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SUMMARY

In this document an analysis is made of the present situation of the productivity of some basic and export crops
in Latin America comparing it with productivity under high levels of technology. It is demonstrated that in general, the
small producer is efficient in his operations and that he could be even more efficient if he had the necessary economic
resources and sdequate technology for his multiple and mixed crops. This is followed by information on research
carried out in several countries precisely on these cultivation sistems including the results obtained so far in CATIE,
which seem to prove that greater yiclds in products and biomass are obtained under these systems, making better use of
land, fertilizers and solar energy as well as labour. The attack of discases and pest was not as severe and the invasion of
weeds not as bad,

Finally, emphasis is placed on the promising préspecu of this type of research together with basic research on the
tropical ecosystem. The establishment of new programmes on these lines is suggested so that man in the tropics msy
understand his ecosystem and learn to manags it.

INTRODUCTION

' Considered collectively, the gross income of Latin American countries depends between 50 and 55% on agricul-
ture and nearly 70 to 75% of their forvign exchange income (excluding Venezuela) is obtasined from the export of some
sgricultural products such ss bansnas, coffce, sugar cane, cacao, cotton and tobacco (8,20).

Latin American countries de not produce the amount of staple foods required to support their growing popula-
tion, whose average growth rate between 1962 and 1970 was of 2.9%.In 1970, Central America imported the
equivalent of 20 million USS in the form of food or semi-processed grains (18). On the other hand, general agricultural
production efficiency in the period 1961-63 to 1969-71 (6) reached a yearly average of 2.9%, s rate which is stili below
;he );elrly limit established by FAO for the World Indicative Plan for Agricuitural Development during the 1970-80

ecade.

STRUCTURE OF AGRICULTURAL PRODUCTION IN LATIN AMERICA

In gﬁenl terms, agricultural production in Latin Americs is represented by: (2) export crops, and (b) staple food .
crops. C

In Central America, 68% of total agricultural production in 1970 corresponds to export products snd 32% ‘o
staple foods. Although there ate no comperabie recent data for South America, it might be said that in general thc
countrics within the tropical area are similar to Central America. Production of food crops is proportionally higher thun
exportsble tropical crops in Argentina, Urugusy, Paraguay, Chile, Bolivia and Peru,

AGRICULTURAL PRODUCTION SYSTEMS

] Production systems are defined as the yearly sequence or spécial location of one or several crops and fallows in 2
given production unit and their interaction with the resources and technology used.

Scversl of the systems used in Latin America fall under this concept, both as regards yearly food crops as well as
yearly and perennial exportable crops. In general terms, it may be ssid that they include the following:

1. Single crop farming. When only one crop a year is planted, the land remains fallow the rest of year in the
case of yearly crops. : :

2. Inter-cropping. When two or more crops are planted simultaneously on the same land or are planted in varying
degrees of overlapping.

3. Multiple crops. When one tract of land is used for single cropping and inter-cropping within a year one after the
other, with or without fallowing.

*  Paper presented at the Expert Consultation on Agrieultural Research in Latin
America, Panama City, 9~14 June 1975.

#%* Ph. D. Head, Tropical Crops and Soils Department, CATIE
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PRODUCTION IN RELATION WITH CROP GROUPS AGRICULTURAL
SYSTEMS AND TECHNOLOGY USED

Staple food crops

Table 1(18) shows average yiclds per hectare during the years 1967-69, of several food and export crops in
Central America. It also includes sverage cxpcrimental yiclds obtained in sorhe areas with improved and advanced
technology. .

Prescnt yields aré low for all crops, if compared with the experimental yields reported in all the countrie for
these crops and some commercial exploitations in which more complete technolagy has heen applied. This includes the
use of fertilizers, pesticides and machinery, with which in somc cases production has been increased from three to five
times over present Central American averages, With adequate financial resources, good technical support services and
good marketing systems, it is poasible to increase production to these levels in medium snd large production untts.

Low food production in Latin America has been attributed in great measure to the use of agricultural systems of
. limited efficiency. Most of the staple foods of the area are supplied by small farmers who use traditional cultivation
systems, which include single crop farming and more often inter-cropping and multiple crops. These production systems
already existed in Pre-Columbian times and have probably been used for millenniums, It is known that the Mayas and
the Incas since very remote times grew maize and beans together and this practice is still predominant among small
farmers in Mexico, Central and South America. Among the sinall Central American farmers of the low tropical area,
both under humid conditions as wcll as alternating rain regimes, inter-cropping and multiple cropping of maize with
beans, manioc, swect potato, sorghum, scsame, cucurbitaccous plants and vegetables are very common (4). In the high
Andes of South America the number of crop conibinations is even more varied, with a predominance of maize with
beans, chick peas, potatoes (9), quinoa (Chenopodium quinoa), tapin (Lup tnus mutabile ), Oxahs (Oxdlis tuberosa),
ulluco or melloco (U/hecus uthicus), Luropean vegetables and wheat or barley.

In North Eastern Brazil sssociations of maize, beans and arborescent cotton -are predominant, while nunioc,
associsted with maize and beans constitute the domminant crop in the Amazon basin and the Venezuelan and Colombian
plains. Associstions of maize and beans, vegetables and manioc are predominant in the mountsinous areas of the state
of Minas Gerais in Brazil.

Estimates made for scveral countries (17) show thut beans produced in association with maize represent $0'7 of
the total produced in El Salvador, 85/ in Colombia, $8% in Mexico and 80% ip Brazil. It could be stated without nsk
. that over 60% of bean production in Central America is produced under inter-cropping and mulfiple crop systems with
maize and that a greater propomon of maize production of the area is supplied through inter-cropping systems with
other crops.

Production systems of small fanners normally inclode more than one crop of the sume or different species, tha
are grown duting the agncultural year as single crops, crop associations or rotations. As an integral part of theie system
sume small animals should be included such as poultry, pigs und even a few cows.

Small farmers (with less than S hectares of land) operate 80 of Guatemala’s farms, with 8S% in E) Salvador, 60
in Honduras, 43% in Nuausua and 46% in Costa Rica (18). In Colombia®, 6S% of productive units have less than 10
hectares. The situation in Ecuador, Peru and Bolivia appears to be similar or to have a great percentage of small owners
in the Andean region.

It is estimated that in Colombia 70% of the food consumed in the country is supplied by small producers, «
situation which is similar or of greater depcndeme in the Andean countrics than in Colombia. In Central America 90%
of food products consumed are produced in the ares and over 75% is supplicd by small producers (16).

A qucstion that arises is why this mass of producers does not use available technology. There could be several
answers to this, but the most valid appears to be that available technology is out of their reach hecause of its high cost.
These farmers who have no resources of their own and to whom credit is not casily accesible, cannot tollow the
indications of extensionists, who make recommendations with available technology. The extensignists in turn, because
they are not favourably received, feave this strata of producers without the assistance of their continued advice, as o
result of which traditional production systems remain unimproved,

On the other hand, available technology has sometimes been developed outside of the area or following patterns .
for the use of resources typical of developed countrics, such as the availability of large areas, use of machinery and large
quantities of agro-chemicals. Wheat, ricc and in a smaller scale, maize, arc produced as single crops with high technolugy
in the large or medium farms.

b Information given personally by M. P. Spijkers, CIAT, Colombia,
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Little rescarch has heen carried out in tropical countrics (o develop production systems adjusted to the ccologic
conditions of the region and the social, economic and working conditions of small farmers. The characteristics of this group
pf producers arc the high availability of labour (large familics), lack of cupital resources, siall extensions of land, high
incidence of radiant cnergy during the entire year and adequate season for planting. Little research has been done on
mditiox_lal agricultural systoms used 1n Latin America.

Table No. 1.  Central America: Production Margins for Technologic evelopmeont in Selected ¢ rops and
Livestock, 1969, kilograms per hectare and per hundred head of cattle.
(taken from SIECA) (18)
Product Average Central Modal Commercisl BExpe imentsl
American yield yield with improved yield with
technology advar -ed tech-
2 nolos v
. Y,

Export product
Coffee . 604 , 960 1,900
Cotton - 2,093 . 2,570 3,800 !
Sugar cane 48,142 90,160 100,000 i

Preducts for external - !

(Consumption . '
Maize ‘ o 1,035 3,800 3,000
Sorghum . 1,117 . 4,500 7,600
Beans ’ ) 652 - 1,280 : 2,300
Rice ) 2,046 5,150 10,000-

Livestock :

: Meat®/ 2,500 3,400 5,000
Milk (per hundred head) 13,000 16,000 75,000

"y
Source: GRAFICA. production sheets utilization of agricultural products in Central Americg (un-
published)

SIECA, Agricultural Development Branch; compilation on the basis of technicsi publica-
tions of Central American countries.

e ————

1/  Weighted n.venge of mean national yields of the five Central American countries in th: 1967-69
period.

2/  Modal yiclds currently existing in commercial operstions.

3/  Yields obtained experimentally in experimental stations in Central America, although some commer-
cial operations have reported these yields.

4/ Meat and milk production per hundred head in the regional herd.

-~

«

Table 2 (12) includes dats on maize and bean yields, their harvest indexes and economic product :a an inter v op
ping trial of maize and beans and of each one as a single crop, carried out in Chapingo, Mexico, during-three cortecutiv.
years, using a single fertilizer level for all treatments (80-40-0) and diffeyent populstion densitie- for cach <1up,
including the density of the traditional system of the small farmers (20,000 plants of maize, 20,000 pl:.nts of bueans pei
hectare), Harvest indexes show that inter-cropping of various seeding densities, including the tradition:' ones, produnzad
yields in weight and money superior to those of the respective single crops, whose optimum densitics vwerc in iinc with
technical recommendations. Mancini and Castillo (14) in Colombia, also reported similar results in an inter-croppiug
tiisl with beans and maize, obtaining a bean production between 859 to 3,937 kg/ha and maize production between
4,522 to 8,133 kg/ha. ’ '
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Table 2. Maize and bean yields (kg/hs), harvest indexes and economic product (Mexican Pesos) of an
inter-cropping trisl with maize and beans in CIAMEC-Chapingo, Mexico, 1969. Taken and
adapted from Lépiz (12).

Trestment Treatment Yields : Harvest Yields
Code 7 kg/ha index Mex. Pesos/ha
. Maize beans %

6 30°M +90°FG 1,867 1,266 163 2,365
5 30M 160 KFG 1.901 l,lZ? 1584 2,00%
k) 0M |9 )G 1,408 1,290 140 1,910
2 20M +60 FG 1,47) l 196 142 1,865
12 30M +90 FM 2,413 629 152 1,740
4 30M +20 FG 109 64 138 1,704
11 20M +20 FG(t) 1,676 947 133 1,550
9 20 M +90 F 1,851 709 136 1,402
11 3IOM +60 FM 1,899 563 128 1,152
8 I0OM +60 FM 1,862 552 123 1,139
14 110 FG(t) — 1,459 100 FG(t) 1,128
13 40 M) 2454 - 100 M (1) 927
10 30M +20 FM 2,045 303 109 913
7 10 M +20 FM 1,687 353 99 683

15 160 FM (t) - 1,169 100 FM (1) . 66l

FG = Black beans |50

FM = Canary Besns 107

M = Maizz H-28

® = Numbers indicate sowing dcnsﬁ(y in thousands.

(t) = Check plots

The Colombian Agricultural Institute (10) has made technical recommendations regarding some species, varicties,
seasons, sequences and technology for various inter-cropping and multiple crop systems practiced in the high zones of
the Colombian Andes.

Taking traditional bean and maize crops as a basis, (Hildebrand and French (9), some multiple crop systems have
been tricd with sgricultural and economic success in low arcas in El Salvador. Maize is uscd as the central crop and
crops snuh as besns, radishes. tomatoes, cucumbers or vegetables are planted hetween the line of maize in varying
degrees ‘of overlapping, obtaining several harvests a year with the help of irrigation and high technology. The author
give a detailed description of mansgement methodologies snd sowing scasons for the different crops.

In 1973, the CATIE (Tropical Agriculture Research and Training Centre) in Turrialba, Costa Rica, started an
investigation through ficld trials to try production systems which touk into account small farmers’ resources. Following
is a summary of the results submitted to the XX1 Yearly Mecting of the PCCMCA (5) held from 7 to 11 Apnil this year

“In a central experiment of approximately five hectares, 54 of these systems were tried with four variations in
cach case laid out in a pseudo-aleatory block design with two repetitions. In all the systems, sowing density per crop
was maintained uniform, independently of the inter-cropping establishcd, while sowing modes and distances were
changed according to the degree of technology employed.

In the systems presented for this work (Figure 1) a gradient in soil use is observed which is determined by the
type of crop and its spatisl and chronologic distribution.

The results of the trial were evaluated taking into account agronomic and socio-economic aspects.

In general, the number of plants cstablished was low due to the soil's physical conditions (compaction and
puddling), competition between crops and sanitary aspects.

-116-



Gk

N 0 E F M A M J J A

1L Reans i
21 Mage L '}
3 Sweet Potato ]
Tl Maniuc ]
% Besns 1
Maize _1
] Manioc ' ]
Besgs ]
? Manioc ‘ ' ) |
Maue ]
| Manioc — i ' 1
e Mpiae : T
foans |
' Manioc .. r Maize
Beans |
10 Beans N | Mauze 1 Maize
1 Beans 1 I Maize
!Laiu 1
12 Manioc 1 Maize
. Maize ]
13 Maninc 1 . Sweet Potato
Mave I |
14 Manioc 1 Sweet Potato
Sweet Potato . ]

-117-




onei juaeaindbo pury = Y31 /S
- ‘pousad mojie; Suipn>xy /¢y
. ABO[OUYID? [aAI] MO = g ' LFolouyIA) 1043] yMY = V joGWAS L
sdoId Junei0: = (-) puv :sduM PITWOSSE ({+) ‘ANINDOUOUL 32 Jo uoneredas (/) = suBis yj “xapur furpuodsa
309 3|2 03 Juipi033¢ ‘polrad PR 30 pU0IIS ‘ISIl) YT U 01ej0d 13IMS 10 ZIRW = ) pue 1Ty "I Y sjuquibs /7
BARSSE) = X ‘OlBlOg 139A§ = ) '32W = |y ‘suedg = 4 Sjoqwig [}
9E 09t 08 9. vl'e TEL 8. sel oty iy 11 PREIepr v *>rA+’D 114
90t 291 9L 09 06¢ 128 09 $9¢ €L 1414 98l 66t +069 q I)A+'D [ 24
9t Sl L 1 v68 - L7116 9I< 1139 it L0 (Il «00°€ v )yae'R x4
1 247 iy 9L - $€ €66 s Lel ) €9y S1s iy S1T 8UOt+Ss’l 9 DrAs' (4
0sZ S8 89 -6 8Z¢ Lty so's [4 14 6LL LOY [0 6.6 +£9T v IR-Xe'N 14
€Ll St 9 L vy €0S 90 i 612 LO? €€0 0L'S 0T 0 ] 'N-A+ N oz
(104 95 s6 1¢ 1o’y [ ¥ Lo (424 0€01 113 6r'l -SE€T +£90 A\ NN d 61
0ol 8 § S 11 oIt o0l (8L [A t24 4 oSty Ly ST -LETT 49t \ 4 N-TN- 4 st
SEL 89 88 L §8's ssvl Mld 682 €98 L0 €60 65814801 \J UK. Avd Lt
1413 0cl 611 st 199 $671 650 184 <o LOY (S0 ¥6°€leSLO | nN—- Add 91
184 1 96 1341 08 88's1 ce'tf T} ’ ist (114 ort SITL+I9°1 +L£0 \ 4 A+'N+ 3 1]
LSt 8 [414 | 14 168 16°S i€0 16 (1744 (1] 24 '8 +690 +900 q9 R+'K+ 3 1 4]
(114 oL 114 6S°t1  ¥9'H1 8Lt Ots 1, 24 Of'B +S0°¢ \{ A+e'N 111
144 1 73 sr sos S8l 901 %Ll ore 198 +€T°1 4 A+'N 4}
ToT (4% oct 9 €l 681 9T oS 1334 EL61+90°1 \ 4 A+d 11
(] L ts oLEl OLOo 1111} sor ove SSTI+LTO 9 Avd ot
61 el <9 6801 (80 TLt LeLs 991 6T+ 090 Y ‘We 3 60
001 oyt 00t (1,24 et ¥ A 80
00t 1801 00t . o8t 8L | A Lo
001 001 oL's - (BO1 001 . A 090 911 Y %) 90
o0l oM orz 00 0ot i 150 /7851 d YAk SO
ool 001 00: 338  9TEL 9TE 001 991 €t /56t /18T v WK N 0
00! 001 00t 0t 6y O9¢€ 001 091 020 /ov'0 /ZL0 ] NI £0
001 : orl 001 8 80°1 \ 4 3 <0
001 (4 | . 001 v0 s€o | 3 10
£ 4 i € 4 i £ < I £ <t
. lpi0 + 43P0
{ (shep) pidy YOUNQUISIp 03 ‘cA80 woiinqin
] H/LN \A" | Hgy w1 swn Suproade ‘dold 3ad “ouIIL P
¥31__ uoninpoyj aaneray UOTIORPOIJ BINOSQY  SIMEDOWON  IMINIOUON . JoWsuT]  (eH/LK) woudmpoyd 10 [223] ‘jsdosdy apo)
sseworg o} v N (3,) / WTT wasks

*A30JOUYD3N JO e O} Yia SWINSAS fITNSe sz )0 "o.u.n.l.ul:o%glg! 1safeambs pur| “ssewolq ‘wondnpold poog ¢ NASL

~-118-



Yields and biomass production, both in the case of single crops as well as multiple crops, were greater with higher
technology. At the same time, within each technology level, multiple crops yield more than single crops both as
regards total useful product and biomass (Table 3). In fact, land equivalent ratio indexea (LER), with reference to high
and low technology levels, show that multicrop systems arc agriculturaily efficient, the most important being the
F+Y-M, F-M-M, F+M-M and M+Y-C gystems. The results nf some forms of multicrops with low technology were
similar in efficiency in comparison with the respective high techinology single crops.

Within high technology, fertilizer use was one of the most important factors determining the yields obtained.
Apparently multicrop systems make a more efficient use of fertilizers considering that the quantities applied are lower
to the sum of individual requirements of the component species of the system. In a decreasing order, the efficiency of
fertilizing elements as produccrs of useful product was the following: K >N>8>P,

Airborne discases wers more evident and their consequences more serious in single crops than in multiple crops.
In the latter, some species act as natural barriers hindering the free dissemination of the. inoculant. On the contrary,
some multicrops, because of the creation of micro-environments with high relative humidity and shade, favour the .
development of other types of diseases. All crops, between June and July, were attacked by Phyllophaga sp. which
affected yiclds negatively.

'll':o‘ynumbu of weeds was less in multicrop systems with low technology than in single crop systems with high

The blomass (kg/hs) produced by Kcal of photosinthetically active solar energy received during the dimtion of
the system, was 36% higher in bicultural systems and 40% higher in tricultural systems as compared with single crop
systems. .

Although the energetic contribution in most of the systems is fundamentatly supplied by carbohydrates and fats,
multicrop systems appesr to be more productive from the nutritional viewpoint.

Single and d_ouble crop systems with similar components in the vegetative cycle, such as beans and maize, present
s more uniform distribution in the use of labour than certsin multicrop systems with crops whose vegetative cycies are
very different, such as those including manioc.

'In three crop systems, the total amount of labour required for weeding was greater than in single crops, dus to
the difficulty involved in moving within an area which is almost entirely covered by vegetation.

Multicrop systems, among which the most important are F+Y, F+M+Y and F+Y-M, provide the greatest returns

g’ertday, per cycle and per year, make the best use of labour and contribute nutrients that are better suited to balance a
et.

Preliminary results obtained in this work show the following:

1. Systems including multiple crops, inter-cropping or mixed crops in general were more efficient in food and
biomass production than single crops even if high technology was used in the Iatter.

. 2. It is possible to produce technology for the purpose of improving traditional systems of the small farmers,
inaking it possible for them to make better use of land and labour resources, and st the same time provide them with
greater income to improve their level of living."”

) Na.rv.iez (15), in Colombia, studying the productivity of socio-economic factors intervening in maize producticn
in association with chick peas and beans at the farmer level, found that none of the factors, land, seeds, fertilizers,
pesticides, labour and other inputs, were used efficiently. Factors requiring capital appear to be underemployed and
were the most costly in the operation, particularly pesticides. Labour exchange practices and payment in kind were
eﬂjcicnt. The net income, including estimated cost of the land, was positive in the case of intercropping of maize with
chick peas and beans; intgr—cropping of maize and beans did not show profits nor losses but the result was negative in
the case of maize and chick pea inter-<cropping. As a conclusion, the suthor says that traditional producers are efficient
but poor and that the shortage of capital restricts a more efficient use of available resources.

Export Crops

The main cxport crops, such as coffee, sugar cane, bananas and cacao are important as single crops. Production
efficiency of these crops is higher than that of grain crops, due to the fact that they are in the hands of large or medim
owners, who have casy access to financing sources to pay for available technology. On the other hand, as these products
are a source of foreign exchange for the countries, the countrics themselves or the private enterprises have spent more
resources on rescarch, which has resulted in better technical recommendations, greater financial support and better
processing and marketing mechanisms for their products.



THE EFFICIENCY OF AGRICULTURAL SYSTEMS IN RELATION
WITH ECOLOGY IN THE TROPICS

From the ccologic viewpoint, yearly crops arc less adequate and suitable than percnnial crops for a sustained
production in the low tropics, both because of their high demand of nutrients due to their rapid growth cycle and 'ow
recycling of nutrients, and also because they favour the presence of a greater number of discases and pests. In addition,
they cause greater disturbances among the soul's flora and fauna and its chemical and physical characteristics. Single
crops are more vuinerable and less suitable for sustsined production than mixed c.mp. inter-cropping or multiple ciop

' systems with rolamms

)

. A trapid loss of fertility of the soils when annual crops are used may be the inain cause for migratory agriculture
Continued single crops on the same arca of land sllow pests and discases (o kot and multiply rapidly and excessively
Although there are no concrete data, it is wapcucd that the effect of pests and discases are not as bad 10 the case of
multiple crops or intercropping of different speues

According to Bradfield (2, 3) inter-cropping and multiple crop systems make it possible to keep soil govered with-
leaves during most of the year using the continuous availability of sunlight and high temperatures in the tropics more
efficiently, while at the same time producing a greater quantity of biomass and useful food product.

The success of the best tropical agricultural systems with yearly crops will depend on: (a) the possibility of
maintaining optimum fertility levels and good physical soil conditions economically: (b) economic control of pests and
diseases, cither through chemical or ptefenhly blological or variety resistant means: and (c) good research and technical
assistance scrvices to the farmer.

Perennial crops produced in the form of single crops are more efficient than annual crops in the use of the
tropical ecosystem, although they do not equal the efficiency of the tropical forest, unless the declination of soil
fertility and the incidence of pests and diseases are corrected. However, cacao and coffec crops grown under shade in
many zones of tropical America have survived dozens of years, with medium yields, without using fertilizers and scanty
dissase and pest contral (19). In this case, the cycling of nutrients is implanted in the soil of the established perennial

. plantation, produced by the rosidues of lesves and other trce parts. In studies on mineralization of the organic matter

" carricd out in cacao plantations in Turrialba, Martinez (13) working with nitrogen and Granados (7) with sulphur,
showed that caceo produced from 5 to 9 tons of biomass 2 year and that there was a high recycling of said nutrients. In
peneral, the difference between the quantity of nutrients that return to the soil and that extracted in the harvest varies
‘according to the natural richness of the soil and the volume of the harvest. However, mm'lerm recycle in sufficient
quantities to maintain slow growth and moderate production of the crops,

On the other hand, perennial crops caver the soil with foliage, producing a closer imitation of the function of the
tropical forcst. There is a more efficicnt interception of light for photosynthesis, the soil is protected from the erosive
action of the direct downpour of rain and its runoff is slower while at the smine time maintenance of the soil’s humidity
is improved. Shading of the soil also makes it possible to maintain more uniform temperatures, 8 morc stable microbial
life and an inferior drying and sterilizing effect than under direct sun, as in the case of yearly crops which keep the soil -
fully exposed during varying periods of time.

Improved varicties of yearly crops, such as the so called “miracle grains™, necd large quantitics of fertilizers and
pesticides to produce their high yields and show all their potentialitics. But the use of large quantilies of pesticides,
ospecially without sufficient experimental support, may cseate more problems than solutions, Contrary to temperate
zones, tropical conditions make it possible for pests and diseases to rapidly. The speed with which new crop vancties
resistant (o pest and diseases can be obtained, especially of perennial plants, is much lower than the specd with which
pathogenic variations are produced. A great deal of hasic and applied rescarch on the tropical ceosystem is required in
order to supply the means to “‘develop 8 tropical agro-ccosystem for sustained production’. 1 is sugrested that i s firsg
necessaty (0 cducate the tropical inhabitant to undemstand the surrounding ccosystom so that he may manage it
Emphasis is placed on the need to establish new research programmes exclusively devoted to study the development of
agricultural systems adapted to tropical ecologic conditions.
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