"/ MUL EPLE CROUPPING 1o JiOPICA L AMERILA

Ag Ni, ‘{’inchlnat. J. voria V. and «, Eaxén

in Tropical A :rica, ae in moet cther parts of the developing
world, ig)prt;vtng agticuhuial produciice & viewes 26 an innmediaie
goal to avert ssvere food shortage ind, iathe proceas, to cont ributo
to the hHeltsrmot of rural Wfs, 2 20amible wiy to echiseve this joal is
the development ol adoption of more efficient eysterns of crok: pro-

duction. ’

This papar focuses on multiple croppiag, in practice and research,
as &8 means of incraasin, food production in Lropicsl America, especiale
ly &t the small ferrrer leval. Implicit 1= this objective ia the improvee
ment of mra'l.nio through dalanced m;.tririorn, higher aad r'no'ro even disa -
tq‘r:ibnuon of lacorae, fuller utilization of hand labor, protection of the
cﬁvironxnont, .and ypgrading of genaral well<bain;.

LT MITION AND ClARay TERLS Tich
Ok TROPICAL AMERIUA
‘ ‘Tropical L£inerice ia 4gnn.d as the geographical area betweéa the
Tropic of Caacer eod the Tropie of Capricora (23°30° lat. I aud 23730
lat. &), Argealina, Uruguay, Faraguay, aad Chile are th'o anly Latin )
American countries not considered as part of tha tropical a.rca. I'he

ecological background of the American I'ropice was summuerized ':')y .

Duckham and Masefield (1).

193 Mer bars, rarming “ysten.s lean:., Lepartmeant of [ropical
Craops and Loile, {ropical &griculiural lesearch and Trainix
Venter (C.u 2, Yurrialba, vosti oica,



leyardiay {formiaoy systev.s, iropicdl ynerica can be divided
into three altitudiazl ~ones {2).
1. Tha lowlaads: the 2rea {runx seu lovel 1o 11:00 v altitude,

with 3 zus3n 2nnual temperarure of 24-30°C 3ad ® mean

-

anmsal rainiall of over 200C wani which ie distributed i -

wo lnajor patlerns ione deing un alrnost coatinuous wot
xeapon throvghount the year aad the otier & aennst; Ge?
montic very wat period altesnatiay with & 5-6 mionth dry
 BeBRB . ,
2. ihe middie or temperaie lands: the area {rom 1000 1 to
| 2000 o alittude, with & w.ean annual Zemmperature of 1R8O
.and wouoan Zocual rainfal_i of 140 v, which hins &
rfrx-lrke-d 3«6 nionth dry a»ea.auri'a yEHRZ, .
3. Ihe nignla:sis: the arsa auewve T0OU0 i altitude, with 8 1 e8n
agausl temperature below 13 C and 2 mean annual rainfall
_oi lesn than 750 mm, walci 16 also ;:ho.ncteriz,ed by a
marked but longer (6-8 month) dry season during the year.
Contrary to what 1.8y occur in other tropical regicons of the s&orld.
the oreas ot'hlgh rural pcpulation, coemiprisiag tnainly small farmers,
ave primarily logated in the middle land and highlaad regions such as
the Central tablelands ia Central America and the Andean Piltoau in

South Amaeriea. Agriculiure in Latin America is known to have o'rigtuhd

in these areas through the rise of the: Maya Civilisation in Maxico and  .:

Guatemals yin Central A_mi:in and the Inca Civilisation in Paru and

L3

Bolivia 1n South Americs (3, 4). In tursm, the rooting of these civiliza-
tions and consequent high concentration of population in the middlelands
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and highlands wae encoura;ed by, anonz ottiar tactors, the n.ildav
climatie conditious and higher and more stable fortility of the solle
there than in the lowlacds. Carnpetitica from high population density -
has forced more intensive ase of availaile a-g,rlcaliural land, Uader
such conditivas multiple croi:ping tenda io be practiced mors widely. -
Ca the contrary ia tes lowlands, maialy o South Armeriea, many
varienis of the old shifiing cultivation systein can still be obesxvad
wheve population pressure on agriculturel iand is lsht, \
THE SMALL FASMER AND CROP PAUDIE TION

4 pnall farmvars may be defined as one who opefnzgc.a production
unit of laoc thaa 7 heciarss (3) and practices traditioval crop husbandry
methods. The vasl wajority of small farmers may alse be c}na%ﬂed

as the poorast .arour_:. it raral Tropical Anieriza. -iace the aoall

" fapiners are 80 nun:crous, they play an inportant role in the sconomy of

Tropical Amezica., ibls large cantribulion cgeurs evven though thelr

. ceop ylelds are 1nuch iower than those reportau by local axperinionial

dosling mainly

agricaltoral statious ox by large conunercial holdings
with pure ataads of 2 sin;le erop.

Geaerally, icdustrial or large market-crionted cropé such as
coifes, bananas, c#cao. sugsr cane, catton, saad rico are prpdueod an
large to medium (- 1¢ ba) farms, undar advasced technology, which
{acludes the use of muchinery, fortilixsrs, pea#ici;.iou. and othér high-
cost iaputs. One the other hand, traditional basic fodd crops such as -
maise, bean, casesve, quinos {Lirenopedivgs yuines and others are
produced on small co very small (< 10 ha; holdings, followiag traditional
farming practices, in which fertilisers and cther expensive inputs are

scarcely or not used at all.



Utatistical Jdats «how that 80 . of the farms n Cuatermala, ¥5  in
'El Salvadar, 60 in hHonduras, 43 . in ~lcaregua, and 46 - in Coste
siica, belong te the umall farm category i6;. lin {olombia, aiout 79 .. s
of the food eonsumed i the country is produced by small farmers, and
65 .1 of the farms w.easure less than 1 ¢ hectares ench (5. Zhe percentags -
of amall farmers nay Do aven Ligaer Lo (he andean plateau. Vor cxample,
ic Lolivia the rural cuctor carnprisce agproximately 5.8 rmilliva people
or abouwl 70~ of the wbale population; the lar,exr poriion, spprozin.ately
85 « of the rural pupulation, is concealrated in thy “Akiplsansa' or Andean
platesu anc in the valley wnlddlelancs ), uvader narked mr...:.l'l farmiag
conditions 'or "miiiuato ) the remalutag 13 38 locared i the lowlsnds,
Talso ander conditioas cf simall scale fara:dng (7.

TG T E waGRPLL G A ARG IR S

Cine of .zho festures that characterize the small farmor te Tropical
Arnerict 18 his inlensive use of the lanu, .i¢ woTuinily yrows rcie tian
Dno Crup ¥ year wni:r a wids range of wuliiple cropping systexie. ihose
e1com:paes sequatiivl cropping ana Sntercre.cpping. i‘hero tvio groupr of
systaras are ofle. curatiied tn inany wavé (r.; lsed cropopioy).

it is well knowe thai the Maga indians in wentral nmei’ich and the
incas in outh Arnerica grew their majze 8ad baan sither sequeatially or
ia niixed cropping systoms, 28 it is #ptili belny done in xeversl areas in
iroplical America, : - .

Waere soquaenlal cropping L6 praviiced ae bave noticed ‘il vavally .
two to thraa difler.nt !yasic food croupe aze gruwn durluy ihe year, i very
short 32as0on caCjm, esp2<23ily vagetablen, 2y tncluued in the gyester, )
the number of cioppinie per year rmay be higner than three. Also some

xTain crope, such ss field bean aud maizo, ara often harvested ia the



wrren stage to 1.ake roon . for subseuunt cronpptngse.  ejuential crop-
©ing tenda to apply ¢ ore to the large and n'adiuo: than io the sinall
farmer.

41 the latercroppglay sysieu:, the ceatral or privary crop can be
fairly ¢t y::oit::al :o.f & rexior., Ihus, {a Cestral Anrerice it may be rr-ai;e {8,
whereas ;n the araxnes Fasin and the lowlands of Colowbia ang c‘e:xezzuél:s
ic may he cassava 3.

i1he countribution of iantereropping in bean production zlone was
found to be 5J.. ia L] Salvador, &3 . in wolorrbia, 58 ,in Mexica, and &9
in Eraxzil (10). «ilso in £]1 >dalvador, sorghurn is ali-ost cxélusivolyv
produced i-ntsrcropped with maize (11). ‘

* lntercropping of a foed crop such as bean and an industrial crop
such 88 sugar cane has baen practiced ‘or is recelving morwe ac.tem':ion fa
.l"ropicnl America. s1so in fields of slow growing perenaial suecies,

such as plantation (cacao, coffee, or rudber) crops, tiriber, or {fruit

, trees, many aaanual food crops may be interplanted, to provide aubsisteace

food along with weed control and shade to the youny seedling of Lhe peren-
rial crop.. Yor exarple, a study asade in the coifee growing arsa of
Colombia {n 1955 -56 demonstrated that 33 « of the coffee farm:s were
intercropped (12}, Ihe more frequently intercropped food ;:lanu were
plantaios and other edible ba;mnla. followed in importaace b); suier

cane, cAcao, veyzetables, and fruits,

Vie have noticed that the diversity ind nunber of spaciel_lntnrcroé- .
ped by the small farmer on his ploi teads to lncroase from the lowlands
to the higher land regions. 1Thus ia the Jowlands n:aize, sorghum,
cassava, cowpea, a7 plgeon pea are oftea the principel crops. In the

middle lands aod highlands, besides the ubigquitous maize and bean, one °



~£inds yams (Ligsgorses sp. ) sweet potato, irish potato, various cucurbits
| and other vegetables, among the niost importaat crops. Especially in
the #undean regions, guinos, ulluce {Ullycys tuberosus), oca {Uxalie R
tuberasa), chili pepper, broad bean, wheat, and barley are frequently -
fouad in the farming systems '(t%}. -
| MUL IIPLE CROPPING 1iv KESEARLH

Only very lin:ited systematic research bas been carried out in
Latin Americs te improuve or develop agricultural produciion systen:s
which are adjustad to the spacific ecological, social and economic condi-
tioas of a regioca. Special attentica bas rarely been givea to the werking
coadulonn‘ol the small farmer.

" At the beginalog of the 1970s, the diffusion of nwukiple croppiog
rc_auarch results (rom: other parts of the world, sespecially th; Phx‘ux_spinas
(14, 15, 1_6)',lthrred strong interest in the study of multiple éropsit_ng in
Tfopical Amarica, with empbasis on small scale farming. Such interest
. has received iastitutional sndersement at several nationsl and ianterna-
tional Ceaters. The results of research carried out at thess centers, in
the area of production agrosystems, are ju'st coming out or receiving
widespread publicity. We will only briefly review here sowe ot the multiple
cropping studies that directly relate to the production of an.uus.l food cropa.‘

especially those that ore basic componeats of traditional dists in Tropical

: America.
Anuuals with sanuals - - . .

Experimeatslly, 14 cropping systen.s were praciiced over a alne~
year period ia Palmira, Colombia {17). Of particular relevance here
were four, that spanned a ons-year cycle. They weore: 1) seguential
maice (M<M), 2) continuous soybesn (L-5), 3) maire followed by aoyt;eaﬁ

(M<3), 2nd 4) soybean followed by raaise (:-M)., The results showed that



unaize in rotation with soybean maintained high yialds, similar to those
of seguential maize fertilised with nitrogen.

Data frem» an experirnent on continuous (sequential) croppiay with- - _
out fertilizers, with upland rice or with sugar cane, for five consecutive -
yeirs, on an ’aillnvial soil n;dr tanta Sruz, Bolivia, cited by Sénchex .
| (18), indicatod that there was no important reduction in yiald during the
period. [he highest yield of rice was obtajned in the fourth year, and |
that of sugar cane {u the first. A report of aa experiment in Yurimaguas,
Poru (19) showed also that there was no considerablg yield reduction io
the first four out of five continums crope of upland rice. The taird crop
was acta&ily better tian the pravious ones, parkaps due to 2 bstter raine-
fall distribution. | |

llp sxpéerimant was planted at Tdrridba in 2 soil of voh.:;nic orizia
- to test five croppin; systems at turee 20il fertility levels (19). Iood
crops were included 12 three of the systemsz. The first was 2 rotation of
. hesn, rlce and majze; the second, maire intercropped with bean, followed
by two additional rnaixe crops; and the third, an fntercropping of cassava
and bean, followed by rice. Hice falled io the study due to the blast
disease caused by Pericularia orizee, making it difficult to evaluais the
' systems as originally planned, riowever, yield cumpari:o.n between bean
grown alone and bean intercropped with cassava or maize indicated that
. the caesava crop haa no effect on bean yicla, while maize reduced it
down to nearly one<third.

Lépiz (20) reported data from &n intercroppisg trial of rialze and
bean, cnrrie& out o Chapingo, Maxico, for three corsecutive yaaru, iu.é
used a single feriilizer level 180400} and citferent population densitiee

for each crop, lucluding the density of the traditional matze~bean system
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of the small farmer {20, 000 malzs plante ana U0, 000 besa plants per
;zocure}. intercropping at various sssiing rensities, tncluding thosa

t raditionally adoptsd by the local emaull farrmers, resulted in grei:
yields ani fncome supevior to thone of the vespective rinylo crop rrowa
under opumuni deasities as sstablished in tochatcal recommendations
for the lr.oa.

A schema based oa intenslve relay planiing of ury basa aad
wvegetablas {n wmalse was tested by Lildebrang A= Freanch (21) ia £}
Lalvador. Agronoenically as well as soclo~ecounamically it was shown
to be, on balance, & potential improven:ent of the traditional systecos
praciiced b.y the sn:all farm:er ia thal country,

! ‘Tlor aad Francis (22) presecatad results {ron: agronomic and
economic experiments of bean (F) and ramise (M) row interéro;;pm;g in
‘Palmira, Coiombla. nuder differant spatlal or chroaological arrange-
moats. U.slug‘y reference the monocrops of maize (44, 0CO planta/hs »
1005 M) and bean (£22, 000 plants/ha = 100 £), we calculatyd that, in
one experiment, the land equivalent ratio (LEX) valoe: for agrongmic
production associated with 100% M ~ 30 .o ¥ (in two distiact spatial
arrangements) or 100> 3 + 100% ¥ renzed from 163.to 189, The associz- .
tion ingolvln_g a fall plaat stand of majze 8ad bean (100+ M « 100 £) was
the best. la anollier experiment any one of four ways of row i.ntorcrop-
ping 44, 000 plants/ba of miaize and 222, 300 puuu/‘in of bean, pmd'u:cnd )
about twice a8 rnuch g roes income as zb»'Saan monocropplag at 222, 000
plaots ha; there was no mai:e monecropping. In tho last wxperirne.t
reported in that same paper, 3 calculation of agrononiic LER valuew
would show that maize rohy-phnﬁd S to 18 Jays after the sowing of

beas {F/M)} was a better practice thaa bean reley-planted 5 to 15 days
¥



after the sewing of reaize (M/¥) or thun basn-2nd-maize row intercrope
.ping (F < M), both relay and row {atercropping wers better than rrano~
cropplag with either crop. Basically simiilar resuits were abteinad in
iatercroppiog studies on pole beaa and roaise carried out fu Pabmillaz
within the uwp'oi of the pPuebla Plan, iMexico (23).

A A m'orc comprehoasive study of farming syetems for the American
T ropics has beea izitiated by the Tropical Crops and Soils Lepirtmeat .
of CATIK at Tﬁru&a. Costa Rica, in which vérivus crops aad cropping
systems aAge compared agroaonically and socio-econom:ically. in one
of the Department's field experiments established in November 1973 1o
Turrialba, .54 crop potlerns based on meize, boan, rice, cassawva, aod
bweet pouto‘ were testod at up to feur levele of tachnology, tlm.u fosyraing
s total of 216 different ‘eropping lyltdtt;l"i" la ali the systems, suwing
enmy per crop was maiatained uniform.

. Data of 25 systezns, selected as ropreseatetive of the different
croppiag patterns, wilk maize {M), bean {¥'}), cassava (Y), and sweet
potato (C) were nporte’d {24). Systems with rice were not jncluded in

the repork bocauss ihis crop was compietaly lost due to adverse climatic

‘conditious and severo damage by diseases aad soil insecis. Meseover, -

the report considered caly two levals of tachnology, low and high, differ-

ing ia the amount of inputs used, such as I-ruhnra aud peesticides.

As rated by their LER value, tha umjortty of mult!pla croppiné
'systomc were more slficieat than their monocrop unaldzues in producing
food and totul blemass. The most cutstaading were: i) the rotatioa of
bean with two subsequent crops of malze (F-M-M}); 2)ike intercropyiag
of bean with mualse followaed by a crop of uatse (F4M-M);; 3) the inter-

cropping of beau with ceéssava followed by majae (¥ Y-M); and i) the

14



i0

intercroppiog of melie with chesave follaowes by wwoel potato (Me Y],
| ¥ cod aad total biou:ass production, bLocix iv tonecropping a8 well 23 1n
multiple cropplug, ware greater ai the hijzher techaology level. At the
seme time, within g2cn techrology level, multipla crops yielded niory
then n‘ronocro'p; and wtilization of solar radintiot was increasrd Ly
multiple {v;ro;)pin‘; ant ddzh Jevel of teckaciony.
fertilizer use was perhape the rnost importaant factor deteninining
the best yields in ixjh techaology. la decressing arder, the efticleccy
of the major autrient clawnents, meusared sr the ratio of aruount of
anutrisnt applied to awmounrt cf {ood produced «wag 1> 71 = O > P,
The ﬁmltlpla cropping systeras were more ofliciont than n.oaucrop-
iplagin oupéreniup’, woeds,
Ajzborae discases were more avic‘.eu: and their coenséuences more
“sarioun {a moavcreps thaa in multiple crups, wifre some specion acted
as netural barglers ooainet spore dispersal. G the ctlier naid, saire

.ouubiiple grap patterns f2vored a microenviroan «at with hijk relantive
humidity aad shaide, leading to the dowelagirent of otuer typss of discsses. i
The multiple cropping systems in jeueral permitted 3 brosder utili-

zation of haad lakor a1 were more profiistle thar monocropplizg.

Annuals with perewmials

A
J

in his texthcok on cdcao, Havdy (23] strceses thet in the esrly
. stajes of lteld estu:Lehrnent, cxcao neads the protection of temporary  °
shade plants, row ialesrcropped with tire ciicao seedlinzs. Jor ;b“‘ ..

purpose macy food ¢rops such B8 maive, pigson pey, caBsava, .1 alanga,

«nd especially baanuas and plaatains, ctr 2 atilizsoed,
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intercropping of malze with cessavae followes by wwnel potato (M- Y],
| ¥ god aad total biou.ass production, boc iv tonocropping 88 woll £3 1n
multiple croppiug, ware groater ai the hizher techaolagy level. At the -
seme time, within g2cn technology level, multipla crope yielded woru
thean n':onocrof;; and utilization of solar radintion wad 1increasrd by -
multipla ;;roppm‘; et bigh level of techaciony.
feortilizer use was perhape the rnost fmportant fector detenininiog
the best yields ix iijh techaology. la decretcing order, the efticiency
of the major autrient clawnents, meusared ¢ the ratio of armount of
autrisant applied to amourt cf food produced w28 137 = { > P,
The ;tmltlpla crupping systeras were more ofliciont than nioaucrop-
‘plagin lupﬁreuiuh woeds.
Airborae discases were more evideut and their conséguences more
sarious {a moaocre2s Lhaa in multiple crops, wirre some specios acted
as netaral barrlere eoalnst spore dispersal. Gn the cther Laid, suir2
nuliiple crop patierns f2avored a microenviroam #at with higk ralative
humidity and shade, leading to the dowvelag:rent of other typas of disesses.
The multiple croppliny systems in joueral permitted o bronc?si utili-
zation of haad lakor ad ;uere more profiistle thar m onocrbppl.ag.

Annpals with peromnials

in his texthcok on cacae, Hardy (23} strosses that in t}x;! esrly
: stages of ficld estui:Lisihrnent, cxcao neads the p:ﬂot'ecuon uf temporary
shade plants, row {atercropped with Lirr cadcac seedlinzs. JFor ;h“" ..
purpose maey food (rops .w.ch s maive, pigsva pes, Cassava, . alanga,

wnd espacially baanuas and plantains, crr »2 atilisod,
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| Amoag verious 16od crops intercropped in a4 youny rubher (Lievea
bragilignsjs) plantation on the Atlantic voast of Losta jca kzo). majize
Oor cassava gave the best economic and agronomic results. BDesides -
producing !o.od_ for local consumption, the practlce. of intercropping
helped save a:n averaye of $2.4/h_a in hand labor, particularly for weaeding, -
duriny the first two years of sstablishiment of the rudbber plantation.
Experiments carried out in Puerto :iico oa intarcropping sugar
cane with varjous crops (27), showed that planting distaaces influenced
the productica of sugar, regardless of whather the cane was grown alone
or intercropped. Yields of intercropped legume species, such as ooy~ |
beans, red or white hoans, and cowpea were satisfactory. Intercropped
cucumber, meloa, or tomato did not reduce sugar caae yiold‘n. However,
the intcrcr;opﬁng of cane with mnaiae r;du'ced sugar cane prodaction.
| Two other trials of intercropping sugar cane with common beans
and cowpeas were conducted in Pernambuco, Brazil (28), Resulty were
. inconclusive as to the best distaace of rows in the intercroppings. FPulse
yields in the istercropping treatments were lower than ia the cortécpond- B
{ng moaocroppiags, bul there was no reduction in sugar caane preoduction.
Also in Pernambuco, Mangueira et 8] (29) conductod; two oxporimomf
for five years in lerra lalhada Station, to review previous inconcluolw
axperimeatal results reported by other researchers on the relative
! efficioncy of the traditional system of cotton (gagggmm&) produc-
tion {n the Nerthesst rogion of Bracil, The system iavelves iatercropping-:
of cotton (ti) with cornrmoa bean (B), maize (M), foraga @puntia {Q), or
sesame (). la the first sxperiment were testsd cotton as & monocrpp ((..‘)..
cotton intercropped with Upuntia (C« Q) sad cotton intercropped with maise -

and heans (C+Me E); in the second, the treatinents were cotton as
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monocrop (C), intercropping of cotton with maize and beans (Ch M2 L)
‘in two row patterns of the maise and bean crope, intercroppiag of
cotton with sesame (C+ &), and fatercropping of cotton with maise and
forsge Opuntia (C+ 1+ 0), During the five year pariod cottoa yields in
general were highar in the intercropping than in the monocropping
eystems, .qecptln; iastercropping with sesame.

Taungya system: experiments witha eucalyptus in Grazil (30), and
with Cordia alliodors, mpressus lusitanice, iwistenia humills, and
teak (Tectons grendis) in Turrialba (31), have shown that intercroppiang
the timber species with food erops during the first years of setablish-
ment of tho. plantation ylelded maay economic ndvtntago_-. focluding
the saving of labor fa weed control.

PROPOSED CRENUS IN MULTIPLE CROPPING -
' SESEAKCH AND PROMOTION

At present, the majority of Latia american governments are giving
top priority to the Limprovement of the standard of living of their rural
pojpulations, particularly at the amall farmer level. However, and fa
spite of the importance of the subject, only very limited information is
available about the simall farmer's real situstion. |

1a traditional scientific ppheres thare is & general belief that the

small farmer is a subsistence group, producing ealy for home consumpe.

tion. Ia Latin fimierica, bowever, although a good bortlon of the snall

fermer's crop production s consumed by his tmmediate farily, a atv.a'ol;
portion of it is always s0ld to obtain cash for satiefying other needs,
£mong many of the small farm products that find their way to the urben
markets are beans, n-aize, cassava, sweet potatoes, vegetables, plsn-
taias, and yams which zenerally are not grown by the largm of mediun.- -

sized farmers.

-
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On ona hand a variety of traditional preciuction systerme, whick
‘have remained uncizzaged for decades or longer, 2re still sracticed by
& large number of small farmers in Tropicel America in spite of the
existence of the rauch heralded "modern technology''s Oa the othar
hand, the loc‘:l‘, agricultural e'xpcrimcnt staiione caa be seen testiag
new technologicﬂ pecikages, with resources snd approaches totally
different from thosa of the small farmer across the feace. Concern {a
oftean voiced abaut tha lack of adoption by the small armervs of the
experiuiiatal resalis published by the stations, but {ir general only scent
effort has baen dedicatad to the analysis and lessening of such discrepancy.
A commonlg_mg,:j jud;ivent has been that what the small farmer practices
'{is primitive technology and should be slinply wiped out.
However, experimenta) results tfowteaﬂng sow.e of thc.oman '
fnrmer's préductitm ayatsrrs, as briefly reviowed here, show or imply
several advantajecus featores.,

LEven with low technology, total production of an area under inter-
cropping is more piuﬂubla thaa under mnonvcropping. The use of inter-
cropping -ensures food production agaiast abrupt clinnate, pest, and‘
price fluctuations. Multiple cropping systew.s are bLetter a'djuct‘ed to
the small farmer's availoble resources, such as ahundlﬁt hand labor,
lack of capital for buying inputs, permananat availability of sc;lu- energy,

* and limited land arca. Intercropping or rotation systems by involving
different species, that often present dttf'efpntinl reactions to disessos
and ineects and provide b.ett'or ground cover, allow a more sfficient
munagement of diseases, insects, weeds, 224 ¢0il and Letter aso of solar )
grergy. Also, trhe grvowing of & large array of different crope la the yesr

offers hroader diversification of food products.
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From thesec and «ther considerazions, it se2mse urgent that a2 naw
xre-.nrch approach ba zdopted to produce technology n.ore useful to 2ao
acceptable by the sn:all farmer.

The developmant of new techaology oa farraing syetems needs a
team .pproucl; 'with spocialists in at least the areas of scology, biology,
agﬂcuhu;o. ecanomice aud soclology, all werking toward the develop~
ment of sonad agricultural systemis, adjustad to the tropical climate and
to the uclo-«_:#nomie conditions of the farruer. |

Plaat dbreeders should develop earlier varieties-with plant arehi-
testures adapted 8o as o carnplement and not to cempets with each other
for rnm@n when grown in multiple croppiag schemes. £peclal attene

tSon should bo givoa 2180 t0 the salection of genotypes that are more pro-
ductive snd less dependent on large am;)nntc of fertilivery and. water aad

‘are iuunutl.n to day length. New types and formulac of fertilizers best

| suited for intercropping aud rotation uader the climatic conditions of

. Tropiesl America need to be developed. 3pecial amphasis should be
placed on th; economic use of fertilizer along with consideration of

wnethods and timaee of epplication. Moreover, the mineralization of ¢crop,

residues should be taken into sccgount to cut down ot’m further the amount
of cqmmorqhi fartilizers required.
More integrated coatrol mdhoﬂl of diseases, insects l;lﬂ other
| pests (§ncluding weeds ), with 2 miaimuin wse of ch:emicah. have to be
| devdopod. The outlook seenis prowmieing ';hrnugh the ‘combiand practioa.
of intercrepping, rout!og. and use of resistant varietins along. with
sppropriate timing of plusting.
For intercropping more research should he done on plating dansi.

ties and planting chronology.

[
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in developing fcrming systerns for smaxll producers, testisg for
.yidd stability through crop manageniect has to be of foremost importaace
ae its lack has besu the main festurs of the shifting cultivation in tle "
tropics. - _ . -
tome ot'h.,or studies ghould invelve crops (anuual and perenclal, and -
food and ;on-load species) and anlmals, svaluating income stabillty of
the farming systems. ’
Because the small farmer in Troplcei Americe ordinarily respects
traditions and possesses a low level of literacy, great care must be takes
in transferring to him research results. Coasiderablv and direct
technical assistance, especially ia the varly phases of the process of
 tachaclogy transfer will be required. Adoption by tha amall farmer of

new toehniqua'l‘ is likaly tv be essier th'e mers he directly pat'ticipue_s fn
* the d'vdopn.nm of suck techniques, §s ¢ouvinced of their practical value,
and finds tham compatiole with his beliefs.

la Tzopical Aracrica, Uke sluewhere, awliipls cropping rescsrch
and practice ia itself x{ll not substitute ths need fur profound sovcial
and political reforma o l2ssun soclal and economic disparitics.. Dbut,
looked st from muny augles, fnultlplo croppiay is, on balance, a most
promising mesns of utiliring resources. It is an eucntuli levez in
engineering steppad-up food production progranms to avert wg;rld fa:;ing

; and consequent social and political turmotils.
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