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CHAPTER I
INTRODUCTION
J I Furtado, M J Swift and R T Prinsley
In formulating the strategy for the expanded Commonwealth programme on
science and technology in 1984, the Kendrew Report on "Science for Technology

for Development" (1984) and the 13th biennial meeting of the Commonwealth
Science Council in Ottawa, Canada, recommended inter alia the promotion of:

. methods for extending and expanding agriculture on unsuitable lands;
. agricultural research in a few areas where a major impact is possible;
. fresh incentives to good agricultural scientists for enhancing their own

agricultural research;

. the study of the relationship of water resources, soil water and
agrometeorology to plant growth and reproduction;

. programmes to arrest the present degradation of tropical forests.

In 1981, the African Natural Products Programme of the Commonwealth Science
Council (CSC) was established with the objective of exploiting the rich, untapped
resources of Africa. This coincided with the recognition by CSC of the
increasing problems of severe food shortage, high imported energy prices,
depletion of indigenous fuelwood resources, the loss of productive land through
desertification and the threats of extinetion of diverse plant genetic resources.
Agroforestry, an integrated land use system comprising of trees, crops and/or
animals, and providing for resource conservation, was seen by CSC to offer an
appropriate scientific approach to the issues of natural resource 'exploitation'
and conservation in Africa. The agroforestry programme was developed further
by CSC in 1983 at a meeting in Malawi, and because of the strong interest and
history in agroforestry research in Asia, has now also extended to this region.

This initiative coincided with the launch of the "Decade of the Tropics"
programme by the International Union of Biological Sciences (IUBS) in 1983, to
improve the efficiency of food production in the tropical zone in view of a
burgeoning human population with increasing land shortage, living in an area of
low productivity and income, and threatened by famine because of . low
agricultural productivity and increasing global food demand (Solbrig and Crolley
1983).

One of the segments of the "Decade of the Tropics" programme concerns soil
biological processes and tropical soil fertility (Swift 1984). The objective of this
programme segment is to determine the management options for improving
tropical soil fertility through biological processes in three broad 'zones":

. the humid tropics dominated by rain forests;
. the sub-humid tropies dominated by broad-leaf tree savannas;
. the semi-arid tropies characterised by thorn or other xeromorphie bush

savanna.
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It aims to gain an understanding of the soil system, nutrient eyeling,
modification of soil physico-chemical properties, biological processes in relation
to management, and soil biological processes in relation to cultivation.

The Tropical Soil Biology and Fertility (TSBF) programme outlines principles and
management options that are already known (Table 1), testable hypotheses in
relation to these principles (Table 2) and three levels of increasing intensity of
research (Table 3). Some illustrative examples by which management practices
can manipulate soil biological processes have been taken into consideration in
formulating the TSBF programme (Table 4). In view of this and of the
Commonwealth Science Council's long-standing interest in agroforestry systems
for food, fodder, fibre, biomass, energy and optimisation of land use, the Council
organised a workshop and planning meeting in Lucknow, India, in March 1986, on
"Amelioration of Soils by Trees". The proceedings and recommendations of this
workshop and meeting have been published (CSC 1986). This volume represents
the collection of papers refereed and edited, that were presented at the
workshop and meeting on the "Amelioration of Soils by Trees".
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TABLE 1

Principles (P) and Management Options (MO) in relation to
Tropical Soil Biology and Fertility (Swift 1985)

The release of nutrients (N, P) from above- and below- ground litter can
be synchronised with plant growth demands.

The efficiency of nutrient availability to the plant can be manipulated by
varying the quantity and quality of litter (e.g. crop residues, manures, ete)
and the time of its input in relation to the onset of rain.

Soil organic matter constitutes both a sink and a source of plant nutrients
(N, P), and hence acts as a regulator of temporal and spatial patterns of
nutrient availability. The quantity and quality of soil organic matter is
influenced by the nature of the above- and below- ground litter input.

The quality and quantity of soil organic matter, and thence the timing,
location and magnitude of nutrient availability can be regulated by
management of litter inputs.

The pattern of root growth in time and space acts as a regulator of the
availability of nutrients to plants in present and future seasons.

Management practices which retain root litter in the rooting zone, and
relate new plantings to the location of previous ones, will improve soil
fertility.

Surface litter and soil organic matter influence soil water fluxes and
moisture regimes.

The soil water regime may be improved by management of litter inputs
both through direct effects and by indirect influence on the soil fauna.
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TABLE 2

Testable Hypotheses in relation to Tropical Soil Biology
and Fertility Principles (Swift 1985)

The rate of decomposition and nutrient release of a particular litter
within any site is primarily controlled by moisture, and is most closely
related to the onset of rainfall (P1).

Increasing the proportion of low-quality (eg low N and P, high lignin
content) litter inputs at the onset of rains extends the time period of
availability of nutrient to the plant (P1).

The availability of nutrients to plants (eg from inorganic fertilizers) can
be delayed through microbial immobilisation on low-quality litters, thence
decreasing the risk of losses through leaching (P1).

Increasing the proportion of low-quality litter results in increased soil
organic matter pools particularly of the more recalcitrant fractions (P2).

Increased availability of nutrients to the plant (eg from inorganic
fertilizers) results in increased quality of litter inputs and reduces the
recaleitrant pool of soil organic matter (P2).

Increased soil organic matter results in an increase in the time period of
nutrient availability to plants even in the presence of high-quality litters
(P2).

Below-ground litter is a more important source of immediately available
nutrient than above-ground litter (P3).

Below-ground litter contributes a relatively greater component to soil
organic matter formation than above-ground litter (P3).

Detritivores affect the vertical distribution of litter in the soil, and
thence the availability of the nutrient to plants on release (P3).

Above-ground herbivores change the timing of litter inputs and positively
raise its quality, thence increasing the rate of decomposition and nutrient
release and decreasing the contribution to soil organic matter formation
(P1, P2 and P3).

Surface mulching encourage soil fauna which positively influence the
structure and hydrological characteristies of the soil (P4).

Maintenance of litter in the rooting zone improves the physical structure
of soil (P3 and P4).
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TABLE 3

Levels of Increasing Intensity of Research in the
Tropical Soil Biology and Fertility Programme (Swift 1985)

Level I is the minimum level of participation in the programme, and involves an
investigation of the various features of nutrient cyeling in the plant-litter-soil
system:

- site characteristics (site selection and description, soil characteristics,
climate and soil environment, vegetation, soil fauna);

- organic matter and nutrient element inputs (above-ground inputs, below-
ground inputs);

- decomposition (above-ground resources, below-ground resources);
- plant growth and nutrient uptake (above-ground, below-ground);

- soil processes (soil organic matter fractions, nutrient availability, soil
water regime and nutrient leaching).

This is to be achieved by means of a broad comparative study of natural and
managed ecosystems.

Level II involves the specific experimental testing of one or more of the testable
hypotheses, in addition to the minimum Level I description.

Level III inyolves the intensive investigation of one or more of the testable
hypotheses in addition to the minimum Level I description, as well as detailed
study of some particular aspects of soil biology, such as:

- input of N by dinitrogen fixation

- uptake of nutrients by mycorrhiza

- gaseous loss of N

- soil organic matter quality, stability and labolity

- soil fauna studies

- soil microflora studies.
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TABLE 4

Major Soil Biological Processes with Examples of Management Practices

10.

11.

12.

13.

14.

15.

by which the Process can be Manipulated (Swift 1984)

Soil Biological Process

Root turnover

Root exudation

No-fixation

Nutrient translocation
Litter decomposition
(comminutron)

Litter decomposition
(enzymatic catabolism)

Humification

Nutrient immobilization

Grazing by soil fauna

Soil organic matter
decomposition

Mineralization and
mobilization

Solubilization

Nitrification

Denotrification

Oxidation or reduction of
S, Fe, Mn, ete

Management Practice

Fertilisers increase root production

Crop species differ in the nature
and amount of exudates

Legume fallows

Tree fallows  induce  upward
movement of nutrients

Insecticides reduce detritivore
populations

Tillage increases biological
oxidation

Incorporation of low quality residues
promotes synthesis of organic
colloids

Incorporation of low quality crop
residues

decrease
increase

Insecticide treatments
faunal mobilization and
microbial immobilization

Lime application increases rate of
soil organic matter decomposition

Burning increases mobilization
Addition of S increases
solubilization of rock phosphate by
Thiobacillus

Drainage increases nitrification

Increased by nitrate fertilization in
humid soils

nutrient rich
reduction

Incorporation  of
residues increases
processes
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17.

18.

19.

20.

21.

Nutrient uptake

Soil particle aggregation

Soil surface capping

Soil pore development

Soil particle movement

Toxification of soil

Mycorrhizal inoculation increases
nutrient uptake

Addition of crop residues (animal
and microbial effects)

Heavy grazing bares the soil
surface and increases microfloral

capping

Addition of organicresidues maintains
populations of macrofauna

Termites reverse clay illuviation; tillage

pesticides destroy termite nests

Reduced by crop rotation
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CHAPTER II

TREES, SOILS AND SOIL BIOLOGICAL PROCESSES

The title of this book invokes some major questions:

Do trees improve soil fertility? If so, what are the mechanisms involved
and how can this knowledge be applied to benefit agricultural systems? Equally,
possible deleterious effects of tree species on soil properties require detailed
understanding.

This chapter reviews the current understanding of these tree-soil
relationships across the spectrum of natural and managed systems. In Section 1,
the beneficial and adverse effects of trees on soil are broadly discussed.
Practical systems of land use and management by which the said benefits of
trees on soils may be implemented are also outlined. These will be detailed
further in Chapter V.

It is suggested by J Anderson in section 2 of this Chapter that the
development of improved management practices in agriculture using trees should
be based on an understanding of the mechanisms by which the productivity of
natural forest systems is maintained. In this light, the mechanisms of the
efficient nutrient cyecles in such natural systems, with particular reference to
the effect of disturbance on nutrient retention by the system are outlined. The
application of these concepts is then discussed with respect to the significant
role of trees in agroforestry systems in improving soil fertility.

In section 3, M J Swift explains that the lack of understanding of the
mechanisms described in section 2 precludes the adoption of standard practices
by which trees could ameliorate soils. The relationships between the biological
processes of litter decomposition, humus synthesis and humus breakdown are
reviewed. The influence of trees on these processes should be a basis for soil
amelioration.

The need for further investigation concerning the links between plant
inputs, soil organic matter status, soil biological processes and soil fertility is
emphasised throughout this chapter as an essential prerequisite to efficient
management practices.
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1. EFFECTS OF TREES ON SOILS
ANTHONY YOUNG

International Council for Research in Agroforestry

SUMMARY

1. Land use systems in which effects of trees on soils play an i{n;_)ortant part
are protective forestry, reclamation forestry (of eroded or .sallfnzed land or
moving sands), production forestry, agroforestry and applications of these
in watershed management.

2. There are some 20 distinct agroforestry practices, defined as arrangements
of trees and herbaceous components in time and space.

3. Eleven processes are listed by which trees may improve soils, not all of
which are proven.

4, A computerised model, Soil Changes Under Agroforestry (SCUAF),
indicates a potential for agroforestry to achieve a steady state of soil
fertility under productive use; some critical assumptions in the model
require experimental testing.

INTRODUCTION

This book has its origins in the basic concept of the Tropical Soil Biology
and Fertility programme (TSBF) : that it is possible to maintain or improve the
fertility of tropical soils through the manipulation of soil biological processes.
Such a concept can only be achieved through two stages:

i A basic understanding of how soil biological processes operate, and
what is their influence on fertility.

ii. ~ The identifjcation of practical management methods by means of
which soil biological processes can be manipulated in such a way as to improve
fertility.

It was out of discussions of the second stage, the realistic management
options, that the present book arose. It was recognized on the one hand, that
trees have certain distinctive effects on soils, many of them favourable; and on
the other, that there were many circumstances in which land use systems that
involve the planting of trees are practicable —- not only technically, but also
economically and from a social viewpoint. (Swift, 1984; Commonwealth
Science Council, 1985; Swift, 1985).

The papers which follow contain discussions of many aspects of the ways in
which trees affeet soils. The task of this introductory review is to set these
detailed aspects into perspective, by an overview of how trees achieve the
desired beneficial effects, and what are the practical land use and management
systems by which this can be brought about.
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The following factors show that trees can be expected to improve soils:

i. The soil that develops under natural woodland or forest, the classic brown
earth of temperate regions, red earth of the tropies, is fertile. It is well-
structured, has good moisture-holding capacity, is resistant to erosion and
possesses a store of fertility in the nutrients bound up in organic molecules. This
mature soil is the result of plant succession, with its associated soil changes.

ii.  In shifting cultivation, we have a demonstration of the capacity of forest
to restore fertility. Nowadays, this practice is often thought of as environ-
mentally undesirable, and certainly this is so once population increase has forced
the shortening of the fallows. But formerly, shifting cultivation had something
of a good name, as a way of letting the natural ecosystem restore what
agriculture in the tropies inevitably (or so it was supposed) removed.

ili. The cycles of carbon and the major nutrients under natural ecocystems
have been demonstrated, most notably in rain forest but also in savanna and
semi-arid ecosystems. So also has the often substantial nitrogen-fixing power of
leguminous trees and certain other species. That is, not only can we observe
that trees in fact improve soils, but to some extent, we know the details of how
they do it.

iv.  Finally, in these background considerations, we have so often observed the
adverse effects that follow forest clearance, the almost invariable decline in soil
fertility, and sometimes the less easily reversible consequences of erosion.

SYSTEMS OF LAND USE AND MANAGEMENT

What are the practical systems of land use and management in which the
planting and tending of trees, at least in part with a view to their effects on
soils, play a part? These include the following:

i. Protective forestry: the protection of sloping or other environmentally
sensitive land by peservation of its natural forest cover, or upgrading of such
cover where it is partially degraded. There may be multiple outputs - water,
wildlife conservation and recreation.

ii. Reclamation forestry: the reclamation of eroded, salinized or other
degraded land by afforestation. The reclamation process can be followed by
agroforestry, through a combination of productive use with maintenance of the
improved soil conditions.

iili.  Production forestry: forestry, of which the primary aim is timber or fuel
wood production, but in which soil amelioration is either an explicit secondary
aim or at least a management requirement.

iv. Agroforestry. This refers to a range of land use practices in which trees
are grown in association with agricultural erops or pastures, and in which there is
both an economic and an ecological interaction between the tree and non-tree
components. A critical part of this definition, and that which distinguishes it
from social forestry, is the existence of ecological interactions between the
trees and other components, interactions which take place through the medium
- of miecroclimate or, our present concern, soils. Most agroforestry is social
forestry, that is, forestry carried out the village or farm woodlots which, if they
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are managed only with the aim of maximizing wood production, is not agro-
forestry. Agroforestry is not one kind of land use but a collective name of a
wide range of practices.

V. Watershed management: land use planning which takes the'watershed as
the spatial unit, and which is particularly concerned with soil and water
conservation. This is of a different nature, since it frequently involves any or
all of the land use practices i-iv above. It is mentioned as a type of planning
framework which makes much use of the effects of trees on soils.

THE RANGE OF AGROFORESTRY PRACTICES

Agroforestry is not one kind of land use by a collective name for a wide
range of practices. Three terms may be defined.

Agroforestry components consist of trees (including shrubs), agricultural erops,
pastures, livestock and occasionally other components. To qualify as
agroforestry, the tree component must always be present.

Agroforestry practices consist of arrangements of agroforestry components in
space and/or time.

Agroforestry systems are specific examples of agroforestry practices, as found
in a particular area. They are defined by such details as the tree and non-tree
species, management practices, outputs (production and service), and the social
and economic functions of the systems.

POSSIBLE ADVERSE EFFECTS

It would be a biased unscientific view if the possible adverse effects of
trees on soil were to be ignored. Some possible effects of this kind are as
follows:

i. Nutrient loss, resulting from whole-tree harvesting, with possible adverse
effects on second-cycle plantation forestry. This is a matter of concern to
foresters, and raises the question of forest fertilization. The better the
management, the greater the problem becomes at first sight, since with a faster
annual increment, a greater volume of nutrients is removed at harvest. Litter
fall and root growth may compensate.

ii. Moisture depletion. Some species of eucalypts have been blamed for
dessicating the soil; and, an earlier point of debate, afforestation of reservoir
catchments can in some circumstances reduce total water yield, despite regular-
izing flow. These are controversies on which firm views are held, and I shall
refrain from comment.

iii.  Soil erosion. A badly-managed forest can lead to accelerated erosion, as
in the case of some teak plantations on sloping land. It should also be made clear
that agroforestry does not necessarily conserve the soil; wrongly sited or poorly
managed, it can be just as destructive as other land use systems.

iv.  Adverse chemical and biological effects. Under this heading are grouped
together such aspects as acidification by pine litter, or allelopathic effects of
substances from litter or roots.
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HOW DOES THE TREE DO IT?

What are the mechanisms by which the generally favourable effects of
trees upon soils are achieved? Some are well proven, some reasonable
supposition; and among the latter are numbered some of the hypotheses of the
TSBF. The processes listed are either experimentally demonstrated or widely
accepted, except where otherwise indicated.

Processes which augment additions to the soil:

1. Photosynthesis: fixation of atmospheric carbon and its transfer to the soil.
2. Nitrogen fixation, both symbiotic and non-symbiotie.
3. Nutrient retrieval: the taking up of nutrients released by rock weathering

in deeper layers of the soil, and their release by litter decay on the surface
(not specifically demonstrated).

4. Providing favourable conditions for input of nutrients by rainfall and dust
(not demonstrated).

Processes which reduce losses from the soil, making the plant/soil system more
closed:

5. Protecting the soil from erosion (water and wind), thereby from loss of
carbon and nutrients.

6.  Trapping and reeyecling nutrients which would otherwise have been lost by
leaching (not demonstrated).

Improvement of soil fertility through physical conditions:

7. Soils under trees generally have better physical conditions, including a
higher water-holding ecapacity combined with good permeability and
drainage, and greater erosion resistance, than non-forest soils.

Processes which affect the quality of plant residues and the timing of their
transfer to the soil:

8. Promotion of a range of different qualities of plant litter, through
supplying a mixture of wood and herbaceous litter (TSBF hypothesis).

9. Favourable effects of roots: growth-promoting substances in the rhizo-
sphere (demonstrated in some cases) possibly also provision of a range of
root-litter quality (TSBF hypothesis).

10. Timing of nutrient release. Under natural conditions, the provision of a
steadily-decaying nutrient store in the form of soil organic matter. Under
management, the potential to control timing further, e.g. through decisions
on when to prune (basic TSBF hypothesis).

11. Effects of shading on microclimate, thereby on soil climate and rate of
mineralization (demonstrated in some cases; TSBF hypothesis).
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It is the last group of processes which is most fundamental to research in
TSBF programme.

ORGANIC MATTER AND NUTRIENT CYCLING UNDER AGROFORESTRY:
A COMPUTERIZED MODEL

Turning from the broad viewpoint to the specific effects of agroforestry on
soils, a computerized model has been developed at ICRAF. Called Soil Changes
under Agroforestry, or the SCUAF model, it is at an early stage of development
and has so far been applied only to the carbon and nitrogen cycles.

The long-term objective of the model is to have the capacity to forecast
the effects on soils of a specified agroforestry system. However, at present we
lack firm data on some of the eritical assumptions about processes, and so there
is a further immediate objective. This is to draw attention to what needs to be
known if such forecasts are to be made with reasonable confidence; and thus to
direct research into the determination of critical data.

The carbon and nutrient cycles are complex, and there have been a number
of attempts to model them, particularly the nitrogen cycle. The model under
agroforestry is essentially similar to that under a single ecosystem, except that
there are two components, "trees" and "crops". The tree component normally
leads to a net gain in carbon or nutrients, the crop component invariably to a
loss. The two components may be combined in a time-based agroforestry system
- a period of cropping followed by a planted tree fallow; or in a spatially-based
system, a mixture of trees and erops.

The user specifies the type of agroforestry system, and the percentages of
time, or space, under trees and under crops. He might then be asked to input all
the numerous variables required to quantify the cycle. Hoever, even the most
comprehensive studies rarely cover all such data, and therefore use is made of a
system of default values. The user inputs broad details of climate, soil and
slope, and the model then assumes default values, including rates of growth,
partitioning between different parts of the plant, rates of erosion and leaching,
initial soil conditions, and assumptions about the manner of oxidation losses and
other processes. The user is offered the opportunity to change any of these
values.

Thus the inputs to the model are:

The physical environment.

The agroforestry system.

Initial soil conditions

Soil erosion.

Rates of plant growth: a. trees, b. crops.

Additions and removals by man (e.g. manure, fertilizer, crop harvest,
crop residues, fuelwood harvest).

7. Assumptions about soil/plant processes.

mm.&ww:—

The outputs from the model consist of tables and graphs showing changes in
soil earbon and nitrogen with time. Examples of the carbon model are shown in
Figure 1. Time-based systems show a dog-toothed graph, from the alternation of
crops and trees, spatial systems a smooth curve. As the model is at present
constructed, all systems show an approach towards an equilibrium value of soil
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carbon. However, feedback interactions are being developed, for example an
acceleration of the rate of erosion if soil organic matter is lowered, or a slowing
of plant growth where nitrogen is depleted.  This leads to the possibility of
including a "ecatastrophe situation", in which the plant cover becomes so poor,
and soil humus low, that the rate of erosion accelerates rapidly.

The exciting prospect is that it has been found possible, admittedly by
making many untested assumptions, to develop an agroforestry system which on
the one hand is productive, and on the other, leads to a steady state in the soil at
an acceptable level of fertility, namely with humus content just over half that
under natural forests; the net carbon loss under crops is balanced by an equal
gain under trees. The assumptions and reasoning of this model are set out in
Young (1985) and later in this book.

EXAMPLES OF STUDIES OF THE EFFECTS OF TREES ON SOILS

Some references may be cited, to lend support to the points made above,
and as an introduction to the kinds of studies on the effects of trees on soils that
are available. This is necessarily a small selection from a substantial range of
published results.

Among the many studies of nutrient cyecling under rain forest, that of
Golley et al. (1975) is one of the most thorough. The implications of the carbon
and nitrogen cycles under forest for the design of agroforestry systems are
discussed by Brunig and Sander (1983). Lundgren (1978) made a comprehensive
comparison between nutrient cyecling under natural forests and plantations in an
area of highland Tanzania. There have been clear demonstrations of soil
changes upon clearing forest for agriculture, such as that by Sanchez et al.
(1983); an IBSRAM workshop on this subject was held in 1985.

As examples of work on the regenerative effects of forest fallows may be cited
work by Toky and colleagues in north-eastern India, and current studies in Sri
Lanka and Malaysia (Tokyo and Ramkrishnan, 1983; Andriesse and Schelhaas,
1985).

For nutrient cyecling under plantation forestry, work on pine (Singh, 1982) and
eucalypt (George, 1982: Turner and Lambert, 1983) may be cited, among many
ohter studies. Chijoke (1980) compared the effects on soils of Gmeligna arborea
and Pinus caribaea in six tropical countries. The effects of individual trees can
be studied by taking soil transects from the base of the trunk to beyond the
canopy (Kellman, 1980).

Among a range of FAO publications relevant to trees and soils, three of the
Conservation Guides may be noted, those on watershed management, conserva-
tion in arid and semi-arid zones, and the environnmental impact of forestry
(FAO, 1976, 1977; Zimmerman, 1982).
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Figure 1

Outputs from the ICRAF model. Soil Changes Under Agroforestry (SCUAF).
The vertical axis shows soil humus carbon, kg/ha.

a: humid elimate, time-based system, 3 years crops, 3 years trees.

b and e: humid climate, spatial system, 50-50% crops-trees, starting with
different levels of soil carbon; ¢ is a steady-state system.

d: semi-arid climate, spatial system, 50-50% crops-trees, commencing on a
degraded soil.
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Starting points for the study of soil changes under agroforestry are the 23 papers
in an ICRAF symposium (Mongi and Huxley, 1979) and the review of soil
productivity aspects by Nair (1984). Nutrient eyeling and the monitoring of soil
changes are not included in agroforestry experimental work as often as they
should be. Two examples of methods, and the kinds of result obtainable, are
work on soil changes under alley cropping at IITA, Ibadan (Kang et al., (1981);
and of nutrient eyeling under coffee and cocoa in combination with shade trees
in Costa Rica (Aranguren et al., 1982). The effects of agroforestry on soil
conservation are reviewed by Wiersum (1984) and Lundgren and Nair (1985).

There is an annotated bibliography on nutrient cyeling and organic matter
relations of forests, with notes on almost 1000 studies, compiled by Adlard and
Johnson (1983). A thorough review of the effects of agricultural tree crops on
soils was made by Sanchez et al. (1984).

The ideas set out briefly in the present paper, and the implications for
agroforestry of the TSBF hypotheses, are set out in more details in Chapter 6.

CONCLUSIONS

A distinctive feature of land use systems which make use of trees is the
potential to combine production with conservation. The production may be of
goods or services, the goods including both wood and non-wood products. The
services include shade, fencing, moisture conservation, wildlife conservation and
recreation. Added to these is the service of conservation of resources, through
protection against water and wind erosion, and the maintenance or improvement
of soil fertility. This dual role, of production with conservation, applies whether
the trees are part of forestry or agroforestry land use systems.

Some aspects of the favourable effects of trees on soils are well known,
and what is required is the application of this knowledge through good land use
planning and management. Other aspects, particularly some of the key relation-
ships between tree litter and soil biological processes, require further research.
If some of the basic hypotheses in this area can be proven, then there are
considerable opportunities for applying such knowledge to practical land develop-
ment, often with relatively low-cost inputs.
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2. PLANT NUTRIENT-USE EFFICIENCIES AND SOIL PROCESSES IN NATURAL
AND AGRICULTURAL ECOSYSTEMS

J. M. ANDERSON
Exeter University, U.K.

SUMMARY

1. Mechanisms of nutrient cyecling in natural ecosystems are describeq with
particular reference to the effect of disturbance on nutrient retention by
the system.

2. The use of trees in agriculture is discussed as to its value in maintaining
soil fertility in the conversion of forest to agriculture.

3. The application of these concepts is discussed with respect to the role of
trees in agroforestry systems.

INTRODUCTION

Adaptations of plant communities to nutrient-poor soils can be seen
throughout the world but are particularly widespread in the tropics. Here over
half of the region comprises highly weathered and leached soils (Oxisols and
Ultisols) with available phosphorus concentrations usually well below those
required for agricultural crops (Sanchez 1976). Yet some of the lowest fertilty
soils support rainforests of massive structure and produetivity (Proctor et al
1983) as a consequence of tight nutrient cyeling between vegetation and soil,
and efficient production per unit of limiting nutrient (Vitousek 1984). This lack
of correlation between forest structure and soil fertility has promulgated many
disaster in agricultural development in the tropies where land cleared of forest
has failed to sustain the expected crop yields, even with fertiliser inputs, or
worse, has become catastrophically eroded.

In terms of plant-soil relationships it is therefore important to
differentiate between the sustained production of unmanaged systems (which
may be maintained on a finely balanced nutrient capital which is very sensitive
to exploitation) and the sustained yield of cropping systems. Here the depletion
of the nutrient capital, by product removal and periodic disturbance to the plant-
soil linkage, must be balanced by nutrient returns and residue management to
sustain soil structure. An understanding of the mechanisms by which the
productivity of natural systems is maintained by highly efficient nutrient cycles
and the responses of the systems to disturbance may provide the means to
develop better management practices for agriculture and agroforestry in the
humid tropiecs.

MECHANISMS OF NUTRIENT CONSERVATION

A characteristic of most natural ecosystems, particularly forests, is that
inputs of potentially limiting nutrients (NPK Ca and trace elements) in
precipitation, weathering processes, by N fixation, and so forth are efficiently
retained in soils and vegetation. The nutrient capital of the system therefore
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increases with time until nutrient inputs and losses reach a semi-equilibrium
state representing a small through-flow of nutrients in relation to the large
internal pools and fluxes. Thus in most undisturbed forest ecosystems there are
negligible losses of N and P or other limiting nutrients through leaching but
considerable differences in internal nutrient pools and flux pathways according
to nutrient availability on high and low fertility soils.

A key adaptation to nutrient limited conditions is the efficiency of nutrient
use by plants since this influences the quality and quantity of resource inputs to
the soil, decomposition processes and root biomass and distribution (Figure 1).

Variations in foliar concentrations of N and P according to soil nutrient
availability is a generally observed phenomenon for natural vegetation and
agricultural crops. If nutrient availability is high, fast-growing plants produce
nutrient-rich litters which decompose rapidly (maize residues are a notable
exception) and nutrient cycling between plant and soil is largely 'external'
through the liter pathway. Vitousek (1984) has shown, however, that in forests
on nutrient poor soils, the production of leaves or wood is more efficient per unit
of N or P on nutrient poor soils than on high fertility soils. This is achieved by
the selection of plant species which have low nutrient requirements, eg the N
requirement of temperate deciduous forests is on average twice that of conifers
in the same region (Cole and Rapp 1981). In addition, nutrients are translocated
more efficiently from senescent tissues before abscission under nutrient limited
conditions (Charley and Richards 1983). Evergreen, scleromorphic leaves are
also associated with drought and/or nutrient stressed habitats. These leaves,
which are long-lived, tough and insect resistant may be advantageous under
conditions where their replacement is costly in terms of nutrients. Leaf
longevity thus capitalises on photosynthetic returns over an extended time period
on a ‘high cost, slow profit' strategy since scleromorphic rain forest leaves have
lower photosynthetie rates than plants on nutrient rich soils which operate on a
fast turnover 'low cost, quick profit' strategy (Werger and Ellenbrook 1978).

The net result of the low nutrient concentrations in leaves and other
tissues, and the efficiency of 'internal' nutrient recyeling is that plant materials
entering the decomposer sub-system have low resource quality (high lignin and
low nutrient concentrations), slow decomposition rates and a high capacity to
immobilize exogenous sources of nutrients. In some cases the litter quality of
trees on nutrient-poor soils is so low that favourable environmental conditions
for decomposition are overridden and organic soils form under tropical forests
(Figure 2) This illustrates that the mechanisms exist, through selection of tree
species, to increase the organic matter content of tropical soils to high levels.
However, the soil physical and chemical properties associated with these
extreme conditions, as in the heath forest soils of S.E. Asia, require considerable
amendment to support nutrient-demanding, annual crops such as rice. Thus the
effects of tree litter on soil properties are not necessarily consistent with
sustained productivity.
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Figure 1

Schematic representation of process controls and feedback mechanisms in
plant-soil systems. Decomposition rates of litter, nutrient availability and
hence litter quality have positive and negative feed-backs on nutrient cycles in
high and low fertility soils respectively. Under extreme conditions, determined
by the physical controls over decomposition interacting with litter quality, the
high fertility system can degrade as soil organic matter is depleted; while in the
low fertility system productivity declines as nutrients are immobilised in plant
residues.  Most natural systems undergo less extreme cyclical shifts in these
plant-soil relationships.  During plant community succession a more nutrient
conservative (usually tree dominated) system develops while a major disturbance
increases nutrient availability and shifts plant growth forms to the less mature
phase (eg temporary cultivation). The various forms of disturbance associated
with cultivation feed into the plant-soil cycle at different stages to initiate and
reinforce the transition to an unstable, high nutrient availability agricultrual
system from a stable, natural system on low fertility soil.
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Perhaps the most conspicuous adaptation of plants to nutrient poor soils is
the production of a large root biomass which is usually concentrated on or near
to the soil surface. The allocation of up to 70% net primary production below
ground to maintain a high root: shoot biomass ratio is a characteristic of many
tree species found on nutrient poor soils (Herman 1977) especially in savannas
where both fire and water stress select for extensive rooting systems. This
adaptation may be plastic, however, and both crop species and natural vegetation
growing on a range of soil types have been found to allocate more photosynthate
to root production with decreasing soil fertility (Wareing and Patrick 1975). An
alternative explanation is that fine root turnover may be faster on high fertility
soils (because of higher root resource quality and decomposition rates) and thus
offset the low below-ground biomass values reported for these sites (Nadelhoffer
et all 1985). A large perennial root biomass is highly effective in scavenging
nutrients from dilute solutions, including canopy throughfall, especially in
conjunction with mycorrhizas which are typically associated with roots on
nutrient poor soils. The root mat is also a sink for nutrients released through
weting and drying of soils when the trees are dormant and integrates the uptake
of nutrients released from litters decomposing at different rates on the forest
floor. The efficacy of the root mat in preventing nutrient leaching is illustrated
by studies in an Amazonic forest (Stark and Jordan 1978) where 99.9% of radio-
active calcium and phosphorus added to the forest floor was absorbed or taken up
by roots and only 0.1% of the activity was recorded below the rooting zone.
Mineral-N is scavenged by roots with a similarly high efficiency and the soil
water below the root mat in undisturbed forest usually contains very low
concentrations of nitrate (Figure 3). In contrast, nitrate is very mobile in soils
under arable agriculture and losses to the erop rooting system (other than
through denitrification) are set by the depth of the wetting front in relation to
rooting depth. Most nitrate is found in the top 15e¢m at the start of the rains in
tropical agricultural soils and is leached down the profile at rates of about 0.5
mm mm-1 rain in Alfisols and 1-5 mm mm=1 rain in Ultisols.
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EFFECTS OF PERTURBATIONS

The concept that the nutrient capital of ecosystems is conserved except
during irregular periods of catastrophic perturbation, including fire and clear
felling (Fig. 3), is generally supported by studies on forested catchments in
temperate and tropical regions (Jordan et al 1972). Thus losses of nutrients
from the system are generally negligible despite major storm events, individual
tree falls and canopy defoliation by insects. This nutrient retention depends
firstly upon the integrity of the plant-soil link or, if the rooting system is
disrupted, upon the capaecity of micro-organisms to immobilize nitrogen in
resources, such as wood, with a high C : N ratio. But the local effects of the
disturbance to vegetation cover may be to temporarily shift the nutrient
dynamies of the system into a different mode: the changed soil microclimate
and disrupted plant rooting systems result in enhanced nutrient availability to
regrowth vegetation; litter resource quality is higher (higher nutrient
concentrations and lower proportions of woody materials) and nutrient turnover
is faster (Figure 1). The system reverts to a more conservative nutrient cycle
as canopy closure is regained.

These shifts in the dynamic balance between nutrient immobilization and
release in soils and vegetation are the basic mechanisms underpinning the
practice of shifting cultivation in the tropies (Nye and Greenland 1964). When
practiced on small plots with an adequate fallow period it is an ecologically
sound analogue of gap phase regeneration and causes negligible nutrient losses to
the forest ecosystem as a whole. But with increasing frequency or duration,
area and intensity of disturbance, the regulatory mechanisms of nutrient
conservation break down and the system inevitably degrades unless skillfully and
intensively managed (Greenland 1975). The effects of frequent fires are
particularly deleterious on acid soils. Burning increases the availability of P by
raising the soil pH but it also converts Ca and K to soluble forms which are
susceptible to leaching and depletes the nitrogen capital by nitrate leaching
(Figure 3) and nitrogen volatilization. The loss of N through fires depends upon
the proportion o biomass above and below groun exposed to the fire, the
efficiency of the burn and the temperature of the fire (up to 70% N volatilised at
700°C). During an experimental burn of a secondary forest in Costa Rica, 30%
of the initial amount of carbon in slash, 22% of the nitrogen and 49% of the
sulphur were volatilised (Ewel et all 1981).

It is also well established that cultivation practices, and particularly
mechanical tillage, result in a decline in the humus content of the soil. This is a
consequence of changes in the soil thermal regime, disruption of soil aggregates
and changes in the quality and quantity of plant residues returned to the soil
(Swift and Sanchez 1984). Soil physical properties show a concomitant decline
with humus content. The reduction in soil infiltrability is particularly marked in
the conversion of forest to arable agriculture (Wilkinson and Aina 1976), Lal et al
1980) leaving the soils susceptible to surface run off and erosion. Aside from
compaction from tillage operations, the decrease in soil faunal populations due
to cultural practices is a major contributory factor to the changes in soil
structure. Aina (1984) recorded equilibrium infiltration rates of 82 thr~! under
forest fallow in Nigeria in contrast to 6 1hr-1 for adjacent plots which had been
under continuous cassava cultivation for 12 years. Earthworm channels, with
diameters up to 8 - 10 mm, and modal frequencies in the range 3 - 5 mm,
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channels m~2 mainly in the 1 - 3 mm diameter range. Total porosity was 58% for
the. soils under forest and 38% for soils under cultivation with pores greater than
60 um (transmission pores) making up 35% and 10% of total porosities
respectively.

The net result of perturbations to all the integrated components of the
forest ecosystem is a precipitant shift from a high nutrient efficiency system to
a low nutrient efficiency system with a massive loss of nutrient capital. The
replacement system, under continuous cultivation, is maintained by high
input/output fluxes in relation to the plan and soil nutrient pools and is thus
inherently unstable. Productivity declines when the nutrient regime is
insufficient to support the low nutrient-efficiency crop species and succession of
wild species is prevented which can produce more biomass with fewer nutrients.

THE AMELIORATIVE EFFECTS OF TREES

The restorative value of forest fallow is generally recognised and linked to
the regrowth of deep rooted trees and shrubs, which recyele plant nutrients from
considerable depth in the soil profile, and build up soil organiec matter. During
the fallow period, plant cover and litter protect the soil from the impact of
raindrops, and the roots bind the soils, increase water infiltration and reduce run
off and soil erosion. The shade conditions and surface litter cover also promote
a diverse and active soil bjota which maintain beneficial soil physical and
chemical conditions. Most herbaceous crops are selected for their food and pest
resistant properties and not for their nutrient use efficiency or ameliorative
effects on soils. The replacement of forest by herbaceous species and the effect
of the agricultural practices, positively reinforce the shift away from a balanced
ecosystem. The incorporation of trees into agricultural systems, under the many
agroforestry options, provides a means of capitalizing the food ecropping
potential of the fast cycling system and the stablizing effects of perennials on
soil properties and nutrient regeneration. The two main variants in agroforestry
for continuous crop production are the simultaneous and sequential cropping
systems.

In alley cropping, typically maize interspersed with Leucaena leucocephala
or Gliricidia sepium hedges (Kang et al 1981), the two component systems are
established simultaneously; though in these cases the tree produces a rapidly
decaying nitrogen source and the maize residues form a low quality mulch.

The use of tree species which produce low quality litters as mulch, such as
Acioa barterii, either for interspacing with Leucaena or cultivating with crops
producing high quality residues which decompose rapidly, eg cowpea, provide
further options for managing soil biological processes and nutrient recyeling.
Pilot studies suggest that maize yields, without fertilizers, can be doubled using
N-fixing tree mulches with yields maintained under drought conditions. But the
nutrient dynamies of these systems have not been studied in detail. In particular
more information is needed on the phenology of the trees and crop plants in
relation to spatial and temporal patterns of nutrient mineralization and uptake.
In addition, studies on the root architecture of different species (how the soil
volume is exploited horizontally and in depth) are critical for designing the
optimum spacing and combinations of species for effective nutrient use and
conservation.

. $equenti§1 cropping systems may follow a simulation of natural succession
in which species which naturally follow intensive cultivation are replaced by
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species with greater economic value. For example a cropping sequence might
consist of (a) annuals and plants whose roots and stems are harvested (b) bananas
and plantains (c) palms (d) cacao, rubber or commereial timber species (Jordan
1985). Thus the effects of nutrient-efficient species on soils are gained without
a tree fallow.

Tree intercropping provides a permanent or transitional cropping system
which is highly conservative of nutrients in the conversion of forest to
agriculture. In this system the economically desirable crop is an understorey
species (eg cacao) planted beneath larger trees, sometimes N fixers, which
provide shade and sustain soil fertility through nutrient restoration by deep
rooted species.

In conclusion, trees provide a means of manipulating both general and
specific soil properties and processes in land reclamation, and in establishing
sustainable agriculture for food, fodder and fuel. Improvements in soil fertility,
and control of erosion and catchment hydrology are general benefits of re-
afforestation (with some exceptions). On the other hand the selection of
particular trees species adapted to local soil conditions can be used:

(i) to change the balance of cations returned to the soil surface in litter;

(ii)  to build up soil organic matter;

(iii) to provide for fast or slow decomposing mulches to control nutrient release
to crops and

(iv) to enhance soil fauna activities (and hence soil physical properties). The
manipulative potential of tree root systems has yet to be investigated.

It is, however, of central importance, in attempting to manage soil
biological processes, to recognise the integrated nature of the plant-soil
properties and that by altering one component variable, such as the elimination
or addition of earthworms or changing litter quality, the whole system can shift
its equilibrium state over a period of time.
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3. INTEGRATION OF NUTRIENT CYCLING IN THE PLANT-SOIL SYSTEM;
THE ROLE OF BIOLOGICAL PROCESSES
M. J. SWIFT
University of Zimbabwe, Harare

(IUBS/UNESCO : Tropical Soil Biology and Fertility Project)

SUMMARY

The relationship between the biological processes of litter decomposition,
humus synthesis and humus breakdown are reviewed. The possible influence of
trees on these processes is indicated as the basis for potential soil amelioration.
The need for further research into the links between plant inputs (as above and
below ground litter), soil organic matter status and soil fertility is emphasised.

INTRODUCTION

The objective of the Tropical Soil Biology and Fertility Project (TSBF) is
"to determine the management options for improving tropical soil fertility
through biological processes". This objective was formulated on the premise that
the sustainable productivity of natural ecosystems is derived to an important
extent from the biological processes of litter and soil such as those of
decomposition and humus synthesis.  Fertility is dependent not only on the
maintenance of these activities at certain critical levels but even more
importantly on their functioning as an integrated sysem with regulatory
mechanisms operating in a synchronised manner.

Whilst relatively closed and integrated soil systems may be characteristic
of natural ecosystems, man's activities often have the effect of uncoupling them.
The end-effects of this disruption have been extensivley catalogued but there is
very little information on the operation of the processes at a mechanistic level.
This lack of understanding at a fundamental ecological level means that we have
very little predictive capacity about the quantitative effects of these practices.
Even more worrying is our inability to predict the functional mechanisms of
potentially ameliorative practices. Among these, the planting of trees on
degraded or 'problem' soils is a commonly advocated practice. It is an act of
faith that trees have beneficial effects and that their presence results in
restored or improved fertility. Little, however, is known of the mechanism of
these effects. To enable the adoption of sensible policies for soil amelioration,
we must be able to fit tree species with soil type and condition for a given
climatic zone and have a good probability of predicting the outcome in terms of
changed soil conditions. This we are unable to do under current lack of
mechanistic insight.

The TSBF project has proposed a research methodology for examining some
of the key questions concerning the integrated functioning of the soil system.
Some of these ideas will be outlined here with specific reference to the potential
ameliorative effects of trees.
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THE SOIL SYSTEM

One way in which biological processes in the soil can be seen operating as
an integrated system is in relation to the flux of mineral nutrient elements. A
relatively simple version of such a nutrient eyeling model is given in Fig 1. The
diagram may be made more explicit by detailing the biochemical processes and
the groups of organisms involved. Three processes may be selected for
particular attention however, those of litter decomposition, soil organic matter
(SOM) formation and SOM decomposition. These processes are general, and
crucial to the integrated cycling of key elements such as N, P and S in all soils
Equally significantly they are also potentially accessible to management.

VEGETATION

LITTER
[Ttter fall *|above ground

labile

recalcitrant

Toot death 2

fitter k| soIL

below ground

ORGANISMS
Humus Humus
synthesis
y
HUMUS

recalcitrant

Figure 1: Integrated nutrient eyecling in the plant-litter-soil system. The diagram
shows some of the main processes influencing the flux of nutrients between plant
and soil.
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LITTER DECOMPOSITION

The rate of decomposition of any litter component (or resource) has been
described as being regulated by three categories of factor, the physical
environment (P), the resource quality (Q) and the community of decomposer
organisms (0), (Swift, Heal & Anderson, 1979). These factors operate
interactively in a complex manner but can be pictured as a hierarchy (Fig 2).

time
t >t2
P=Macro- environment (climate)
{ R |
P=Micro-environment (soil)
r l =1
0=lhml.mm
O=Organism
r |(\
Resource
Original decomposition processes
State Q
R4

Figure 2:' .Regulation of the processes of decomposition. The processes of
decomposition are pictured as being influenced by three groups of regulatory
factor"s; O, the organisms of the decomposer community; Q, the quality of the
organic matter (resource) being decomposed; and P, the physical environment.
é\clgljgugh these factors are arranged in an hierarchy, feedback interactions also
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The overall limits to the decomposition rate are set by the climate of the
region, in particular in the tropics by the rainfall period. These limits may be
narrowed by specific micro-environnmental (including edaphic) factors. Within
this matrix of environmental determination the actual rate of decay of the
resource will be determined by its intrinsic character - its resource quality.
Even within the same environment, resources decay at widely varying rates
(Table 1). The characteristics determining this are complex but are though to
include nutrient content, degree of lignification and the presence or absence of
allelopathic molecules. Crudely speaking low quality (slow decomposing) litters
ae characterised by low N and P and high lignin; high-Q by high N and P and low
lignin.  All these factors influence the activity of the decomposer organisms. A
final regulatory influence, still further narrowing the limits established by P and
Q, may thus be the composition and/or biomass of the decomposer community
(Anderson, Leonard, Ineson and Huish, 1985; Swift and Heal 1986 in press).

TABLE 1: The influence of resource quality on rate of decomposition.
Calculated times for 95% weight loss for different litter components in a
rainforest in Panama (Healy & Swift unpublished date)

(a) Main litter components - calculated from Litter Fall to
Standing Crop ratios (yrs).

Fruit Leaf Palmfrond Twigs Branches
0,3 1,2 1,9 5,6 19,4

(b)  Different leaf species - caleulated from observed decay
results in coarse mesh litter bags (months)

Quararibea  Gustavia Anacardium Miconia Oenocarpus*
Asterolepis superba excelsum argentea panamanus
2,3 4,7 7,4 9,8 12,1

*lamina of palmfrond

This simple model can be placed within the context of soil amelioration. In
the conditions addressed here the soil environment may be extreme and will
operate as a severely limiting factor within the hierarchy. An extreme example
of this is the sodic or alkaline soil conditions deseribed by Khanduja (Chapter 3)
and Abrol (Chapter 3). Lowered fertility due to nutrient loss and/or development
of low pH are equally relevant and more general examples however.

If amelioration of these soils by the use of trees can be achieved through
the agency of decomposition processes, then it must operate not only by a direct
effect on soil but through its influence on the quality and on organism variables
which lie below the edaphic environment in the hierarchy. Q and O effects will
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have subsequent feed-back to influence the edaphic environmept (F_ig 2) and it
may be hypothesised that these are the pathways of an}ehoratlon. :I‘rees
influence the soil they are growing in by changing its microclimate and moisture
regime, litter and soil organic matter both being mediatpl:s of these effects: The
presence of trees also changes the context of decomposn}mn processes. This can
perhaps best be illustrated by considering an agro—sylwcultpral system (such as
alley cropping) in comparison with a monocultural crop as illustrated by Young
and by Bashir Jama et al in Chapter 5.

The litter characteristics of the two systems differ greatly; the
introduction of trees is likely to increase the amount of litter, particularly the
below-ground litter due to perennial root systems; lengthen the time periQd of
litter input; and in particular, widen the spectrum of resource quality. Whilst a
monoculture crop will generally have only a few types of resource differing only
marginally in their decay rates, trees produce twigs, branches and leaves (and
perhaps woody or fleshy fruits) and fine and woody roots. It has been
hypothesised in the TSBF proposals that this situation will tend to stabilise
nutrient eyeling in the soil with a consequent increase in sustainable fertility
(Swift 1984, 1985).

The improved physical condition of the soil due to the presence of trees
will also affect the nature of the decomposer community. Such changes can be
described in general population terms but the influence of such changes on
patterns of nutrient cycling remains to be determined (Lavelle 1983, 1984).

Changes in the patterns of nutrient cycling through the litter component
are expected to take place in degraded or overcultivated soils under the
influence of trees. These are hypothesised to be a progressive change from an
open (leaky) system with a relatively few dominant pathways of nutrient flux to
a more complex, integrated and consequently closed (tight) nutrient eycling
systems.

With respect to potential for management of the system, the best option
seems to lie in manipulation of the composition, timing and location of the litter
inputs. This can be done by choice of appropriate tree species, including
mixtures, and their management practices (e.g. pruning, lopping, biomass
transfer).

SOIL ORGANIC MATTER

Although exceptions can be advanced for specific soil types under
particular conditions, sustainable fertility is generally supposed to relate closely
to the equilibrium level of organic matter found in a soil. The commonly listed
beneficial influences of soil organic matter (SOM) include improved soil
aggregation and stability, increased water holding capacity, increased cation
exchange capacity, decreased fixation of P, and increased content of organic N,
P and S. SOM also stabilises nutrient eycling in a manner analogous to low-Q
litters by acting as a 'slow release' reservoir of these elements. Despite these
commonly perceived benefits, it is difficult to postulate a clear quantitative
relationship between SOM content and the productivity of soil as this appears to
vary in relation to other features of the soil. Indeed SOM content is a highly
variable feature of soils as Sanchez, Gichuru and Katz (1982) have shown. Whilst
major soil groups may show characteristic ranges, there is considerable variation
within each group. This analysis confirms those of earlier authors (e.g. Birch and
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Friend, 1956; Smith, Samuels and Cermuda 1951) on showing that there is little
substance to the commonly advanced generalisation that the organic content of a
tropical soil is necessarily lower than that of a comparable temperate soil.

The idea that tropical soils should have low organic contents is based on
the perception that rates of organic matter decomposition are higher under the
hot wet conditions characteristic of these regions. Certainly the rate of decline
in SOM content under cultivation is high in the tropics but it was pointed out
many years ago by Greenland and Nye (1959) that in assessing the standing stock
of humus, consideration must be given to rates of synthesis as well as rates of
breakdown. Both of these factors are thought to be very substantially affected
by the vegetational cover. Young (1985 and Chapters 1 & 5) has made this the
basis of his predictive model for soil organic matter content under different
cropping and vegetational regimes. it is appropriate therefore to briefly
consider the mechanisms of both processes.

(i) Humus Decomposition

Lack of specific insight into the chemical structure of humus has resulted in
little progress being made in the definition of mechanisms of breakdown. As a
general proposition, however, it could be assumed that this is under the
regulatory influence of the same set of factors as plant litter (Fig 2). With
regard to climatic variables there is little doubt that this is so; the temperature
and moisture regime and access to oxygen are all regarded as features
influencing the rate of breakdown of humus. The existence of a quality
spectrum in soil organic matter is also implicit in most recent models of SOM
dynamies. At least two fractions are commonly recognised; a labile fraction
which may be substantially decomposed in periods ranging from a year to a
decade or two, and a recalcitrant fraction which may persist for many hundreds
of years (e.g. see Van Veen, Ladd and Frissel, 1984). The rate of breakdown of
each of these components may be further affected by physical complexing with
clays. The implication is that components of humus have different chemical and
physical properties which determine their rate of decomposition, which can be
regarded as analogous to the concept of resource quality as applied to litter.
Unfortunately the ability to fractionate SOM is at present very limited, as is the
chemical definition of the different fractions. Thus it is not clear whether the
existence of only two fractions is sufficiently explicit to predict SOM turnover.
Nor is it certain whether it is justifiable to describe the two fractions from
different soils as directly equivalent.

Nonetheless it is possible to hypothesise a two stage process of SOM
decline during degradation of soil condition; first that the rate of humus
decomposition increases due to changes in physical conditions and that this
decline is due to breakdown of the more labile fractions; and thence secondly
that the resultant equilibrium level is less diverse in fractional quality and is
dominated by the most refractory components. This might result in a
substantial decrease in the capacity of the SOM to serve as a nutrient source i.e.
the decline in fertility will be greater than is signalled by change in total content
alone.

Restoration of the quantity and quality of SOM is thus dependent on
increasing the rate of SOM synthesis.
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Humus synthesis

The mechanisms proposed for humus synthesis can broadly be grouped into
two categories. The first group of theories proposes that humus molecules are
synthesised directly from the breakdown products of litter decomposition;
alternatively it is postulated that there is a more distant relationship between
litter decomposition and humus synthesis. This latter set of theories suggests
that miecrobial catabolism of plant molecules is more complete and that the
precursors of humus are products of microbial anabolism with melanin synthesis
being a pathway of particular importance (see Hayes and Swift 1978; Stevenson
1982 for general accounts). It is entirely possible of course that both processes
occur but whatever the specific pathway, humus synthesis may rightly be
regarded as a by-product of litter decomposition. It is energetically fuelled by
the catabolic activities of decomposition and irrespective of whether
decomposition products are direct precursors of humus or not, their constituent
elements certainly are, as incorporation experiments demonstrate. For instance
Mayaudon and Simonart (1959a, b) have shown that 14C from materials such as
cellulose and lignin is incorporated in humus molecules within 30 days of addition
of soil. The implication of fungi in humus synthesis makes it likely that there
are microbial species common to the process of decomposition and humification.
Unfortunately, however, there is little detailed information of this.

Thus the environmental and biotic context of humus synthesis may be the
same as that of litter decomposition. It is a controversial question however as
to whether there is a link between the quality factor in litter decomposition and
that in humus formation. For instance, it is not known whether humus quantity
and quality is related to the lignin content of the litter from which it is formed.
Such evidence as exists is contradictory; it is most certainly, however, a question
demanding further investigation.

In the present context, this question may be posed in the following form;
whether the increase in SOM content observed under fallow (i.e. tree vegetation
= Greenland & Nye 1959) is a product not only of the increased quantity of litter
input but also of the broadened spectrum of resource quality.

CONCLUSIONS

There seems to be good evidence that the presence of trees promotes the
development of tight nutrient cyeling regimes in soil. This ameliorative
influence is effected through a number of mechanisms. These include; changes
in the soil environment (i.e. water regime, texture, thermal and gaseous
properties) that favour satisfied nutrient cycles; and direct quantitative and
qualitative alterations to the bio-chemical pathways of nutrient cyeling
associated with changes in the microfloral and faunistic composition of the soil
community. Each of these effects relates in some way to the organic status of
the soil which is fuelled by the plant litter input. It is therefore proposed that
the patterns and rates of litter decomposition should be an important focus of
research in any attempt to determine the mechanisms for the ameliorative
effects of trees on soil. It is moreover clear that in this respect the below-
ground (i.e. root) input of litter warrants special attention both because it is
ever-present in the system and because so little is known of its particular role.
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CHAPTER IlI
PROBLEM SOILS AND THEIR AMELIORATION BY TREES

This chapter concentrates on the characterisation of some specific problem
soils, the potential for amelioration of these soils by trees, and the extent to
which it has been shown that trees can and do improve the fertility of these
problem soils, thereby rendering them more agriculturally productive.
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1. SOIL AMELIORATION PROBLEMS OF 'BRIS’
SANDY SOIL IN PENINSULAR MALAYSIA
A. B. OTHMAN
Malaysian Agricultural Research and Development Institute, Malaysia
SUMMARY

1. Sandy 'Bris' soils are a problem soil on the sandy costal ridges of the
eastern coast of Peninsular Malaysia.

2. They are regarded as 'problem' soils because of their low water and
nutrient holding capacity.

3.  Introduction of trees and crops could be a solution to this problem.

4. The soil requires a pretreatment before trees can be planted.

INTRODUCTION

Sandy beach deposits, locally termed as 'Bris' soils, have been categorised
as problem soils. The soils described are developed on the sandy coastal ridges
of the eastern coast of Peninsular Malaysia. Characterised by a sandy texture,
these 'Bris' complexes occur as a narrow belt fringing the coastline varying in
width between 200m and 6km from the coast. The total of 'Bris' soils in Malaysia
is approximately 204,564 ha of which 16,464 ha. are found in Peninsular
Malaysia (Wahab, 1982).

Lack of silt and clay in most of these soils render them very infertile in
terms of plant nutrients. Additionally, their low water holding capacity results
in extremely high irrigation costs for reasonable crop yields. Primarily for these
reasons, agricultural planners have disregarded these soils for large secale
agricultural development, and not much has been achieved in the improvement of
the produetivity of 'Bris' soils (Ibrahim, 1981).

Introduction of trees and crops that can be productive on 'Bris' soils seems
one of the possible solutions to this long known problem of the 'Bris' area. This
can be achieved by giving prime consideration to improving the agricultural
technology in this area with specific emphasis on soil management techniques.

FORMATION OF SANDY DEPOSITS

The pattern of soils forming the 'Bris' complex indicates that the soils of
beach ridges and swales are of recent age while on old beach ridges of subrecent
age. They are formed by a northward longshore littoral drift, periodically
influenced by heavy seas during the monsoon that is between August and
December.

The soils developed on the 'Bris' complex range from Brown sands to
Podsols with transitional groups showing varying degrees of podsolization. In
Peninsular Malaysia the 'Bris' soils have the following sequence. Baging series
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(Typic Quartzipsammant) of recent marine sand deposits in which there are feyv
or no weatherable minerals, followed by Rusila series (Typic Tropquad), a soil
occurring in depressional areas and typically possessing considerable amount§ of
organic matter at the soil surface; Rudua series (Typic Trqpohumud), a ridge
sloping soil, and Jambu series (Arenic Tropohumod), a ridge top soil are
morphologically similar, but spodic horizons occur at different depths. Rudua
has a spodie horizon occurring within 1 m while the Jambu occurs below 1 m.

THE AMELIORATION ASPECTS

The 'Bris' soils are characterised by brown sands. The mineral f:omponent
is of essentially granular quartz grains. Particle size distribution indicates that
the soil contains more than 90% of total sand.

Moisture content by weight for the 'Bris' soils showed that the range of
available water in the surface soil is betwen 0.04 to 0.06 ecm em-l, and this
indicates that the soil has very low water storage capacity (Othman, 1985).
During prolonged dry conditions, 'Bris' soils create a condition similar to that of
the drought-prone semi-arid regions of the world, particularly during the months
between January and April. This is because of the low water retaining capacity
and extremely high infiltration rates. The resultant problems of 'Bris' soil are
water holding capacity and nutrient holding capacity. In addition to these, the
'Bris' soils also experience very high soil temperatures and this inhibits
germination and retards crop growth. Fortunately the area under the 'Bris' have
adequate rainfall, particularly during the wet monsoon season during which some
areas in the east coast are completely inundated.

The most important considerations in ameliorating the 'Bris' soils for
agriculture are the selection of crops which tolerate the drought conditions in
the area and the build up of organic matter content to increase water and
nutrient holding capacities. Some of the promising crops that have been
cultivated are coconut, cashew, tobacco, watermelon, cabbage, passion fruit, and
pigeon pea. Nevertheless, very high fertilizer input and adequate water supply
are needed to obtain decent crop yields. Since large doses of fertilizer are
necessary for the development of these areas, these beach soils have very low
agricultural potential where these are not economically feasible.

Large areas of coconut palm have been planted on these soils but even with
liberal doses of fertilizers their performance has been invariably poor.
Leguminous crops grown with the idea of improving nutrient status and
alleviating the drought conditions periodically experienced in these soils have
performed poorly. This is due to poor water retention. Phenomenal infiltration
rates in these soil profiles cause fertilizers to be leached out.

To develop these areas there is a need to increase micropores for greater
water retention and to increase nutrient holding capacity. This could be
achieved by introducing organic manures, composts, and mulches into the system
because they provide:

L. organic matter which, according to Wong (1985), not only increases
the chemical activities in the 'Bris soils, but also helps to develop more
favourable soil physical conditions for the trees (e.g. cashew, Pilus et al
1982) to grow. Organic matter content also indirectly controls the cation
exchange capacity of the 'Bris' soils and increases soil biological activities.
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It also thought to have contributed to observed differences in cashew
growth performances. It has been confirmed by Pilus et al, (1982) that the
amount and quality of organic matter have significant effects on the height
as well as the canopy surface area of the cashew tree.

2. plant nutrients, and

3. help to reduce soil temperature. As reported by Wahab (1983), the
surface soil temperature recorded at 2:00 pm showed that the temperature
under mulching was 6°C lower than that where there was no mulching. The
water should also be retained longer in the root zone in the presence of
organic materials.

The above factors are of importance but the choice of tree/crop, the
economic value of the tree/crop, and the interaction of smaller volumes of soil
with organic matter and mulches must be considered in conjunction with these
factors.  Especially with tree crops where only the volume of soil within a
restricted area such as a hole (within the effective rooting volume of the erop)
needs to be improved. Trying to completely change the environment and
condition of the soil would be extremely difficult and expensive, but partial
change might achieve significant results. By the interaction of limited volumes
of sand/organic matter mixtures and mulching materials to modify the water
retention and transmission properties of the soil within the soil profile, economic
costing would be achieved.

The question of the possible practical implications on the use of soil
conditioners may be of special relevance on the 'Bris' soil in Malaysia
particularly with respect to tree planting. Experimentation and critical
economic evaluation is necessary and hopefully a preliminary report on the
progress of this work will be published soon. However, an integrated,
multidisciplinary approach is necessary, if the potential of soil conditioners are
to be exploited. Such factors as irrigation system, drought resistance in plants,
economic value of the crop, agronomic techniques designed to conserve on
fertilizer usage in conjunction with the improvement of structure must be
considered.

ACKNOWLEDGEMENTS

The author would like to express his appreciation to The Director General
of MARDI for the permission to publish the paper. Dr. Aminuddin Bin Yusoff for
his comment on the content of the manuseript and Puan Zainun Bt. Md. Nor and
Cik Norlezah Bt. Baharom for typing the manuscript.



- 42 -

REFERENCES

Ibrahim, T.A. 1981. A report on utilization of 'Bris' soils in Kelantan. Soils
and analytical services division, Department of Agriculture Lundang, Kota
Bharu. Kelantan. pp. 2-12.

Othman, A.B. 1985. A comparison of selected Entisols and Spodosols
occuring in Peninsular Malaysia and Peninsular Florida. A dissertation
presented to the graduate school of the University of Florida in partial
fulfilment of the requirements for the degree of Doctor of Philosophy.

Pilus, M.Z., Othman Yaacob, Abdul Jabar Mohd Kamal, dan S.
Paramanathan, 1982. Penentuan faktor-faktor tanah keatas tumbersaran
gajus di-kawasan tanah 'Bris': Bahagian 1. Pertanika 5 (2), 200 - 206.

Tamin, M.Y., Aminuddin B. Yusoff, and Tan Swee Lian. 1982. A special
report on agricultural land use in Peninsular Malaysia p.13.

Wahab, A.N. 1982. Nota syarahan tana 'Bris' bagi kursus tanaman gajus
anjuran MARDI yang diadakan di Sungai Baging. Cawangan Sains Tana
Stesen MARDI Sg. Baging, Kuantan, Pahang, Malaysia.

Wahab, A.N. 1983. Lapuran ringkas kemajuan penyelidikan tanah 'Bris’
submitted to Cawangan Sains Tana MARDI, Serdang, Selangor, Malaysia.

Wong, N.C. 1985. Nutritional studies on cashew, an Annual report submitted
to Cawangan Sains Tanah, MARDI, Serdang, Selangor, Malaysia.



- 43 -
2. SALT AFFECTED SOILS

AND THEIR AMELIORATION THROUGH AFFORESTATION
H.S. GILL AND L.P. ABROL

Central Soil Salinity Research Institute, Karnal-132001, India

SUMMARY

(1) The extent of the salt affected soils in India and salient
characteristics of their broad categories are presented. Afforestation of these
problematiec soils is envisaged to be a promising land use.

(2) The successful establishment of selected tree plantations was
achieved by a relatively easier and economical posthole technique compared to
the usual methods of tree planting in an extremely alkali soil.

(3) Data on leaf litter production in a seven years old plantation of
Acacia nilotica (L.) Willd. ex. Del. and Eucalyptus tereticornis Sm. grown on an
alkali soil is presented.

(4) The ameliorative effect of the two plantations on the soil and micro-
climate of a highly alkali soil at selected growth intervals is presented.

INTRODUCTION

Excess salts reduce the productivity of an estimated 7 million ha of the
otherwise productive soils in India (Abrol and Bhumbla, 1971). Based on
geographical distribution, salt affected soils can be grouped as (i) salt affected
soils of the coastal regions, 2.1 million ha; (ii) inland saline soils of the arid and
semi-arid regions, 2.5 million ha; and (iii) alkali soils of the sub-humid regions in
the Indo-Gangetic plains, 2.5 million ha. Salt affected soils are broadly
classified into two categories depending on the nature of salts exerting a
dominant influence on the soil properties and plant growth. These are: (i) saline
and (ii) alkali soils. While neutral soluble salts consisting of chlorides and
sulphates of sodium, magnesium and calecium exert a dominating influence on
plant growth in saline soils, presence of sodium carbonate in small to appreciable
quantities is responsible for building up excessive exchangeable sodium
percentage (ESP) and high pH which in turn have an adverse effect on soil
physical properties and plant growth in alkali soils. Apart from the soil
characteristics and climatic features, the optimum methods of utilizing salt
affected soils of an area depend on the nature and amounts of salts and their
distribution in the soil profile.

Utilization of salt affected soils for afforestation appears a promising land
use because of the increasing pressure on good soils for food production, fast
exhaustion of firewood and timber resources and the need for healthy
maintenance of an agro-ecological system. Management of these soils for
successful afforestation requires amelioration of the limited root zone for initial
establishment and rapid early growth. Thus, a special site preparation
treatment is generally a must because tree planting procedures followed for the
normal or good soils do not hold good for inhospitable sites (Abrol and Sandhu,
1981, Gill and Abrol, 1986 and Gill, 1986). Only a few efforts have been made
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to afforest salt affected soils in the past (Yadav et al. 1972) and most of them
were almost complete failures for want of scientifically evolved information.
This poses a severe restriction on planning and planting operations. Therefore,
field experiments were undertaken to work out a suitable technique for raising
plantations of Acacia nilotica (L.) Willd. ex. Edl. and Eucalyptus tereticornis
Sm. in highly alkali soils. Leaf litter production of the two plantations and their
ameliorative effect on the soil and micro-climate were also estimated.

SITE AND METHODS

A highly alkali site was selected for field investigation at an altitude of about
235 m in the Central Soil Salinity Research Institute's experimental farm at
Gudha (76° 56'N, 29° 29'E) in the Karnal district of Haryana state. Salient
physico-chemical characteristics of the experimental farm are included in Table
(1. So)il samples were analyzed following standard procedures outlined by Jackson
1967).

TABLE 1. Important physico-chemical characteristies of a highly
alkali experimental site.

Soil Soil profile horizon in em

property 0-15 16-27 28-46 47-87 88-139 140-200
pHa 10.5 10.2 10.1 10.0 10.0 9.9
EC&(dSm-1) 3.98 1.76 1.04 1.12 0.96 0.62
Detritus

(percent) 0.58 2.46 3.88 5.82 34.26 7.46
CaCOg3 Eq (%) 0.68 0.72 0.79 0.92 6.32 9.37
Sand (percent) 54 51 49 54 51 65
Silt (percent) 27 27 26 20 23 18
Clay (percent) 18 23 24 25 19 11
ESPb 96 97 98 96 92 72
Textural class sil sil sil CL 1 Is

a. Measured after oceasional shaking soil: water suspension in

a ratio of 1:2 for half an hour.

b. Exchangeable sodium percentage.



- 45 -

The selected site preparation techniques comprised planting of Eucalyptus
tereticornis Sm. and Acacia nilotica (L.) Willd. ex. Del. in four differently
dimensioned (dia. x depth) postholes and a pit dug out using soil augers and an
assortment of spades and shovels respectively. Details of the dimensions of
postholes and the pit and the quantity of amendments used for their refilling are
given below:

Treatment Dimensions Volume Gypsum FYM (kg)
(em) (em)® (kg)

T 10 x 120 9425 3 4

To 10 x 180 14137 3 6

T3 15 x 120 21206 3 8

Ty 15 x 180 31809 3 12

Ts Pit 90 x 90 572555 12 24

Given amounts of amendments were mixed with the original highly alkali soil
used for refilling of the postholes and pit.

About six month old saplings of the two species were planted on July 17,
1979. The experiment was laid out in a Randomized Block Design layout and
replicated four times. Each replicate sized 6 m x 6 m represents four plants
with a spacing between the rows and plants of 3 m. Nitrogen (urea) was applied
at the rate of 20 and 10 g N plant~1 on Aug. 4 and Nov. 26 of 1979 respectively.
Plants were watered on the need-felt basis until a year past planting. Percent
survival and selected growth parameters were monitored. Acacia trees were
lopped off the undesired branches 16 and 42 months after planting. The biomass
lopped as foliage and woody matter is expressed on an oven dry basis.

Litter production

Irrespective of site preparation techniques the average leaf litter produced in
Acacia and Eucalyptus plantations during July-August, September-October,
November-December, January-February, March-April and May-June between
July, 1982 and April 1985 was estmated by collection of foliage shed in
containers, 120 em long and 60 em wide, in numbers sufficient to represent all
the possible locations within their canopies. Amounts are expressed on an oven
dry basis.

Ameliorative Effect

The ameliorative effect of Acacia and Eucalyptus plantations was evaluated by
analyzing the soil samples of the profile (0-5, 6-15, 16-30, 31-45 and 46-60 em)
for ph, EC and organic carbon content in September of 1982 and 1984 besides at
the planting time in 1979. Average water infiltration was also measured
appropriately.
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Micro-climate Modification

During January 1982 to December 1984, the mean soil temperature at 5 and 20
em depths and the mean air temperature (at 137 em height from the ground
surface) within the canopies of Eucalyptus and Acacia, and at similar locations
on the neighbouring dummy bare land, was measured on 15th and 30th day of
each month at 07:22 and 14:22 hours.

RESULTS AND DISCUSSION
Survival and Growth

The per cent survival and important growth parameters recorded 6 years after
planting showed (Table 2) that the adopted methods of site preparation were
equally good for the establishment of Acacia and Euealyptus on a highly alkali
soil. Average height of Eucalyptus and Acacia varied between 7.79 -9.20 m and
5.96 - 6.85 m respectively. Girth diameter at stump or 5 em height (DSH) and
at breast or 137 em (DBH) height of Eucalyptus ranged between 13.4 to 16.5 em
and 8.9 to 11.5 em respectively. Corresponding range of DSH and DBH for
Acacia was 13.5 to 16.9 em and 10.2 to 13.2 em. Growth of both the species
occurred at a rapid rate during the initial 2-3 years of planting. However
growth was somewhat slow afterwards, particularly that of Eucalyptus. Acacia
trees were noticed growing into a dense and lush green closed canopy whereas
Eucalyptus exhibited limited growth of chlorotic looking foliage and widely open
canopy even after 6 years of growth.

The results, thus, show that planting of the given two tree species in
postholes with limited width but greater depth that were refilled with the
original sodic soil mixed with limited quantities of amendments like gypsum and
FYM, survived as well as in pits of comparatively large volume with high
requirements for the amendments. This makes the posthole method of site
preparation promising (Abrol and Sandhu, 1981; Gill and Abrol, 1986) because it
is easier and more economical than the generally advocated (Pande, 1967; Yadav
et al.,, 1972) pit technique. This new technique of site preparation also holds
scope for mechanical adoption.

Biomass Yield on Lopping of Acacia

Crown growth of Acacia was profuse unlike that of Eucalyptus throughout
the observed growth period. Thus, to effect a proper balance between the trunk
and crown of trees for their desired growth, undesirable shoots on stems were
lopped to one-third of the height of Acacia trees 16 and 42 months after
planting. This yielded considerable woody matter and foliage (Table 3).
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TABLE 2: Effect of site preparation methods on survival and growth of the
given trees after 6 years of planting

(DSH = Girth diameter at stump of 5e¢m height)

(DBH= Girth diameter at breast of 137em height)

Eucalyptus tereticornis Sm

Per cent Height DSH DBH
Treatment survival (m) (em) (em)
T1 100 7.79 13.4 8.9
Tg 100 8.29 15.1 10.4
T3 94 7.89 14.3 9.7
T4 100 8.46 15.8 10.9
Ts 94 9.20 16.5 11.5
Mean 98 8.33 15.0 10.3
LDS
(0.05) NS NS NS NS

Acacia nilotica (L.) Willd. ex Del

Per cent Height DSH DBH
Treatment survival (m) (em) (em)
Ty 100 5.96 13.5 10.2
T9 100 6.39 14.4 11.1
T3 100 6.47 14.5 11.1
Ty 100 6.47 15.9 12.4
Ts 100 6.85 16.9 13.2
Mean 100 6.43 15.0 11.6
LDS

(0.05) NS NS NS NS
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TABLE 3: Biomass (kg ha~1) lopped from the tree bolls after 16(a) and 42(b)
months of planting Acacia nilotica (L.) Willd. ex. Del.

Woody matter Foliage Foliage +

Treatment a b a+b a b a+b woody matter
T 1662 3644 5306 565 1356 1921 7227

Ty 1835 4427 6262 642 1681 2323 7943

T3 1874 3360 5234 676 1396 2072 6630

Ty 2264 4333 6597 874 1698 2572 9169

Ts 3015 4061 7616 1012 1816 2828 10444
Mean 2130 4073 6203 754 1589 2343 8283
LSD (0.05) 756 NS NS 106 NS NS NS

The average total biomass yield of foliage and woody matter varied
between 1921 - 2828 kg ha~1 and 5306 - 7616 kg ha-1 respectively from these
loppings. This suggests that in alkali areas, Acacia may be a promising species
for producing woody matter and foliage  worthy of firewood and forage
respectively. Because of its greater resilience, proper management of the
Acacia plantation may be regulated for biomass production shortly after
planting. Foliage of Acacia was analysed to be a rich source of crude protein
and woody matter having significantly more firewood value than that of

Eucalyptus (Gill, 1986).

Litter Production

The Acacia plantation was noted to produce markedly more foliage litter
than that of Eucalyptus. Litter production in the Acacia plantation increased
regularly with growth years. But it was not observed to be so in the case of
Eucalyptus. Bimonthly distribution of litter produced in a year indicates (Table
4) that the winter season (Nov. - Feb.) accounts for more than 40 and 50 per cent
of the total for Acacia and Eucalyptus respectively. Higher litter production by
the Acacia than the Eucalyptus plantation results from the greater aerial growth
of the former species.

The concentration of N, P, S, K and Mg in the litter of Acacia was notably
higher than that of Eucalyptus. But the opposite was the case for Ca and Na.
Concentration of these nutrients in general declined with the successive growth
years. However, chemical composition of the litter produced during the given
bimonthly span of 1982 to 1984 did not vary significantly. Such observations
were also reported by Ghose et al. (1982). However, the amount of litter
production is expected to vary greatly with the species, stocking rate and canopy
growth as well as with the edaphic factors.
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TABLE 4: Average litter production (Kg ha-1) during given time periods of
1982-1984 by the canopies of Eucalyptus tereticornis Sm and Acacia
nilotica (L.) Willd. ex. Del.

Eucalyptus Acacia

Time

period 1982 1983 1984 Mean 1982 1983 1984  Mean
July - Aug. 148 152 132 144 252 465 552 423
Sept. - Oct. 165 178 184 176 218 326 386 310
Nov. - Dec. 252 234 262 249 924 1168 1494 1195
Jan. - Feb. 196 212 218 209 635 1096 1225 985
Mar. - April 152 166 180 166 292 378 516 370
May - June 114 132 126 124 216 416 678 462
Total 1027 1072 1102 1067 2537 3849 4851 3746
LSD (0.05) 122 111 136 124 346 208 414 285

Ameliorative Effect

The ameliorative effect of Acacia and Eucalyptus plantations on the soil
properties was noted to be considerable. Both the soil pH and EC (Fig. 1) were
found to be reduced. Reduction was more in the surface layer and it decreased
with depth to almost negligible at 60 cm depth. The soil organic carbon content
increased to about double the initial value with Eucalyptus. The increase was
about three times under Acacia plantation. The effect of Acacia on the increase
in soil organic matter content was notably more than that of Eucalyptus.
However, both the species effected a similar change in the soil pH and EC. The
greater increase in organic carbon of the soil under the Acacia plantation is
ascribed to greater additions of litter to the soil. The water infiltration rates of
the soil also (Fig. 2) improved with growth of Acacia and Eucalyptus plantations.
These observations corroborate the findings of Vadiunina (1964).

Microclimate Modifications

The mean air temperature under the Acacia canopy was found to be lower by e
to 5°C during summer and higher by 2 to 4°C during the winter than in the
neighbouring open area. Similar observations were made in respect of the
Eucalyptus canopy (Fig. 3) but the magnitude of the modifying effect was less
than the canopy of Acacia. The influence of the two canopies on the thermal
regime of the soil at 5 and 20 em (Fig. 4) depths was also of the modifying type.
Fluctuations were more marked for the soil temperature recorded at 5 than that
at 20 em depth in the open. Effect of tree plantations during the summer
months was that of the blanketing type but it was of the sheltering type during
the winter months. Tree plantation modified the thermal characteristics of the
environment by their sheltering effeect in cutting insolation and by their
blanketing effect in restricting the outflow of heat thereby keeping the ground
warmer during winter and cooler in the summer season.



Figure 1
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Changes in pH, soluble salts (EC) and organic carbon content of a highly alkali
soil under Eucalyptus (a) and Acacia (b) plantations.
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Figure 2

Effect of Eucalyptus (a) and Acacia (b) plantations on cumulative infiltration of

a highly alkali soil.
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