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THE PLACE OF TROPICAL SOILS 
IN FEEDING THE WORLD 

Robert L. Pendleton 2 

WHAT ARE THE POSSIBILITIES ANO Lil\fiTATIO S of hu
rnid, tropical, lowland soils? 'Vhat can these soils contribute 
to the feeding of the world? vVhy can they not contribute 
as much as many persons think they can? 

Now that the airway _offer more facilities and ea e 
for travel, hundreds of passengers are flying over the enor
rnous and rnagnificent equatorial fore ts of the Congo and 
Amazon basins. Literally frorn an arrnchair, high above 
these forests, the layman who has enough interest to look 
out of the plane window, down up,on the lush vegetation, 
easily gets the idea that the potentialities of the tropics 
are unlimited. 

Befare it wa po sible to travel so easily above thesc 
va t and magnificent forests, thc relatively few travelers 
who aw the humid, tropical river valleys such as the Ama
zon, did so from the vantage point of the small river steam
er or dugout canoe. U ually gallery or fringing fore ts 
stand a long the river banks; and not so far back from the 
river are open, worse that useless gra slands. Befare the 
age of air travel, the occasional traveler on the rivers un
doubtedly obtained an exaggerated idea of the extent of 
the tropical forests. But such travelers did have, frorn time 
to time, opportunities to go ashore, and perhaps to get some
thing of a worm's eye view of the forest. A U. S. agri-

1 The substance of a lecture delivered befare "Friends of the Land" 
in Chicago, lst July 1953. 

!! Professor of Tropical Soils and Agriculture, The Isaiah Bowman 
Department of Geography, The John Hopkins University. 
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cultural atta'Ché in Venezuela, planning a trip up the Ori
noco River, was being dissuaded by the river boatman 
with the remark, "Why do you want to go up this river? 
There's nothing up the river but the banks". 

It is also true that a traveler on foot through humid 
tropical lowland forests gets the idea of lush vegetation, 
and the impression that the ability of the soils to produce 
plants is unlimited. Often these forests are so thick and dense 
overhead that seldom can he see the sky. If he is standing 
on the forest floor he does not know whether it is raining 
or whether the sun is shining up above the forest, until the 
raindrops begin to fall to the ground. Where he must keep 
to the trail, or cut hís way through the vines and ground 
cover, and where he is continually oppressed by the dense
ness and gloom of the forest, to say nothing of the leeches 
reaching out for him from the shrubbery along the path. 
he finds travel in these forests extremely unpleasant. The 
difficulties of travelling through the equatorial rain forest 
of the Congo basin are described, with great restraint, by 
Stanley in his "Darkest Africa"; though the woodcuts are 
totally inadequate to represent conditions within an equa
torial forest. Y et after many failures to get an adequate 
record photographically of conditions in the forest, the cam
era man is not inclined to be so criücal of the woodcuts. 

DIFFERENCES BETWEEN TEMPERATE ANO TROPICAL REGIONS 

The differences between temperate and tropical r e
gions and the vast and rich, almost unexploited, timber 
and soil resources especially of the tropics continually ap
peal to the stranger. He cannot rid himself of the idea that 
there are vast fortunes to be made in tropical regions, or, at 
least, that unlimited quantities of raw materials needed in 
temperate zones can be obtained in such areas. An outstand
ing example of this is. the so-called "groundnut scheme" of 
Great Britain which was undertaken in British East Afri
ca. This resulted in a shocking loss of capital, and the fi
nal results in oil produced were disappointing, to put it 
mildly. Then there have been the efforts of others to pro
duce food in South Amerka. Recent eyewitness reports are 
to the effect that these schemes are producing most mea-
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gre results, considering the investment of capital of somc
thing close to six million dollars. 

The history of agriculture in Malaya, Ceylon and. 
elsewhere in the humid low latitudes in the production of. 
rubber and tea is scarcely known in America, but 50 years. 
ago the soil erosion in the orchard-like tea and rubber plan
tations in those regions was appalling. Tea and rubber 
seem to be able to get along on soils with only modest 
amounts of plant nutrients, though for profitable produc
tion on exposed subsoils (for the surface soil has often long 
sin ce be en lost) both these crops respond well to a ppro
priate applications of commercial fertilizers. 

Too often, however, particularly in the vast interiors 
of equatorial Africa and equatorial South America, there 
has been too little erosion. The residual products of weath
ering have accumulated, after the principal nutrient ma
terials ha ve long since been leached from the soils: iron has 
accumulated as laterite, less often aluminum as bauxite, or 
more often as kaolinitic clays, and silica as quartz sand. It 
may seem rank heresy to emphasize the fact that any re
gion can suffer from too little erosion, but this certainly is 
the case in considerable portions of the one tropical region 
which 1 know best, Siam, now officially known as Thailand. 

THE SmL-FoREST CoMPLEX 

It is likely that these magnifi,cent forests in humid 
equatorial lowland regions started when the soil was not so 
poor, when rocks had not yet weathered so deeply, so that 
there was not such a scarcity of plant nutrients in the sur
face soils within the reach of the roots of the forest trees 
and other plants. The forest developed great luxuriance, 
while the tree roots went deeper and deeper. As long as 
there was no general destruction of the forest vegetation, 
there was very little waste or loss of plant nutrients with
in the rea-ch of the tree roots, for as soon as one 
tree died and fell to the ground, it was quickly attacked by 
termites, mold, fungi, etc. and within a year or two, prac-
tically all of the plant nutrients were liberated in the min
eralization of the plant materials. Roots of the surrounding 
trees and plants immediately took up all of these nutrients_ 
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They were taken ba~tk into the forest vegetation without 
any considerable proportion being lost to the deeper per
colating waters. In other words, the plant nutrients were 
being cycled -being used in the forest vegetation over and 
over again. But the soil itself was changing. Weathering 
had been progressing deeper and deeper. While most of 
the plant nutrient substances were being held by the roots 
of the vegetation, small portions were lost by too rapid per
colation and perhaps sorne by erosion. The mineral soil it
self was becoming poorer and poorer. 

Felisberto ae Camargo has described one of the most 
striking examples of a magnificent dense and tall equato
rial forest (selva) which had developed on a soil which has 
proven useless for annual agricultura! crop production. 
This is the country through which runs the railway from 
Belém to Bragan~a, state of Pará, Brazil. 3 South of the 
mouth of the Amazon River is an enormous region of low 
rolling country on which once stood a magnificent high 
tropical rain forest. Sorne seventy years ago the govem
ment undertook to develop t_his region. The great need for 
development of the selva east of this region was because 
1ess than a thousand miles to the southeast in northeastero 
Brazil is a region where drought is almost chronic. Even 
during this last year thousands and thousands of villagers 
from this drought stri1cken region have been going sorne 
hundreds of miles bv road to Sao Paulo for work because 
of the too rigorous cÓnditions in the northeast. I remember 
clearly when in Sao Paulo in 1949 seeing the open truck
loads of peasants coming in after a week or more of dusty 
travel by road from the northeast, when they could no 
longer find any way to make a living because of the drought 
in the arid and too often rainless country. 

As a start in developing this Bragan~a region, the gov
ernment built a railroad east from Belém and assisted 
villagers to come in from the dry regions to the east. Settlers 
carne in, the land was deared and crops were grown. The 

a Felisberto C. de Camargo, "Terra en colonizacao no antigo e novo 
Quaternario da zona da estrada de Ferro de Braganca, Estado de 
Pará, Brasil." Boletim de Museu Paraense E. Goeldi, Vol. X, 1948, 
pp. 123-147. (In English in: Dept. of State Pub!. 3382, Internat'l. 
Organization & Conf. Series II, Amer. Republics 4, pp. 213-220, 
Section III). 
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first crop following the clearing of the forest was often very 
encouraging, but thereafter the crops were extremely poor. 
It oon became evident that it was impossible to cultivate 
these very poor sandy upland soils continuously and to de
velop a permanent agriculture on them. 

Before his most untimely death in 1942, Geoffry Mil
ne, soil chemist to Tanganyika Territory: British East Afri
ca, contributed greatly to a better understanding of tropi
cal soil-plant relationships. As a result of his field studies 
in Trinidad and British Guiana 4 he pointed out that while 
"It is true that in better known floras there are always a 
few 'indicator' plants, but all plants must indi,cate some
thing, and what most of them could tell about the soil is 
quite insufficiently known". Milne continues that "the diffi
culties due to the nature of the soil-plant relationship may 
be stated briefly thus: 

" ( 1) However faithfully a natural vegetation may reflect thc 
soil conditions that have promoted it, we usually propose to change 
or remove that veaetation for the purpose of our uses of the land, 
and we shall thereby change the conditions, perhaps fundamentally. 
A soil and its plant cover have interlocking identities; and what wc 
have thought of as forest soils or prairie soils cease to be such with
in a short period after the trees have been cut or the sod turned. 

"(2) The soil properties that are significant to a natural veaeta
tion and receive e":pression in it are not necessarily those that will 
be of most significance to the crop proposed for replacing it. Crop 
plants will u ually have a more urgent demand for nutrients and 
may ha ve a different range of tolerances". 

Milne visited a project on the island of Trinidad where 
natural forest of mediocre value had been cleared aud 
the land used for annual crops. The settlers of East Indian 
stock had not been able to continue cropping the land for 
more than a very few years because the fertility had drop
ped very rapidly. Milne was convinced that neither the 
peasants' lack of skill nor soil erosion in any form could be 
blamed for the almost complete abandonment of the hold
ings when he visited the area. 

Milne also describes conditions in a forest reserve in 
Trinidad, where temporary settlers for one year only, had 

4 G. Milne, "A Report on a Journey to parts of the West Indies and 
the United States for the Study of Soils, February to August 1938." 
East African Agric. Res. Sta., Amani, Tanganyika Territory, Gov't. 
Press, 1940, 78 pp. 
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cut the forest, made charcoal, and raised one crop of food 
in lieu of wages. He tated that the Forest Department had, 
however, experienced the greatest difficulty in e tabli h
ing the desired stand of valuable ( indigenous) trees on 
the land that has been cleared and cropped in this manner. 
On the occasion of Milne's visit the Conservator of Forests 
expressed the opinion that giving over the ground to the 
cultivator for even one year had been an expensive mistakc. 
The replanting operations had been handicapped thereby 
to the point of defeat. The only hope of replacing natural 
forest by commercial forest lay in preserving the continuity 
of forest conditions through the transition as far as pos ible. 
In other words, the forest soil must be maintained a an 
entity, without ·changing it first into something else by alíen 
prooces. es of tillage and exposure. 

Milne concludes that "both these Trinidad soils had, 
in fact , a fertility quite sufficient to maintain mixed forest, 
or to grow satisfactory forests of commercial timbers. but 
they had this fertility only so long as the reactions of for est 
u pon soil properties were maintained without interruption. It 
was not cxpressable through field crops, because the clear 
felling, buming and tillage necessary in preparation for 
such crops ha , as it were, dismembered the soil a a work
ing system, and the 'scrap' that was left did not provide 
the makings of an agricultura! oil. Not even a good forest 
oil could be rebuilt from it; there had been lo s of essential 

parts and the mechanisms of a year or two before could not 
be resto red to working order". 

Once a tropical forest is cut and burned, the land clear
ed, mo t of the minerals from the forest growth are di i
pated. Of course, in the ashes the minerals are freely solu
ble, the ycung plant growth of the crop being grown can 
take in only a small part of the liberated nutrients, the rest 
are \-vashed deep into the soil by the heavy rains of the sum
mer. Certainly at least 90 percent of all the plant nutrients 
are qui•ckly w.ashed below the range of the roots of any 
crop or annual plant growth. A second year's crop is almost 
im po sible to raise beca use the andy oi] i o poor; the 
farmers leave it and clear mo¡;-e forest land. The abandoned 
land is gradually occupied by wild bushes and small tree.s. 
It is obviously uneconomic to use commercial fertilizers on 
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the soils for the production of subsistence crops for they 
cannot, and do not, justify the expense. As Milne empha
sized, once the soil-forest system is broken, the cycle inter
rupted, it is quite impossible to restare the forest-soil rela
tionships. The Brazilian agricultura! scientists who have 
been studying this problem are convinced that it is not eco
nomi·cally possible to raise crop plants on these sandy upland 
·oils. Therefore, they are urging the settlers to go down 
and dike the lowlands along the rivers, to use the lmvlands 
for lowland rice and pasture, and use the uplands only for 
building sites for their farmsteads. The effectiveness of this 
sy tem is being demon trated on their governmental exper
imental farms near Belém, and it is promising. It should 
be remembered, however, that these river lowlands are 
branches of the local streams which discharge into the 
Amazon estuary so that their levels are not greatly affected 
by the changes in level of the Amazon River proper. 

THE AMAZON V ALLEY 

The Amazon valley has been more often described by 
popular writers than almost any other tropical region, and 
its imagined possibilities for food production have been 
enlarged upon at great length. 5 6 Most unfortunately, the 
potentialities seem to be very limited, even more limited 
than the just referred to experiments near Bragan<;a would 
sugge t. As Marbut and Manifold pointed out more than a 
quarter of a century ago, the alluvial plain of the Amazon 
Valley is relatively very narrow, often only a few miles in 
width. 

"The alluvial soils constitute a sixth group. They are in gen
eral of two kinds. ( 1) Well drained loams and very fine sandy 
loams occupy the immediate banks of the rivers in a narrow belt 
rangin~ from a few feet to a few hundred yards in width. They 
lie on the natural levee and are moderately well drained, subject 
to floodin~ for a short period each year, but highly productive. (2) 

5 Michael Scully, "Amazing Amazon." The Rotarian, Aug. 1952 
pp. ~!;-~6. 

6 Earl Parker Hanson, "Mankind Need Not Starve." The Nation, 
Vol. 169, N • 20, Nov. 12, 1949, pp. 464-467. 

, 1949. "New Worlds Emerging." 373 pp. Duell, 
Sloan and Pearce. New York. 
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Heavy, imperfectly drained to poorly drained 'back ~wamp' soils are 
often dark in color and heavy throughout the whole section. They 
are subject to long periods of inundation. Considerable areas are trce
less. Thc belts in which they lie contain many shallow lakes and 
swamps". 7 

The reports are that last year ( 1953) during the high 
water season the Amazon River levels were 15 to 20 fect 
above the street level at Manaos. Higher up the Amazon, 
as at !quitos, the variations in the level of the river in 
different seasons of the year are from 50 to 60 feet or more. 
Obviously, it would be quite impossible to keep out flood 
wa ters by raising dikes high enough along the mid Amazon 
which would be needed in order to plant rice or other 
lowland crops in the remaining portian of the alluvium. 

The largest scale experiments in the development of 
the Amazon Valley are certainly those of the Ford Motor 
Company. The engineers planned first to exploit the forest 
timber and by clear felling the forest, to make clearings in 
which to plant Hevea rubber. They built the largest mod
ern saw mili in South Arnerica to work up the forest trees 
into timber for export to temperate regions. Undoubt
edly one of the most serious difficulties was to market the 
large number of different kinds of tropical timbers. This 
has always been a problem in the Philippines where there 
are over 400 different kinds of timber trees which can be 
used but there is seldom enough of any one of these to make 
exploitation of most sorts econornical. 

It is not well understood how very diversified all 
forms of life are in tropical countries, not only trees but 
insects, birds, fishes, etc. As an example of diversity I may 
refer to Mt. Makiling in the Philippines; on whose slopes 
was our home for about 12 years. On this one small extinct 
vokano less than 4,000 feet high, and perhaps ten miles in 
diameter at the base, a botanical survey showed that ther"' 
were more different species of woody plants than in the 
entire United States. 

Retuming to Ford's experiments in the central Ama
zon: It should be mentioned that at the start this project 
was in the hands of engineers, not agriculturists. The first 

7 C. F. Marbut and C. B. Manifold, "The Soils of the Amazon Basin 
in Relation to Agricultura! Possibilities." Geog. Rev., Vol., 16, 1926. 
pp. 414-442. 
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timber mill and plantation, Fordlandia, was well up thc 
Tapajos River. The site was found not suitable for the 
growing of rubber. A second site, called Belterra, was found 
nearer the Amazon River. In 1949 I visited this plantationy 
<1.nd was much impressed with the growth of the trees and 
with the general layout of the plantation on a plateau well 
above the river. It should be mentioned that H evea brasi
liensis (Par á rubber tree ) does not require a very fertile 
soil. It is native on the poor upland forest soils of the Ama
zon Valley but it does not thrive where the drainage is very 
poor. Hevea trees should have reasonably good drainage. 
The development of the Belterra plantation had been ex
pensive, in part, because of the South American leaf dis
ease, so that double budding is necessary in order to gct 
the highest yielding types of trunk panels to grow and to 
carry disease-resistant crowns. A•ctually three different kinds 
of tops had been budded onto clonal trunks to retard thc 
spread of the leaf disease. When I visited this plantation 
in 1949, it was under control of the Brazilian Government; 
the management was tapping as many of the trees as po si
ble with the available labor. In spite of inducement to 
labor there were never enough workers to tap the trees 
already large enough for tapping. The Brazilian Govern
ment bought Ford's $ 11,000,000 investment for a mere 
$ 250,000, but even on this basis, and without any capital 
charges to meet, and with a protected market in Brazil for 
all the rubber they produced, it w.as understood that the 
plantation was barely making ends meet. 

However, in the Amazon Valley there are more seriou 
difficulties than even the poor soil. Sorne of these are des
cribed very vividly by Vicki Baum in her novel, "The Weep
ing Wood" . It is impossible here to di cuss the social and 
economic relationships and the motives back of the conquis
tadores from Europe who explored the New World about 
400 years ago, setting the pattern for development of the 
govemmental, economic and social relationships., but a
Vicki Baum describes them, certainly the feudal pattern 
imposed by the Portuguese has persisted with amazingly 
little change. I have elsewhere referred to this as the "Ibe-

s Published by Michael Joseph, Ltd., in London, 1945. P. 508. 
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rian curse" 9 which has been imposed upon so many of the 
tropi•cal regions. 

Central Brazil is a vast region of old plateaus and erod
ed uplands but with only a very moderate relative relief. 
One might ay that there has been really too little erosion 
in this country where the laterite capping of the uplands 
has further retarded geographical erosion. 10 

THE PHILIPPINES 

The Philippine Islands are a region of diversified 
rocks, relief and soils. The climate also is diversified. There 
are humid lowland rain forests and in the northern two
thirds of the archipelago typhoons are frequent. In Minda
uao, by contrast, typhoons practically never occur. The Phil
ippines have many volcanoes, sorne of them recently active. 
Fertile soil has developed from the volcanic ash. These vol
canic soils are outstanding in their productive capacity. The 
relatively rough relief of the Philippines has maintained 
geological erosion on a considerable cale; as a result, almost 
no laterite has developed. In other words, normal erosion 
and good drainage have prevented the development of the 
iron hardpan (laterite) characteristic of considerable 
areas of older uplands of southeast Asia, of tropical Amer
ica, and of tropical Africa. 

Unfortunately the Philippines, too, suffered from the 
Iberian cur:.e. During the early years of this century, when 
the United States of America was in control of the Philip
pines, and had the power to change conditions and to do 
away with the majority of the evils of the imposed feudal
Ji m , the opportunity was largely missed and such progress 
of this kind which the American government did make has 
been quite emasculated after 1916 by the activities of the 
Philippine government, as Karl Pelzer has shown in his 
chapter, "Landless Filipinos". 11 

1l Robert L. Pendleton, "Potentialities of the Tropics." A lecture be
fore the Graduate School, U . S . Dept. Agric., 18 April 1949. 

lO Since this lecture was delivered there has appeared Preston E . 
. lames' "Trends in Brazilian Agricultura! Development" in the Geo
grapbical Review, Vol. 43, N • 3, pp. 301-328. The author presents maps 
showing vegetation and surface configuration of Brazil; but unfor
tunately he is not himself acquainted with the Amazon Valley. 

1 1 Chapter 4, "Landless Filipinos," pp. 81-114, of Karl J . Pelzer's Pio
neer Settlement of tbe Asiatic Tropics, Amer. Geog. Society, Spe
cial Pub!. 29, New York, 1945. 
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The failure of the Arnerkans to keep in mind the des
perate situation of the Philippine peasants has compelled 
the latter to try to find sorne other solution, one of which 
jncludes the activities of the communist jn pired and helped 
Hukbalahaps. 

BoR EO CoMPAREn WITH jAvA 

For severa! centuries the two islands of Borneo and 
Java were under European control and direction. During 
the past century the Dutch made great progress in devel
oping tropical agriculture and applying science to the 
devclopment of the country. At the moment, for the pur
poses of this discussion let us limit the comparisons. Bor
neo i an island of very old rocks, worn clown by erosion 
and weathering to a relatively low relief. The soils, as a 
whole, are typical of humid tropical lowland regions 1

\ 

where a well-drained, heavy rain forest stood on the land. 
In places along the coast are extensive swamps. During re
cent decades sorne of these swampy lowlands have been 
diked, and the development of padi cultivation (lowland 
rice) agriculture has been under way. 14 Not far away to 
the outh, across the Java sea is Java, a much smaller is
land than Borneo but with at least fifty volcanoes, many 
of which are magnificent mountains. A considerable num
ber of these volcanoes have been active in modern times, 
sorne \-vithin the la t few years, preading rock powder over 
the country ide, so that many of the soils are still very young 
and have good physical conditions, as well as abundant 
3mounts of olant nutrients. 1\IIoreover, the natural or geolog
ic ero ion has been considerable, erosion and creep \vhich 
gradually help the surfa,ce soil to move on clown into the low
lands and toward the sea befare it becomes senile and devoid 
of most to the plant nutrient substances which had weather
ed out from the parent rock minerals. Thus the non-volcanic 

13 E. C. Jul. Mohr, Soils of Equatorial Regions, with special reference 
to the Netherlands East lndies. Pp. 383-403. Translated by Robert 
L. Pendleton. Edwards Brothers, Ann Arbor, Michigan, 1944. 

H C. L . van Wijk, "Soil Survey of the Tidal Swamps of South Borneo 
in connection with the Agricultura! Possibilities." Contributüms of 
the General Agricultura! Research Station, N • 123, June 1951, Bo
gor, pp. l-49. 
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rock are also, for the most part, covered with soils which 
are at least reasonably productive. The population on Java 
is overwhelmingly agricultura} and where irrigation is avail
able the farmers follow very intensive methods of plant 
production. The population on Java per square mile is at 
least 100 times as great as on Borneo. This is possible be
cause the soil resources of'java are such that even a more 
dense population than this can certainly be supported on 
the land. By contrast, the crop-producing potentialities of 
the soils of Borneo are very limited. 

SrAM ( THAILAND) 

Siam, a relatively small country in southeast Asia, lies 
between Burma and the Associated States of Cambodia, 
Laos and VietNam. The area of Siarn is sornewhat greater 
than that of California but less than that of Texas. Much 
of Siarn is too poor to grow upland crops, that is, non-irri
gated crops. Where the forest has been reasonably good, 
the general practice has been to kaingin the land (i.e., slash 
and burn the timber, and grow a crop of sugar cane, corn 
( rnaize) , cucurbits, or similar crops, on the land so cleared) . 
'Vhere the forest is poorer, upland crops are grown only 
on the larger terrnite heaps, which rnay be as much as ten 
feet high and 20 feet atCross at the base. In :sorne cases the 
terrnitaria are truncated sornewhat to give a larger, flattish 
garden plot on which can be grown sugar cane for chewing, 
tornatoe , tobacco, pineapple, papaya and other upland 
crops. lt should be noted that the wise Tai farrner never 
levels the rnound cornpletely. 

Where the land can be flooded and the water held on 
it, at least during the rainy season, the soil is stirred, pud
dled, and seedling lowland rice plant set out in the standing 
water. Unfortunately, over much of the Kingdorn the rain
fall is inadequate to rai e a crop of rice without sorne ad
ditional water either frorn strearns or frorn higher slopes 
nearby. 

Where the forest soils are too poor to be worth plant
ing, and only the termite heaps are cleared, the farrners 
rna y go sorne miles to the steep slopes of the few hills in 
the region, kaingin the slopes (cut clown the trees, burn 
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them) and plant the cotton or upland rice amongst the 
stones on the shallow soil, where there are still sufficient 
plant nutrients in the surface soil from the weathering rocks 
to grow a crop. Be•cause of the soillimitations rice is produc
ed on about 95 % of all the land of the Kingdom. By assist
ing inundation, irrigation in a large way has been applied to 
sorne of the soils of the Bangkok plain, but as a whole, con
ventional effective irrigation by direct flow from large canals 
has not yet been developed. In the northern valley, farmers 
cooperatively dig local irrigation ditches to bring onto their 
fields the water from mountain creeks. 

In sorne portions of the Bangkok plain the water nat
urally floods very deeply. These areas require a special type 
of agriculture using the so-called "floating rice". In this 
case the fields are plowed early, the seed broadcast befare 
the heavy rains and the later deep floods, so that the water 
as it rises over the plain from the rain and the overflow of 
the rivers gradually raises the level of the water on the lower 
land between the rivers. The only danger is that when 
heavier rains fall earlier in the season the water in the lower 
portions of the plain may rise so rapidly that the plants 
cannot keep their heads above the water surface, in which 
case the rice may drown, but where the rice plants survive 
they may grow toa length of ten feet or more and produce a 
fairly good crop of rice. If the flood has not subsided, such 
a crop may líave to be gathered from boats. 

TROPICAL AGRICUL TURE 

There are two or three main divisions of this subject 
which should be considered separately. In the first place, 
we con ider the upland subsistence crops, that is, crops 
which are not grown like padi on flooded fields. The aver
age inhabitant in the tropics of thc western hemispherc 
produces most, if not all, of his food by a process called "ka
ingining", a method, which, under different names, is em
ployed in practially all of the humid tropicallowland regions 
of the world, a method which is called kaingining 15 from 
-----
u This method was erroneously described under the name "milpa" by 

Cook. It i;¡ generally called shifting cultivation, but this term is 
not desirable because it implies and has often been described as 
a means of food production by nomadic tribes, when in most 
cases the tribes live in settled villages and only go out during the 
crop season to their kaingins. 
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the Tagalog word (Philippines). On the usually poor soils 
of the humid tropical lowlands the forestes are practically 
the cover crops. The forests .about a village are the cornmon 
property of the village. Often a village will have a settled 
e:xistence and location and permanent padi fields clase about 
the village for certain crops, as in Asia for lowland rice. 
But the forest land belongs to the village as a whole. When 
a villager wants to make a kaingin he blazes his clairn in 
the forest early in the dry season. Then he cuts the under
brush, and u uall y rnost of the big trees, felling thern and 
allowing the slash to dry. Shortly befare the rain begin, the 
slash is fired and all of the brush, and branches and at 
least rnost of the big trunks of the trees are cornpletely 
burned. The ashes remain scattered over the ground. After 
the beginning of the rainy season the seed of the crop de
sired are dibbled into the surface soil with a sharpened plant
ing stick of sorne sort, often with a flat iron bit. A few 
seeds are dropped into each shallow hale then a little 
earth is pushed over the seed usually with the toe. Aside 
from a weeding or two, and the cutting of sorne sprouts frorn 
sturnps, there is seldom need for any particular care of 
thc crop plants, for the soil following the years under for
est is suffióently loase so that no cultivation or other stir
ring of the surface soil is necessary. Of course, if the crop is 
edible, it is necessary to protect the ripening crop against 
wild hogs, birds and other pests. No live tock is needed 
in this type of agriculture for no plows or similar types of 
tools are used. Usually severa! kinds of crops are planted 
mixcd in the kaingin. The labor required for production 
of food by this method is high, but even on relatively very 
poor soil a crop of food can be raised in the kaingin. After 
one or two crops, or at the most, perhaps three, the field 
is left fallow; the villager hopes it will grow up to forest 
trees again. ''Vhether or not it does, depends upon local 
conditions. 

Unfortunately, in sorne humid tropical lowlands there 
are sorne very serious grass pests, especially the Asían lm
perata cylindrica, often khown as cogón, lalang or alang 
along. This grass has deep underground rootstocks and is dis
seminated by small seeds carried in the wind by a feathery 
clown. If the soil is not too poor, and there are sources of seed, 
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cogón may spread rapidly and seriously. The most serious 
objection to cogón is that this grass burns readily even when 
quite green, so that fire is apt to sweep across the old 
kaingin, burning the grass, and at the same time killing 
most of the seedling fore t trees which, in a few years, 
might otherwise reforest the land. It is probably this grass 
burning annually, whi,ch is causing most of the extension 
of savannas in low latitudes. Incidentally and most unfor
tunately, this grass is now getting a strong hold in the 
southeastern United States. Not only has it been introduced 
and distributed in Florida, but recent reports are that in 
Alabama 1(: it is also well under way. Though it does 
involve severe forest destruction, kaingining makes it pos
sible for the farmers to obtain something to eat, and 
sorne fiber for clothing from a relatively poor soil with 
little else but very simple tools and plenty of hard 
work. If the fore t returns to the land within a reasonablc 
time, perhaps after five, ten or fifteen years, the same plot 
of land may be kaingined again. The main difficulty with 
this m ethod of crop production is that it requires fiv e to 
fifte en times as much land to produce the same· amount of 
produce as can be obtained from a plot of reasonably fer
tile land year after year. 

In regions such as the western Belgian Congo, where 
Imperata a!ready dominates the landscape and there is no 
chance for the forest to come back naturally, the natives 
employ a laborious system of hoeing the surface soil up in 
little heaps, perhaps 18 inches high and three feet across, and 
in the heap are planted cuttings of cassava. In this way 
the food plant seem to be able to survive and produce 
food without too much inhibition by cogón grass, especially 
if sorne dry gras or roots are collected and burned on the 
heaps before planting the crop. 

But even if the forest doe come back on the land 
within a reasonable time, so that it can be kaingined again, 
crops from these kaingins will do little more than main
tain the family during the year. It is, definitely, a subsist
cnce agriculture. Little can be produced for sale, even if 
there are buyers for any considerable quantity. Perhaps a 

lG Reported by Dr. Mark Baldwin in a personal communication. 
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neighboring village will use sorne of the produce, but only 
at a low price, and usually only in trade for something else. 
There is no money for fertillizers. It is rarely that fertiliz
ers are used even though they may be bought ata reason
able price. The transport of fertilizer to the fields where it 
i applied is, in itself, a difficult problem for roads are few. 
Good roads in tropical regions are usually costly, an expen
sive luxury. In humid tropical lowland regions, profoundly 
weathered rocks, deep plastic clay subsoils, and the often 
torrential rainfall are serious and expensive obstacles to 
contend with and to overcome in highway construction and 
maintenance. Thus transportation is expensive and reduces 
the likelihood of fertilizer use. 

PLANTATION CROPS 

In hurnid tropical regions, both at low altitudes and 
at higher ones, are certain agricultura! crops which the 
world wants, and will pay for. Moreover, there are prac
ticable ways of handling or processing the materials so that 
the products can be shipped overseas. These plantation 
crops may require a considerable amount of capital for de
veloping the land, for building, operating and maintaining 
the proces ing plant, and transporting the product to tide
water ports for export to temperate regions. Sugar, fruits, 
coffee, tea, rubber and fibers are the usual plantation crop . 
These and others have usually been developed by foreign 
corporations with competent technical staff and with ade
quate capital to invest in plant and equipment, as well as for 
re earch on control of pests and diseases, development of 
better and higher yielding varieties and increase of effec
tiveness and economy of the proce sing plants. 

Europcan who led in the development of plantation 
crop in the tropic made ome terrible mistakes, particul
arly in the earlier periods, when they attempted to rai e 
rubber as an orchard crop, clearing the land of wild trees, 
terracing it and keeping the land dean and well cultivated. 
Thi was not only expensive but was worse than usele s; 
it led to erious soil erosion. Now it is realized that even 
in temperate regions it is not only nece sary but preferable 
not to maintain the plantatiops in a "ship- hape" condition. 
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It is not difficult to understand that Hevea rubber, which 
is a wild forest tree not long nor far removed from its na
tive habitat, can grow more effectively and produce rubber 
more economically if it is maintained under forest condi
tions. Moreover, rubber does not require much processing 
equipment and •can be produced by a peasant with simple 
equipment. Even befare the last World War about three
fourths of all the rubber coming out of the Netherlands 
Indies was produced by peasants from their own small 
plantings of Hevea. 

Sugar cane is a different type of crop. High yielding 
cane of good milling quality responds to cultivation and 
adequate fcrtilization. The fertilizer can usually be deliver
ed economically to the cane fields, for the need for rapid 
transportation of the cane to the mill necessitates an ade
quate transportation system, usually a light railway. To 
prevent serious deterioration of the cane and loss of sugar, 
the •cane should be milled within 24 hours of the time of 
cutting. For effective, economical management of a sugar 
mili it is necessary to maintain chemical control, and this 
requires a sufficiently large mill to employ a chemist, and 
sufficient cane to maintain operation continuously, night 
and day. As a ·consequence, sugar cane growing for white 
sugar production for export is not to the same degree as 
Hevea rubber adapted to peasant farming. 

Tea must be processed in a relatively large and ex
pensive fac tory so that satisfactory quality can be maintain
ed. The tea gardcns are owned and operated by peasants 
to an increasing degree, and the fresh tea leaves delivered 
to the central factory every morning for processing. This 
gives a satisfactory quality of tea but, unfortunately, the 
peasant seldom seems to pay any attention to the main
tenance of soil fertility of his garden and seems to be indif
ferent to the erosion of his soils. As a •consequence native tea 
gardens are often in a shocking condition as, for example, in 
Ceylon and the deterioration of these valuable lands is sad to 
behold. 

Coffee, too, requires considerable investment for prop
er processing of the berries in arder of produce a good 
quality bean. Coffee plantations are often extensive and it 
is still mainly a capitalistic enterprise. The one important 
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tropical crop which is produced mostly by peasant farmers 
is ca•cao. This crop is grown extensively in the Gold Coast, 
British West Africa and in the American tropics. European 
agriculturists have not yet made significant progress in 
producing cacao under plantation conditions andona large 
scale; probahly an important reason is the lack of any 
need for elabora te machinery for processing the "beans". 

One of the outstanding tropical plantation crops is ba
nanas. It _is obvious that rapid transportation and effective 
cold storage are necessary if bananas are to be marketed 
in quantity in the temperate regions. Befare the general 
incidence of Sigatoka and Panama diseases in Central 
America, there were banana shipping companies whi·ch mar
keted peasant grown bananas in temperate regions. Now, 
with the need for rigorous control of diseases, and with 
the proven benefits of spray irrigation in even rainy re
gions, plantation growing of bananas has become the usual 
pra'Ctice. The companies interested in producing and mar
keting bananas in quantity are careful in their selection 
of soils. Notably they did not settle in nor utilize any of 
the vast areas of the Amazon Valley. Rather, they have 
gane to Central America, Jamaica, and now to the Pacific 
coast of Ecuador. Where possible, they have selected volcan
Í•c soils. In general, banana soils must be well drained, 
nearly neutral in reaction and located near a seaport. All 
planting, spraying and irrigation must be carefully taken 
care of. It is interesting to note that in sorne cases the ba
nana rhizomes are planted befare the tropical forest trees 
a.re feJled. After felling but without burning, the banana 
plants grow up through the slash with relatively little help 
in cutting of branches that are smothering sorne of the 
plants. By the time the banana plants are ready to bear the 
slash has decayed, or been eaten by termites, hence there 
has not been such a great amount of plant nutrients liber
ated at once by burning all of the tropical forest growth. 

THE BELGIAN CoNGO 

The Congo River basin of Central Africa is another 
v:ast region where the rainfall is heavy and well distributed, 
and where the relief is relatively low. The Belgians have 
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spent a vast amount of time and effort in trying to ration
alize kaingining and other agriculture practices which can 
be carried out in that region without the utilization of 
f ertilizers. 

To give sorne idea of ~he magnitude of their experí
ments, it may be mentioned that the Central Agricultural 
Experiment Station at Yanganbi has an area of 50,000 
acres of tropical high forests where such experiments can 
be and are being carried out. In the Congo, it is partiocularly 
important to try to rationalize ka.ingining because of the 
severe limitations on the importation of fertilizers and 
their transportation. It is out of the question to obtain fer
tilizers in Central Africa at prices which people can pay. 
Transportation of products out and of fertilizer in are both 
difficult and expensive. Africa does not have good water
ways permitting ocean going vessels access to the interior. 
Limited and expen ive railway facilities must be u ed. 
Moreover, these involve repeated trans-shipment of freight. 

In the Belgian Congo studies of the factors of plant 
growth under humid tropkal conditions are being madc. 
One of the things di covered is that it makes a big differenc~ 
as to the kind of crop last raised on the soil before the 
abandonment of the kaingin. I t is also important to k~ep 
the soil as oeontinuously covered with crop vegetation as 
possible, to prevent loss of plant nutrients and other types 
of soil deterioration. 

In the "educative" agriculture which has been worked 
out for the Congo peasants, production in quick succession of 
upland rice and corn, followed, where the climate is appro
priate, by cotton then manioc ( cassava), the main food 
crop, with whioeh bananas are important as a secondary 
food crop. After the cassava is dug, the banana pla11ts re
main. Natural regeneration of forest trees oocurs particul
arly well in the micro-climate under the banana plants. 

AGRONOMIC PRACTICES IN H UMID TROPICAL LOWLANDS 

As the Belgians and others have found, the most ef
fective methods of managing agricultura! soils in the humid 
tropical lowlands ar~ not the most effective under humid 
temperate zone conditions. It is always difficult to differen-
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tiate between what is traditional and what is empirical, and 
which will be the most effective soil management practic
es in the long run. The Belgian agricultura! scientists in 
the Congo, for example, insist that it is not possible to build 
up organic matter to any considerable degree in the soil, 
and that leguminous green manure crops are even less ef
fective than grasses. They insist that the perennial grasses 
are much better for rejuvenating agricultura! soils than leg
umes. They also emphasize mulches and as nearly contin
uous a succession of crops on the soil as possible, to keep 
the soil protected from scorching sun and beating rain. 

Tropical soils thus are in general low in plant nu
trients, except the very small percentage of recent volcanic 
soils which are usually really fertile. This is for various 
reasons. In the first place, in the vast basins of the Amazon 
and the Congo, and in Borneo, the relief of the terrain is 
Iow. There is too little erosion to wash away the worn out 
surface soil and so expose the less fully weathered out soil 
material in deeper portions of the profile. This weathering 
is hastened by both the heavy rainfall and the constantly 
bigh temperatures. The results is that phosphorus, partic
ularly, is strongly fixed in the soil because of the weather
ing processes which ha ve liberated iron and aluminum; 
these aocumulate in the soil and all too easily combine 
with phosphorus in forms which the crop plant cannot uti
lize. Without phosphorus, plants will not grow. Consequent
ly, experimental work with fertilizers in Central Africa, 
in humid tropical America, and in southeastern A ia indi
cates that phosphorus is usually markedly deficient for good 
crop production. For certain crops, such as sugar cane, 
nitrogen is an important limiting factor, but for many other 
crops nitrogen, relatively, is much less deficient than phos
phorus, and in only a few cases is potassium needed. In 
Malaya there seem to be other plant nutrients which limit 
padi growth but just what these are, and how they caa 
be made good in plant nutrition, is not yet clear. 

p ADI OR LOWLAND RrcE 

As has been suggested above, lowland rice is an unique 
·crop. Most of the principies of agronomy which apply to 
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the usual grain crops do not seem to apply to padi. J ust 
why this is so cannot yet be satisfa,ctorily explained. The 
fact remains that rice, if it is grown on a soil that is well 
puddled, and can have a few inches of water standing on 
it throughut the growing season, will produce sorne rice to 
eat when this soil is too infertile to produce any other grain 
crop. The puddling of the land eliminates most of the weeds, 
or at least so reduces their competition that the young tran -
planted rice seedlings can get a good start and grow well. 
It is obvious that the puddling of the soil materially reduces 
soil aeration around the roots of the rice plants, never
theless the rice seems to get along without aeration of the 
soil in the usual sense. The transplanting of the young rice 
seedlings into the fields is a laborious process, but it does 
insure a considerably greater yield of rice per acre, and 
every year, than the use of any other method. Soils which 
are not so poor, but which can produce reasonable yields 
of upland grain crops, if planted to lowland rice, flooded, 
irrigated and weeded, can produce about a quarter more 
rice grain than of other grain crops. 17 

IN CoNcLusroN 

Humid tropical lowland soils can be used for crop pro
duction, and will have to be used more and more as the 
number of mouths to be fed increases. Lowland rice is un
doubtedly the most effective food crop which can be grown 
on many of these soils, both because it is adapted to wet 
soils and also because on even very poor soils it will still 
produce something to eat. But the utilization of rice on an 
ever increasing scale in feeding the world calls to our atten
tion serious nutritional problems. No people who eat rice 
h.abitually will willingly eat it unmilled or even only partly 
milled ( polished) . The flavor of less than fully milled rice 
is not appreciated by rice eaters. Where increased milling, 
particular! y mechanical or power milling replaces hand mill
ing as power is increasingly available, beri-beri and similar 
diseases al o increase. There is the possibility of utilizing 
the parboiling system of rice processing before milling to 

11 J. Lossing Buck. 


