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FARMING SYSTEMS UNDER VARIOUS ECQLOGICAL CONDITIONS OF
LATIN AMERICA, AND THE IMPROVEMENT OF TRADITIONAL
-FARMING WITH SPECIFIC PREFERENCE TO THE SMALL HOLDERS*

Author: Jorge Soriak*
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 productivi(y' under high levels of techinology. It is demonstrated that in penera), the
smudl producer is efficient in his operations and that he could be cven more efficient if he had the necessary cconomic
resources and adequate technology for his multiple and mixed crops, Ths is followed by information on rescarch
carricd out in several countrics precisely on these cultivation sistems inclucia; the results obtained so far in CATIE,
which scein to prove that greater yields in products and biomass are obtained under these systems, making bettet use of
land, fertilizers and solar cnergy as well us labour, The attuck of discases and pest was not as severe and the invasion of
weeds not as bad. ’

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

INTRODUCTION

Considered collectively, the gross income of Latin American countries depends between 50 and 55% on agricul-
ture and nearly 70 1o 755 of their forvign exchange income (zxcluding Veneruela) is abtained from the expor! of some
sgricultural products such as bunanas, colfee, sugar cane, cgao, coiton and tbacco (§,20),

Latin American countries de not produce the amount of staple foods required (o support theis growing popula-
tion, whose averspe growth rate hetween 1962 and 1970 was of 2.9 In 1970, Central America imported the
equivalent of 20 million USE in the form of food or semeprocessed prans (18Y On the other hand, general agricultur::!
production efficieicy in the peniod 196163 10 196971 (1) reached 2 vedrly average of 2,99, a rate which is still below
the yearly limit establisticd by FAQ for the World Indicative Mag for Avrnicultural Development during the 1970-80
decade.

STRUCTURE OF AGRICULTURAL PRODUCTION IN LATIN AMERICA

In general terms, agricultvral production in | atin America is represented hy: (a) export crops, and (b) staple food
crops.

In Central America, 68% of total agricultural production in 1970 corresponds to export products and 32% to
staple foods. Although there are no comparabie recent duta for South Amency, it mmght be said that in general the
courntries within the tropical arcs are similar to Central America. Production of food crops s proportionally higher than
exposlable tropical crops in Argenting, Uruguay, Paraguay, Chiie, Holivia und Peru,

AGRICULTURAL PRONDUCTION SYSTEMS

Production systems are defined us the yearly sequence or special location of one or several crops and fallows in a
given procuction unit and their interaction with the resources and technology used.

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

1. Single crop farming. When only one crop a yezr is planted, tiie la:-d remains fallow the rest of year in the
case of yearly crops.

2. Inter-cropping. When two or more crops are planted simultancously on the same land or are pianted 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 Agricultural Research in Latin
America, Panama City, 9-14 June 1975.

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

Siapie food crops

Table 1 (18) shows average yields per hectare duning the years 1907-69, of several food and eXPOrt crops ip
Central Amenca. It also includes averape experimental yiclds obtawned in sothe areas with improved und advanced
technology.

Present yields aré low for all crops, if compared with the experimental yields reported i all the countries for
these crops and some commereial exploitations in which more complete technolagy has been applicd. This includes e
use of fertitizers, pesticrdes and macninery, with whieh in some cises production has been mereased from theee ta five
tinles over present Central Amencan averapges With adeqinite iinancist resources, good Teeluneal SMIPPOTL Services gpd
good marketing systcins, it is possible (o increase production 1o these levels in medivm and large production unis.

Low food production in Latin Amenca has been attributed in wreat measure to the use of agriculiural systeny, of
limited efficiency. Most of the staple foods of the srea are supplied by small farmer: who use traditional enltivation
systems, which include single crop fariumg and more often inter-cropping and multiple crops. These production svstems
already existed in Pre-Columbian times and have probably been used for millenmiums. It is known that the Mayas and
the Incas since very remote times grew maice and beans together and this practice is still predonuinant among, small
farmers 1in Mexico, Central end South Amenca Among the small Central American (armers of the low tropical area,
both under humid conditions as weli as alterunating 1am regrmes antet-cropping amd multple croppinge ot maize wigd
beans, mamoe, sweel potate, sorghum, sesume, cucurbitaccous plants and vepetables are very comaaon {4 n the high
Andes of South Amenca the number ol crop cothinations s even more vared, with o predonimance of maze wifyy
heans, chiek peas, potatoes (93, quonoa (Chcaagodim Qunodd, lapan (e siecabise . Onali (valn tuberogg,
uthieo or melloco (Ulhecus wlhicuss 1 utapean vepetables and wheat o baley.

in North Lastern Brazil associations of maize, beans and arhorescent cotton are predonimant, while mamo.
associated with maize and beans constitute the Jotmnpant crop 1 the Atmazon basin and the Venezuelan and Culonmbian
piains Assnciations of maize and beans, vepetables and manioc are predominant in the mountainous areas of the staje
of Minas Gerais in Brazil.

Fstimates made for several countries 117) show that beans produced i assocation with maize 1epresent SO of
the total produced in F1 Salvador, 8%7 in Colombhia, 58% in Mexco and 8077 i Brazi), It could be stated without ),
that over 60'¢ of bean production 1n Centrai Amencd b produced under nter-cropping and inuliiple crop systems with
maize and that & greater proportion ol maize prodaction of the arca 1§ supphed through mter-cropping svstems with
aother (rops

Producton systems ot saall tanmees aonnabiy e hide more U one coep ol e saine o dilferent speaies, thai
ate prown dutmg the apvcnltaral vear s sigbe crops, aop assaciabions op totatons A mtegial paet ol ther sysiem
sonte small amimals should be included such as pouliry . pigs and even a tew cows

Small farmers (with less than § hectares of Lind) operate 80U of Guateinala's farms. with 857 10 Bl Salvador, 60
in Honduras, 437 1n Nicaragna and 467 1n Costa Rica (13) In Colombra®, 657 of productive umits have fess than 10
hectares, 1V situation an Levador, Peru and Bolivia appesss 1o be stmifar ur 10 have a givat percentage of small owners
i the Avdoarn repon,

it s cenimated that an Catomibia 7007 of the food consumed i the country s supphicd by <oall producery, o
situgtion whiclins sindar or of greates dependence in the Andean countne than i Ceiombe In Contred Amcrna %
al foud ocacts consmmed ate produced in the arca and ove: 7590 is supphed by spral! gducss ¢ Eno,

A question that asises as why this miass o1 producers does not use avastabie technology . Viere vould be several
arswees foothas, hat the most valid appears 1o he that avasiabic technoiogy is nut of therr reaen heoause of iy hiph coct

I hee cmers AahQ Hase ne orecontees of e own ang 1o whonr credit s not casity acceae Ccannoer tollnw e
mthvatiy 5 of extensicnnasts, who mahe tecommendaizons with avarlable techuolory The extensiomts i turn, because
Hhoe gt finvonrably teceved fesve thoas i on proddieens without the seastance o1 s conhinasd advice, < g
e el wineh traditona! producion syslear eman Linapeosed,

e other hana, available fechneioey as somcioues been developed vatsade of the area or following patierns
for th. use of resources by pical of develaped countries, such as the dvatlabidity of jarpe arean, use o mactunery and large
quant L5 of agro-chenucals. Wheat, rice and wn a simaller scale, maize, are produced as single crops with high technology
in the iarge or mediwin fanae,

. tnformation goen persaaadly by Mo PoSpahee, CLA L Calombng,
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harvest indexes and economic product (Mexican Pesos) of an

Teble 2. Maize and bean yields (kg/h
1ze ard beans in UIAMEC-Chapingo, Mexico, 1969. Taken and

inter-cropping trial with
adapted from Lépiz (12)

—
Treatment Treatment Yields Harvest Yields
Code kg/Ms index Mex. Pesos/hs
Maize beans =%

6 30°M  +90°1°G 1,867 1,266 163 2,365

3 JOM {00 G 1.901 1,122 AR 200K

) 0 M 190 G 1,405 1,290 130 1,y m

P UM 4060 ¥QG 1,471 1,190 142 I,555

12 J0M +90 KM 2,413 629 152 1,/40

4 3O M 2 20 FG 2,109 64 138 1,704

H! 20 %0 20 FG(1) 1,676 947 133 1,550

9 20M 490 FM 1,851 709 136 1,402

it 3y M +60 M 1,899 S63 1248 1,152

8 oM +60 FM 1,862 $&7 IR A RD)

14 i10 FG(1) - 1,459 100 FG(t) §,125

13 40 M (1) 2,454 - 100 M (t) 827

10 IOM +20 FM 2,045 AR 109 Y12

7 I0OM +20 FM 1,687 153 99 R

15 160 FM (1) -— 1,1o° 0 M (L) nil

FG = Black beans 150

FM = Canary Beans 107

M = Msize H-28

® = Numbers indicate sowing density in thousands.

(t) = Check plots

The Colombian Agricultural Institute (10) has made technical recommendations regaiding som. *t cies varcne,
scasons, sequences and technology for various intercropping and multiple crop systems practiced n i *ieu zones of
the Colombian Andes.

Taking traditional bean and maize crops as e basis, (Hildebrand and rench £9), sonie snihiple crop 8y . o by
been tried with agricultural and economnic success in low arcas in El Salvador, Maize is used 2t the central o wroamd
crops sych o3 beans, radishes. tomatoes, cucumbers or vegelables are planted between the line of maze in vai, e
degrees of overlapping, oblaining several harvests a year with the help of irngation and high technology. The audhen
give a detailed description of nanagement methodologies end sowing scasons {or the different crops.

In 1973, the CATIE (Tropical Aasicultuse Rescarch and Tratmng Centre) i Tucrialba, Costa Rica, w200 an
investigation through field trials 1o try production systems which took wiio account small farmers’ sesourees Feiowing
is 0 summary of the results suhmiticd to the XXI Yearly Meeting of the PCUMCA (5) held from 7 to b4 Apnid thas year

“In » central expeniment cf approuumately five hectares, 54 of these systems were tried with four variahions in
cach case laid out In a pseudo-aleatory bluck design with two repetitions. In all the systems, sowing density per crop

was maintsined uniform, independenily of the inter-cropping =stablished. while sowing moacs and hstances were
changed accurding to the degree of technology employed.

In the nysmns:prcscnlcd for this work (Figurc 1) a graient in soil use is observed which is detcrmineyd by the
type of crop and its spatial and chronulogic disiribution.

The results of the trial were evaluated taking into account agronomic and socio-cconomic aspecls.

In general, the number of plants cstablished was low due to the suil's physical conditions (compaction and
puddling), competition between crops and ssnitary aspects.
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Yields and biomass productior both in the case of single crops as well 88 multiple crops, were greater with highet
technology. At the same time, with-n esch technology level, mu'tiple crops yield more than single crops both a2s
regards total useful product and bion.ass (Table 3). In fact, land eq sivalent ratio indexes (LER), with reference 1o high
and low technology levels, show that multicrop systems arc agriculturally efficient, the most important being the
F+Y-M, F-M-M, F+M-M and M+Y-0" systems. The results of soine forms of multicrops with low techriology were
similarin efficicncy in comparison w-th the respective high technology single crops.

Within ligh technology, ferulizer use was one of the most important factors determining the yields obtained.
Apparently multicrop systems make a tnore efficient use of fertihizers consid snng 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 producers of useful product was the following: X >N>S>P,

Airborne discases were more evident and their consequences more serfous in single crops than in multiple crops.
In the latter, some species act 35 naturai harriers hindenng the free dissemination of the. inoculant, On the contrary,
some multicrops, because of the creat:on of micro~environments with high relative humidity sad shade, favour the
development of other tynes of discuses. All crops, between June and July, were attz~ked by Phyllophaga sp. which
sffected yields negatively

The number of weeds was less in multicrop systems with low technology than in single crop system: wili, high
technology.

The biomass (kg/hs) produced by Kcal of photosinthetically active solar energy received during the duration of
the syatem, was 367 higher in bicultural systems and A40F higher in tricultural systems us compared with single crop
gystems.

Although the energetic contributicn in most of the systems Is fundamentally supplied by carbohydrates and Iats,
multicrop systems appear to be mare productive from the nutritional viewpoint, ‘

Single and double crop systems with similar components in the vegetative cycle, such as boans and maire, present
a more uniform distribution in the use of labour than certawn multicrop systems with crops whaose vegetative cycies are
very different, such as those including meninc.

In three cro, systems, the total amount of labour required for weeding was greater than in singlc crops, due to
the difficuity involved in moving within an arca which is almost entirely covered by vepelation.

Multicrop systems, among which the most important are F+Y, F+M+Y and F1Y-M, provide the greatest retumns

per day, per cycle and per year, mahe the best use of lubour and contribute nutricnts that are belter smited to balance a
diet.

Preliminary results obtained in this work show the following:

1. Systems including multiple crops, nter-cropping o1 mixed crops wi general were more efficient in food and
biomass production than single crops even if Lagh technology was used in the latte -

2. It is possible io praduce technology for the purpose of improving tratitionol systems of the smal! farmern.,
making it possible for them to make beiier use of Jand and labour resources, and al thes  ae tme provide them with
greater income (o ssnprove 'heir level of hvinp ™

Narviez (15), in Colomtia, studving the productivity of socio-economic factons intervening in majze production
in association with chick peas and beuns at the farmer Jevel, found that none of the factors, land, sveds, lertilizers,
pesticides, labour and other inpnts. were used efficiently, Factors requinng capital appear to be undercmnployed and
were the most costly in the operation, particularly pesticides. Labour exchange practices and payment in kind were
efficicrt. The net incoine, including estimated cost of the land, was positive 1n the case of inter<cropping of maize with
chick peas and beans; inter-cropping of siave and beans did nol show profits nor losses but the resull was negalive in
the case of maize and chich peaanter=ror ping As  conclusion, the suthor savs that Tradstiona) producers are efficient
bui peorand that the shortape of cavital 1esing!s a morz efhicnont use o) avilable resourees,

Export Crops

The main export crops such av colfer, sigsr cane, bananas and cacao are importani as single crops. Production
efficiency of these crops s ingher than that of gram craps, due to the fact that they are in the hands of large or medivm
owners, who have casy access (o financing sowces to pay for avadable technolopy. On the other nand, as these products
are a source of forcipn exchange for the countnes, the countines themselves or the prvite enterprises have spent isore
resources onosescarch, which has resunee an hetter techinicsi ceccnanendaiions, preater financial support and better
processing and markebng medh, s fon thar aroducts
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