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SUMMARY 

Author: Jorge Soria** 

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 leels of technology. It is demonstrated that in general, thc
small produc'r is efficient in his operations and that he could be even more efficient if he had the necessary econonik 
resour:es and adequate technology for his multiple and mixed crops. 11;; is followed by information on rescarh
carried out in several countrice precisely on these cultivation sistens inelurn;, the results obtained so far in CAI II-,
which seem to prove that greater yields in products and biomass are obtained uiiJer these systems, making bettcr use of
land, fertilizers and solar energy as well as labour. The attack of diseases and pest was not as severe and the invasion of 
weeds not as bad. 

Finally, emphasis is placed an the promising prospects of this type of research together with basic research on the
tropical ecosystem. The establishment of new programmes on lthse lines is suggested so that man in the tropics nay
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 to 75' of their foreign exchange income (-xcludoig Veiv-uela) is o laned front the expos! of some 
agricultural products such as bananas, coffee, sugar cane, cacau, citon and It.bacco (8,20). 

Latin American countries de not produce the amount of staple foodi required to support their growing popula­
tion, whose averHge growth rat!: hetw,:en 970wa, 2.1h'. 970, AmericaI90 1-nt I07(! oi I Central imported the
equivalent of 20 nillion I .-;.i; thc frn of fool r Sd -Iocc'is..d g.an. (I } On the other hand, general agricultura!production efficiency in Ilic pcwtl I ol-63 to it)uQ-71 t a vtjil y avtragv of 2.94. _ rate which is still belowached 
the yearly Iimit estabkhed by lAO hnr the World lodi clIu;! fIrt A,',ricultural Development during the 1970-80 
decade.
 

STRUCTURE OF AGRICULTURAL PRODUCTION IN LATIN AMERICA 

In general terms, agricultural production in I atin America is represen!ed by: (a) export crops, and (b) staple food 
crops. 

In Central America, 68' of tot.ii agricultural production in 1970 corresponds to export products and 32% tostaple foods. Although there are no comparahie recent data io- .-,u':h Anicric, :i g-,ht .,e said that in general the
courtries within the tropical area are similar to Central Americat. Production of food crops ;s proportionally higher titan 
exportable tropical crops in Argentina, Uruguay, Paraguay, Chile, fioli',ia and 'etil. 

AGRICULTURAL PRODUCTION SYSTEMS 

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

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

I. Single crop farming. When only one crop a year is planted, the lai.d remains fallow the rest of ytar in the 
case of yearly crops. 

2. Inter-cropping. When two or more crops are planted simul:aneously on the same land or are piantcd 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. AGRICULIrUI',tW. 

SYSTEMS AND TECHNOLOGY USED 

Staple food cops 

Table I (18) shows average yield, per hectare dunng the years 197-69, of several food and expoit crop" in
Central Amenca. It alio incliides average experimental yields obtained in ,oiic areas will Improved -41d advanced 
technology. 

Precnt yields art, low for all crops, if compared with tie experimenal yields repnrled in all thc comitnrie ftMr
thetsc crops and , one coilnlercial explilations in which more complete tcchnolIgy ha, been applied. This include%lic-
Uie (if fcrlliers, pesticides and niacinmery. wit i which in sole 'asch prodotlion his, tInen mr;istd frhii thiv fit ft. 
limes' over pltes 'lil ('cttral Aniicil kii :ver.igcs Willh adviliile IinaL ijI rtsrm ftvs. i,'li-i Ite'thlt-'il Sltpl srrl vsl, lnd 
gi,0o, marlkeling systems, it is )ossiblc to intcreise production to these lveLs in inecliun anti large prtdu .ion units. 

Low food production in Latin Antica hat been attributed in great nicasure it the USe of agri-ulhurat systeu, i.
 
limited efficiency. Most of tile staple foods of the area are 
supplied by small farmer- who use traditional citialion 
systems, which include single crop farming and more often inter-cropping and multiple crops. Trhese production systens
already existed in Pre-Columbian tinmes and havc probably been used for millenniums. It is kno%,n that the ,Maas and 
the Incas since very renintt times grew inaic and beans together and this practice is still predominant anonr, small 
farmers in Mexico, Central and Soulh ',mrica Among th. small Central Ameri, an farmers of Ihe low tropical area,
both under hiiid conditiotns al ,tli a 'llcraiim m rvgoim , inletI-kro'ppiIg alld iilit1il€C croiplli, of Maize will,
bvan\ nianjoc, sweet polaio, sorghtii i, esti nc. cuctirbilaccous plants and v'l't al,tbtc ire vtery i1oio i 4) In lic higl
Antic uf Southl Acnieh.a the nriIlwi 'ittop mihliinalions i%even more vrged, with .I pltdommianiit of nuln/ wili,
hv titi, hlick rtas. pIiO,iti ¢- (9). .ltw c 'I, (1 1 , ,''Jdiili n' , n ,'', ,'ai l./ oi1 q lll Ii l ( n Io 

tlllt O or melluco ('I/hu.s WI1ul'i/. I ni, pt',i v,,etablhles and shtit ,I b. 1c).
 

In North Lastein Bra.il associalions of niaiitc. heans aind arh:,rcscent cotton are predomnant, thile liianim,
 
associated with 
 ilaUre and beans consti liit (lie domnant crop in the A 'ia~oi ba-in and the Vene/uclan and 'ulhnmbiin
 
plains Asqncialions of maizc and beans. vegetable,, and rnanmoc ,ire predominant in the mountainous areas (if the stale
 
of Minas Ut'rais in Brazil. 

[stimates made for several countries II ") show that bcnns piodliced Ili association wilh rnamit tetir, el i't) of 
the total produced in HI Salv;idor, ,.'! ii (Colombia. 5W,, in M, xici) and 80"; in Birazit It conlld be .MatCd w1thout 1l.
that over 60'4 of bean priduction in t colira; Ainciiva Ispiodned wider iiiIctr-cropping ind lntihile crop)yslcmis ,itl
nlaize and that a greater proportion of oial/c production of lhl' area is supplied through inler-cruppingt syslcni, llthi 
other tiops; 

i'~l ih Iti'0 . ,lc'-5 il l i ;I tmclllliiiiall i'rs r t t%u hi iill i llr i C' i I hi% iclh qk'eis, 11i.1(iii C1t l olllh ellm it 
ale' gic wii Itlllllg lhe ,I'1t Imlicltl veal a'. ' ,ilctr . 4,. *',l luiIl ,i I', cll iii .% Ni..11,in ir t;ll lit: ll I li ilr yici 
some small aninals, should he intludced such as poulir) pigs and even a few ckiw:, 

Vtnall farmcrr (with less than 5 hectares of hind) operIc 80';' of Gualeinala's frms with 85'' in El S.ilvtl.. 60'4
 
in Honduras, -13'1 in Nicarargua and 46': in cost i Rica II 8) In ('oltuibi', nS5' of productive unit I JO
hasV Ir, thin 

1-ctart% IP wlI .iliun in Lcuadoi, Peru aid IlictiviI aJlri,%, to beSimilar our Ito h:lie a gi at pe rceitage of small cwncr
 
Ini thi' A'd i i. ,;0lI.
 

II s c-: 11)1 
s IUIlli I h sIi i tl r O 1 P.grCalI 

nialTcd that ti| (.loni a '1t; ,1' th foO+i CocSUiIieCdl tilL' tl.' 1 S l 101 ra priiluccr,,.. 
01 it:r dId n e Il thi .Nndfean LOU I It I hII Ili L.'(lit iih In (' Itr.;; Ametn, a ;i01

oh foodI pIi tl Is, consriirti-, art- pro i ec in fit ai.,a and ce: 7o '.e is ipplicilbi, n i lu .i' , I I . 

A lkct,.eioni that allusc is flis mast t Ploducers dies not uc availahic k'.ljhilog. I ic,. iuld he %vciati, 
1.1W(fS:3 t hal i, ;alid .JI1 .SIt is ou litirz,. tile t 'd he ihil avaiialJit: tvchno{itgy ohfl ir.ji-h r ausc (4 it igh1 Lltl 

lhc0 • riers -io hi,t' n r ;iii+t' - thei o ,'wl ,t;hI ti. k "rnil cre.dil is 11-1 ,a;iis' ,tictesi hi- ,.:11 trill1, % tic 
,njlh, ali :u of e'terlt: mss, s,', ll..lkc It'(. IcuicnCt'r;, nn' ',Xithi a\V'Iahle tt'hit'h ' , vh t cn j:u.l i'. turn. lue'atl.,a~'' ' rt~' uitral ii . :,d. iLt.. it. - -ir. lrlc ,, rc~l:u. 'v wiliJ'tlt i, t'sisl~lu.uicil I'I lili';, ,.uiiticns, ,l adslC.e us.a 

:IC" 0to l ha'),,..isaila t ' el" : , hcs .c'il i|tih,: 'Un ,1 cdotup d tils it oh lltarea hr titlo wi tir pdtlern
lot It. ',sc cll resourle' I, hpcac0h dt!evtiptd lInlit'. ;,i.It is lilit availaility if r ts o iacltiner% and ilrge
quint I.,-; of agro-chlcm,:cal. Whel, riLt and i a -inaller scale, man/t, are pioduced as si|igli: crops willh high techiudlogy 
in the iarge or medium fariri. 

• iirunarcc1ii "ct'np st l , i i 11 .P klI.1 lichc..,,1ii Sp iiktrI. I 'h 
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j haN 'C " - .r"I" i f h~ li 'il 1, 1'W' 14) I I	 FJV1F~W 

Lit~~ ~~~i I ehegnt,slllsidl.le lLc 	 ik)kiIondi bon of t 	 ' ieti- n and the s cial noiom, ind w kI ,I ls of 'kn1111 I ;itilr'i'. Tl iurI , k ! .,. i F 

:uid& SLe;Of ilihit LL| nergy iiriii lhe Lt!!e y e ar and ucla qugt- seasoo for 'ikiwigiultll rih n alin. hl 
: traditional agricultural syltmsiwed in Lam :.rica. 

Table No. 1. Central America: Production Margins forTechnologic Development in Selcted .ur ;i. 
F-.F.. Uvcatock, 1969, kilograms per hectare and per hundred hcad of cattle, . 

(taken froin SIECA) (18) . . 

Product 	 Average Central Modal Commercial Expe:;nt-stl1 F 

:... .American 	 yield yield with improved yield -. A . 
technology advai, -d ::,. f 

Fl' 3, 

Export product 	 90( 

Cotton 	 2,093 25 7 0 2,800 
Sugarcans 48142 90,160 i0J,Ot 

F :Products for external
 
1Consumption 338
 

IF Maize 1F035 3800,
 
Sorghum 1-117 	 ?,600J.4,500) 

" " Beans 652 1280) ::,300 
Rice 2104 6 Sl50 10,000' I F 

M't±L
4J 	 2,500 3,40o :i,00) F 

Milk (pcr hundred head) 13,000 	 16,00() 7 ,00 
i , 
 4. F ' . . .
 

Source; 	 GRAFICA. production sheets utilization of agriculturd products in Central Amr.ricp (un"
published)F'. 

F, " :' SIECA, Agricultural Developncnt !yr.nch; compilatirm (n thc ba:;is of technic;, pulh . :F 
tions of Central American countriLf.j\ 

,/' Weighted average. of mean national yields of the fi e Central American,:,-it::;-: fh ­

perio l. : .. 	
­

. . .
 
2/, Modal yields currently existing in commercial operations. . 

3/ Yields obtained expcrimentally in experimental Stations in Central America, although soin* 
cial operations have reported t-ese yields. 
Meat and nilk production per hundred head in the regional herd. r 

Tabli 2 (12) includes data On maize and hean yields, their harvest indexes and teconomic prod :i:m :ii.1! . 
iing triI f maize and heans anti oi each one as a singlr crop, carried out in Mexico,,Uhpingn,diwi:g'j -v , .," "'
 

y using 'a fcrtilizer level for all. irtatmenu (80A-O0) and diffe-ent population dtnti:.' . Fw

years, single 

including the dcnsity of the tradi.ional systetn of the small farmers (20,000 plants of aiz, 20,000 pl:f 
 .
hectare). Harvest indexes show that intcr-cropping of vartu seedigdensi,riou 	 traditi nseeingdesites inludngVietrdito
yilds in wrighl andmoney superior to those of the'respective inigle cro s optinsiu densiti.esa :r,:iH', .. ,th 
techichss.. reco.mndations. Matilcini and Castilo (14)in Colombia;'alsorcpotc.. sim.ilar rlte in . :nwt.. r., r... 
trial with bea'ns imaic, obta ninga bean production between 859 to .3,937 kg/ha and mai". nWo, m,Iiriv' F 

4,522 to 8,133 kgIha 

http:slllsidl.le


Table 2. Maize and bean yields (kglh , harvest indcxxe and economic product (Mexican Pesos) of an 
inter-cropping trial with ino ard beam in CIAMEC-Chapingo, Mexico, 1969. Taken and 

Treatment Treatment Yields Harvest Yields 
Code klg/ha index Mex. Pesos/ha 

Maize beans I 

6 30"M + 90'(; 1,867 1,266 10.3 2,3,S 
3 30 M 1 60 :G 1.001 1,122 s.i ,
.1 20 M I 10 1:11; 1040S I2)(, 14,, 1,9li 
2 4 W FG" 1,19,20 M 1,471 1,S t42 

12 30 M 1 90 FM 2,413 629 152 1.140 
4 30 kt "4 20 FG 21109 .764 138 1,704 

I1 20 k. "; 20 FG(t) 1,676 947 133 1,550 
9 20 M 4 90 FNi 10851 709 136 14402 

I 31) M +60 EM 1,899 5b3 12S 1,152 
8 /- M +60 FM 1,962 5.2 123 1,13) 

14 i0 FG(I) --- 1i4.9 100 F(;t) I,: 25 
13 40 M(t) 2,454 --- 100 M (t) 927 
10 30 M J-20 1IM 2,045 M., 109 913 

7 10 M 420 FM 1,687 -353 99 '.93 
15 160 FM () -- I,1U I'M (t) , 

FG - Black beans 150 

PM Canary Beans 107 

M Maize H-28 

- Numbers indicate sowing density in thousands. 

() = (eck plots 

The Coombian Agricultural Institute (10) has made technical recommendalins rcgi'ding sort-. :& ¢iei VniCIrz 
seasons, sequences and technology for various inter-cropping and multiple crop s.m'cns iraciccd :n 6,. ioct*' of 
the Colombian Andes. 

Taking traditional bean and maize crops as a basis, (Hildebrand and 1.?Lch .9), 1oti1 ,:i'eplecrop s . 1:,,.. 
been tried with agricultural and economic success in low arc.,, ist F-.Salvador. Maize is used :#-.'he central , t:n 
crops such as beans, radishes, tomatoes, cucumbers or vegctables Art planted etwecin the lint :if mat7 in V;: 
degrees'of overlapping, obtaining several hariests a year with the help of irngation and high technolog) 'the aut,(.rrn
give adetailed description of nhanagemcn( methodologies end sowing scasons for the different crops. 

In 1973, the CATIE (Tropical Aqriculture Research and "Iranmnp (entre) i:, 1 u,-rialha, ('mts Rita, .:-,. ail 
investigation through field triaLk to try prodictcon systt'nis Aihtlh took iit atcount :iall firmers' rtnourctn', t" lhwil 
is a summary of the results ,uihijiticd to the XXI Yehrly Mectng' ifthe I'('M(A (5) held from 7 to : ' Ajid! this year 

"in a central experiment cf approximately fite hectares, 54 of these .ystems vcore tried with four variations in 
each case laid out in a rmeudo-aleatory hlock design with tfu repetitions. In all the systems, sowing density per crop 
was maintained uniform, indcpenlen-ly of the inter-croping -stablished. while sowinit mo4cs and dti'manc. were 
chanlied according to the dl'gret' of teclnoloy einptyil. 

in the stevtiiii presented for this work (liguic I) a r.raflcnt in soil use is obseryed .which is dcterimint. ty the 
type of crop ad its spatial and chrotu!o&ic distributior,. 

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

In general, the number of plant% established ivas low due to the soil's physical conditions (compaction and 
puddling), competition between crops and sanitary aspects. 
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Yields and biomass productior both in the case of single crops as well as multiple crops, were greater with higher 
technology. At the same time, withn cach technology level, multiple crops yield mnore than single crops both as 
regards total useful product and bion.ass (TabLe 3). In fact, land eq aivalent ratio indexes LER), with reference to high
and Io* technology levels, show thait multicrop systems arc agriculturally efficient, the most important being the 
F+Y-M, F-M-M, F+M-M and M+Y.i s5tens. The results of some forms of multicrops wilh low technology were 
similar in efficiency in comparison w.Ili the respective high technology single crops. 

%ithin high technology, fertil!:cr use was one of the most important factors determining the yields obtained. 
Apparently multicrop systems make a nore efficient use of fNrtilizer consid:nng 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 producl was the following: K >N>S>11. 

Airborne diseases were more evident and their conscquences more serious in single crops thL.n in multiple crops.
In the latter, some species act ',s naluia; harriers hindering the free dissemination of the. inoculant. On the contrary, 
some multicrops, because of fh crc,:, n of inicro-environriiunts wilh high relative humidity and shade, favour the 
development of other types of diseises. All crops, between June and July, were att::kcd by Phylophaga sp. which 
affected yields negati~cly 

The number of weeds was hIss in multicrop systems with low technology than in single crop systenm will, high 
technology. 

The biomass (kg/ha) produced by Kcal of photosinthetically active solar energy received during the duration of 
the systen, was 36' higher in hicultuUrl systems and 1'1 higl:vi in tricultural systems Is compared with single crop 
syste ms. 

Although the energelic contrihution in most of the systems Is fundamentally supplied by carbohydrates and its, 
multicrop systems appear to be more pruducttvc from the nutritional viewpoini. 

Single and double crop systems with similar components in the vegetative cycle, such as bani and mai7e, present 
a more uniform distribution in the use or lahour than certawi multicrop systenis %kithcrops whose vegetative cycles are 
very different, such as those includin' maninc. 

In three cro,, systems, fh total amount of labour required for Weeding was greater than in .inglt- crops, due to 
the difficulty involved in moving within an area whith is almo.zt entirely covered by veg etation. 

Multicrop systems, among which the most important are F+Y, F+M+Y and F4 Y-M, provide the grealest returns 
per day, per cycle and per year, make the twst use of labour and contribute nutrients tht are btter suited to balance a 
diet. 

Preliminary results obtained ili this work show the following: 

I. Systems including multiple crops, inter-cropping or mixed crops Iii gencral were more efficient in food and 
bioma%s production than single cro!,s ecn if ligh techtiology was used il thc latte:. 

2. It is possible to produce technology for the purpose of ;rproving tratlional systems of the small farmers, 
making it possible for them to make betir use of land and lahour resources, s1nd at ic., ic tnite provide them with 
gre ter income to improve their level of living." 

Narviez (IS), in ('olor'fia, studying th productivity of socio-economic factors intervening in mri7e production 
in association with chick peas and bt..ns at !t, :arnic level, found that none of the factors, land, seeds, fertilizers,
pesticides, labour arid other t1p its, were use, effikiently. Factors rcquinng capital appcar to ie underempnloyed and 
were the most costly ill tile opcrat on, paitttilarly p.slticides. LAbour ecliarige pract'ces and piyiment in kind were 
efficient The net income, inclhdinr etriat, d cost ol the land, was positive in the case of intcr-ciopping of nlaize with 
chick peas and bealns; inier-croppin o! inati and beans did not show profits nor lossv' but the result was negative in 
the case of maic anrd chic; pci intcr-'roi .ngt As a %.ontlus:on.tits' AW1ho, s;yb rit iad'tunml producers are efficient 
but pi',r and that t 51,oriji-,. , :::it:l ii Ir.Is a 1imirri- etirith r L . 1iav:irlabhtr rct,5i- 5. 

Export Crops 

The main export crops 1ra'di :'. ti e.l sugar cane, banana; and c'icao are important as single crops. Production 
efficiency ol these crops is glier than that of j,.rain crop-,, dut. to the tlt that they are in the hands of large or medidtrn 
owners, who have easy ac,.cs, ftoneni' souices to pay for ,ialmhle lcehnoly):. Oil the other siand, as thee products

of forciii lraugt: (are a source ' fllI thL couict11s, lre Cou;;tSit 'siirlsclvi-s 'ir the pv:ilt vilcrprises have spent mort 
resource,s on res'ai i, whid li:i . rvulit.I,i i -I'ItI It-. firrit.; :L. i hii,.nl i rll l tta l firmaricial support ,i:l better 
prvctussin.' and maikiliuling 1nei. .iMi:, f-r i;.ir o-l,hits 



411k 1 I tN(Y 01' AG Rf(LCUI.TU RAL SY'sI 1: 11SIN RELAT ION Aj
IVITH ECOILO(Y IN' i*flTRoiICS 

ii Ihl I- r i j)iil.lN it r ye~ii I' clop$, l ltes deqtl atl' aiil skli[Alle thrill percninza crops for a itusfainid
productin in)the lr~v !('';'ic Iti tIect thIIf 'fig~hi i:vltllUlt duevlvto Ihlii c>'iiPf.filrcn' 11C rapid growl arid low
ri'cyclilif' of 11ull 0,111., ;-l ukl '~u.. oows' Ili vu'Jlto.il lilt' 111i~'.1I'rq,:ulr miiiihero-(i'liseaises and f1i-sN.Ili ailir i,nr,iheyause gltatcl dui:.ieIII ka ;~~.it-C. Iop! ll's~,flu:;, aiict ll;iiiri .11 1iI. L'h~lIirucAl Airic fllySiC3l IuiriteJU tIV. 'Ilz crops tre mont' ~ ut~lioiru protiltillvtcllicia'lalt l,uwuis 'ls :ydl o thlrir lIIIi~kl ucrfi, ilcfi-cropiing (i itillipt' ciip 

A hi',', (f t f oiiit' th ok w iI r,~~ae III:V !u, c iji U L 10feto 
Colitelsiuirt. I lop%; (II IIe : t.1 1- :lu~ tike,Isv. I,, hisf ;uml 1iiiuiipty ouiifly .iiitl vu'(X ,,olVyi 

owfti !1o ' m lJ ifs i I~~llril1I'li rii SI IrligAtIMY ;l~ritritiiii' 
i I Aki m jI.' :IInd 

Ali11i00gh 1rhVre arno iimii,ritev thiiti. it is Noluueietl IMr Ihce ct tit ollN% i,,nd JI 0L',ivs :ovunotilS 1.4I 1hali'I 11CL-ANC 
enultipli c.rops ur inler-c: upping ou ii lerent sIt-vcls: 

' iavsAcccordirnp to firnud fivld (2, )ilt.:-rprn anti mutltrle croll rr nkc I'possible to) Keep soiil covvered 
levsduring most of' If'~rII ut'dup Ht. i'olitintous 3vaifn1,,illiy Lf S1111eriht iind hip'ft lemperaitrcs Ii the frupics nihir

efficrntly, whili.:Iatw int. to 1 food produef. 

mat Awith 

ri me poilfuoIll' agreater quant!ity (if flioila;,, alit! I)lsefu 

111C suic'cess of, the( fItst lropit-al kgdcirhural systeins with yearly' crops, w~ill depiend oni:(a) thle poti5iifv of 
maintaining optimnum ftertilgy hvvvs jiid goond phy:Iicui soil cunclitions ecoinmicailly: (h) e'onr'\inic conltol of pests and,diseases, either thrmugh i'hormicai (it puft'raly biological or variety resistut Iiv;ns: and (c) good researelh and ltrhnikMA 
assislane slervices- to tuec tar:i, -l 

i'ert'nitial *:roiu i'.)l.-ce itl flth- fornm of single crops tt ricicrlf titan iiniaf Tcop. il lithe uw if ofivarcue o 

tropical e'vt.0ir, r d i'tfficieincy of thie
.* 't'll i1eiel1 fjjut V f ropicaf -forest, unless thie declinatSion oS io 
ItVnl ility aiud ilic imi ' ofi'aApt%i~u ,111ihsv':se.0are cot iec'tcd. However, racao vind coffeec cropq grown tunder shlade' inmal>'zore~u'f Itotlneal Auoneric'a hoivc survived dozens of ye.ars, with meudium yields, with'u sn 'tf~r n La~ 
cfisvale and pest cotrot 1 I 9). lit thi% cast', lte cycling of nutrients is implanted In lte soil. 'of the c'stiahfisfied petennial
pbnitilor, ptoduced h) lte residoic (of leaves and oilier Icee pitrts. Ini *5fudics on miinerafizaflocit Sfite nrlanic 111,111tCI
kcar;eicc)11 ill Cciao~ lllt.ttiuns ist 'I oitlfa, litartiet (I13).working wxith nit ro .en ani raiiados (7) Wi finnp1~ut.
.shoWLtt thal 6Mcacaon'tled from) to 9 tolls of bloomass a ye'ar arid that there was 3 high recycfing617 said nutricnt: li
 

:" Fgener.. . ilhc difference:... l uret to theIIC;oil anti that italdin.. the hanrvcst %,.:i!4
betiween the tiiniyo '~ lI ( htreturnIN I.ITR . . .l .
 
actcorditig fo the, u10111111 richness 
 of the soil and the volume 'o' the itarvest. However, nutrients recycle in I~lfIto.'ns 

l 1 '
qultlatities to :nuiinfain'shw growthanid.:. ::•t :. - !I~l t eNIl * t! m::(eratt prdcto of the crops,,'t' ltil! y 'l } 'il {)l h s .ld t tli a h il ih e lll p : e n a rtll ~ ~ r l~ KI .. " 
;!!;!i'.i ;;;-.li llh hi Vir:~ts i~ l lt :u. f h f~lil l mlldil"I~l},i, o iI e' a)di.') l y iairo 


tI!t li il'l d , ,l I ''Ji ,
/;: ', [ '; ' On ileothrhndpe-ermrilcrops',I l l i , IH h I '. ' h r Ilil i ta~ ; .. 1li{tl i~cover the so~il with foliage, producingI 'r~ a closerc HIitaltion of,l dthe function c-i ihe! 
Itopical folite, '[here is a Inkure vfticiet'il uircep!iori of light for photosynthesis, the soil is protected fromt ilhe, r' 
action of tl irct' dowlipoutr of raili,: ilt!.,ILiaand(i

i 
I!its'" •runoffI fJ lisl'Slower, a iilwilii"IlltilAtI t(it ', ,:l{!ll l' St -'::/,! l ;,ll! I !CY'l
l lI l~~lt 

' 

l sam~e I~l i iVS I.'il 'ar t' 'liliC 
is improved. Shading of thc soil also miakes it possible too maintain more uniform ticnipratures, a moric stable mco-~ 

time niaintenace of thie skoil's liiuily 
l: ~llc lr, ,illi l, si. , ci~'ln livlh{ ;til 'l ~l~~in: lflhi~ ti I i iil 'l!lrll ngwu.buvll 1 itdiiiat !
life and an inferior drYinew and sterilizing effect than under direct sun, as in the case or yearly crops which keep th .:(),I

fully exposed during vhr)'ing periods.ot titan.' 

Imiprovtid varietico; 4(f yeairly crolus, such as the so called '"miracle grains", need large iluntifies (if fcrtilizc'r- ltd 
tp~esticides to produce frein highl vietis and ,flow all theii pliettialities, But the use of large quantities ofpet.' , 

csPccia 1ly w'ithiout sufficient C;'eri'ieital support, may creatc. more problems than solutions. Contrary to teinlt't'jQtt 

resstait it) lpct ind1(ldi~l';,cs Call hi' ofitiiii'i, especially of' pervonnial plants,.i nutch lower thun the spee'd withi c~icjj~~~~~~,~~~l jetopclcui A pe(i and t on h ne iC,; orodie., puit-A dv st iseases rpNi,'he fdlit 
rtrtler to sili'py f~liimra i 11u dt'Vi.-I'p a Itopic.al .gii''oy f o 11I i iig i',stIf Illir it lkItutcr suistained prodiiuction"'.
mrhessary to vc'iale Sliet tropical1 'Illialiillf I0toundCrSfant lte surroundinig ccosystemi so that Sie' iil~i imia~lv it,
Emphmasis is placed on tHiv need (t estahhlih newt rcsrcarch programmeis exclusively devoted to study the devclopnivitt of 
ag-ricultural %)y.temsadalitec to tropical Lrofogic. conditions. 

Io) 
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