. Cambridge University Press.

Tinker, P. B., Ingram, J. S. I. & Struwe, S. 1996 Effects of

slash-and-burn agriculture and deforestation on climate

change. Agric. Ecos�st. En�iron. 58, 13–22.

Tribe, D. 1994 Feeding and greening the World. Wallingford,

UK: CAB International.

Turner, I. M. 1996 Species loss in fragments of tropical

rainforest : a review of the evidence. J. Appl. Ecol. 33,

200–209.

Ward Thomas, J. 1996 Foreword. Biodi�ersit� in managed

landscapes (ed. R. C. Szaro & D. W. Johnston), pp. xi. New

York: Oxford University Press.

Williams, M. 1994 Forests and tree cover. In Changes in land

use and land co�er : a global perspecti�e (ed. W. B. Meyer &

B. L. Turner II), pp. 97–125. Cambridge University Press.

Whitmore, T. C. & Sayers, J. A. 1992 Tropical deforestation

and species extinction. International Union for the Con-

servation of Nature and Natural Resources. London:

Chapman & Hall.

Woomer, P. L. & Swift, M. J. 1992 The biological management

of tropical soil fertilit�. Chichester, UK: John Wiley & Sons.

World Bank 1995 Monitoring en�ironmental progress–a report on

Work in progress. Environmentally sustainable development

series. Washington: The World Bank.

World Conservation and Monitoring Centre 1992 Global

biodi�ersit� : status of the earth’s li�ing resources. pp. 196–197.

London: Chapman & Hall.

World Resources Institute 1994 World Resources 1994–5. New

York: Oxford University Press.

Yunlong, C. & Smit, B. 1994 Sustainability in Chinese

agriculture : challenge and hope. Agric. Ecos�st. En�iron. 49,

279–288.

Discussion

R. L (Ohio State Uni�ersit�, USA). It is the extensive

agriculture in Africa south of the Sahara which is the cause

of widespread degradation, and science-based intensification

is the solution to the problem. I also believe it is important to

educate the people about uses and abuses of pesticides.

P. B. T. I am sure we agree that if intensification is

done properly, with site-specific knowledge, then it should

cure the problem, though there will be many areas that will

not be suitable for intensification. As I said earlier, the
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important issue is whether that knowledge, and the ability

and resources to apply it properly, is available. Badly done

intensification will not solve present problems, and it may

add new ones. I agree very strongly with you about the

pesticides problem.

P. B (SSLURC, Cranfield Uni�ersit�, Silsoe, UK). One

impact of soil erosion due to intensification is heavy sediment

loads in rivers leading to death of fish. This may necessitate

changes in land use.

P. B. T. Yes, there is certainly a problem here,

especially if the eroded topsoil contains nutrients and

agrochemicals. The whole ecology of a river could be

changed by a situation like this. The written paper contains

a comment about this problem.

C. V (ORSTOM, Niger). Your paper stressed the

detrimental off-site effects of water erosion. I would like to

point out that much of the fine material in West African soils

is deposited by wind, from dry lake bottoms in the Sahara.

P. B. T. This is of course right, but I think it is a matter

of degree and time. Slow deposition of fine material can be

valuable, as you say, but heavy deposits laid down over a

short time, as in the US Midwest in the 1930s, must cause

damage.

J. K (International Irrigation Management Institute, P.O. Box

2075, Colombo). I strongly agree with the need for soil and

water conservation on a catchment basis. At present we do

not know what effect extensive soil conservation has on river

flows, and hence on availability of water for irrigation.

I want to support the point about ‘people’s management ’

in relation to management of natural resources. This is still

not sufficiently supported at official level.

P. B. T. I think both points are in agreement with the

paper, and I am glad to have your support.

H. F (ABAS, Barton on Humber, UK). Intensification does

not necessarily lead to degradation of soil.

P. B. T. Of course that is correct, and the whole tenor

of my paper is to stress that we must have intensification, but

without the degradation of soil or other environmental

impacts that have often happened in all parts of the world.

The point is that this needs scientific and technical

knowledge, and the managerial abilities to apply this.
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