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The Evolution of Farming Systems and
Agricultural Technology in Sub-Saharan Africa

by

Hans P. Binswanger and Prabhu L., Pingali

Today we honor Vernon Ruttan for one specific and two more general
achievements. The specific achievement in his book on Agricultural Research
Policy. Following the lead established by T.W. Schultz and Zvi Griliches,
this book not only discusses the contribution which scientific agricultural
research can make to development, but provides detailed guidance on how to
institutionalize and manage agricultural research and how to focus it on
high payoff activities which capitalize on a country's or region's abundant
resources while saving on its scarce omes.

The first more general achievement (shared with collaborators
such as Hayami, Binswanger and others) is the resurrection of the theory of
induced technical change from the obscurity into which an intellectual mis-
conception of W.E.G. Salter had plaéed it, and to show empirically its rele-
vance for explaining success and failure in agricultural development. The
second general achievement is Ruttan's theory of induced institutional
change, by which the same economic forces shape the evolution of institu-
tions which influence the rate and direction of technical change: final
demand, constraints and opportunities implied by factor endowments, as
well as a number of other material forces. Most, but not all, of the
empirical work of Ruttan and his collaborators, concentrates on technical
changes arising from science-based research and the mechanical and
chemical agroindustries, and on the institutional changes observed in

"modern" agriculture.
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Vernon Ruttan was not alone in emphasizing the endogeneity of
technical and institutional change in agriculture. Ester Boserup, whose
work was badly neglected by agricultural economists, dealt with the same
two topics, but in the context of what T.W. Schultz called "traditional"
agriculture. She focused on farmer generated changes in farming systems,
technologies and land rights, which over the course of history have been
independently developed in numerous locations across the world along
systematic lines. Her work is particularly relevant today for understanding
the pattern of agricultural development in sparsely settled areas of Sub-
Saharan Africa. But even elsewhere the relevance of Boserup's work lies in
the continued complementarity of farmer generated innovations with science
and industry generated innovations.

Boserup's work was badly neglected, perhaps because she focused
solely on population density as the main driving force of agricultural
intensification. 1In this paper we briefly discuss other important deter-
minants of agricultural intensificaéion such as: transport infrastructure,
external final demand, and the endogenous distribution of population across
different agroclimatic zones. We treat the overall rate of population
growth of a country as exogenous for this enquiry. Nevertheless and in
accordance with Boserup, we recognize that the rate of population growth
has important endogenous components. These endogenous components are not,
however, relevant for the topic at hand, as the rate of growth itself is
exogenous to the farmer. We then discuss the consequences of agricultural
intensification.

In Boserup's (1965) analysis, intensification has eight principal

effects: (1) it reduces fallow period; (2) it increases investment in land;
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(3) it encourages the shift from hand hoe cultivation to animal traction;
(4) it encourages soil fertility maintenance via manuring; (5) it reduces
the average cost of infrastructure; (6) it permits more specialization in
production activities; (7) it induces a change from general to specific
land rights; (8) it reduces the per capita availability of common property
resources (forest, bush and/or grass fallows, communal pastures). To these
effects we add agroclimatic and soils considerations which were almost
totally neglected by her, but were emphasized in the seminal work of

Hans Rufhenberg on Farming Systems in the Tropics. Our own particular
addition is a discussion of the systematic changes in land-use patterns and
soil quality preferences associated with intensification.

The discussion in this paper is illustrated by two-way frequency
charts using data from 56 villages in 10 countries of Sub-Saharan Africa
and India. This data was collected in 1983-84 using the group interview
technique as part of a larger research effort on agricultural mechanization
and the evolution of farming systems in Sub-Saharan Africa. Although not
substitutable for rigorous empirical testing these frequency tables provide

preliminary support for the proposition presented in the paper.
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I. Determinants of the Intensity of Land-Use

Population Density

The existence of a positive correlation between the intensity
of land-use and population density has been shown by Boserup (1965, 1980).
She argues from the premise that during the neolithic period forests
covered a much larger part of the land surface than today. The replacement
of forests by bush and grassland was caused by (among other things) a
reduction in fallow periods due to increasing population densities.

"The invasion of forest and bush by grass is more

likely to happen when an increasing population of

long fallow cultivators cultivate the land with

more and more frequent intervals.'" (Boserup, 1965, p. 20)

Table 1 presents the relationship between population density and
the intensity of the agricultural system. At very sparse population
densities, up to perhaps four persons/square kilometer, the prevailing form
of farming is the forest fallow system. A plot of forest land is cleared
and cultivated for one or two years and then allowed to lie fallow for
20-25 years. This period of fallow is sufficient to allow forest regrowth.
An increase in population density will result in a reduction in the period
of fallow and eventually the forest land degenerates to bush savannah.

Bush fallow is characterized by cultivation of a plot of land for two-six
years followed by six-ten years of fallow. The period of fallow is too
short to allow forest regrowth. Increasing population densities are
associated with longer periods of continuous cultivation and shorter
fallow periods. Eventually the fallow period becomes too 'short for any-

thing but grass growth. The transition to grass fallow occurs at population

densities of around 16-64 persons per square kilometer. Further increases



Table |

Food Supply Systems in Tropics

Food Supply Farming Population Climatic “Tools Used
Sys:emi/ Intensityl/ Density Grougi/ Zonei/
(R-Value)Z/ Persons/km?
G. Gathering 0 0 -4
FF. Forest fallow 0-10 0-4 Humid axe, matchet &

digging stick

BF. Bush fallow 10 - 40 4 - 64 Humid & axe, matche=,
sem!-humid digging stick and
hoe
SF. Short Fallow 40 - 80 16 - 64 Semi-humid, hoes, animal
semi-arid, & traction
high altitude
AC. Annual Cropping 80 - 120 64 =~ 256 Semi~-humid animal traction

semi-arid, & & tractors
high altitude

1/ R = # of years of cultivation *100/# of years of cul=ivation + # of years of fallow. Source,
Ruthenberg, 1980, p. lé6.

2/ Source: Boserup, 1981, pp. 19 and 23.
3/ Source: Ruthenberg, 1980.

4/ Source: Ruthenberg, 1980 and Boserup, 1965.
2/ Description of food supply systems: ’
Gathering: wild plants, roots, fruits, nuts
Forest=-fallow: oce or *wo crops followed by 15-15 vears of fallow

Bush-fallow: =:wo or more crops followed by 8-10 years of fallow

Short-fallow: ome or two crops followed by one or :wo vears of fallow: also known as grass
fallow

Annual cropping: one crop each year

Multi-cropping: <:wo or more crops ir the same fifeld each year
Note l: The above food supply systems are not mutually exclusive, 1Tt is quite possible for zwo or
more of the systems to exist concurreatly (e.g., culzivation in concentric cings of various lengths

of fallow, as in Senegal).

Note 2: The above population density figures are only approximations, the exact rumbers depend on
Location specific soil fertility and agroclimatic conditions.
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in population result in the movement to annual and multi-cropping, the
most intensive systems of cultivation. All along the course of this tran-
sition farmers make investments in land. Initially, they are confined to
land clearing and destumping. Drainage investments leveling erosion
control investments and eventually irrigation investments follow. The
capacity to double or triple crop usually requires very large investments.

Since the turn of this century we have observed a substantial
increase in the natural rate of population growth across the world, mainly
due to a sharp decline in the death rates caused by rapid advances in
public health services. At the worldwide level, and at the level of a
specific country, the decline in arable land per capita must be attributed
primarily to this general increase in population. Within a country and
within regions, however, population concentrations vary by soil fertility,
altitude and market accessibility. These intra-country variations are
briefly discussed below using examples primarily from Sub-Saharan Africa.
Table 2 provides the major causes and consequences of population concentra-
tion.

Soil Fertility

The marginal productivity of labor is relatively higher on more
fertile soils and hence one would expect immigration from less endowed areas
leading to reductions in cultivable areas per capita. Ada district,
Ethiopia; Nyanza Province, Kenya and the southern province of Zambia are a
few examples of fertile areas that are relatively densely populated and
intensively cultivated. High altitude areas are similarly densely populated
due to immigration from the lowlands because of lower disease incidence
(notably malaria and sleeping sickness). Population concentrations on the

Ethiopian and Kenyan Highlands are popular examples of this phenomenon.
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Given suitable soil conditions, areas with better access to
markets either through transport networks or those in the proximity of
urban centers will be more intensively cultivated. Intensification occurs
due to two reasomns:

a. Higher prices and elastic demand for exportables implies

that marginal utility of effort increases, hence farmers
in the region will begin cultivating larger areas; and

b. Higher returns to labor encourage immigration into the

area from neighboring regions with higher transport
costs.

Intensive groundnut production in Senegal, maize production in
Kenya and Zambia and cotton production in Uganda have all followed the
installation of the railway and have been mainly concentrated in areas
close to the railway line. Similarly, agricultural production around Kano,
Lagos, Nairobi, Kampala and other urban centers is extremely intensive
compared to other parts of these coﬁntries. It should be noted that agri-
cultural intensification in response to improved market access could occur
even under low population densities due to individual farmers expanding
their area under marketed crops. The consequences of intensification in
these circumstances do not differ from those in areas with high population
densities.

Soil fertility and transport infrastructure interact in two ways.
First, a large region of high quality land provides incentives for the
construction of infrastructure to exploit that potential. Second, where
roads or railway lines are built for non-agricultural purposes such as to

the copper mines of Zambia, they will cross both fertile and infertile
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areas. The impetus for intensification, however, is felt only in the
fertile areas, as the infertile areas are unable to compete in output
markets due to their higher costs of production.

Other Causes

Finally, it should be noted that inter and intra-country
variations in population densities, especially in Sub-Saharan Africa, have
historically been caused by tribal warfare and slave trade resulting in
population concentrations in relatively inaccessible highlands. Population
concentration on the high plateau of Rwanda and Burundi was in response to
the incursions of slave traders and for health reasons. Similar migrationms
from the lowlands to the Mandara Mountains in Cameroon, the Jos Plateau in
Nigeria and the Rift Valley in Kenya and Tanzania have been based on the
desire for personal security. Subsequent natural population growth has
made many of these areas the most densely populated parts of Africa.

The above discussion leads to the broad generalization that for
given agroclimatic conditioms, incre;ses in population density and/or
improvements in market access will gradually move the agricultural system
from forest fallow to annual cultivation and eventually to multi-cropping.
Empirical support for these two determinants of agricu}fural intensification
is provided by means of two-way frequency charts using éur data set from
Sub-Saharan Africa.

Graph 1 presents the positive relationship between population
density and farming intensity. Forest and bush fallow systems are predomi-
nant under sparse population densities (less than 15 persons/km2), nine of
the ten sparsely populated areas in our sample practice these systems of

farming, the remaining case is under short fallow. In the medium density
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group (16-50 persons/km2) one begins to observe the transition to more
intensive systems of farming. Here the majority of the cases (9 of 14)
fall in the short fallow and emerging annual cultivation categories, there
are no forest fallow cases at this density level and bush fallow tapers
off to three out of 14 cases. In the dense population group (51-100 persomns/
km2) annual and multi-crop cultivation is well established with 12 of 18
cases In these systems and three cases emerging towards annual cultivation.
There are three remaining short fallow cases presumably at the lower end
of the population density group. Nine of the ten cases in the very dense
population group (greater than 100 persons/kmz) practice annual or multi-
crop cultivation, with the remaining case emerging towards annual culti-
vation. The classification of oﬁr cases shows a very definite trend towards
agricultural intensification as population densities increase. Neither in
our field visits nor during our literature survey have we come across any
cases of sparsely populated areas upder annual cultivation or cases of very
densely populated areas under forest or bush fallow systems. Presumably,
the former could occur under sparse population densities if market access
is excellent, while the latter could not occur even under poor market
access conditions.

Cjk The positive relationship between the ease of market access and

arming intensity is shown in Graph 2. For given population density an
improvement in market access results in further intemsification of the
farming system. Under very poor market access mainly extensive forms of
farming such as forest and bush fallow are practised. Under fair market
access we observe nine of the 16 cases with intensities of short fallow and

above. Among the cases where market access is good, 22 of the 24 cases are
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at intensities of short fallow and above. Where market access is excellent,
nine of the ten cases are under annual or multi-crop cultivation and the
remaining case approaching permanent cultivation.

Graph 3 presents the agroclimatic constraints on the process of
intensification. At an annual average rainfall of less than 750 mm which
includes the low rainfall semi~arid and the arid éones one does not see
forest and bush fallow cultivation. This is due to: (a) the slow rate of
vegetative regrowth under arid conditions which does not permit forest
regenerafion even at low densities, and (b) cultivation being concentrated
mainly on the lower slopes and depressions which are relatively more
responsive to intensification investments. Under high rainfall conditions
such as the humid tropics (rainfall greater than 1,200 mm) one tends to
observe a predominance of forest and bush fallow cultivation. Permanent
cultivation of field crops under humid conditions is hard to sustain due
to high levels of leeching and soil acidification problems. The exceptions
in the graph are from the highlands of Kenya and Ethiopia which, of course,
do not suffer from the same problems as the humid lowlands and therefore
can be cultivated permanently. Sustained permanent cultivation of field
crops is most feasible in the medium rainfall zomes (751-1,200 mm), which

is consistent with our empirical evidence.
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II. The Consequences of Agricultural Intensification

Agricultural Intensification and Soil Preferences

The intensification of agricultural systems is constrained by
climatic and soil factors. Table 1 illustrates the impact of climatic
factors on the intensification of the agricultural system. For given agro-
climatic conditions the extent of intensification is conditional on the
relative responsiveness of the soils to inputs associated with intensive
production such as land improvements, manure and fertilizers. The respon-
siveness of intensification is generally higher on soils with higher water
and nutrient holding capacity. This is primarily because higher water
holding capacity reduces drought risk. Water holding capacity is higher
the deeper the soils and the higher their clay content. It is low on
shallow sandy soils.

Figure 1 presents a stylized picture of the differences in soil
types across a toposequence for given agroclimatic conditioms. Soils on
the upper slopes are relatively light and easy to work by hand, tillage
requirements are minimal on these soils. The clay content and hence the
heaviness of the soils increase as one goes down the toposequence, conse-
quently power requirements for land preparation increase. Movement down
the slope also reduces yield risks due to increased water retention
cap#city of the soils. The soils are heaviest in the depressions and
marshes at the bottom of the toposequence. These bottom lands or bas fonds
are often extremely hard to prepare by hand and are often impossible to
cultivate in the absencé of investments in water control and drainage. The

extremely high labor requirements for capital investments and land
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Figure 1

Toposequence and Soil Type

Upper Slopes
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irrigated rice
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preparation make the bottom lands the least preferred for cultivation under
low population densities, and they are often found to be under fallow. As
population densities increase, however, the bottom lands become intensively
cultivated due to the relatively higher returns offered to labor and land
investments, especially in rice cultivation. Also, as population densities
increase labor supply increases, making it possible to undertake the labor
intensive investments in irrigation, drainage, etc.

Soil typé differences across a toposequence that are charac-
terized here could be micro-variations limited to a few hundered meters
or a few kilometers, or they could be macro-variations where entire regions
are part of one level of the toposequence. For example, large parts of
northeastern Thailand can be characterized as being the upper slopes,
although there are, of course, depressions in northeast Thailand within
micro toposequences. The central plains of Thailand are largely flood
plains and have the characteristic of bottoms and marshes.

Preferences for cultivatiﬁg different points of the toposequence
is also dependent on the agroclimatic conditions. Table 3 presents soil
preferences by farming intensity and agroclimatic zones. Under arid
conditions lower slopes and depressions are the only lands which can be
cultivated because only here is water retention capacity sufficient to
sustain a crop at very low rainfall levels. This is the reason for the
intensive cultivation systems of an oasis type one observes in arid areas
even under low population densities. Pockets of arid farming in primarily
pastoral areas of Botswana are a good example of this phenomenon.

Under semi-arid conditions the midslopes are the first to be

cultivated. As population demsities increase, cultivation replaces grazing
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Table 3

Farming Intensity, Agroclimates and Soil Preferences

Agro=

climates

Farming Intensity

Forest & Bush
Fallow

Grass
Fallow

Permanent
Cultivation

Arid

Semi-arid

Sub~humid

Humid

Lower slopes &
depressions only

Mid-slopes

Upper slopes

Upper slopes

Lower slopes &
depressions only

+ Lower slopes

+ Mid & lower
slopes

+ Mid & lower
slopes

Lower slopes &
depressions only

+ Depressions

+ Depressions

+ Depressions
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in the lower slopes and eventually in the depressions. Power sources for
tillage are first used in the bottom lands, generally around the time

when population pressure makes these lands valuable for cultivation. The
reversal of land preferences is quite dramatic. In the semi-arid zones

of Africa where population density is low the lower slopes and depressions
are left for grazing and contribute only minimally to food supply. In the
semi-arid zones of India, on the other hand, the depressions are intensively
cultivated usually with rice, using elaborate irrigation systems and animal
traction.

Yield risks due to low water availability are not a major problem
in the sub-humid and humid tropics, hence one finds cultivation starting at
the upper slopes and gradually moving downwards as population pressure
increases. At high population densities the swamp and depressions become
the most important land sources for food production, often associated with
extremely intensive rice production. One observes such labor intensive
rice production in South and Southeast Asia and could expect the same for
Africa as population densities increase.

Population pressure leads to a sharp reversal in preference
(price) of different types of land in all but the arid zones. As
population densities increase one observes the cultivation of land which
requires substantially higher labor input but which at the same time also

is more responsive to the extra inputs.
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Cultivation Techniques and Labor~Use

As discussed by Boserup and Ruthenberg, the total labor input per
hectare on a given crop is positively correlated with the intensity of
farming, holding technology constant. Table 5 presents examples of labor-
use with farming intensity in rice cultivation. The movement from forest
fallow to annual cultivation in West Africa using the hoe results in an
increase in total labor input per hectare from 770 hours in Liberia to
3,300 hours in Cameroon. The increase in labor input occurs due to an
increase in intensity with which certain tasks have to be performed (for
example, land preparation and weeding) and due to an increase in the number
of operations performed (e.g., manuring, irrigation, etc.). A discussion
of labor-use across intensities of farming is provided below. Table 4
presents the increase in operation performed with the intensification of
the farming system.

In the forest and bush fallow systems of cultivation land
clearing, planting and harvesting afe the major tasks performed. Fire is
the most prevalent technique used for land clearance. This form of land
clearance in addition to regenerating the soil also removes weed growth.
Land clearance by fire requires very low levels of labor input: 300 to
400 hours per hectare for forest fallow systems in Liberia and Ivory
Coast. The ground being under tree cover is soft and hence no further
land preparation is required prior to sowing with the help of a digging
stick or a hand hoe. Such systems of cultivation require almost no
weeding or interculture and the period between planting and harvesting is

virtually task free.



- 21 ~

vojjonpoad doao
1appo) pue jJudwadrvuew
13ppoj dAjSUd U]

s¥sel 3saaiey-)sod

pue jsaniey ‘Jujpoom
‘uvojieaedaad puej punoae
paie1UdIUVOY puewmap
104B] [BPUOSEIS 3 INIY

uojjedjaag

‘syse) jsaniey
—180d ‘aanjnozajug
‘Jaodsueay ‘Bujmolyg

uogeas dujmoad
9yl Bujinp paizjnbaz
dujpaam aajsuajuj

19z [}343) jesjway) -
ainuew

uaaid jo uojieajlIn)y -

dufisodwoy -

9)sem ueumij pue [emjuy -

§10)0B1) pue
pue smold umelp-jewjuy

auop

sanpjsal
doiy *pojiad mojjej
Bupanp Hujzead aaay

pojaad

18dAIBY pUE UOSEIS
Aujea ay) punoie
paleljuaasuod purwdp
104¥] jRUOSBAS 2 INIY

wojedjaiy -

S)YSB) JSaALBY-3I8O) —
aInjgnoaajuy -
jiodsuway -~

duimogg -

uoseas Buimoad
ayy dujanp paajunbaa
Bujpaam anjsuaju

13ZJ[]113) jrIJUAY) -
sdoiy aanuva uaaad
JO uoflBAJIIN) -
fujisodwoy -
215eM
uewny pue jemjuy —

s10}3e1 ] pue
smold umeap-jrwjuy

.w—-:z

puey dujzead
8alj Juepunqy

dujisaaaey
pue Buipaam
‘vojieredaid pueq

ain)naaajyuy -
jiodsueay -
uimoryg -

uoseas
Augmoad ayy Hujanp
painbai Hujpaapm

Sjeuey WOl) JITIS -

s)sodwo) -

dujinuew ul3al1n -
a)sem

urwn] pue jewjuy -

puey Sujiedaad
10) mojd jo asp

auopN

pue} Sujzead
jo 3oundiawmy

duoN

Jeadde o) ujdaq
smold umeap-jewjue
995¥2109p MO] [ €)
jo yjduay sy

saseal1orap
mojje) jo yiduay
ay) se pasnbay

puelysng dujpunolrins
wo1j Jysnoiq jamn)
pue 12)jvm ajqeladaa
313410 ‘saaeal

Jjuingun Jo Juing ‘ysy

a)2118 pujddgp
pue saoy Hujsn
pauasoo} s} pueq

I31ld

auoy

auoy

3auoy

jewjufp

sJojd uapaed 10)
88N )91 pjoyasnoy -
ysy -

SPas’s MO8
pue sjoo1 Juejd o)
pasn syojis dujddip
vojiuiedaad puep oN

2114

£1ddns 1appog

puewap ioqef
Jo £3)1ruoseag

dujmaey ug

sjewjue jo 3Isq

duypaspy

98N ainuey

uojjeaedaad puey

adurieajd puen

IR

4s

44

WALSAS

suoj} jeizadg

swa)sdg dujwiey ssoioy LBojouysay pue suojieiadg jo uojsjiedwo)

7 91qeL




- 22 -

uofledjial /1

589 IAY AR 7179 00€ ‘¢ A% A AR ITAN 0L TVLO0L
- 0L /19¢€1 — — - -— 13430
8°9¢L 087 v8 Burysaayy

v*Zie VAR A% 08¢ ﬁHH %91
8°8¢C1 VA TA v 81T Surasaniey
96 £6e°1 —= [4A4A vy uofjol9djoid Jueld

9°LS
€1¢ 81¢ I 8°9.¢ T6C 8°9¢ Suypasm
Sutanuey
8 ¢l - - - - » Buiz¥I73a34
0°08 9%1 9°6cC1 8°9¢s L0¢C VARA A ¢°L01 Bujjuerq/3ugmog
9°¢L v n6Yy ye9g 1L — — — uoieiedaig puey
- - — - 599 8°00€ v°81Y Sutaeary pue
(@1ejd9y/sinoy)
uopjeaadp/amyy,
motd mo1d
Jo3oe1] Tewfuy Tewyuy 20} 20} aoy 20} anbyuyoag
Sujmaiey

081 00¢ 1C1 001 oy %e 11 Jo £L3ysuajuy
eunJe dueqng a1odazoaay ejunueqg e1o39g ueR edueqy uog3ay
saufdd 1y 1Uud eAep eIpul unoiaue) eURYH 3seo) Laoail BI13qT1] ANINNOD

UOTJIBATITN) 397Y
£31suaju] Sujmaey YIfm 3sn 1oqe] jo sayfdumexy

S 2198y



- 23 -

As the fallow period becomes shorter and the land under fallow
becomes grassy, fire can no longer be used for land clearance. Fire
cannot get rid of grass roots, hence grasses persist through the growing
season. The intensive use of a hoe for land preparation becomes essential
to clear the grass roots. Land preparation and sowing take up almost 40%
of the total labor input for the annual cultivation of rice in Cameroon.
Under short fallow systems of cultivation early season weeding and plant
protection become pronounced. Also manure use is required to complement
fallow periods for maintaining soil fertility.

Permanent cultivation of land requires labor investmenté for
irrigation, drainage, and leveling or terracing. It also requires the
development of more evolved manuring techniques to restore soil fertility.
Land preparation and interculture and weeding become much more important
tasks.

Intensification therefore leads to both an increase in agricul-
tural employment and an increase in.yields per hectare. However, inten-
sification of farming, in the absence of a change in tools used would
probably lead to a decline in yield per man-hour. This can be deduced
from the observation that the greater proportion of the additional labor
input is used for maintaining soil fertility, weeding and plant protection. -
In other words, labor input per hectare may increase at a faster rate than
yield per hectare in the movement to more intensive systems of farming.
Pingali and Binswanger (1984) found a significant positive increase in
labor-use with farming intensity using a data from 52 specific locatioms in
Africa, Asia and Latin America. We also show a significant downward shift
in labor-use when hand hoes are replaced by animal drawn plows and a

further shift when animal draft is replaced by tractors.
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The Evolution of Tool Systems

The transition from digging sticks and hand hoes to the plow is
closely correlated with the evolution of the farming system and cannot be
understood by using choice of techniques analysis familiar to economists.
The emergence of mechanical tillage is generally observed at late bush
fallow and early grass fallow stages and not before. The switch from one
set of tools to the next would occur when the resulting labor-saving
benefits exceed the costs of switching to new tools.

The simplest form of agricultural tool, the digging stick, is
most useful in the very extensive forest and bush fallow systems where no
land preparation is required. As the bush cover begins to recede the
ground needs to be loosened before sowing and at this stage hand hoes
replace digging sticks. Hand hoes are used for land preparation and weeding
in the latter stages of bush fallow, grass fallow and even some instances
of annual cultivation. Land preparation using the hoe becomes extremely
labor intensive and tedious by the érass fallow stage because of the
persistence of grass weeds. The use of a plow for land preparation
becomes almost indispensible. A switch to the plow during grass fallow
results in a substantial reduction in the amount of labor input required
for land preparation. The net benefits of switching from the hoe to the
plow are conditional on soil types and topography. The benefits are lower
for sandy soils and for hilly terrain.

The above discussion on the evolution from hand hoes to animal
drawn plows is formalized in Figure 2. This graph compares the labor
costs under hand and animal powered cultivation systems and shows the point

where animal traction is the dominant technology.
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Figure 1

A Comparison of Labor Costs under
Hand and Animal Powered Cultivation
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The overhead labor costs in the transition from hand to animal
power are: the cost of training animals, the cost of destumping and
leveling the fields, and the cost of feeding and maintaining the animals
on a year-round basis. The cost of training the animals is independent
of the intensity of farming. The cost of destumping is extremely high
under forest and early bush fallow system. As the length of fallow
decreases the costs of destumping decline because of reduced tree and root
density. Destumping requirements are minimal by the grass fallow stage.
The costs of feeding and caretaking of draft animals is also very high
during forest and early bush fallow, primarily due to the lack of grazing
land and due to the prevalence of diseases such as trypanasomiasis. As
the fallow becomes grassy, grazing land becomes prevalent and so does
animal ownership; hence the costs of maintaining draft animals decline. By
the annual cultivation stage, however, grazing land becomes a limiting
factor, necessitating the production of fodder crops which in turn lead to
an increase in the cost of feeding ;nd maintaining draft animals. The
total cost of using draft animals for land preparation, early season weeding
and manuring is given by the curve, Tp. The curve Tp shows how total labor
costs using hand hoes increases for land preparation and weeding, while Th'
adds in the cost of maintaining soil fertility. The shape of the Thp' curve
depends on: (a) the ease of producing compost; (b) the rate of decay of
organic matter; and (c) the cost of chemical fertilizer. In humid and sub-
humid areas it is easier to produce compost and manure relative to semi-arid
and arid areas due to an abundance of natural vegetation, hence the labor
costs involved in the production of manure are lower and the Tp' curve is

flatter. In hot tropical areas the very high temperatures cause the organic
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matter to decay at a faster rate relative to the more temperate highlands,
and hence require additional compost and manure inputs making the Th'
curve steeper. The Th' curve becomes flatter the cheaper chemical
fertilizers are due to the substitution of fertilizers for labor inten-
sive manure production.

Animal drawn plows become the dominant technology at the point
where the costs of hand cultivation exceed the costs of transition to
animal power. This switch point is shown in the figure. Before this point
is reached the overall cost of production is simply lower the hand hoe and
cultivators consistently reject the plow. This discussion illustrates the
following conclusions:

a. The transition to animal-drawn plows would not be

cost effective in forest and bush fallow systems
due to the very high overhead labor required for
destumping and animal maintenance.

b. There is a distinct péint in the evolution of
agricultural systems where animal draft power
becomes the economically dominant mode of land
preparation.

c. This dominance point is conditional on soil types
and soil fertility: the transition would occur
sooner for hard to work soils (clays) and for soils
which require high labor input for maintaining

soil fertility.
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Tractor drawn plows have not successfully been introduced into
any systems prior to the grass fallow stage. Indeed, as we show in
Pingali, Bigot and Binswanger, it is almost impossible to bypass the
animal traction stage and move directly to tractors. This is because the
quality and hence the cost of destumping is much higher for tractor
operations than for animal drawn plows. Moreover, the societies concerned
are usually characterized by extreme capital scarcity and cannot usually
afford the substantially higher capital costs associated with tractors.

Once the stage of animal cultivation has been reached, however,
tractors and animals become almost perfect substitutes for plowing. The
choice of techniques analysis now finally becomes relevant. The factors
involved are the relative costs of land, labor and capital, the seasonality
of agricultural production and the cost of tractors.

Using the data set from Sub-Saharan Africa we provide a frequency
chart of tool use with the evolution in farming systems in Graph 4. As
discussed above hand cultivation islpredominant in the forest and bush
fallow systems, none of the forest fallow cases use any other form of
tillage, while six of the nine bush fallow cases use hand tools. The

majority of cases under short fallow use animal draft power (7 out of 14

cases), three locations use a‘combination of animal and tractor power,

while the remaining four continue to use hand hoes. The dominance of
mechanical tillage (both animal draft and tractors) becomes more prominent
as short fallow is replaced by permanent cultivation. Of the 30 cases

under emerging or established permanent cultivation 27 reported using animal
draft or a combination of animal draft and tractors for tillage. The

exceptions where hand tillage persists are the hill slopes of Sukumaland,
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agricultural areas surrounding Kano city and Yatenga region of Burkina
Faso. In the first two cases the light sandy soils are easy to work by
hand and the last case, Yatenga, faces a severe plowing-sowing trade-off
due to an extremely short growing season.

Development of Fertilizer Use

Under forest and bush fallow cultivation long-term soil fertility
is maintained by periodic fallowing of land. Renewed vegetative growth on
fallowed land helps to return fresh organic matter to the top soil and
therefore re-charges it with nutrient supplies. Also, when fire is used
for clearing vegetation prior to cultivation the burnt ashes return to
the top soil the nutrients taken up by tree and bush cover. This closed
cycle of nutrient supply is disrupted when long fallow periods are replaced
by grass fallows.

The nutrient supply to the soil under grass fallow declines since
grass cover cannot return the same amount of nutrients to the soil as tree
and bush cover. Accordingly, at this stage the farmer starts complimenting
fallow periods with additional organic waste and dung from cattle and
livestock. At first these fertilization techniques are fairly rudimentary,
often involving no more than a periodic transport of household refuse to
the cultivated plots.

As farming intensities increase more labor intensive fertilizing
techniques such as composting and then manuring evolve. The use of animal
manure is c&ﬁmon in most of the densely settled, intensively cultivated
pockets of Sub-Saharan Africa. The inhabitants of Ukara Island in Lake
Victoria, for instance, laboriously collect three tons of manure per year

from each adult cattle and transport it by head load to the fields.
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The final stage in the evolution of organic fertilizer use is the
incorporation of legumes in a crop rotation cycle as green manuring. Green
manuring along with other fertility restoring measuring is a common
practise in several parts of India and China. The use of cowpeas in the
rotation cycle is becoming increasingly common among the permanently
cultivated areas of Africa.

At the multi-cropping stage one tends to observe increased use of
chemical fertilizers as a substitute for the labor intensive manuring
techniques. Such general use of chemical fertilizers is still very rare in
Sub-Saharan Africa, although the use of fertilizers for select crops, such
as cotton and groundnuts, which are produced for the market is becoming
common.

Graph 5 shows the evolution in organic fertilizer use with an
intensification of the farming system. Under the forest fallow system we
observe no organic fertilizer use and under bush fallow there is a move
towards the use of kraal dust and oﬁe case of compost use, although the
majority of cases still do not use any organic fertilizer. By the grass
fallow stage, however, there is a marked switch with the majority of cases
(8 out of 14) using kraal dust or other more intensive techniques. Most of
the cases under annual and multi-cropping use some form of organic soil
fertility restoring techniques, with the majority using animal manure. The
two exceptions are from Arusha region of Tanzania where the very fertile

volcanic soils do not yet require fertility restoration.
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The patterns of chemical fertilizer use are presented in Graph 6.
The categories of chemical fertilizer use are: no use; use on select crops;
and general use for all crops. The general use of chemical fertilizers is
still not common, only 7 of the 56 cases report such use, of these five are
under permanent cultivation systems. The use of chemical fertilizers for
marketed crops is more generally prevalent, 34 of the 56 cases reported such
use. It is interesting to note that there is no general relationship between
farming intensity and chemical fertilizer use for select crops. This is per-
haps because even under low intensities of farming some market crops are grown
on small permanent plots of land. The cases of no chemical fertilizer use
follow farming intensities more closely, 10 of the 13 cases of no fertilizer
use practise forest, bush or short fallow cultivation. Of the three annual
cultivation cases not using chemical fertilizers, two are from the volcanic
soil locations of Arusha region, Tanzania and one is an exclusively
subsistence crop production éase in South Nyanza, Kenya.

Graph 7 highlights the coﬁplimentarity between organic and chemical
fertilizer use. The striking feature here is the selective use of chemical
fertilizers occuring in association with the general use of organic
fertilizers. We have no cases of general chemical fertilizer use in the
absence of organic fertilizers, although we have two cases of exclusive
organic fertilizer use.

Changes in Land Rights

It is well known that the most prevalent organization of land
rights under low population demsity is "communal property" where members of

particular lineage groups have general cultivation rights,l/ i.e., they are

1/ Our discussion borrows heavily from Boserup, 1965, which is certainly
the best brief discussion of the evolution of land rights we are aware of.
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assured the right to cultivate a plot, but when they abandon it again to
fallow, the cultivation right to that plot reverts to the lineage. On
the other hand, intensive high population density areas typically have
"private property" rights, i.e., cultivators have a large array of rights

to specific plots. The distinction between communal and private property,

however, is a rather harmful oversimplification, as it focuses on a simplis-
tic legal codification of land rights rather than on the process ''induced
institutional innovation" by which societies move from general land rights
to specific land rights by the gradual addition of one specific right after
another. While there are enormous variations in how this process proceeds
and while political powers have often interferred with it or speeded it up,
the general tendencies are as follows:

With general land rights, cultivators typically own only the right
to cultivate in a particular region. A lineage head assigns the right to
use a specific plot to cultivators who retain this right as long as they
actually cultivate the plot; when tﬁe current cultivator departs - usually
to leave the plot fallow - the use right to the plot reverts to the lineage.
In very land abundant environments outsiders are often welcome and general
cultivation rights may thus be available to lineage groups which are very
broadly defined to include almost everyone. When population densities
increase the groups or lineages become more nérrowly defined and more people
are regarded as outsiders who are excluded from the general cultivation right.

With the development of specific land rights the cultivator can
begin to assert certain rights in specific plots, starting Qith the right
to resume cultivation of the specific plot after a period of fallow. At

a later stage he asserts, and will receive, the right to assign the plot



- 37 -

to an heir or temporarily to another member of the same lineage; the use
right in the plot does not revert to the lineage head anymore. Such
changes often occur at different times in different regions or subregions
of a country. Often systems are still described as '"'communal property
rights system" when all land already is passed from generation to generation
within individual families. With increasing population density, the rights
assignable by the individual cultivator become more extensive and may
include the right to rent out the land to other lineage members, or even to
outsiders. Rights to graze cattle on fallow plots or stubble shift from
all members of the community to the individual. Eventually individuals
acquire the right to sell land.to other lineage members and even to out-
siders.

This transition to specific land rights improves incentives to
undertake investments into specific plots, investments which are required
for the intensification of production and preservation of fertility.

Population growth is not éhe only process which moves societies
towards more specific land rights. Any of the other factors which cause
intensification have the same effect. We therefore often see large
variations in the number of specific rights allocated to individuals within
different parts of the same country, depending on the degree of land
fertility and market access.

During our field visits in Sub-Saharan Africa, we asked a series
of questions that allowed us to determine if and how outsiders could acquire
land in a particular society. For this paper we categorized land acquisition

as follows: (1) easy access to land, where outsiders could obtain land
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merely by asking; (2) delayed access to land, where outsiders would have to
work for a year or more as farm labor before acquiring the privilege to
cultivate their own plots; (3) no access to land, where outsiders cannot
acquire any land in the village but there are as yet no direct sales of
land; (4) private property, where direct sales of land are possible

and prevalent. The relationship between access to land and population
density is presented in Graph 8. As expected it is relatively easy to
acquire land in areas with sparse populations than in areas with very dense
populations. Among the very densely populated locations direct sales of
land is prevalent in nine of the ten cases, the remaining case has no
access to land at all. Of the 14 cases under dense population, one observes
the transition to codified privafe property: six locations have no

access to land and seven have switched to private ownership of land. Moving
to medium population locations, we find an absence of private ownership and
a transition from delayed access to no access to land. It is only in the
sparsely populated locations that w; find easy access to land to be
generally true. The relationship between access to land and the evolution
of farming systems is presented in Graph 9. Since both the intensification
of farming systems and the access to land are related to population density,
the results match the ones in Graph 8. The movement from shifting to
permanent cultivation is associated with a parallel movement towards
privatization of agricultural land. Also, areas with better access to the
market are more likely to deny outsiders access to land and move more
rapidly towards codified private property. These results are presented in
Graph 10. Of the 29 cases with good or excellent access to markets 14
reported direct sales of land, 12 reported no access to land for outsiders

and two reported delayed access to land for outsiders.
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Conclusions

1. Far from being immobile and technologically stagnant "traditional"
African societies have responded to changes in population densities and
external markets with changes in farming systems, land-use patterns,
technology and institutions along systematic and predictable patterns.

2, Using data collected through field visits to 56 locations spread
across 10 countries in Sub-Saharan Africa and India, this paper provides
additional empirical support to Boserup's thesis on the direct relationship
between population growth and agricultural intensification. In addition to
population growth we show that improvements in market access through better
transport infrastructure have similar effects on intensification.

3. Intensification of agricultural systems is associated with a
movement from easy to work soils to relatively hard to work soils which are
more responsive to labor inputs, purchased inputs and to investments in land
such as drainage, erosion control or irrigation. The responsiveness to
intensification is higher on deep ciayey soils which have higher water and
nutrient holding capacity.

4, Intensification is generally associated with increased labor
requirements per hectare of cultivated area. Increased labor is required
not only for cultivation but also for land investments such as terracing
and irrigation, for maintaining soil fertility through intensive manuring
techniques, and where feasible for the maintenance of draft animals,

5. The switch from the hand hoe to animal drawn plows and later to
tractors is closely associated with the evolution of farming systems. The
switch to animal drawn plows occurs around the short fallow stage and not

before because it is only at this stage that the overhead labor costs for
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destumping and leveling fields and for training, feeding and maintaining
animals are the lowest. At the stage of annual cultivation tractors and
animals become almost perfect substitutes as it is here and not before that
the choice of techniques analysis becomes relevant.

6. The substitution of fallowing first with simple and then with
more evolved manuring techniques is likewise related to the evolution in
farming systems. The general use of chemical fertilizers,although associated
with intensification is not yet common in Sub~Saharan Africa. The select
use of fertilizers for specific market oriented crops, however, is on the
increase almost irrespective of farming intensity.

7. Finally, we show that the institutional arrangements for the
acquisition of land by individuals within the group and by "outsiders" are
not rigid but do change as increasing population densities or improved
market access makes land scarce. Land acquisition which is extremely easy
under shifting cultivation becomes more and more difficult as intensifica~-
tion leads to more narrowly defined‘groups or lineages and therefore results
in the exclusion of large numbers of people from acquiring the rights to
cultivate. The ultimate institutional change, and one which commonly occurs
under high population densities is one of clearly defined private property

rights with the ability to buy and sell land.
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