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ABSTRACT

In this paper, we argue that there exist no significant direct |inks

bet ween human popul ati ons and their environments and that the intervening
processes create the context within which | and degradati on occurs. W
exam ne sonme of the internediate nechani sns t hrough which nounting

denogr aphi c pressure leads to soil erosion and the depletion of soi
fertility. The focus of attention is on set of variables defined in this
paper as the structure of |andholding (size of holdings, fragnmentation/

di spersion, fragility, tenure, etc.). How denographically-induced changes
in the structure of |and-holding affect |and managenent strategies
(investnents and | and use) is key to understanding | and degradati on.

Tradi tional perspectives on popul ation and agricultural intensification
such as those devel oped by Malthus and Boserup, are inconplete at best.
This is because they fail to fully incorporate the internediate |inkages
both to and fromthe changing structure of |andholding. As a result,
avenues for policy research and intervention have been limted. On the
popul ati on side, the answer has been to control growth (nostly through
famly planning). On the natural resources side, the thrust has been the
di ssem nati on of resource-saving technol ogies. The paper concludes with a
di scussion of the inplications of this review for future research and
policy action.
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I nt roducti on

Land degradation often occurs under conditions of rapid popul ati on growt h.

I ndeed, generations of social and environmental scientists have viewed the
i npact of popul ation growmh on the natural resource base as a given. For

t hose focusing on nore "nanageabl e" aspects of the degradati on problem
such as conservation engi neering, the popul ation-environment link is no
nore than a convenient point of departure. And the |ogic does seem sinple:
denogr aphi c pressure inplies nore intensive use of natural resources, which
translates into environmental decline. However, there is a basic weakness
in the equation: it limts our potential for research and policy
intervention to only two arenas. One is purely denographi c and underscores
the need for populations to lower their fertility. The other is the

devel opnent and di ssem nati on of new agricultural technologies to help
control |and degradation while increasing production, a central thene of

mai nst ream envi ronnental research today [note 1].

Acceptance of this oversinplified, two-dinmensional representation has been
frustrating for those seeking to understand the environmental effects of
soci al change. Nowhere has this conceptual shortcom ng been nore apparent
than at the Earth Summit held in Rio de Janeiro. Environnentalists avoided
t he popul ati on questi on because they saw it burdened by highly sensitive
famly planning issues. Yet, in the conference aftermath, experts
recogni ze that the issue was oversinplified. W do not yet understand even
t he basics of popul ation and degradati on dynam cs (Hol | oway 1992).

In this paper, we chall enge conventional w sdom by asserting that there are
no significant direct |inks between human popul ations and their
environnents. Consistent with classical theories of human and cul tura
ecol ogy (Hawl ey 1950, Steward 1955, Cohen 1968), we mmintain that human
popul ati ons are "cushi oned" fromtheir natural environnents by el aborate
cultural and organi zati onal systenms. These systens change and adapt as
popul ati ons expand and as resources grow scarce. For this reason

envi ronnent al deci si onnakers are recogni zi ng that we cannot sol ve

popul ati on-resource problens sinply by slow ng popul ati on growt h or

i ncreasi ng avail abl e resources through technol ogi cal innovation (Si nmons
1988: 152) .



To be sure, independent research efforts on both sides of the equation are
vital and exhibit many context-specific successes and failures. However,
we now need to begin to explain, in conceptual and enpirical detail, the
particul ar social, cultural, and econom ¢ nmechani snms through whi ch nounting
denogr aphi c pressure affects |and degradati on. Understanding these

i nternedi ate rel ationships will vastly broaden our spheres of policy action
in the struggle to conserve precious |and resources. This is particularly
true in those areas of Africa, Asia, and Latin Anerica where rising
popul ati on densities are threatening | ong-term environnenta

sustainability.

The present research focuses on one particular set of internmediate

vari abl es through whi ch denographi c changes can alter the natura
environnent. We refer to themcollectively as the structure of

| andhol di ng. These variables are especially inportant because they include
t he mai n physical and social properties that define the rel ationship
between farmers and their land. Size of holdings, fragnentation
(dispersion), and fragility are anong the nore obvi ous physical attributes
that differentiate one farmer's hol dings fromanother's. Along the social
di mensi on, land tenure (use/ownership rights) stands out above all others.
W contend that increasing denographic pressure and the resulting
conpetition for scarce resources promotes restructuring of the physical and
social attributes of landholding. 1In turn, these changes can danage soi
productivity. They operate indirectly by inpacting | and nanagenent
practices, including | and use, conservation technol ogies, fertilizers,

linme, and other inputs (see figure 1).

We nust caution that the sequence of interrelationships in figure 1 is far
froma full accounting of the process of |and degradation in | owincone,
agrarian societies. Such a nodel would be vastly nore conpl ex and
conprehensive. It would have to equally enphasize other factors such as
class structure, nmarket forces, the availability and affordability of
purchased inputs, and variations in basic agroecol ogical conditions.

Rat her, this nodel provides a framework for considering only rel ationships
that hel p us understand the critical paths of influence between popul ati on
pressure and | and degradation. W also restricted the research
geographically to | and degradati on i n devel opi ng countries. W do not want
to downpl ay the environnmental inpacts of population in industrialized
countries or the global inplications of resource use by those nations.

Rat her, we enphasi ze the extrenme conditions of declining productivity and
food shortage faced by the mllions of rural people living in the world's
primarily agrarian societies.

Presented here is a systematic review and di scussi on of the
interrelationships that conprise figure 1. W wll exanm ne each in both
conceptual and enpirical terns as we relate to the findings and perspec-
tives expressed in existing segnents of the research literature. The
revi ew begins with a generalized di scussi on of how popul ati on growt h,
particularly in resource-scarce environnents, can |lead to changes in the
structure of |andholding (size of holdings, fragnmentation/dispersion,
fragility, tenure, etc.). W showthat traditional perspectives on
popul ati on and agricultural intensification, such as those devel oped by
Mal t hus and Boserup, are inconplete at best. This is because they fail to
fully incorporate the internediate |inkages both to and fromthe changi ng
structure of landholding. In subsequent sections, we review research
findi ngs on | andhol di ng changes and | and managenent (investnments and | and
use). In turn, we show how these rel ationships can | ead to a sustai ned



decline in soil productivity. W conclude with a discussion of the
inmplications of this review for future research and policy action

RESOURCE SCARCI TY AND THE CHANG NG STRUCTURE OF LANDHOLDI NG

Human popul ati ons derive their |ivelihoods fromthe resources of their
habitats. They differ fromother populations in that they devel op
speci al i zed technol ogi es and work patterns (sociocultural systens) to
expl oit these resources. Beneath this "cushion of culture,” however,
societies are subject to the fact that they neither have unlinmted
environnental resources nor the unlimted ability to exploit them |ndeed,
according to Boserup (1965) and others, it nmay be precisely fromthese
limtations that the tools, know edge, and division of |abor unique to
human cultures will enmerge. Any systemof exploitationis limted in the
nunber of people that it can sustain through tinme. Popul ations nust

achi eve a delicate bal ance between their demand for resources and the
environnent's ability to supply them A population that exists in
ecol ogi cal equilibriumhas a production systemthat satisfies both demand
and supply in a harnonious relationship over time. WIkinson (1973:21)

el aborates on that notion, suggesting that:

"The concept of an ecological equilibriumis nmeant to cover any conbination
of a nmethod and rate of resource use which the environnent can sustain
indefinitely. It may refer to a situation in which the popul ation
restricts its demand for resources to a level which the environnent can
supply naturally, or it may refer to a balance struck on the basis of
particul ar cultural patterns of resource nmanagenent by which the
environnment's production of particular renewable resources is artificially
i ncreased. "

Ei ther an increase in the popul ation's demand for resources or a decrease
in the environment's ability to supply resources will upset the ecol ogica
system G ow ng popul ation pressure is a major source of such disturbance
Scarcity and conpetition for resources characterize systens in ecol ogi ca
di sequilibrium The inpact of denographically-induced |and scarcity on
agricultural growmh and sustainability has been a subject of considerable
debate since the time of Malthus. To this day, proponents of Malthusian
doctrine say that population increases will eventually reduce food
surpluses, arrest agricultural developnment, and lead to starvation and

ot her "positive checks" (Dupaquier 1983).

In contrast to the Malthusian position is a school of thought articul ated
by Boserup (1965, 1981, 1985). She contends that resource scarcity brought
on by popul ation growth will pronmote agricultural intensification and

i ncreased productivity. She has |inked popul ati on pressure to various
econom ¢ processes, such as changing | abor productivity. These processes
whi ch are "constrai ned" by nature, society and culture, infrastructure,
education, and technol ogy. Boserup seeks to know "how the process of
nodern econom ¢ growh is influenced by the denographi c and technol ogi ca
changes that distinguish this century fromothers"” (Schultz 1990: 2).

Enpirical study from densel y-popul ated regi ons around the world suggests



that both perspectives have flaws. For every denographically-induced
agricultural devel opnent, there exists a simlar situation where such
change did not occur. |In sonme cases, the well-being of the rura
popul ati on actually declined. Both Mlthus' and Boserup's nodels suffer
froma profound weakness. They do not account fully for the internediate
effects of a changing structure of |andholding. These are changes

in the basic rel ationship between farmers and their | and.

Boserup does not systematically address the physical aspects of |andhol ding
such as fragility or dispersion. However, she does hint at the inportance
of denographical ly-i nduced changes in |and tenure. Yet even here, her
treatment concerns only the tendency of farmers to nove fromcollective

| and ownership to individual ownership as | and becones increasingly scarce.
Si nce individual owner-ship gives farnmers greater incentive to invest in
the productivity of their holdings, Boserup contends that productivity wll
i ncrease under popul ation pressure. This argunent fails to address whet her
t he i nduced production changes are sustainable. It also does not deal with
t he continuing changes in tenure that often occur after the change to

i ndi vi dual owner shi p.

In nost countries where there i s serious popul ati on pressure on resources,

col l ective ownership of farmand is no | onger comon. |n densely-popul at ed
Rwanda, for exanple, this change began decades ago and is now nearly
conplete [note 2]. In Botswana, the shift to individual ownership has done
little to | essen the degradation of fornerly conmunal |ands. Instead, it

has contributed to greater inequity in land distribution

More inportant, in many such countries, is the denographically-induced
shift toward tenant farm ng and absentee ownership. Wile farnmers may
still individually hold land, they are less likely to farmit thensel ves.
In Rwanda, nore farmers now pi ece together holdings by travelling | onger

di stances to fields and by renting land fromtheir nore affluent nei ghbors.
I ndeed, Rwandan farmers now rent 18.7% of all parcels operated, an increase
of about 1% per year since 1983 [note 3].

An inportant hypothesis in the followi ng section suggests that tenant
farnmers in Rnanda and el se-where are less likely to invest in soi
conservation and productivity-enhancing inputs. 1In contrast, the argunent
goes, l|landowners are nore likely to invest. Simlarly, renters may be |ess
likely to use their land for pasture, woodl ot, perennial crops, or fallow
all of which are environnmentally safe uses conpared to annual crop
producti on. Mreover, changes in the tenure systemformonly part of the
picture. Population pressure also alters the physical properties of
farnmers' hol dings (size, dispersion, fragility), which can reduce farner

i nvestnment and | ead to degradation. Boserup has al so overl ooked these
changes that may hel p us to understand those cases where her hypothesis
falls short.

Al'l across the developing world, farmsize is shrinking as farmers continue
to subdi vi de hol di ngs anong their children. In countries such as Ml aw ,
Rwanda, Haiti, and Bangl adesh, popul ation growh rates are high, and the
non-farmsector is still inits early stages of development. Farns now
average less than 0.5 hectares in some areas. Ever-increasing nunbers of
farm househol ds in these settings have becone nearly or entirely |andl ess.
Al nmost half of the population is not yet in their chil dbearing years or of
an age to inherit land fromtheir parents. Wen the popul ati on does reach
this stage within the next 10 years, declining farmsize and | andl essness



in these countries may reach staggering proportions [note 4].

Not only do farns become smaller as a result of population pressure, they
al so can beconme nore fragnented (di spersed). Fragnentation usually occurs
when a single farmdivides into several disconnected, separate parcels
(Bently 1990, King and Burlton 1982). Fragnentation is different fromthe
process by which farns becone snaller over time frompatterns of |and

i nheritance anong children. Farmers that becone smaller do not necessarily
become nore fragmented. The World Bank's definition of fragnentation

(Bl arel 1989) enphasi zes the "geographi c dispersion” of |and hol dings.
Parcel s spread far and wi de can piece together into both |arge farnms and
small farms. This change in the structure of |andholding can inpact |and
managenment practices and degradation. W need to | ook at the dispersion
factor as the distance (tinme) farmers nust travel, usually on foot, to work
and inmprove their fields. Less significant are the nunber and size of

i ndi vi dual parcels. O course, the nunber of parcels farners operate and
the tine they spend journeying between themusually vary together. In
Rwanda, for exanple, the correlation between fragnentati on and di spersion
of holdings is relatively strong (r=.27). And the average distance
travelled by farners with 10 or nore parcels is 14.8 m nutes, conpared to
7.1 mnutes for those with fewer than 5 parcels [note 5].

Denographic pressure forces farners to travel farther fromtheir hones in
search of additional land. Wile they sometines nmanage to purchase these
di stant parcels, increasingly they nust rent them |In other cases, farners
acqui re holdings fromthe breakup of commonly-held | ands. While close to
some househol ds, these formerly comunal |ands are often many kil oneters
away. Farmers in |land-scarce settings will operate whatever hol di ngs they
can to ensure their famlies' needs.

As they will travel long distances, farners, pressured by a grow ng

popul ation, will also nove onto marginal |ands in response to popul ation
pressure. These lands are traditionally thought to be unproductive or too
fragile for seasonal cropping. They nmay expand into frontier |ands or
clear and cultivate their own pastures, woodlots, or other |ess intensive
use areas. Increasing cultivation of marginal [ands and their subsequent
degradation is a phenonenon common to densel y-popul ated countries around
the gl obe (G egersen, et al. 1992). But it is particularly common in the
hi ghl and regi ons of East Africa (Getahun 1991) and in the Brazilian Amrazon
(Hecht 1982). Wthout sufficient off-farmopportunities, rural popul ations
| ook to the process of ecol ogi cal expansi onDt he exploitation of resources
fornmerly outside of their inmediate ecol ogy (Hawl ey 1950). At one tine,
farnmers left these marginal lands in forest, pasture, or under |ong-fallow
cultivation. Increasingly, farmers now use themto produce annual food
crops. High erosion and intense use has neant rapid degradation for many
of these fragile | ands.

Farm si ze, dispersion, soil fragility, and tenure represent four different
di mensi ons of the structure of |andhol di ng. They tend to vary together
because each is affected by changes in denographic pressure. In short,
popul ati on growmh in many regi ons of the developing world has led to | and
scarcity. In turn, farmers must now feed their famlies fromsmaller
hol di ngs than those operated by their parents. They mnmust travel farther
and onto sl opes once thought to be too steep and fragile to farm And they
nmust suppl ement their nmeager holdings by renting small and distant parcels
from ot her sDpresumably fromthose who have nore | and than | abor



VWhat do t hese denographical ly-i nduced changes nmean for soil loss and the
depletion of soil fertility? And how are farmer investnents in soi
conservation and | and use conditioned by such changes? These inviting
qguestions formthe subject of discussion in the follow ng sections.

THE STRUCTURE OF LANDHOLDI NG, LAND MANAGEMENT, AND DEGRADATI ON

The next step in our conceptual framework highlights the |inkages between
| andhol di ng structure (land tenure, farmsize, fragnmentation/dispersion
and fragility) and | and managenent practices. As shown in figure 1, |and
managenment practices include investrments in productivity and conservation
as well as patterns of |and use.

I nvest ment strategi es include the adopti on of new technol ogi es such as
irrigation, drainage, soil conservation structures, and use of chemnica
fertilizers. They may al so include the abandonnent of traditiona
technol ogi es or strategies such as fallow periods and the application of
manure. Land-use changes that result fromthe restructuring of |andhol ding
are of several types. They include fallow ng practices (duration and
anmount of land), cropping patterns (types of crops grown, multiple
croppi ng, intercropping), pastoral practices, and agroforestry. W also
address how t hese changes in | and managenent subsequently affect soil |oss
and fertility depletion.

Land Tenure

Land tenure defines farners' access to |and resources. Thus, it conditions
t he deci sions they nake about how to use | and and the kinds of investnents
to make. Researchers do not adequately under-stand the internediate role
of tenure systens in the rel ationship between popul ati on pressure and | and
degradation. This is partly because conventional analysis of |and
degradati on has understated the conplexities of |land tenure, especially
during rapid popul ation growh and the restructuring of |andholding. Al so,
much of the literature is based on assunptions about econom c behavi or
rather than on enpirical evidence. |Indeed, one well-stated perspective on
| and degradation begins with the neo-cl assical econonm c assunption that
markets are the best and nost efficient nmeans for allocating and managi ng
natural resources. Degradation of natural resources is thus seen as the
result of faulty markets or incentive systens.

Research often cites overuse of common property resources as the cause of
| and degradation. Hardin (1972) and O ark (1974) assert that farnmers
overuse a conmmonl y-held property to conpete with

other users. Gadual mning of the soil eventually | eads to severe
degradation as described in Hardin's classic (1968) "Tragedy of the
Commons." One policy inplication energing fromthis approach to
degradation is that investnments in |land productivity are nore likely to
occur when owners farmtheir own |ands.



By contrast, other researchers (Quillet 1981, Bullock and Baden 1977,
Trivers 1971) suggest that farnmers do not have to degrade common property.
In many areas, strong social and cultural sanctions and a conmunal ethic
can induce farners to sustain rather than degrade the I and. Mbreover, many
traditional tenure systens fail to conformto the rigid categories inposed
by Western researchers. In Fiji, for exanple, ownership and use rights are
very strong for nore productive bottom|ands but virtually non-existent for
mar gi nal lands (Rutz, 1978). And traditional |and tenure systens in the
Amazon regi on, now undergoing a rapid restructuring of |andhol ding,
continue to chall enge conven-tional viewpoints on agriculture and | and
degradation (Al corn 1989). In short, sone argue that indigenous
agricultural systenms are "much nore sophisticated than previously assuned"
(Posey 1985: 139) and thus do not always conformto conventional nodels.

Boserup (1965, 1987, and 1990) contends that the tenure systemw | evolve
naturally from comunal to individual property as a result of popul ation
pressure and the need for agricultural intensification. Indeed, the
evolution in land tenure is necessary, Boserup hypothesizes, before
countries can achieve significant gains in agricultural output. Once

i ntensification reaches a point where |and i nprovenents are necessary, the
tenure security of private property nmakes it possible for farners to get
credit to finance these inprovenents.

However, as individual owners acquire |and, the potential grows for
concentration of land in the hands of a few In turn, this leads to renta
and share arrangenents between | arge | andowners and those without
sufficient productive land. Renters are less likely to make [ ong-term

i nvestnments, increasing the potential for degradation

Resear chers have seen this process operate in diverse agricultural and
ecol ogi cal conditions. For exanple, in her exam nation of tenure in

sout hern Honduras, Stonich (1989) found that rented | ands were the nost
degraded. Rented parcels there are nore likely to be on steep and degraded
slopes. Renters lack security of tenure; nost have access to parcels for
no nore than three years at a tinme. Thus, they have little incentive or
means to invest in costly nmechanical soil conservation technol ogies.
Moreover, rents are high, leaving farmers with few resources to invest in
| abor or other inputs even if they want. Renters thus rarely fertilize
fields but burn them before cultivating, a |abor-saving but highly
detrimental practice.

M got - Adhol 1 a, et al. (1990) sinmlarly reveal that the investnment behavior
of farmers in Ghana depends on the security of land tenure. Farners are
considerably nore likely to inprove | ands they own, or for which they have
| ong-termuse rights, than | ands they operate under short-termuse rights.
| mprovenents not only include fertilizers, mulching, and irrigation but

al so investnments in tree crops. In conparison to Ghanian farmers, Kenyan
farmers report higher security of land tenure and, in turn, a greater
willingness to invest in their holdings.

In 1988, the Wirld Bank and Rwanda's Service des Enquliles et des
Statistiques Agricoles (SESA) conducted a joint study on the effects of
land tenure on agricultural production in three regions of Rwanda [note
6] . Researchers wanted to |earn how tenure arrangenents influence farner
i nvestrments in their holdings and how such investnents then affect crop
yields. Consistent with findings cited above from Honduras, Ghana, and
Kenya, Blarel (1989) reports that Rwmandan farmers were far nore likely to



invest in their owm fields than in fields rented from ot hers.

Alternatively, there are findings that contradict the argunent that tenant
farnmers invest less in inprovenents and prefer alternative ownership
arrangenents. Yoshinori and Hayam (1989) found one such exanple in a
study of tenurial arrangenments anong small farmers in Java. Contrary to
previ ous assunptions, sharecropping, as practiced under certain conditions,
was not a deterrent to investnent.

Ervin (1982) exam ned studies of the relationship between tenancy and soi
conservation investnent in the United States. He, too, cautions agai nst
automati c acceptance of the view that renters and share-croppers will have
l[ittle or no incentive to invest in soil conservation. Ervin reports no
consi stent relationship between soil conservation investnents and tenancy.
Factors, such as whether the tenant is a famly nmenber rather than a

nei ghbor or aspires to purchase or inherit the I and, can have significant
inplications for investnent. However, |ike those cited from Hondur as,
Ghana, Kenya, and Rwanda, this study suggests that the stability of tenure,
rather than ownership, is the nore inportant factor conditioning farnmers
decisions to invest in soil productivity.

Cook and Grut (1989) raise a further challenge to assunptions that |and
owner shi p encourages investnent in their review of agroforestry practices
i n Sub- Saharan Africa. The econom ¢ argunent may seem especially
convincing for investnments in agroforestry that bring in return over a

| onger time period. However, this review concludes that, in parts of rura
Africa, the tenure issue may have nore to do with customary rights over

| and use than with formal [aws and regul ations. Cook and G ut concl ude
that the evidence is not entirely clear whether individual ownership
notivates farnmers to invest in agroforestry technol ogies for soi
conservati on.

Thus, the question is not collective versus individual ownership or even
ownership versus rental. Rather, it is nore a question of obtaining
stable, long-termuse rights. These are rights which will permt farnmers
to draw benefits fromtheir investnments over the long term Farners
ability to recover investnents in soil productivity do tend to be |ess
certain when they collectively own the |and or operate it under a | ease
agreenment. However, the literature shows that neither constitutes a
necessary nor a sufficient condition for |ow |levels of investnent.

Turning frominvestnents to | and-use patterns, we find that |land tenure

pl ays an equally inportant role in this second di nensi on of |and nanagenent
practices. Land-use patterns, |like investnents, often reflect the
stability of use rights. Farners operating under |long-termuse rights are
nore likely to plant perennial crops, produce wood, or hold the land in
long fallow. Farmers sharing land or renting under short-term agreenents
are less likely to plant for the long term

Again, if farners are not assured of reaping the longer-termbenefits, they
will use their holdings to maxim ze near-termreturns. For exanple, the

i nportance of security of tenure has energed in studies of indigenous
agriculture in the Amazon region. Al corn (1990) observes that the security
of tenure there has traditionally fostered a long-fallow agricultura
system Newer settlers to the region, however, have limted security of
tenure. Thus, they have devel oped an extractive, short-termagricultura
system resulting in rapid depletion of soil nutrients and increased



erosion. Land-use controls that were inmportant to the success of slash and
burn systens in the regi on have broken down. Thi s happened because of
devel opnent policies enphasizing short-term econonic growh at the expense
of diversification and sustainability (Schm nk and Wod 1987).

In the absence of focused research on the interrel ationships anong tenure
systens, |and nanagenent, and degradati on, we have presented concl usions
fromseveral studies which treat tenure systens and | and managenent
(investnents and |l and use) in a broader and secondary sense. Fromthis
review, we conclude that tenure systens profoundly affect the ways farners
use land and invest in farmng. W view changes occurring along a

conti nuum from comunal to individual to rented/shared [and. An increase
in investrment |level often arises as |and-holding evolves fromcomunal to
i ndi vi dual ownership. There is a subsequent decline as short-termuse
rights become nore common. Despite the wi despread historical trend, there
are nunerous exanples which fail to conformto this pattern. It appears
that the "stability" of tenure, rather than ownership, may be nore

i mportant in encouraging farners to invest in soil productivity and adopt
sust ai nabl e | and-use practices.

Farm Si ze

Farm si ze can affect | and nmanagenment in many, though sonetimes inconsistent
ways. Large holders are often nore able than small holders to maintain
traditional fallowi ng practices. They also can set aside a |large portion
of their holdings for non-food uses such as pasture or woodl ot and ot her

| and-use practices that help control soil loss and fertility depletion

Mor eover, because these farmers are al so conparatively wealthy, they can
invest nore in inputs and inprovenents that will raise their long-term
productivity (G abowski 1990). Large holders al so can endure the short-
term consequences of taking |land out of production to create space for
anti-erosion technol ogi es such as grass strips, trees, and hedge rows.
Conversely, small farnms in densely-popul ated regi ons of the world have a
rel ati ve abundance of |abor to construct and maintain terraces, hedge rows,
drai nage ditches, and other soil conservation neasures. And those with
smal | hol di ngs often need nore careful managenent with the rel ated

i nprovenents in productivity. Their |ower production |evel puts them
closer to the margin and at greater risk should portions of their holdings
fail to produce adequate yields.

In this context, Boserup (1965) maintains that as popul ation density

i ncreases, |and becones scarce and farms grow smaller. |In response, she
argues, farmers nust shorten fallow periods, and increase investnents in
producti ve technologies if they are to avoid the hardshi ps of mgration
and/ or a declining standard of living. Although Boserup uses |ength of
fallow as the key variable in defining the degree of intensification

i nputs such as fertilizers, irrigation, and soil conservation can
substitute for long fallow peri ods.

There is enpirical support for Boserup's paradigmreported by Maro (1988).
He descri bes several changes in investnment and | and use whi ch have occurred
in Tanzania as a result of decreased farm size. Conplex networks of
irrigation channels formthe basis for agricultural intensification in one
area, while farners have terraced steep slopes in others.



Ri ddel | and Canpbell (1986) provide further evidence fromtheir work in the
Mandara mountai n regi on of Cameroon. In this region, high popul ation
densities and small farm sizes have made the devel opnent of intensive
farm ng systens a necessity. Over tine, farmers have devel oped a conpl ex
farm ng system based on soil-building strategies, integration of animal
husbandry with cultivation, and soil conservation

Par adoxi cal |y, as nore people | eave the nountains to farmon the | ow ands,
probl enms of soil degradati on have begun to energe. A decline in population
density fromout-mgration has curtailed | abor avail able for soi
conservation and manuring activitiesD abor necessary for maintaining the
system s productivity. As Riddell and Canpbell (1986: 86) note:

"Tradi tional technol ogy that keeps tropical soils in near-continuous
production requires dense popul ations to ensure adequate | abor. The
Mandara material suggests that these systenms coll apse as soon as popul ati on
density is reduced bel ow sone critical threshold.™

Stonich (1989) concludes that |arge and nedi um hol ders in Honduras can
leave land in fallow for |onger periods. They are also nore likely to
invest in soil conservation neasures than are farnmers with nore l[imted

| and resources. And Ford (1990) reports simlar findings fromdensely-
popul ated Rnanda. The observation that smaller farnms rely less on fall ow
peri ods supports Boserup's hypothesis. Conversely, farners' |ower

i nvestnment in soil conservation reduces their prospects for increased
production. This highlights Boserup's failure to account for other

i nternedi ate effects, such as variations in inconme and | and ownershi p, both
of which enmerge fromresource scarcity.

Li verman (1990) al so observes that small farners in the state of Sonora,
Mexi co are nore vul nerable than large holders to the effects of drought.

In part, this is because snall holders are less likely to invest in soi
conservation and inputs such as fertilizers, seeds, and irrigation

technol ogies. Lower |levels of investnent undoubtedly reflect the preval ent
poverty of small farners in the area. Conversely, in many parts of Central
and South America, it is comon to find an inverse rel ationship between
farmsize and intensity of land use (WIllians, 1977). This is particularly
true where | abor inputs are the crucial factor. Khusro (1964) has
docunented the sane rel ationship in India.

Farmers al so intensify agricultural production through multiple cropping,

i ncreasi ng the nunmber of cropping cycles per year. Boserup (1987)
describes multiple cropping as a strategy to increase yields in the face of
declining holdings. She defines it as one of the highest degrees of
agricultural intensification. Yet, sonmewhat paradoxically, nultiple
cropping is generally not scale neutral. Usually larger |andholders use it
as they can afford increased | abor costs and the necessary inputs of
fertilizers and irrigation. Further, when introducing multiple cropping
strategies, farmers often conmpensate by reducing the diversity of crops and
| and uses. Increased |abor and inputs for multiple cropping nmay reduce
investrments in lower-yielding crops that are integral to the long-term
vitality of the agroecosystem

The effect of nultiple cropping on soil degradation is not entirely clear
Irrigation technol ogi es can increase production and productivity in the
short and medi um run, but degraded soils can damage future production
Erosion and nutrient | oss are common consequences of multiple cropping.



Further, the use of inappropriate technologies to maintain yields can
devastate farm and. Salinization often occurs with inproperly designed and
managed irrigation systens. Severe salinization can waste otherw se
productive farm and for |ong periods. This problemis especially acute
when it affects small hol ders, who have little hope of reclaimng affected
land. Mbreover, multiple cropping usually nmeans additional tilling and

| onger periods of bare soil, vulnerable to the forces of wi nd and water

whi ch cause erosion.

Intercropping is a strategy where nultiple crops are grown interspersed on
the sane plots. Besides raising vyields wthout purchased inputs, benefits
of intercropping include soil noisture retention, erosion control, and
fewer weeds and pests. Risk mnimzation is an inportant adaptation to
popul ati on pressure that is especially crucial in drought-prone areas.
However, as farners adopt higher technol ogy strategies, they may be | ess
apt to pursue intercropping. GCenerally, large holders who utilize

i nported, nodern farm ng practices reduce the diversity of species they
plant. 1In tropical regions, such as the Amazon, nonocultures are extrenely
vul nerabl e to pests, disease, and increased | eaching and erosion

Al ternatively, for small holders operating in traditional systens where
popul ati on pressure continues to dimnish holdings, intercropping is a
practical strategy that also allows farners to maintain crop diversity.

Much of the literature exanm ned here supports Boserup's argunent. She
contends that population growh leads to smaller farnms and agricultura

i ntensification through changes in |land use and production technol ogi es.
Less clear is how agricultural intensification affects | and degradation
Boserup (1976:25) asserts that environmental deterioration occurs when a
gi ven popul ation increases, by natural growmh or immgration, until it
exceeds the carrying capacity of the land under that system For exanpl e,
pastoral societies may overgraze grasslands while other groups cultivate
steep hillsides, resulting in soil erosion. But sustai ned denographic
grow h does not always | ead to environnental degradation according to
Boserup. She says, "The possibility exists that the popul ation, when it
outgrows the carrying capacity of the land with the existing subsistence
technol ogy, may change to anot her subsistence systemw th a higher carrying
capacity" (1976: 25). However, such an assertion assunes that social
groups can readily adapt traditional subsistence practices that nmay have
evol ved over thousands of years.

Further, inplicit in Boserup's argunent is the assunption that extensive
adaptation can continue indefinitely and under conditions of popul ation
pressure never experienced in human history. However, Boserup does not
explicitly address the ability of ecol ogical systens to adapt to changing
human uses. Increasingly, ecologists are concluding that, despite the
resilience of nature, agro-ecological systenms have limted capacity to
adjust to rapid changes in human |and use. Traditional agricultura
systens devel op over |ong periods and may be best suited for the
environnents from which they have arisen. The |oss of |and can devastate
agricultural systems that depend on crop diversity. For exanple, reduced
fallow periods in slash and burn agriculture can |l ead to whol esal e
abandonnent of the agricultural systemand a | oss of ecological stability
(Fearnsi de 1985).

Her e, agroecol ogi cal systens represent a set of interactions between human
| and uses and nature. The kinds of adaptations Boserup describes are a
departure fromthe agroecol ogi cal systemas a critical conponent for the



success of farming. Agroecosystens may, sinply, be unable to adjust to the
rapi d and radical adaptations that Boserup asserts are a necessary part of
coping with increased popul ati on pressure. Consequently, we may have to
accept a neasurabl e degree of environnmental deterioration. Boserup's

per spective on environnmental degradation enphasizes declining | evels of
commodi ty production. As |long as production increases to neet the needs of
t he growi ng popul ati on, people perceive degradation either nonexistent or
irrelevant.

VWhat is not taken into account is how changes in |and use and investnents
may affect the potential for sustainable production. Even with adaptations
in the farm ng systemtowards greater intensification and higher
producti on, degradation may still be occurring. This fact is central to
Stocking's (1984: 9) review of soil erosion and productivity. He remarks,
"The | oss may be hi dden: conpensated for by additional inputs, especially
fertilizers; or covered by extra |abor or bringing nore Iand into
production; or sinply tolerated as ever-declining agricultural
production...."

In summary, some changes in investnents and | and use associated with
agricultural intensification are beneficial, notably those designed to

i nprove soil conservation. Ohers, which mght influence short-and nmedi um
run increases in production, often mask a very real decline in
productivity. Al though researchers suggest that farners with | ess access
to land will have excess |abor for construction and mai nt enance of
conservation technol ogies, this reasoning is not born out by enpirica

st udy.

Fragnment ati on

Bot h agricultural policymakers and social scientists often believe the

di vision of farm hol dings i nto many, disconnected, and increasingly distant
parcels is detrimental to agricultural production. The focus of concern is
on the high cost of noving | aborers, equipnment, and inputs to these many
and sonetinmes distant holdings. 1In cases where agriculture is mechani zed,
there are additional problens. One is maneuvering |arge equi pnent in snal
fields; another involves production | osses stemring froma high ratio of
field edges to total area.

Conversely, there is a growing mnority of researchers who have underscored
t he advantages to |land fragnentati on. These advantages i nclude the
farmer's ability to exploit a greater diversity of agroecol ogica
conditions. This, in turn, hel ps sequence crops and reduces the risk of
total crop failure (Bently 1990). |Igbozurike (1970) contends that
fragmentation is actually beneficial to small farmers in West Africa sinply
because agroecol ogical diversity allows for a greater nunber of farners to
survive. This occurs although very small field sizes may limt options for
crop types and the introduction of nechanized production

How farners view the trade-of fs undoubtedly affects [ and use, investnent
strategies, and the process of |and degradation. Trade-offs include the
greater flexibility (control over a |arger nunber of m cro-environnents)
conpared to increased costs (tinme and | abor spent traveling from one parce
to anot her). However, the research literature on fragnmentation
concentrates on the effects of declining farmsize (1gbozurike 1970). It



often fails to distinguish between the two processes. There are few
enpirical studies of how fragnmentation influences |and use, investnent
strategi es, and productivity.

A study by Mgot-Adholla, et al. (1990) in the Anloga regi on of Ghana

provi des one notabl e exception. There, researchers observed that farners
are nore apt to invest |abor and capital in fields that are closer to their
hones, usually built up on sand bars. Because of the |ocation of these
fields on the sand bars, they are nore prone to damage from heavy rains.
Therefore, they require nore investnent in flood prevention and repair.
Susceptibility to rain danage nay be one inportant factor in the farmer's
decision to invest in nearby fields.

However, this pattern of investnent may al so reflect the "tyranny of
space, " the additional costs (tine spent en route, energy required to hau
materials, etc.) in inproving distant parcels. Higher investnent in nearby
parcels also reflects the higher productivity and inportance of sand bar
agriculture. A second exception is Pingali's and Bi nswanger's (1984) study
of the returns to investnments in soil conservation. Their findings support
the conclusion that farmers usually get higher returns fromtheir

i nvestnments in closer locations. However, they concede that soils in
closer fields may be nore productive than those |ocated farther fromthe
househol d conpound.

Thus, despite the advantages of greater agro-environnmental diversity, there
may be good reason to believe that farmfragnentati on prohibits farners
from enhanci ng productivity. The greater |level of investnment and the

i ncreased risk of investing in distant parcels may dimnish the incentives
for certain types of conservation investnents. Farmfragnmentation, as a
denogr aphi cal | y-i nduced change in | andhol ding structure is, therefore,
integral to our understandi ng of how popul ati on pressure can lead to | and
degr adat i on.

Fragility

Increasing cultivation of marginal |ands and their subsequent degradation
i s a phenonenon conmon to densel y-popul ated countries around the gl obe

(Gregersen, et al. 1992). In many arid and sem -arid areas, and in nost
forest ecosystens in the tropics and sem -tropics, the problemis acute
(Getahun 1991). In the absence of sufficient off-farmopportunities, rura

popul ati ons | ook to the process of ecol ogi cal expansi onDt he expl oitation of
resources fornmerly outside of their imediate environnments (Hawl ey 1950).

M gration onto margi nal |ands, seen here as a significant change in the
structure of landholding, is well recognized for its inmpact on the

envi ronnent (Hecht 1985; MIIikan 1992). Research on the conversion of
mar gi nal | ands, and on the destruction that often follows, has focused on
two substantive issues. The first arises fromincreased conpetition

bet ween herders and cultivators. As a result, pastoral systens have
changed in several environmentally-inportant ways. Conpetition has forced
pastoralists onto drier, nore fragile lands. In addition, their
integration with cultivation systens has declined as in Rwnanda (Rwanasi rabo
et al. 1991). The second is the process of deforestation. Reduced forest
cover results primarily fromthe conversion of forest l[ands for



agricul tural purposes and fromincreased denmand for fuel wood.

The particular formof environnmental degradation that results from
nmovenments onto nmarginal lands is quite context-specific. |In Guatenala, for
exanple, it is deforestation and watershed destruction. |In Sudan
desertification and rangel and stress have foll owed changes in the
managenment of fragile lands (Bil sborrow and DeLargy 1990). \Whatever the
case, as farners/herders attenpt to increase production in fragile areas,

t he dynam cs of human-environnment relationships in those areas change
dramatical ly.

How does this shift onto fragile |lands affect farner investnents and | and-
use strategi es? And what resulting problens of |and degradation have
energed? We now address these basic questions.

We focus on two inportant aspects of this denographically-induced change in
the structure of |andhol ding: 1) expansion onto previously unexploited

l ands, and 2) intensification of use on fragile hol dings operated by
farmers.

In situations where population growh and | and scarcity have pushed farners
to occupy md and upper slopes, erosion problens are particularly comon.
The characteristic |ightness and thinness of these soils nmake them
especially prone to erosion. These characteristics also keep yields | ow
and dimnish returns to investnents in soil conservation. Thus, a downward
spiral of |ow production and |ow investnment is easily set into notion
(Pingali and Bi nswanger, 1984). It begins when these margi nal |ands are
taken out of their traditional uses (forest, long fallow rangeland, etc.)
and put under nore intensive cultivation. Expansion of cultivation onto
mar gi nal | ands has resulted in degradation. This has occurred | argely
because the traditional uses of these |ands, rangeland, long fallow and
forest, are less disruptive to the soil than are seasonal or annua
cropping. Cearing these fragile areas of trees and vegetation for
cultivation | eaves the bare soils nost vulnerable to accelerated wi nd and
wat er erosion. Indeed, maintaining vegetative cover is an effective nmeans
of controlling erosion in many environnents.

Crops and ot her types of vegetative cover vary greatly in the degree that
they protect the soil fromerosion [note 7]. Simlarly, crops differ in
the types and levels of inputs they require. As the size of farns
decreases, options for cropping becone nore limted, and, when forced onto
mar gi nal | ands, choices becone nore limted still. Specific slope and soi
characteristics not only constrain the choices available to farmers but

al so condition the effect of cropping patterns on |and degradation

Land use and crop selection is a dynam c process affected by externa
structures and | ocal conditions. Market and policy constraints affect
farnmers' decisions to grow crops or enploy practices ill-suited for
environnents that are newto them As technol ogi es change or degradation
occurs, farmers adapt by adopting practices suitable to new conditions or
by nmoving into ever nore fragile environnments.

In Rmanda, increasing |land scarcity from popul ati on growth has forced many
farnmers in recent decades to depart fromtheir traditional agricultura
system Historically, Rwandan farmers settled along the upper ridges of
their hillsides. Here the soils were nore fertile and cultivation was
sinmpler than it was farther down on steeper slopes and in marshy valleys.
As preferred | ands al ong upper sl opes becane occupied, young farmers had to



choose. They could either cultivate snmaller and less fertile plots farther
down the hillside or mgrate el sewhere in search of sufficient |and.
Simlarly, a recent study of non-farm strategi es i n Rwanda (Rwanda 1988)
shows that fallow and pasture | and has been declining in recent years to

i ncrease food production (Clay and Lewis 1990).

Farmers may have converted some of the lost fall ow and pasture into

woodl ot. However, other findings suggest that households with insufficient
| and have to plant ever-increasing proportions of their holdings with sweet
pot at oes and ot her tubers (O ay and Magnani 1987; Loveridge, et al. 1988).
These tubers have a higher caloric value than do other crops. They also
grow relatively well in poorer soils such as those found on steeper sl opes
(A eave and White 1969). But as annual crops, they cannot conpare with the
traditional woodl ot and pasture uses for these slopes in controlling soi
erosion. In fact, studies in Africa (Lewis 1985) and in Latin Anerica
(Ashby 1985) show that they have accel erated soil | oss.

Moran (1987) exami ned the inplications of converting fragile forest land to
cultivation in the Amazon region. The forest canopy fornerly protected the
soil, but loss of nutrients and erosion has now degraded the | and. Reasons
for degradation and exploitation of these fragile Amazonian | ands vary, but
all seemto link to denographic pressure.

Short-termintensive cultivation and |arge pasture tracts for cattle
(Fearnsi de 1985; Schm nk and Wod 1987) have repl aced i ndi genous
agriculture based on long fallow cycles. Hecht (1985) |inks deforestation
in the Amazon to policies intended to encourage mgration to the region
MIlikan (1992) draws attention to increased rural unenpl oynent and

| andl essness, two synptons of popul ati on pressure, in a study of

envi ronnent al degradation in the region

I n nearby Ecuador, Hess (1990) describes the novenent of farners into the
fragile high altitude grasslands as a result of population growmh. Farners
there have to cultivate steeper slopes and confine their livestock to the
upper el evations. Erosion has increased in previously uncultivated areas
and those where livestock densities have increased narkedly in recent
years.

Simlarly, in the Philippines, environnental degradation has occurred from
Green Revolution technologies and fromfarmers noving fromtraditional to
nore margi nal areas (Western 1988).

And in Kenya, Fury (1988) reports an increase in cultivated land in areas
previously reserved for pastoralism Consequently, [and available to
herders has dimnished in both area and quality. Elsewhere in Africa,
Manger (1990), in a study of dryland areas of Sudan, reported conpetition
between farmers and herders and acconpanyi ng probl ens of |and degradation
He identified expanded cultivation, comercialization of agriculture, and
increasing |livestock densities as three conponents of denographically-

i nduced intensification and the main cause of the area's degradation

Increasing | and use pressure, resulting partly from popul ation growth, is
Canmpbel I's (1981) focus of concern in a study of margi nal rangelands in
Kenya. Land-use conpetition between herders and cultivators there
continues to threaten the ecol ogical stability of these fragile |ands and
contributes to desertification. Oher researchers have also identified
conpetition between herders and cultivators as the i medi ate cause of |and
degradation problens in other sem-arid regions of Africa (dantz, et al



1987; Ibrahim 1987; Little 1987; Bassett 1988; Mmal yosi 1991). They
commonl y cite denographic pressure as the precipitating cause.

However, the changing structure of |andholding that is occurring in
pastoral areas also relates to broader processes that define the political
soci al and econom c context of |and-use change. W nust al so consi der
ecol ogi cal variability, especially climatic variability, in marginal areas
where | and-use conpetition is acute

CONCLUSI ONS AND PQOLI CY CONSI DERATI ONS

The conmonl y-held notion that | and degradati on occurs as a direct result of
denogr aphic pressure is an over sinplification of what is actually a very
conplex relationship. The sinplicity of the logic is enticing, but it is
equal ly inconplete. Social and environmental scientists who focus
excl usi vely on the denographic and environnental sides of the equation

sel ectively confine their avenues for policy research and intervention
Fertility control (famly planning) is one avenue and the devel opnent and
di ssem nati on of new resource-saving technol ogies is the other

We contend that there exist no significant direct |inks between human
popul ati ons and their environments and that the interveni ng processes
create the context within which |and degradation occurs. |In this paper, we
have exam ned some of the internediate nechani sns t hrough which nounting
denogr aphi c pressure leads to soil erosion and the depletion of soi
fertility. W have focused on a unique set of intermedi ate variabl es that
we refer to collectively as the structure of |andholding. These variables
are inmportant because they are the essential physical and social properties
that define farmers' relationships to their operational hol dings.

Mount i ng denogr aphi ¢ pressure, and resulting conpetition for scarce
resources in developing countries, alters the structure of |andholding in
at least four profoundly inportant ways. First, many househol ds,
particularly those owning little land or with excess famly labor, find it
necessary to expand their holdings by renting |land fromothers. The
research literature confirnms that it is not the change in ownership rights
alone that will lead to environmental decline. Rather, it is the stability
of use rights that counts. Security of tenure is a prerequisite to |ong-
terminvestnent in soil productivity, regardl ess of whether ownership is in
i ndi vidual or collective hands. In countries where popul ati on pressure has
left many farnmers | andl ess, increased absentee ownership and short-termuse
rights has bl ocked policymakers from preventing |land deterioration

The second, and perhaps nost obvious, change is that farm hol di ngs becone
smal l er. This happens as ever-increasing nunbers of househol ds enter the
agricultural work force and seek to derive their livelihood fromthe sane
fi xed-resource base. Reduced farm size acconpanies intense cultivation of
i ncreasingly degraded fields, a shift toward annual crops, reduced fallow,
and fewer investnments in conservation neasures such as terracing and
agroforestry. Small holders are often in desperate need of effective
strategies for maintaining the productivity of their holdings. But they
are poorly equi pped to adopt practices that require significant cash



outl ays and/ or access to credit.

Third, as farmsize shrinks, farners have to either |ease or purchase |ands
farther away fromtheir homes. Holdings thus becone nore fragnmented, not
in the nunmber of parcels operated but in the distances between parcels. The
cultivation of nore distant fields usually reduces farner investnents.
However, there is still sonme controversy surroundi ng the concl usion that
the fragnentation of holdings is conpletely undesirable. In sone

ci rcunst ances, fragnmentation nmeans greater agroecol ogical diversity, a
condition that helps insure farmers against the risk of total crop failure.

Fourth, land scarcity forces farmers to cultivate marginal, |ess productive
| and by converting it fromforest, pasture, woodlot, and long fallow These
are all traditional uses that reduce degradation. Fragile |ands have cone
under increased pressure in recent decades, particularly in forest and

sem arid ecosystens throughout the devel oping world. The research
literature is full of exanples of how governnents and non-governnenta
organi zati ons have pursued policies to increase |and-use intensity in
mar gi nal ecosystens. State-sponsored devel opnent projects have increased
irrigation, brought infrastructure to | ess accessible areas, and encouraged
m gration fromdensely popul ated areas to fragile | ands.

Each of these four denographically-induced changes in the structure of

I andhol di ng has drawn consi derabl e research attention. However, this paper
has focused on the collective inpact of these changes on | and

degradati onDnotably soil erosion and the depletion of soil fertility.
Farmmers make particul ar conbi nati ons of investnments and adopt certain kinds
of land-use practices to conserve their scarce |andhol dings. The changi ng

structure of |andhol ding deeply affects these choices. 1In turn, these two
i nportant di nensions of |and managenent are the farmer's best hope for
controlling soil loss and fertility depletion

Farmers' ability and willingness to invest in |long-termsustainability of
their lands are at risk if the physical properties (size, dispersion

fragility) and tenure change. Fertilizers, lime, nulch, and other inputs
to inmprove soil fertility are both costly and | abor intensive. The sane is
true for technologies to help control soil |oss such as the installation of

terraces, hedge rows, and planting trees.

Unl ess farners can expect an econonmic return equal to their Ievel of

i nvestrment, there will be little incentive for themto adopt such
practices. W cannot assune that conservation technologies will be
attractive to farners sinply because they protect the resource base
(Reardon and Islam 1989). As fields becone nore distant, |ess stable, and
i ncreasingly farmed under short-term| ease agreenents, cost-benefit ratios
of conservation technol ogies will becone even |ess favorable to farners.
The net result will be an acceleration of |and degradation

Popul ation growmh is not necessarily harnful to agricultural productivity,
nor will relieving denographic pressure necessarily curb |and degradation
However, if we can nonitor and control denographically-induced changes in
t he | andhol di ng structure, we can dimnish their damagi ng effects on | and
resources. But these are hard choi ces.

The subdi vi si on and consol i dati on of |andholdings (e.g. land refornj,
absent ee | andhol ding, and use of fragile lands are all parts of the
structure of |andholding. These are enptional issues and are subject to



changes in governnent policy. The kinds of incentives and sanctions
surroundi ng the structure of |andholding are factors that can change it.
Because of sociocultural, agroclimtic, and historical uniqueness, these
factors differ vastly fromone country to the next.

For this reason, the present research does not prescribe one particular set
of policy interventions over another. |Its nessage has broader application
Pol i cymakers, and the research comunity on which they rely, nust acquire a
deeper appreciation 1) for ways that denographic pressure affects farm
size, fragnmentation, the use of fragile |ands, and tenure security in their
| ocal environnents, and 2) for how changes in these factors will in turn

i nfl uence productivity-enhancing i nvestnents and | and-use practi ces.

We nust al so recogni ze that policies targeting the structure of |andhol di ng
may have repercussions that will affect the denographics side of the
equation, notably famly planning practices. This is particularly true for
policies designed to reduce fragnmentati on and declining farm size by

regul ating | and markets (sales and | eases) and | and inheritance patterns.

I ndeed, famly planning, the structure of |andholding, and soi

conservation do not constitute three i ndependent policy arenas. A policy
intervention in one will undoubtedly precipitate change in the others and

t hus policynmakers nmust introduce themin ways that are conpati bl e.

Confoundi ng the desire to devise agricultural, environnental, and

popul ation policies that reinforce each other is the absence of a
conceptual franmework that bridges these spheres of research. This paper
represents a potential starting point for those who endeavor to narrow the
gap. There is still much to contribute toward refining this franework.
Only enpirical, policy-oriented research, focusing specifically on the
structure of |andhol ding as the basic |ink between denographi c change and
| and degradation, will enable us to assess its true utility.

ENDNOTES

1. The authors recognize that the definition of |and degradation is rather
controversial. Since our interest in this chapter is in how |and
degradation results in [ ower crop production (fromthe farnmer's
perspective) we borrow from Bl ai ki e and Brookfield s (1987: 6) notion that
degraded land is that which has suffered "a loss of intrinsic qualities or
a decline in capability.” Relating this concept to agrarian systens we
refer to |l and degradation as a decline in soil productivity. Soi | erosion
and the depletion of nutrients due to overuse (soil-exhaustion) are the two
nmost conmmon causes of declining productivity cited in the research
literature reviewed in this chapter, and are often used here as synonyns
for | and degradati on.

2. The di sappearance of communal ly-held |l and in Rwanda coincided with the
term nation of the governnent-sponsored resettlenent program "paysannat” in
the 1970s. During the 1960s and 1970s this program di spl aced over 80, 000
farnmers and their famlies into previously unoccupi ed areas of the country
(Aay et al., 1989).

3. These figures are based on a conparison of estimates derived from



nati onal level data collected by the D vision des Statistiques Agricoles in
1983 and in 1991.

4. The percentage of the popul ation aged | ess than 15 years in 1989 for the
sel ected countries are: Malaw 46.5, Rwanda 48.3, Haiti 40.1, and
Bangl adesh 44.6 (Wrld Bank 1991).

5. This correlation is based on unpublished results derived froma

nati onwi de survey (1,240 househol ds) of agroforestry and | and degradation
in Rwanda. The survey was conducted in 1991 by the Agricultural Statistics
Di vision of the Rnanda M nistry of Agriculture and Livestock.

6. This study was conducted as a part of the sanme research initiative cited
above (M got-Adholla 1990) with reference to Ghana and Kenya.

7. A well-known neasure that reflects this protective quality of crops is
the C-value. The Cvalue conpares the soil loss ratio fromland utilized
with specific tillage practices and land held in tilled continuous fallow.
For any given field, the crop cover, canopy, and tillage practices can vary
t hroughout the year. The C-value represents the average soil loss ratio
resulting fromthese factors over the grow ng season.

REFERENCES

Al corn, Janis B. 1989. "Process as Resource: The Traditional Agricultural
| deol ogy of Bora and Huastec Resource Managenent and its Inplications for
Research. " ADVANCES | N ECONOM C BOTANY  7: 63-77.

----- . 1990. "Indigenous Agroforestry Strategies Meeting Farmers' Needs."
In Ant hony B. Anderson, ed. ALTERNATIVES TO DEFCORESTATI ON: STEPS TOMRD
SUSTAI NABLE USE OF THE AMAZON RAI N FOREST. New York: Col unbia University
Press.

Ashby, Jacqeline A. 1985. "The Social Ecology of Soil Erosion in a
Col onbi an Farm ng System "™ RURAL SOCI OLOGY 50(3):337-396.

Bassett, T. J. 1988. "The Political Ecology of Peasant-herder Conflicts
in the Northern Ivory Coast." ANNALS OF THE ASSCCI ATI ON OF AMERI CAN
GEOGRAPHERS  78(3): 453-472.

Bently, Jeffry W 1990. "Wuldn't You Like to have Al of Your land in
One Place? Land Fragnmentation in Northwest Portugal." HUMAN ECOLOGY
18(1):51-79.

Bi | sborrow, Richard E., and Panela F. DelLargy. 1990. "Land Use,

M gration, and Natural Resource Deterioration: The Experience of Cuatenal a
and the Sudan.” In Kingsley Davis, and Mkhail S. Bernstam eds.,
RESOURCES, ENVI RONMVENT AND POPULATI O\ PRESENT KNOALEDGE AND FUTURE
OPTIONS. A suppl ement to POPULATI ON AND DEVELOPMENT REVI EW 16: 125- 147.

Bl ai kie, Piers and Harol d Brookfield. 1987. LAND DEGRADATI ON AND SQOCI ETY.
London, United Ki ngdom Methuen.



Blarel, Benoit. 1989. "Regine Foncier et Production Agricole dans un
Contexte de Forte Pression Denographique.” The Wbrld Bank, Agricultural
Pol i cy Division, Departnent of Rural Econony (AGRAP). Washington, D.C.

Boserup, Esther. 1965. THE CONDI TI ONS OF AGRI CULTURAL GROWH: THE
ECONOM CS OF AGRARI AN CHANGE UNDER POPULATI ON PRESSURE. Chicago, Illinois:
Al di ne Publ i shi ng Conpany.

----- . 1976. "Environnent, Popul ation, and Technology in Primtive
Soci eties." POPULATI ON AND DEVELOPMENT REVI EW 2(1):21- 36.

----- . 1981. POPULATI ON AND TECHNOLOG CAL CHANGE. Oxford, United
Ki ngdom Bl ackwel | .

----- . 1985. "The Inpact of Scarcity and Plenty on Devel opnent.” In R
I. Rotberg and T. K Rabb, eds., HUNGER AND H STORY. Canbridge, United
Ki ngdom Canbri dge University Press.

----- . 1987. "Agricultural Gowh and Popul ati on Change.” 1In J. Eatwell
and M Mlgate, eds., THE NEW PALGRAVE: A DI CTI ONARY OF ECONOM CS. New
Yor k: Stockton Press.

Bul | ock, Karl, and John Baden. 1977. "Communes and the Logic of the
Commons." In G Hardin and John Baden, eds., MANAG NG THE COVWONS. San
Franci sco, California: W H Freenan.

Campbel I, David J. 1981. "Land-use Conpetition at the Margins of the
Rangel ands: An Issue in Devel opnent Strategies for Semi-arid Areas.” In
Gen Norcliffe and Tom Pinfold, eds., PLANNI NG AFRI CAN DEVELOPMENT.

Boul der, Col orado: Westview Press.

Cark, WlliamC  1974. "From Extensive to Intensive Shifting
Cultivation: A Succession from New Gui nea." ETHNOLOGY 13:347-359.

Cay, Daniel C., J. Kayitsinga, T. Kanpayana, |. Ngenzi, and J. d son.

1989. "Strategies Non-Agricole au Rwanda: Rapport Prelimnaire.” DOCUMENT
DE TRAVAIL, Kigali, Rwanda: Service des Enquetes et des Statistiques

Agri col es.

Cay, Daniel C., and L. A Lewis. 1990. "Land Use, Soil Loss and
Sustai nabl e Agriculture in Rwanda."” HUMAN ECOLOGY 18(2):147-161.

Cay, Daniel C. and R J. Magnani. 1987. "The Human Ecol ogy of Farm ng
Systens: Toward Understandi ng Agricultural Devel opnment in Rwanda."” In H
K. Schwarzwel | er, ed., RESEARCH I N RURAL SOCI OLOGY AND DEVELOPMENT 3:141-
167.

Cohen, Yehundi A. 1968. MNAN I N ADAPTATI ON' THE CULTURAL PRESENT.
Chi cago, Illinois: Aldine Publishing Conpany.

Cook, Cynthia C., and Mkael Gut. 1989. AGROFORESTRY | N SUB- SAHARAN
AFRI CA: A FARVER S PERSPECTI VE. Wrld Bank Techni cal Paper 112.
Washi ngton, D.C.

Dupaquier, J., ed. 1983. MALTHUS PAST AND PRESENT. London, United
Ki ngdom Academ c Press.



Ervin, David. 1982. "Soil Erosion Control and Oaner-COperated and Rented
Cropland." JOURNAL OF SO L AND WATER CONSERVATI ON 27( Sept - Cct) : 285- 288.

Fearnside, Mchael. 1985. "Agriculture in Amazonia." |In CGhillean T.
Prance and T. E. Lovejoy, eds. AMAZONIA. xford, United Ki ngdom Perganon
Press.

Flury, Manuel. 1988. "Small-Scale Farm ng and Changes of Land Uuse in the
H ghl and of Lai ki pia, Kenya." MOUNTAI N RESEARCH AND DEVELOPMENT 4: 265-
272.

Ford, Robert E. 1990. "The Dynam cs of Human-Environnent Interactions in
the Tropi cal Montane Agrosystens of Rwanda: |nplications for Econonic
Devel opnent and Environnental Stability." MOUNTAI N RESEARCH AND
DEVELOPMENT.  10(1):43-63.

Get ahun, Amare 1990. "Agricultural G owh and Sustainability: Conditions
for Their Compatibility in the Tropical East Africa Hi ghlands.” In S. A
Vosti, T. Reardon and W von U ff, eds., ACRI CULTURAL SUSTAI NABI LI TY,
GROAMTH, AND POVERTY ALLEVI ATION: | SSUES AND PCLICIES. International Food
Policy Research Institute (IFPRI) and Gernan Foundation for International
Devel opnent (DSE). Feldafing, Germany: Zentral stelle fur Ernahurung und
Landwi rtschaft.

dantz, Mchael, ed. 1987. DROUGHT AND DESERTI FI CATI ON | N AFRI CA: DENYI NG
FAM NE A FUTURE. Canbridge, United Kingdom Canbridge University Press.

G eave, M B., and H P. Wite. 1969. "Population Density and
Agricultural Systens in West Africa." In M F. Thomas and G W
VWhittington, eds., ENVIRONMENT AND LAND USE I N AFRI CA. London, United
Ki ngdom Met huen.

G abowski, Richard. 1990. "Agriculture, Mechanisation, and Land Tenure."
JOURNAL OF DEVELOPMENT STUDIES 27(1):43-55.

G egersen, Hans, Peter Oram and John Spears. 1992. PRIORITIES FOR
FORESTRY AND AGROFORESTRY PCLI CY RESEARCH. Wbrkshop on Forestry and
Agroforestry Policy Research, Washington, D.C., July 9-12, 1991.

I nternational Workshop Report. Washington, D.C : International Food Policy
Research Institute.

Quillet, David. 1981. "Land Tenure, Agricultural Reginme, and Ecol ogical
Zone, in the Central Andes." AMERI CAN ETHNOLOG ST 8: 139- 158.

Hardin, Garrett. 1968. "The Tragedy of the Commons." SClI ENCE 162: 1243-
1248.

----- . 1972. EXPLORI NG NEW ETHI CS FCR SURVI VAL. New York: Viking Press.

Hawl ey, Anpbs H  1950. HUMAN ECOLOGY: A THEORY OF COMMUNI TY STRUCTURE.
New Yor k: Ronal d Press.

Hecht, Susanna B. 1982. "Agroforestry in the Amazon Basin: Practi ce,
Theory and Limits of a Promi sing Land Use." ANMAZONI A: AGRI CULTURE AND LAND
USE RESEARCH. Cali, Colonbia: Centro International de Agricultura Tropical
(CAT).



----- . 1985. "Environnent, Devel opment and Politics: Capital Accumul ation
and the Livestock Sector in Eastern Amazonia." WRLD DEVELOPMENT
13(6): 663-684.

Hess, Carmen G 1990. "'Moving Up - Myving Down': Agro-Pastoral Land-use
Patterns in the Ecuadoran Paranos."” MOUNTAI N RESEARCH AND DEVELCOPMENT
10(4): 333-342.

Hol | oway, Marguerite. 1992. "Popul ation Pressure: The Road fromR o is
Paved with Factions.” SClIENTIFI C AVERI CAN ( Sept enber) .

| brahim Fouad N. 1987. "Ecology and Land Use Changes in the Sem arid
Zone of the Sudan." |In Peter D. Little and Mchael M Horowi tz, eds.,
LANDS AT RISK IN THE TH RD WORLD: LOCAL- LEVEL PERSPECTI VES. Boul der,
Col or ado: Westvi ew Press, Inc.

| gbozuri ke, M U 1970. "Fragnentation in Tropical Africa: An Overrated
Phenomenon. " PROFESSI ONAL GEOGRAPHER 22(6): 132-135

Khusro, A M 1964. "Returns to Scale in Indian Agriculture.” Indian
Journal of Agricultural Econom cs 19:51-80.

King, R L. and S. P. Burlton. 1982. "Land Fragnentation, a Fundanental
Rural Spacial Problem" PROGRESS | N HUVAN GEOCGRAPHY 6: 475-494.

Lewi s, Lawence A. 1985. "Assessing Soil Loss in Kianbu and Nurang' a
Districts, Kenya," GEOGRAFI SKA ANNALER 67(A):273-84.

Little, Peter D., and David Brokensha. 1987. "Local Institutions, Tenure
and Resource Managenent in East Africa.” |In David Anderson and Richard

G ove, eds., CONSERVATION | N AFRI CA: PECPLE, POLICIES AND PRACTI CE.

Canbri dge, United Ki ngdom Canbridge University Press.

Liverman, Diane M 1990. "Drought Inpacts in Mexico: Cimate,
Agriculture, Technol ogy and Land Tenure in Sonora and Puebla."” ANNALS OF
THE ASSOCI ATI ON OF AMERI CAN GEOGRAPHERS 80(1):49-72.

Loveridge, Scott, S. Rwamasirabo, and MT. Wber. 1988. "Selected
Research Findings from Ravanda that |nform Food Security Policy Thenmes in
Southern Africa." Paper presented at the Food Security in Southern Africa
Fourth Annual University of Zi nmbabwe/ M chigan State University Conference,
Harare, Zi mbabwe.

Manger, Leif. 1990. "Agro-Pastoral Production Systens and the Probl em of
Resource Managenent."” In Mette Bovin and Leif Manger, eds., ADAPTI VE
STRATEQ ES | N AFRI CAN ARI D LANDS. Uppsal a, Sweden: Scandi navian Institute
of African Studies (SIAS).

Maro, Paul S. 1988. "Agricultural Land Managenent Under Popul ation
Pressure: The Kil amanj aro Experience, Tanzania." MOUNTAI N RESEARCH AND
DEVELOPMENT 8(4):273-282.

M got - Adhol la, S. E., Peter B. Hazell, and Frank Place. 1990. LAND RI GHTS
AND AGRI CULTURAL PRODUCTIVITY | N GHANA, KENYA AND RWANDA: A SYNTHESI S OF

FI NDI NGS. Washington, D.C.: The Wirld Bank, Agriculture and Rural

Devel opnent Depart nent.



MIlikan, Brent H 1992. "Tropical Deforestation, Land Degradation, and
Society: Lessons from Rondonia, Brazil." LATIN AMERI CAN PERSPECTI VES
19(1):45-72.

Moran, Emlio F. 1987. "Mnitoring Fertility Degradation of Agricultural
Lands in the Lowl and Tropics.” |In Peter D. Little and Mchael M Horowtz,
eds., LANDS AT RISK IN THE TH RD WORLD: LOCAL- LEVEL PERSPECTI VES. Boul der,
Col orado: Westview Press.

Mval yosi, Raphael B. B. 1991. "Population Gowh, Carrying Capacity and
Sust ai nabl e Devel oprment in South-west Msailand.” JOURNAL OF ENVI RONVENTAL
MANAGEMENT  33: 175-187.

Pingal i, Prabhul, and Hans P. Binswanger. 1984. "Popul ation Density and
Farm ng Systens: The Changi ng Locus of Innovations and Techni cal Change."
The Worl d Bank Di scussion Paper, Agricultural Research Unit 24.

Washi ngton, D.C.

Posey, D.A. 1985. "Indigenous Managenent of Tropical Forest Ecosystens:
The Case of the Kayapo |Indians of the Brazilian Amazon. AGROFORESTRY
SYSTEMS 3(2):139-58.

Reardon, Thomas, and N. Islam 1989. "lssues of Sustainability in
Agricultural Research in Africa." PROCEEDI NGS OF THE SYMPOSI UM ON THE
SUSTAI NABI LI TY OF AGRI CULTURAL PRODUCTI ON SYSTEMS | N SUB- SAHARAN AFRI CA.
Nor wegi an Center for International Agricultural Devel opnent Cccasi onal
Paper Series C

Ri ddel |, James C., and David J. Canpbell. 1986. "Agricultural
Intensification and Rural Devel opnent: the Mandara Mountains of North
Caneroon." AFRI CAN STUDI ES REVI EW 29( 3) : 86- 106.

Rutz, Henry J. 1978. "Fijian Land Tenure and Agricultural Gowh."
OCEANI A 49(1): 20- 34.

Rwamasirabo, S., D. C Cay and M T. Wber. 1991. "Production Caprine au
Rwanda 1953-1984: Determ nation de Potentiel pour un Devel oppenent Futur.™”
Publication 23. Mnist Division des Statistiques Agricoles, Kigali, Rwanda

Rwanda M ni st
Unpubl i shed results of the 1988 Enquete sur les Strategi es Non-agricole.
Service des Enquetes et des Statistiques Agricol es.

Schmnk, M, and C. Wod. 1987. "The 'Political Ecology' of Amazonia."
In P. Little and M Horowitz, eds., LANDS AT RISK IN THE TH RD WORLD: LOCAL
LEVEL PERSPECTI VES. Boul der, Col orado: Westview Press.

Schultz, T. Paul. 1990. "Introduction.” In Ester Boserup, ed., ECONOM C
AND DEMOGRAPHI C RELATI ONSHI PS | N DEVELOPMENT. Bal tinore, Maryland: The
Johns Hopki ns University Press.

----- . ed. 1990. ECONOM C AND DEMOGRAPHI C RELATI ONSHI PS | N DEVELOPMENT.
Bal ti nore, Maryland: The Johns Hopkins University Press.

Simmons, Ozzie G 1988. PERSPECTI VES ON DEVELOPMENT AND POPULATI ON GROWTH
IN THE THIRD WORLD. New York: Pl enum Press.



Steward, Julian H  1955. THEORY OF CULTURE CHANGE: THE METHODOLOGY OF
MULTI LI NEAR EVOLUTION.  Urbana, Illinois: University of Illinois Press.

St ocki ng, M chael. 1984. EROSION AND SO L PRODUCTIVITY: A REVIEW Food
and Agriculture Organization of the United Nations, Soil Conservation
Programe, Consultants' Wrking Paper 1. Rone, Iltaly.

Stoni ch, Susan. 1989. "Processes and Environnental Destruction: A Central
Anerican Case Study." POPULATI ON AND DEVELOPVENT REVI EW 15(2):269-296

Trivers, Robert L. 1971. "The Evolution of Reciprocal Altruism"
QUARTERLY REVI EW OF BI OLOGY 46: 35- 42.

Western, S. 1988. "Carrying Capacity, Population Gowh and Sustai nabl e
Devel opnent: a Case Study fromthe Philippines.” JOURNAL OF ENVI RONMENTAL
MANAGEMENT 27: 347- 367.

Wl kinson, Richard G 1973. POVERTY AND PROGRESS: AN ECOLOG CAL
PERSPECTI VE ON ECONOM C DEVELOPMENT. New Yor k: Praeger Publi shers.

WIlliams, Lynden S. 1977. "Land Use Intensity and Farm Size in Hi ghl and
Cuzco, Peru." THE JOURNAL OF DEVELCPI NG AREAS 11:185-204.

Wschneier, W H, and D. D. Smth. 1978. "Predicting Rainfall Erosion
Losses, A CGuide to Conservation Planning.” AGRI CULTURAL HANDBOOK 537.
Washi ngton, D.C. United States Departnment of Agriculture.

World Bank. 1991. WORLD DEVELOPMENT REPORT 1991: THE CHALLENGE OF
DEVELOPMENT. Oxford, United Kingdom Oxford University Press.

Yoshi nori, Mrooka, and Yujiro Hayam . 1989. "Contract Choice and
Enforcenent in an Agrarian Community: Agricultural Tenancy in Upland Java."
JOURNAL OF DEVELOPMENT STUDIES 26(1):28-42.



