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Most systems of land reclamation by tradi-
tional farmers in the tropics involve significant 
modifications of surface relief: terracing, irriga-
tion, drainage ditching, and raised fields. Of 
these, raised-field cultivation (mounding and 
ridging) has received the least attention2 and is 
mentioned only briefly or not at all in most 
standard texts on tropical agriculture.3 However, 
recent discoveries of large numbers of pre-
Columbian raised fields throughout the Americas 
have stimulated interest in this topic (Denevan, 
1970). Most of these relic fields are in poorly 
drained tropical lowland savannas, suggesting 
populations that were once dense and produc-
tivity that was once high in areas where agricul-
ture is now regarded as marginal or impossible. 
The construction, functions and cropping of these 
fields are subject to speculation as there are no 
technical descriptions of them in use. Further-
more, contemporary raised-field cultivation in 
the Americas is limited to the rather unique 
chinampas of the Valley of Mexico and various 
instances of small platforms, mounds and ridges. 
With the initial objective of better comprehend-
ing the ancient New World fields, a survey was 
conducted of the literature on contemporary 
raised fields in the tropical Old World. Active 
raised-field cultivation was found to be surprising-
ly widespread and important, especially in sub-
Saharan Africa and in the Southwest Pacific. 

Information was sought concerning the forms 
and functions of raised fields and how these relate 
to environment, specific cultigens, and popula-

1 Revised version of a discussion paper for the Special 
Session on 'Domestication Processes and Effects'. 68th 
Annual Meeting of the Association of American Geo-
graphers, Kansas City, April 23-27. 1972. 

-The need for classification and greater study of agricul-
tural landforms, modern and ancient, including raised 
fields, is emphasized by Golomb and Eder (1964). 

'See. for example. Ruthenberg (1971) and Wngley (1969). 
However. Webster and Wilson (1966, pp. 141-45) do 
devote a few pages to ridging in the West Indies and East 
Africa. 

tion density. A variety of raised fields was identi-
fied. Often these features are described as drained 
fields. However, while drainage is usually a major 
objective, raised planting surfaces have other 
important functions. In this review, 'raised fields' 
include any prepared land involving the transfer 
and elevation of soil above the natural surface 
of the earth in order to improve cultivating con-
ditions. 

F O R M 

'Form' is used here to refer to shape, size, 
pattern and density of raised fields and associated 
structures. Shape includes both cross-sectional 
and aerial design. The two basic types of cross-
sections are cambered (convex) surfaces and flat-
topped platforms or beds. Aerial (vertical) de-
signs are more varied, with oval, linear and 
curvilinear, and quadrangular types. A combina-
tion of cross-sectional and aerial designs allows 
for a simple classification of raised-field shapes. 
These include mounds, linear and curvilinear 
ridges,4 crescent ridges, mono-level platforms, 
bi-level platforms, and bi-level mounded plat-
forms (platforms with mounds on top). Most 
raised fields fit into these categories, but some are 
very irregular in aerial shape. In some instances 
platforms have been sufficiently eroded to change 
them to a cambered cross-sectional shape. An 
additional category is that of floating gardens. 

Raised fields display considerable variation 
in size, with heights ranging from a few centi-
metres to about 2m, widths from 0.5 to 12m, and 
lengths from two or three to several hundred 
metres. However, seldom do the Old World 
fields reach the size of the relic fields of South 
America, which range up to 3m high, 25m wide, 
and 1,800m long. 

Other aspects of form are group pattern, or 
the spatial arrangement of fields in relation to 

J The Bontoc Igorot of Luzon sometimes build spiral sweet 
potato beds (Jenks, 1905, Fig. 3, p. 96). 
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one another, and density or percentage of 
raised surface for a given area. Finally, many 
raised fields are functionally associated with 
parallel, adjacent ditches and with other struc-
tures such as tie ridges, which also vary in shape, 
width, depth, pattern and density. 

The combinations of these aspects of raised-
field form obviously allow for tremendous di-
versity. This diveisity reflects the local interplay 
of environmental conditions, crop requirements, 
cultural tradition and technology, and popula-
tion pressures. 

DISTRIBUTION 

Raised fields are found throughout the tropical 
Old World, but they seem to be largest and most 
numerous in Melanesia and West Africa. In 
South and Southeast Asia, the poorly drained 
habitats where such fields might occur are today 
dominated by paddy cultivation. In some instances, 
however, the bunds or ridges surrounding paddy 
fields are planted in vegetables.1 and ridges or 
beds may be constructed and cultivated seasonal-
ly following paddy-field drainage. Following is 
a partial list, with selected references, of the loca-
tions of different types of raised fields. 

Mounds. West Africa (Morgan & Pugh. 1969, 
p. 68); Ghana (Wills, 1962, p. 142. Plate la); 
Nigeria (Bohannan, 1968. pp. 46-49; Faulkner & 
Mackie. 1933, p. 147); Congo Basin (Miracle, 
1967. pp. 162-63); Sierra Leone (Donald, 1970, 
p. 175); Uganda (Tothill, 1940, p. 126); Mali. 
Ivory Coast (De Wilde, 1967. pp. 306, 398); 
Tanzania. Zambia. Ghana (Allan. 1965, pp. 138-
40, 236); Zambia (Richards, 1939. pp. 302-4); 
highland New Guinea (Brookfield. 1961, p. 438; 
1962, p. 244; Waddell, 1972); Southeast Asia 
(Yen. 1963, p. 97); and Laos (Condominas, 1972, 
Fig. 5). 

Linear and Curvilinear Cambered Ridges. West 
Africa (Morgan & Pugh. 1969. p. 68); Mali (De 
Wilde, 1967, p. 306); Nigeria (Netting. 1968. pp. 
59-60); Tanzania (Deshler, 1967; Knight. 1970, 
pp. 227-28); Uganda. Kenya. Malawi, Tanzania 

' In the Tonkin Delta of North Vietnam, Gourou (1936. 
p. 407) described taised beds planted in vegetables and 
other 'dry' crops alternating with rows of paddy, a unique 
combination of drainage and irrigation. 

(Webster & Wilson, 1966, pp. 142-45); Zambia 
(Allan, 1965, p. 82); Sudan (De Schlippe, 1956, 
pp. 128-31); and Luzon (Philippines) (Jenks, 1905, 
pp. 95-96, Plate 42). 

Crescents. New Caledonia (Barrau, 1958, pp. 
20-21). 

Mono-Level Platforms. New Caledonia, Fiji 
(Barrau, 1958, pp. 20-21); Cook Islands, Tahiti, 
Raratonga, Aitu, Yap (Barrau, 1961, pp. 21, 26, 
28); New Guinea (Brookfield & Brown, 1963, pp. 
43-45, Pospisil, 1963, p. 124); Malaya (Clarkson, 
1968, pp. 79-89); Singapore (Ooi, 1963, Fig. 29, 
p. 264; Blaut. 1953); and North Vietnam (Gourou, 
1936, p. 407). 

Bi-Level Platforms. Coastal New Guinea 
(Barrau, 1958, p. 16); and Frederick-Hendrick 
Island (New Guinea) (Serpenti, 1965, pp. 25-26,35). 

Bi-Level Mounded Platforms. Highland New 
Guinea (Gardner & Heider, 1968, pp. 47-49; 
Brass, 1941; Howlett, 1967, p. 62). 

Floating Gardens. Burma (Sturtevant, 1970); 
Malaya (Adams, 1948, pp. 270-71); and east 
coast, India (Adams, 1948, p. 270). 

Mounds are found in all the major tropical 
regions for which information is available. The 
listing above suggests that cambered ridges are 
most common in Africa and platform beds in 
the Pacific; however, it is not clear from many 
of the descriptions and photographs of raised 
fields in both regions whether ridges or platforms 
are involved. 

There is very little information available on 
the numbers of raised fields or the area covered 
by them in different regions of the Old World 
tropics. In contrast, the extent of New World relic 
raised fields has been measured on air photos for 
several regions (Denevan, 1970). A study by Forde 
(1937. pp. 32-33) did report individual farms in 
Nigeria with up to 15.000 mounds, but averag-
ing 2,440 mounds per farm. The farms averaged 
approximately 0.6 hectare each, and the total 
area of active mound cultivation for one village 
was 930 hectares. However, without much more 
such data it is difficult to discuss the relative 
importance of raised-field cultivation in compari-
son with other forms of agriculture in the tropics. 
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FUNCTIONS 

The function of raised fields, or of any other 
type of agronomic soil manipulation, is to provide 
an improved medium for cultivation for a parti-
cular crop or crops in a particular environment. 
Three broad categories of functions can be de-
limited for raised fields: non-hydraulic, drainage, 
and moisture-retention. 

Non- Hydraulic Functions 
All raised fields provide certain non-hydraulic 

functions, whether intentional or not. These in-
clude the enhancement of soil fertility through 
pulverization and through the concentration of 
organic matter and top soil, modification of micro-
climate, control of weeds, control of erosion, and 
facilitation of harvesting. 

Pulverization of otherwise compact soils is 
generally recognized as important by indigenous 
cultivators. The Bemba of Zambia, for example, 
believe that the more the soil is dug and redug 
in making mounds, the more the fertility will be 
improved (Richards, 1939, p. 303). Pulverization 
helps create or maintain adequate soil aeration 
and also allows for easier and deeper root growth 
and expansion (De Schlippe. 1956, p. 130: Miracle. 
1967, p. 162). 

Soil experiments carried out on field plots in 
highland New Guinea by Clarke and Street (1967) 
indicate that tillage, including mounding, of grass-
fallowed soils improved aeration and drainage, 
resulting in increased nitrification and reduction of 
toxic concentrations of iron and manganese ions 
through higher pH and higher calcium content.1 

To some extent, then, mounding and ridging is 
a means of managing grassland soil without the 
plough. 

Increased soil fertility can result from the 
concentration of humic top soil in raised fields 
(Miracle, 1967. p. 162: Netting. 1968, p. 58; 
Morgan & Pugh. 1969. p. 68: De Schlippe. 1956. 

'"In sum, the experiment gives some substantiation to 
what all native gaideners in montane New Guinea know 
empirically: that the best soil for gaidens is on land newly 
cleared from well developed forest, and where forested 
land is so scarce that gardens must be made in grasslands, 
arduous soil preparation in the form of some sort of 
tillage is necessary if the gardens are to produce welt" 
(Clarke & Street, 1967, p. 11). 

p. 130). This is particularly important in the 
African savannas where the top soil tends to be 
very thin, low in organic matter, and infertile 
(Nye & Greenland, I960. P. 135). Where fields 
are associated with major drainage ditches, as 
in New Guinea, muck from the ditches is often 
thrown on the fields as fertilizer, and grass and 
other mulches are mixed with the soil (Brook-
field, 1961, p. 438; Pospisil, 1963, pp. 123-24). 
Grass or turf, weeds and crop residues are often 
incorporated into mounds in East Africa (Allan, 
1965, pp. 139-40: Richards, 1939. p. 302). 

"By placing humic or well-manured surface 
soil near the roots, ridges may provide better 
physical and nutrient conditions in the rooting 
zone than flat cultivation' (Webster & Wilson, 
1966, p. 142.) 

Whether buried organic matter will decompose 
faster than at the surface is not certain. 

In the Cameron Highlands of Peninsular 
Malaysia, Chinese vegetable beds mainly function 
as a planting medium in which soil texture and 
consistency have been reduced to a uniform fine 
tilth, and fertility is artifically provided by mixing 
in ash, charcoal, crop residue, and sometimes night 
soil, with later additions of liquid fertilizer made 
from prawn dust, dried fish or soy-bean cake. 
This growing mantle overlies a denser soil stratum 
which helps provide water retention but is not 
an important source of nutrients (Clarkson, 
1968, pp. 79-89). 

In view of the high labour inputs necessary to 
build raised fields, it is essential to maintain 
fertility above the level of the usually poor scrub 
and grassland soils in order to support semi-
permanent cropping and thus justify the labour 
investment in raised fields. 

In East Africa, ridges or 'ridge terraces' are 
constructed on moderate slopes along the contours 
primarily for erosion control. Washout may be 
prevented and water evenly distributed by the 
construction of cross ridges or 'ties' every few 
metres which create compartments in which 
water can settle. These ridges are usually cropped, 
in contrast to the uncropped vertical walls of the 
more common bench type of terrace (Webster 
& Wilson, 1966, pp. 109-13). Tie-ridging is des-
cribed for Nigeria by Netting (1968, p. 59). 
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Slope ridges in Tanzania often run against the 
contours, and contour ridges with ties to reduce 
erosion may be largely a European introduction. 
The risk of landslides during very heavy rains may 
be great if clay layers become oversaturated, but 
this can be minimized by ridges running downslope 
and carrying away excessive water, as long as the 
resulting increased erosion is less rapid than the 
formation of new soil. The ridges would conserve 
enough moisture for plant growth (Knight. 1972). 

Easier weeding and temporary control of 
aggressive grasses is another function of raised 
fields (Miracle. 1967. p. 162). Grasses are a 
nemesis to savanna farmers and must be con-
trolled to improve yields. Thorough disturbance 
of soils, such as occurs in the preparation of raised 
fields, tends to destroy grass roots (Nye & Green-
land, 1960. p. 3). During the process of preparing 
raised fields, root systems may be carefully re-
moved by hand (Clarkson, 1968. p. 771. 

A critical function of raised fields in uplands 
is the maintenance of suitable soil temperatures. 
The heat content of a soil reflects the degree of 
moisture saturation: a dry soil will heat faster 
than a moist one (Stankevich & Rubin. 1968. p. 1). 
Slight heat differentiation between a raised, driei 
surface and the normal soil may determine whether 
or for how long frost develops. Thermal functions 
of raised fields have been described for the west-
ern highlands of New Guinea in areas experienc-
ing low-altitude frost (Brookfield. 1961. p. 438; 
Waddell, 1972. pp. 152-68). Waddell discusses 
the functions of mounding by the Raiapau Enga 
in considerable detail and concludes that reduc-
tion of frost hazard is most important at higher 
elevations while maintenance of soil fertility 
is more important at lower elevations. Tempera-
tures on mounds were raised by as much as 0.5 
to 1.2 C. which was sufficient to make sweet 
potato cultivation and human settlement possible 
at higher elevations than might otherwise occur. 
The mounds serve to elevate the plants above 
the colder ground surface and to promote the 
drainage of dense, cold air away from the plants. 
Some heat is also generated by the decomposing 
mulch incorporated in the mounds. The orienta-
tion of a ridge to the sun can, of course, affect 
the degree of exposure to solar radiation (Knight. 
1972). Other aspects of microclimatic manage-
ment are discussed by Wilken (1972). 

Finally, raised fields make it easier to harvest 
root crops, as the loosened and piled soil reduces 
the difficulty of digging up the buried roots 
(Miracle, 1967, p. 162;^Knight, 1970, p. 227). 
Furthermore, when root crops are grown on a 
cambered surface, harvesting can be done at a 
shallower depth than would be possible on a flat 
surface. Another minor advantage, especially 
for ridges, is the allowance for pathways of acces-
sibility without a significant loss of planting sur-
face (Knight, 1972.)." 

Drainage Functions 
Drainage is often the major objective of raised 

fields. Raised surfaces provide drier cultivation 
conditions where there is permanent or periodic 
inundation or waterlogging, and thus are a means 
of reclaiming land that could not otherwise be 
cultivated. Where inundation is deep and long 
lasting, raised fields are associated with large 
ditches which aid in draining the subsoil of the 
fields and serve as reservoirs for the excessive 
water. In some instances, the ditches are systema-
tically engineered to carry water away from the 
area of cultivated fields. Drainage, of course, 
can also be brought about by ditching alone, 
without raised planting surfaces, but this seems 
to be uncommon among indigenous tropical 
farmers in both the Old and New Worlds where 
either raised fields or a combination of raised 
fields and ditches are the preferred means of 
drainage. 

Poor drainage and the usually associated densely 
packed soils prevent air penetration and retard 
the oxidation process. Lack of oxygen reduces 
the activity of soil mirco-organisms and ulti-
mately impedes the decay of organic substances. 
In addition, peaty soils common to some poorly 
drained sites contain high concentrations of 
hydrogen sulphide and other noxious gases which 
restrict root growth (Stankevich & Rubin. 1968, 
p. I). Elevated surfaces may provide a non-peaty 
soil more favourable for root production. Further-
more. drainage may also prevent soil slippage 
and reduce percolation (Brookfield. 1962, p. 248). 

Experiments conducted at Ruiru. Kenya, illus-
trate the drainage functions of raised fields (Robin-
son et ai, 1955" 1959; Brook & Robinson. 1959). 
Here the heavy clay vlei soils maintain a perched 
water table at a depth of about 30-45cm, with 
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consequent upper-level waterlogging. As a result, 
cropping usually fails when attempted on the 
natural flat surface. However, significant yields 
of maize, beans, pineapple and Napier grass were 
obtained on 60cm-high cambered beds, utilizing 
fertilizer or cattle manure. The raised beds elimin-
ated the impervious horizon, and the soil in the 
beds, while moist, was well drained internally. 
A cambered surface, in contrast to a platform 
surface, improved surface drainage during heavy 
rainfall, and the associated ditches drained the 
subsoil and carried oft" the excess water. Wide beds 
(about 10m) reduced the amount of land in ditches 
and hence lost to cultivation, but surface drain-
age was poorer where width was excessive. 

While ridging will improve yields by moderating 
the adverse effects of excessive rainfall or flooding, 
ridging may have the negative effect of reducing 
germination and growth of crops if planting is 
followed by a dry period and the raised surfaces 
dry out faster than would occur on a flat soil 
surface (Waddell. 1972. p. 166). However, cotton 
ridges in Uganda consistently had more moisture 
at the 30-180cm level than did flat ground. Thus, 
for root growth that had reached this level, mois-
ture availability was superior in the ridges even 
during dry periods (Webster & Wilson. 1966. pp. 
143-45). 

In the upper few centimetres of soil in raised 
fields there is a greater degree of moisture fluctua-
tion than on flat surfaces. One advantage of this, 
reported for ridges and mounds in Tanzania 
(Knight. 1970. p. 227). is an increase in nitrate 
flushes. 

Another drainage function, particularly im-
portant to the lowland tropics, relates to storage, 
which is often a problem for indigenous agri-
culturalists. Several tropical root crops can be left 
in the ground after maturation for varying lengths 
of time, but are subject to rotting if surrounding 
soils remain too moist. Elevated fields provide 
drier soils reduce rotting, and thus maximize the 
potential for underground storage through wet 
periods of the year. 

Moisture-Retail ion Functions 
A less common function associated with raised 

fields is that of soil moisture retention or actual 
irrigation. The classic example of this is the 

chinampa system of the Valley of Mexico, where 
raised planting surfaces are well above water, 
but roots tap subsoil moisture that seeps in from 
surrounding ditches. Similar situations involving 
true floating gardens have been briefly described 
for the Malay Peninsula and coastal India, where 
they are used for seed beds for paddy (Adams, 
1948 pp. 270-71), and at Inle in Burma, where 
both floating and non-floating artificial islands are 
used mainly for vegetables (Sturtevant. 1970).1 

Elsewhere, moisture concentration and retention 
undoubtedly occur in ditches, and moisture is 
available to nearby roots of crops on adjacent 
raised fields well into the dry season when ade-
quate moisture might not otherwise be available. 
Also, the cambered shapes of ridges and mounds 
provide a greater surface for the soak-in of rain-
water (Knight, 1970, p. 228). And. as mentioned 
above, moisture availability may be superior 
below 30cm depth in ridges as compared with 
flat surfaces. 

In the African savannas, mounds are often 
constructed after rains so that wet soils can be 
concentrated to maximize soil moisture for new 
crops (De Schlippe, 1956, p. 130: Miracle. 1967, 
p. 162). In addition, small bundles of dried grass 
are sometimes spread on top of individual mounds 
as a moisture-retention device. This technique 
also may act as an impediment against soil erosion 
and provide protection from the sun for sprouting 
tubers, especially yams (Bohannan. 1968. p. 48), 
as well as providing a fertilizing mulch. In south-
central Tanzania swamp cultivation with ridged 
fields may reflect a more reliable moisture supply 
than is available on surrounding hillslopes (Desh-
ler. 1967). 

This review is concerned with man-made raised 
fields, but mention should be made of the cultiva-
tion of certain types of termite and ant mounds, 
both levelled and unlevelled, in Africa and Asia 
(Harris. 1961. Plate 8, p. 81). The main functions 
seem to be concentration of fertility and better 
drainage. The greater fertility of 'termite soil' has 

•Better known, but outside tropical Asia, are the floating 
gardens (rddh) in the lakes of Kashmii, which are used 
for cucumbers, melons and other vegetables: non-floating 
raised fields (demb) are also common in the shallow lake 
waters and swamps (Lawrence, 1S95. pp. 344-45: Sturte-
vant. 1970). 
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been questioned, but there may be more available 
calcium at the surface in some situations, and 
mounds which are not too steep-sided tend to 
concentrate wind-blown organic residues (Griffith. 
1938). Possibly the utility of such natural fea-
tures inspired the construction of artificial raised 
fields in some areas. 

PRODUCTIVITY 
Raised fields have a number of functions, both 

implicit and explicit, which are advantageous to 
crop production, particularly in poorly-drained 
tropical grasslands. Of course, not all the functions 
mentioned are operative in a given situation. 
Results of experiments in East Africa have shown 
that raised surfaces do have higher yields in areas 
subject to waterlogging, ' . . .but in other areas 
their effect on crop yields has been found to be 
variable" (Webster & Wilson. 1966. p. 143).1 

However, agronomic research in Nigeria and 
Tanzania has indicated that, even with good 
drainage, raised-field cropping brings significant-
ly greater yields (up to 600 per cent) than flat-
land cultivation. Indeed, these tests indicated that 
larger mounds produced larger yields, partly 
because of deeper loose soil (Oyenuga. 1967. p. 
164; Faulkner 1944. p. 177). On the south shore 
of Lake Victoria. Bowers (1965) found that weed 
control, water-holding capacity, and resistance 
to washout were directly related to size of ridges. 
There is uncertainty as to the difference in pro-
ductivity between mounds and ridges of similar 
height and under similar conditions. Brown (1931. 
p. 205) reported no significant variation for yams, 
except for a slight improvement for ridges where 
the land was also trenched. On the other hand, 
Tothill (1940. pp. 127-28) noted that sweet potato 
mounds made by hand proved superior to 
mechanically produced ridges, but this may have 
reflected technique rather than form. Generally, 
the effect of ridging and mounding on yields will 
vary with types of soil, topography, total rainfall 
distribution, crop grown, and date of planting 
(Webster & Wilson, 1966. p. 143). Certainly 
much more field research is needed on the func-
tions of raised fields, such as the study by Waddell 
(1972). and how productivity is affected. 

'Sec Webster and Wilson (1966. pp. 143-44) for tables 
comparing yields under flat land and tie-ridge experi-
mental cultivation of cotton, sorghum, millet, beans and 
maize in Tanzania and Kenya. 

A major conclusion is thai raised-field agricul-
ture constitutes one of the optimum utilizations 
of certain tropical environments. Such is suggest-
ed by Tothill (1940, p. 127). in reference to raised-
field sweet potato production in Uganda: 'Ex-
perimental work on the crop has not indicated 
any improvements on the native methods of 
cultivation.' 

ENVIRONMENTAL RELATIONS 
Most raised-field systems are found in grass-

land or savanna where soils are dense, weedy 
grasses are a problem, fertility is low. and where 
drainage is poor, with either permanent, prolong-
ed or at least temporary inundation or waterlog-
ging. Inundation is, of course, associated with flat 
or nearly flat terrain, but waterlogging can be 
severe even on moderate slopes. Inundated condi-
tions of variable length can result from either 
torrential rainfall or river overflow. 

Generally, as inundation increases in depth and 
duration, individual elevated surfaces become 
higher and are bordered by more explicit drain-
age ditches. Good examples of a progression in 
size with increasing inundation are found in New 
Guinea. At the extreme swamps cover so much 
of Frederick-Hendrick Island that large, high 
raised fields are essential for any type of non-
aquatic cultivation. Raised fields are also found 
in grasslands with good drainage, especially in 
the African savannas where the primary func-
tions of the fields often are non-hydraulic. Ex-
ceptions to the grassland or savanna location of 
raised fields do exist. Mounding systems occur 
in tropical forest clearings in the Congo Basin 
(Miracle, 1967. pp. 162-63) and probably else-
where in African forests. Platform gardens on 
pilings have been reported in the mangrove swamps 
of New Guinea (Barrau, 1958. p. 15). and the lake 
fields of Asia have already been mentioned. 

RELATIONS TO CERTAIN CULTIGENS 
A wide variety of crops can be and are planted 

on raised fields. Maize and other grains are grown 
on linear ridges in West Africa, and plantains 
are sometimes grown on mounds. However, root 
crops are by far the most common plants grown 
on raised surfaces, especially yams, sweet potatoes 
and manioc. 

Locally, there may be a definite relationship 
between certain crops and certain types of raised 
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fields. In most parts of West Africa, for example, 
the general rule "...appears to be ridges for cereals 
and mounds for roots' (Morgan & Pugh, 1969. 
p. 68). However, the factors responsible are not 
completely clear. 

Yams (Dioscorea spp.) are common on raised 
fields in Polynesia. Melanesia and West Africa. 
Indeed, the planting of yams on ridges and 
especially on mounds "... in the West African 
yam zone is almost universal" (Coursey, 1967, p. 
79). Sweet potatoes (Ipomoea batata) are also fre-
quently grown on raised fields throughout West 
Africa and the South Pacific, and there is a parti-
cularly close association in highland New Guinea. 
Reference to the cultivation of manioc (Manihot 
esculenta) on raised fields in the Old World tropics 
was found only for West Africa and Frederick-
Hendrick Island. Such practice is limited and not 
essential to manioc cultivation (Jones, 1959, p. 
21), nor. for that matter, is it absolutely essential 
to other root crops. Mud beds supporting taro 
(Colocasia esculenta) have been reported on some 
Pacific islands (Barrau, 1961, pp. 21, 24. 26) and 
on the bi-level platforms of Frederick-Hendrick 
Island (Serpenti. 1965, p. 26). However, taro is 
more moisture demanding and tolerant than other 
root crops (Barrau. 1965) and is not usually 
grown on well-drained raised surfaces. 

In contrast to grains and most other ground 
crops, many root crops require a long growing 
season and thus are more likely to extend into the 
portions of the year when inundation and water-
logging are excessive. Furthermore, the main 
edible portions of the plant are below ground and 
therefore especially susceptible to rotting when 
there is too much moisture present. With so much 
of these plants growing below ground, and be-
cause of the potential for storage, loose and 
pulverized soil is an advantage. (Both yams and 
manioc store well, but yams are somewhat more 
prone to rotting.) In general, but not exclusively, 
it can be said that the functions of raised fields 
are more applicable to root crops than to other 
crops. Given a cultural preference for root crops, 
which compared to most other staple foods are 
very high in calories but low in protein, cultiva-
tion on raised fields is a clear advantage in some 
severe environments and essential in others. 

Combinations or rotations of raised and flat 

fields exist in Africa. The Nyiha in Tanzania, for 
example, from year to year may rotate ridged 
fields growing root crops with flat fields growing 
broadcast grains. Or mounds may be thrown up, 
incorporating weeds and grass, but they are then 
levelled for broadcast grain (Knight. 1972). Thus 
some of the functions of mounding are transferred 
to flat land cultivation. 

RELATION TO POPULATION DENSITY 
Considering that raised fields represent a form 

of reclamation of marginal land for cultivation 
and that such fields are more intensively utilized 
(more frequently cropped) than most lands under 
shifting cultivation, it is not surprising to find a 
relationship between raised-field agriculture and 
populations which are relatively dense for the 
rural tropics. Furthermore, the number, size and 
total area of raised fields generally reflect the 
density of the associated population. 

In the African savannas, population densities 
are not particularly high, and ridges and mounds, 
where present, are usually not very large or elabo-
rate. On the Jos Plateau of Nigeria, however, 
where population densities reach 100 to 450 per 
square kilometre, laige ridged fields are numerous 
(Netting. 1968 pp. 59. 110). The Yako of the 
Cross River region of Nigeria, with a density of 
about 90 per square kilometre, have enormous 
fields of mounds (Forde. 1937, pp. 26, 32-33). 
For New Guinea. Brookfield (1962, pp. 244-45) 
indicates an increasing complexity of raised 
fields and ditches with increasing population 
density. Raised fields seldom occur with population 
densities under 20 per square kilometre and are 
most elaborate where de isities exceed about 80 
per square kilometre, as with the Dani people of 
the Baliem Valley. 

Boserup's (1965) much discussed hypothesis 
explains agricultural intensification as a function 
of population pressure.' For raised-field cultiva-
tion more precise data are needed on actual 
population densities and associated field forms, 
but evidence is generally supportive of Boserup, 
as is indicated in conclusions reached by Brook-
field (1962. pp. 252-53). Clarke (1966. p. 357). 

'The literature on the Boserup model is now considerable. 
In particular, see Spooner (1972). The concept is not a 
new one. but current attention dates from Boserup. 
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and Netting (1968, pp. 114-15). The argument 
would follow, then, that as population increases, 
with no better land available, grassland and then 
poorly drained grassland and swamp would be 
reclaimed by raised fields (and/or ditching), with 
the size of the fields and adjacent ditches becom-
ing larger as drainage becomes worse. It should 
be pointed out. however, that qualifications to 
the Boserup thesis have been suggested lecently 
by a number of scholars, including Brookfield 
and Hart (1971, p. 120). Brookfield (1972). and 
Waddell (1972, pp. 217-20), who have done re-
search on raised field systems in the Central 
Highlands of New Guinea. Whether the use of 
raised fields in theWessel Lakes area of New Guinea 
in 350±120 B.C. (Lampert, 1967) is indicative 
of a dense population that early is uncertain.1 

Comparative field work on contemporary raised 
field systems would be very valuable for better 
understanding the process of agricultural intensi-
fication, both past and present. 

CONCLUSIONS 

The available evidence on raised fields in the 
Old World tropics indicates a wide diversity 
of forms and a broad dispersal within grasslands 
and swampy environments. Although usually 
considered a means of drainage, raised fields 
have a number of other functions which improve 
conditions for crop growth, storage and harvest-
ing, especially for grassland soils. These other 
functions are often of primary importance in the 
African savannas, while drainage is usually the 
major function on the Pacific islands and in parts 
of tropical Africa. In some areas of highland New 
Guinea, climatic modification is the major func-
tion. The cultigens grown on raised fields are 
predominantly root crops, the functions of the 
fields generally being more applicable for them 
than foi other crops. Possibly the most important 
conclusion is that the presence and the size and 
density of raised fields reflect population pres-
sure. Raised fields are a means of marginal-land 
reclamation and represent an intensive type of 
tropical land use generally not practised in aieas 
of sparse population. 

'This is the oldest reasonably reliable date for raised 
fields anywhere in the tropics. Origins in most other areas 
have probably been more recent. 

A comparison with the pre-Columbian raised 
("ridged") fields of Latin America (Llanos de 
Mojos, Ri'o San Jorge, coastal Surinam, Guayas 
Basin, Orinoco Llanos. Lake Titicaca, Sabana 
de Bogota, Casma Valley, Yucatan, Belize) is 
difficult. Only the small 'lazy beds' of the Andes 
and a few minor instances of larger raised fields 
are cultivated today. However, the relic fields 
display similar characteristics to their Old World 
counterparts, such as location and form. The 
lowland Latin American fields are mostly on 
grassy terrain with poor drainage and usually 
subject to seasonal inundation. Often the relic 
fields are much larger than those of the Old 
World tropics, but shapes and group patterns are 
similar. 

Several of the conclusions reached here seem 
applicable to, and thus suggest additional 
information about, the relic fields of Latin 
America. The relic fields provided important 
agronomic functions in addition to drainage. 
The major plants grown were probably root 
crops (manioc, sweet potatoes, potatoes). The 
presence of relic fields is probably indicative of 
dense populations at the time the fields were 
built and utilized. Abandonment of the fields 
might therefore be explained by population de-
cline. 2 

Most raised-field cultivation in the tropics is 
practised by traditional farmers for subsistence. 
Undoubtedly, considerable areas of marginal 
soil could also be productively reclaimed for 
commercial agriculture, using machinery and 
fertilizer, depending on whether or not costs 
were excessive. It is surprising that there has not 
been more controlled experimentation with and 
development of raised fields such as that reported 
by Robinson and associates(1955, 1959) for Kenya, 
and by Bowers (1965) and Faulkner (1944) for 
Tanganyika and Nigeria. In tropical America, 
in particular, the technique is a 'lost art ' . 

Finally, both relic and operative raised fields 
with similar forms are found throughout the 
world, including North America and Europe, and 
not just in the tropics. Present evidence suggests 
that these similarities usually reflect similar 
functions rather than long-range diffusion. 

2See, for example. Turner (1974) on the Classic Maya. 
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