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~~1HA RT A BEAN, CQIM AND MIANIOC POLYCULTURLCOHN.YT 


Alonocidiuee A cropping system in which crop 
plant species arc not plnted ithi l h .uffi 
proximity to result inl mt"rspecifi coc mptetitfor" 

limitingator potentially limiting resource. 

Pol.>culure A cropping syscl Inl hich two oi 
more crop p"ml sPeu !anted withi s.uff nt 
spatial proximity to result Ii iiverspecific competi-
tioilt'for alimiting or potcntially limitiing resourie ,' 

tM f 

Inkrpai in : The physcal act of plaiiting a crop 
ur.inla pult 	 ' 

:)1'Sia -" : '11CC :"hie"op g I e 'l 	 f0T 

recu.ture. 	 , It 
iBye any crop planted i a polyclture will.. 

be affected',by competition with the Ow!er crop species. 
Ini most cases, the'yield from a particular crop species 
wJ I be ,less in a. polyculture than 'it nonoculture if 
the crop is /lanllC, at an optimum, or higher than opti..... I t o density.eCropum u at ol 

Interspecific competition makes it difficult to prldItt 
the yiel d of a crop in a polycultirc. Any variation 

a fcto whch esorce avilale inflencs he 
S r ia selectiv lvita, ci 

one crop. species ot anothner; f w 
fluence available resources. are fertilir and weed coim-
petition. In til.-experiment which follows, the effects 

of these factors on yield of individuI,. crops phinted Ill 
Olonoculture and polyculture cropin, systems are eva-
li: ' .	 . 

iAl el h o ds,j ! 

:.. . . -t 
The field experiments were coMluCted at tle CeItro 

AgronAT E... .... l'nilco tile aii)n inStn?.ae"I O:CI~ . de e .ih',m' ~ 
(CA'1ll"), operated by the listituto Interaimrcano de . 

rolical 

Ciencias Agrolas (IICA), of the Organ1izaltln of 
Aierican States (OAS) ivi Ti' rialba, Costa Rica. 

1 is appro inlatcly 600 in above sea le\el,Iurrialb-i 
mid h * .. tannu l ) tt ofof ,2270 m, 

n ean a n uti mean annuaL ici p tuire of 2 2C iuid a 

solar oradiation iiphft I3f1kcal cmn ttenc-yea, clihma-
t 

tolo6CIc-mirecord., 1960) 1969). According to: threhCanI 
ridge clhssification systei, Turrial'bais in the Premion-j.-Sii"yu.. 

tiTropkca[ \V& Forest Zone() IIIfi~d tile7 "" ; : lQfedpoAg~irr: 

Tr: Sitiii0{anhe Iccpi isolOrerani t li )i AS of.-area as in, th Rocky Phase Of the IoStitulo soil series, 

hssmficuutmo 

The-field plots\\,e locatedin an area wwh had 
to etue n ariet)' experinents withmFn Uefor ertilizer land\) 

1197.hade Ot year.fll 

173,oe mnthbfore the~bgrnn ft,In My 

xperiment, thenattirI Nwge'tatioif myxered frmth 
~~~.~I st --... 
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~ 	 - A~tltlthlduln:Odm t 

i' qill ' 

., 
Crc r/ci 

experiment tbeans,.ed/1Cospecoes ilh o ( ,l were 

ioc (Alauih ,aio/loII Crantz,) 
Tie bean vari , used, '27', "sa red bean with an' 

erect i rowtli lhabit. It iiaturcs at Tuirialba Ii 60 to 
70 d('s. The (orn variety used, 'T.66' , is a white 
hybrid. It matires ;.t Turrialba in 1I30 to 1-10 days. 
Ihe ma varicty used, Brasil' ,is a. local variety.
I ' at in 8 to 9 months hut can ,,lTiirialba 

harvested earcrlier wii a. reduction in. yield. All the 
varieties ,iscd are grown locally and commonly sold inl 
the 'runrilbliuated.miimiktt 

. . .IiflI.lI....I 'i.... 

• 	 " xcimIn was designed t0 valiate 28 crop, 
Ioduct(Oil S)te. I)roduoti(in systems coiisisted of 

d
four.i' trcatnintsls aplied to se<,i cropping sys:ens.; eCth:g'(tilCrop ..CHSt\\CL;:' 10J, 11C I))"Consideri' 

lj , ys I i 

e rsriptis ofecosystems 


r l.poits aindobser itoniS Of 

.roppngsystems 


Pl uited n11inOl;tiltareS* 

. )0; CLI II ' , n Jt 1na1ral 

., 1., g 
in the humid tropics, 

cessft polcultures 
,istedl c i, andof beans 

respeetivcl)') n 
; - tio n" %' t em ( I 

"Ind 
'1he. 

an oc 

thra.) . .'1 

Ili (it moijocuilti cropping systems, four crops of' 
were llC IICeItCnc tvo crop corn ..wee-.I 

planted I ( ite.a lia;lio \o	 . -- .......ilntd in-pm c n nno m b lutd once. 

)MIigsystems, beans,I the po-ycultureC -rO corn, aid 

.r 

ni:'io "er ilitl d,.: 

me cr p 

cessioi 
w erpl 
period and hars as, each croplie 
meverSeJ p)OlycLture, the three crops were itrlne 
t dil(@cmt l imeuinterv als but harv ested at 'thre samec 

,C,tinle it of the. c\per nrmitil pe~riod.~ In Lhe(lheed 

c cropping systems wore designed. 

d1e pl n e L once Il i reiiduC 

ulyciltme- cropping systemi thle three crops
nted at thue beginning of the experimentalinterpli~nie 	 . 7
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intIIiV 11.y':<r, forban.coto com crops, Tble ,lI-Chrtonological suimmar-y of events, Of::S 
' : } : -,ald ii }niio6 c,.i:, wreb , initerplal"ted.:# : '' :: :.. . "... [> - :: ": 0 

Th natural v ne . . .. . % ihiensi psst re ,lanied was as aas j/aa; .. " .. ' 
cro lllg system . nt .,.l ;.,:d _ : .__.. -_._ 

to th i.e d"v.- The four trcatmentsapplied ,amplueratv i, .
f t "., 1973 1 1 (10 1CL..f ir :-

sy ten is'w erc the factorial product o f two 

A a The four treatieis 2 / vid plots Inc.sur cd aments and two weedingdreaiments. I 

.riple *sir phosphaaae and -32.6 fhr. a 

(I Ito1 fertilizer,. Ito w~eedinog 7ra.B~.a.: 'i': .. ... : ' .i : ::-. : .... .. - " ' 0 11111 .. lFi.:l Ibcan~, corn, Mind 1iManiOC plailtinig 

a,..... .... . (2) no fertlizer, weeding (all \v eels removed " n .. .. 
. w '2 Io Ni,,6.,, , t .S .. er s i weeks) u li. it pplicd 

169, and 'o kg/ha N, 1), and F."oml Noil smpk.Ife)f rtili er (222, 

K respectivcly)' no weeding a 7 6 Wjhg .. , .... ln. .. a. 


a a Aigatl:i i Wtli9 
fertilizer, weedi..g.ng .. 9 1:11)1 I),j,,, p la v. { 

The 28 prod Ic ion systems Weret repilicated three S*.i ad weeing
 
a times in a completely rand0m designF.Each field plot 16 smctp.,,bvr Fi.,lt tori folde, : ..
 

a a2 

was 51 size. Data were collected from'',.
 
3,111 subplot in of each plot. A I II buffer 17 torn harv'es .ihe center FIst 

zone was left between plots. The S- field plots formed,, .. .. , " .. a 

0l. cora rectangle, 6 by 14 pIlots, which ,easured-36 byi"83 third bear, pntin, econd 
Beans, corn, and milan oc vere planted in seed or planting 

cuttinlg pOpnilatioils eC(Iivalet to aI planiling, rate of 21Nvmbr F'rli'edn 
,100,000, 70,000, and ,0() plants per hectare, respec hi.wvsd out bn- i 
t'ely, .The higher than optimum population rates were 27 cmh 'hird bean.t 

uts-d to insure high intraspecific anad inatc)pecific Coi- . 
a petition.. The spatial planting design f ca crop 3o 1i11d) wcedin 

*species (Fig. 2) was the same regardless of. croppinlg 34 3.ao, iy,1)71iQ7a Sttond co"n(orw f.ld...folding; ...... 
sYstcm or treatment i) order to insure that ai y observed
 

difference in yield Of ain individual crop. ktween crop. S(.,,d corn ha,.st
aa " r'' 'ping systems would be due entirely to theC different . I .. o har"vst 

competition. were 3 "bi wckdiing, fourhlevels of interspccif*c B3eans plantcd I6 y "'ii l i I a a .a 
manioc harvest, third Soil samiles"

InI;a lattice design with 0.50 inl btw', ii rows and 0.10
 
ma between seeds. Corn was planted in a lattice desigin . . 

awitli l:in between rows and 0.25 between seeds. Manioc . .
 

wais planted with I II betwee ows mid al\\hewn i, . / :, 

cuttings . . ..
 
a"aThe xc'peirmental period began itnMay 1973, and I .
 
ended in Februar, 97-1. A chronological sunumary of. , .7 1. g of Irlk il.ler phosph'te (0.-40) oi .uh 

fertilizer fleld plot whidi lich.l been assigicehthe fertilizer treat
s nvas soil.aiibThe intial fertlize s eq ia e tol 4 19

events, diudin';'j land clearing, si ,ampling; 

applie tionls, edings,,phudiug, .and harvesting, is mnt The frt'lizr was.subsuel d ito th , 
linedl 1TanleI and discussed below in greater detail. Soi. The iitila fertilizer was 1.uai to , 

aaand 'I() Id and. K A secondg.lia of N, 1), espectivel), 
.Srm..spplia/ii of ni rgco fertilizer wasappliiedas aaIr.: iiLFI nitrate (33-0-0) two6 weeks aifte t initial pan 

ig. t u:vale t Iia, 58 of 
alpplicatin, two .cks after the last fertilizer t e 

Soil samples were taken two weeks before tie f irst i olf kg/ha N applied 

a picto , a at tileheld o tile ;36,'ee ex.....ieqntal m , m 
'I te ed o the~ Lk operinen il twtftet, b)y krnidcainng 1 2 kg, of animonlitm nlitrate a a 

period. per plot,
 
All soil, 

a 

samples were analyzed for levels of 1 mnd K
a 

1)~ the Soil Laborator of tile Miistry of AgriC...t.a.. 
a~aaa (Costa Rica) ill Guadaluipe, Costa Ricta Soil N w~as niot a l'vel[lng a ~~ 

Si :2i~ii 1a a a 

mc~tured ~Weeding was done by) haid Ani effort was madu,ii' l /to 
a~aa 

170' the ntii Weed plan.ts. icludin, the roots.a 
~a~aThe leechWeeds fro stlpmot whc ad eu assigned ~~a~BRaa 

J~rtilizer thr' ixcedin g tretint werearemo \ed~2 Fea wvas first applied on e w~eek be~fore thei andt we'ighled bi 4A~' a 
aaaa~a~ r haaaa a..aa a a 

n broadcastingaataa~a2 At enld a a aaaaaf4aaa aa nitialtaai~alaplailtng bY k9 or 8 32-6 fertilizer pi Icedure',wm rcpeahad' every six wxeeks. the a aal 
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:' HART: A BEAN, CORN AND) MANIC.. 	 297 .OL.CUL.URL' 	 CRO1ING SYSTEM' 

:, : 1'I  of the expezimental :pero,{jllg 	 ,ib6 !. STL DESIG'N , ... -{ NAT ION.. all 84 field plots, regardless .;';,SP:ATIAL.. IN . . . 
treatment, w..eeded •of'vecding ., 4:were s described above, 	 LANTS/HECTARE 

4' . .. : . ( : .:.i 	 b,-" " ;I _' . .. . , . . . . 
BEAN MONOCULTURE 400,O00~ 

'4 ~~ Crops -were plantedin 72 of the 18.1field plots. The :*..
 

1)ltsinwlhaich no crops were planted colstitutedth' ." .'tile
 

<! !:Ofe.:i Beahsbearl-seed-orand threewverecorn seedswithwereia dibble stick.into " COR UL E 70,000corn planted dropp~ed "C , :' " : 
each hole. Manioc cuttings were planted at anlangle of 

j ' 

cuting protruding 'above t le soil surface. . 

approximately 300 from horizontal with 2 cm of the 

" ' ; 	 MONUJi1URL 1000I...MANIOC
Beans were harvested b) removing the entire bean 1 

plints froum ci subplot and were taiken to (Ile lilb~r I! 
ory- to be weighed. One week bIfore tile corn was har

. ested, the corn stems were folded over just l e ' bbelo b b. 
mature ear and were left Ii a folded i'Dsition until har- "f ' " POCULTRES B. ' 

.>: '." Vested .he entire corn planis were 1i, .bsted from eatl S .... I S 


subplot and were taken to the laboratory to be weighed. I"kb 
 1 0 b b b I 

Manioc wvas harvested :) reinoN ing thie nine plants iom 
each subplot.. One manioc plant, Which was subjectively 
judged to be represiontitive of' the nine plants, wars 
taken to) the laboratory to be weighed. The tubers 'i.g, 2.-1 1 ,i dJ ,i, at hIt,,iin dewilih, of ea,), nI. 7,h 

,,were separated from the remaining 'eight manioc plants 01#ddj' 1, md "t" r(len'I, one brm 1-...1' pandr 

weighed separately onl a. tripod balance in the field., 

Corn, .Were 

metric tolls per hiettarc ( 1I1. rIh ) djit uol[i . pro0CdhI'-IiC 


B cmn, anl Ianioc yield calculated in .. ru/is N 
oif O.en-drying samples of' a known .jumitiy of wet. Crop yields are pescnted in tabls as the imcan of 
weight edible ionis,; arnd weiching and lcula ting three r:plications t confidence intcerval of onec l60 

-drY-W6,; ilht edibk lhion1s. ( ) i. 	 standard erio. A (cinseiv\iVe estimate of a 95qpe.
,-"., ields~in NI I/h1m re etrap.olated l 1om- Ill su. ceit confidence interval for comparmg two nieans can 

plot I- usurcent', by tle yield c r b deIb mlt plying staidarcrror ree ' 

%ublotby r tio of tu' u inocI I000I-) to (approximate /-';title Ini all reference.s to statistical 
Iric inii of t.. s..bpl I k a ..of1 i e by 3 ill suill sgnif'an(C ill the discussion which follows, i, 0.05 
plot assumed hnd [a 

mlultip)lying fioni i 	 tlieln )), ' 

' was to be 9 in' 	 in unioc level is 'assuned 
\\ere hmarveste! and 121 In in ihecorn w.1 harvested.'
 
The area of th corn subplot asILugr thin ths ben
 
,and nmanioc SUbplots due to thle sptilal 'design uised to lean yield '"
 

platnt 'tile corn (sC Fig. 2) 
All meteorological data Nvere 'collccted by it me-' Ilai y'iClds froim (lie bean mionoculture and three' 

itzZogical ' staution operated by ( ATE NIlvi-h~a olclu. rpm systems are compared in Table 2. 

lota iCl approximately 2 kmn from the f eldl plots. The diffkrenceI- kiwenl the yiedl from, the first crop 

P'<Ircipitation, , solar raidiaution, relativ e hum11idity, and in, thc. beat)ln ctl -~tire and- the yield fTrom the bean 
pii vapor-ition were measured at the sta'tioni onl a daily crop in thle Succession polycuture can be assumed to b24 

during the e'piinentai period..rbasis 	 due to thi effect of interspecific competition from theTh&~ditawere'~bjed t -4nlsis(if vaini onand manioc crops in. the j~olyculturc,. The poly-,7 
M. 	 plo4il time st;tits~ical model, \hmiter' culture be-il yield Nvs not significantly4 different firom 

~'no lii4,.eacio - etween' 'rc'utmlenks, means were the moniocultuire [)canl yield when both cropping systems'n44copaewIi Cu~u Multiple Range test, When icceivcd the nio~fe-til zer 4treatinhnt (lig, 3). When, 
-fthere&-was- ,4~4~4Z interac-tion, 'between 4trca~ments,. meanis of both cropping sysleusi received the fertilizeri treiment, '-'
 

eahsprtiy the polyculture beun yield was' significan-tly lower than 
 4 
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Table ',-Bean yields (MT/ha) from four cropping, ystems under-four (ertilzer and wceding treatments. 

N~i Wmhngi~ - ilj N,, \\tvding 'crdingN, Icri - N, rlitri 1k-iIs r "4' • 

,! : I' Monoculture 

First Crop 0.176 (0.01 1.1 * i (0. ) 0 S2 0.067) 0,50 o I W) 
Sccond Crop 0).002 : ± .0.002)- 0,00 (±0.01)I Oll I (-,001) 0.001 (±--0.001 )

Th'rdCrop ' ,.0(1] ( . 0.0) 0I).0 ( 0.10 ) o I t 1.011) . 1 ( +0.001)OOl 
01 r.... C oO\ 0.01 (1±0.022) 0.? .1 ( ± 0 ) 0.267 ( 0.061 

iol ' 
co,/i29 0.1)I I) (W ) 

o. ' ultu ( 0..io7 1. (.22-7 m 1' : (" ) 
1 

1 0.291 

1oi)'L'ilurL • 0.166 ( u0', ) 0.196 ( ilm, l) 11.1(17 ( 0.02-1) 0.1,3 ( O,01()9) 

l u e i Iu 

First Crop (0.0192 ( 11020) 0.1-9 ( ±1(1(1,2) ( ((1 82) ((270 (1(. 03,17) 
: 71hild (),O)l O.()olnol ) .. (I) ( ,)0) , ±-: n)1. . ..!< iif Second ClolllCrol I).) I((: J±0.0()i I+:)) 0 

, i) o o Fourth Cop o .. I )2 (.O0 I)18) 0.3()- (:o.m1. 5) 

(:tiniiduiice intl.v.11I, isi stasid,,rd comi tSI). l 

-. he monocullture bwea yield. lhe"c ing treatmnts 
~Iad 110 SigifiCAnt e:ffect onl the first 'crop Wi tile bean 
nO LIooL7 si,:ll.Il.L0relor l 11Ieheii crop ill the S(ICC ly-.
cuhure. :-. . 

j(ikall yidds froii tile SLICCCSSioI)OI 'lCtllttlreMnd 
BEANS MONC E Cfrom tle first crop of the intensive pol)culture were , 

[V EANSMONOCULTURE, FIRST CROP (3 sg'nlificantly, different, * 

, - The bean vields from tie second and third bheat
 
crops fronm ilwc bean ii oncculture and~ intive poly

(N-,O(u:ttu'e wcre.)mpletc crop filures due to a fungus
~~~~EANS. N SUCCESSION POLYCULTURE ' t|I O+'+ + 

'lhe ,ields from le fourth et:in crops inl bo'lh 
MT/A [-ie I 0mno u Itu '. Ii i td s Ye I3 Ihtlie \,Crcc inl

:.V LO +YIELD general imich lower (hn the yields from the first crops,
In both :croppiig systuens, the yieds from the fourth 

.6- krops were signili-milly highvr nnder lie wee(Ilig 

MNY/A ,setmei .. ut than undcr I)n-.eeding treatenit . Bean 
YIELD " H yield froni therevrs, polyculture was higher than the 

14 -~ .1~ . .... ieJ,,!iclt ftlmI-~i Il P I.t\Cillunr or the banl rmono 
. culture wien the no-weeding Ireatnent was- applied; 

,5 1. h++ibut lower I;mI lh:)ichld from 111Ccniil) t( C..w,lS e 
0 :++ ' ' 4 ( . when the L/wcdiiig . was 'J A . . ' ... L :'tircaliieit aplic !. . P 

0------
 - TIhw 11 Iill) ih le suIesshioli polyttullurc was lot 
/------- -- ailitCd it tlie Sallimeilcas the bIai crop inl the i-verse ~~~~I0i),(,tl~hTltie,t,t I'(lt l l'SM~ %IS in)P.2Y I r L 1 ¢ lll adoiil11IM'isl of intereSt becaLIue . r1. ,y)Stels...- . a . both, opping .... one bean cop w'as :in:erpl n Itu
 

.14.1.1 -- Midone The
/--. .-----th-e corWhroIp amid- alioc crop.. bean 

.-. .- .- - --- - . HI. - -- from IrVCe'Sc :p m1y LLuIttire a'sI . rpproXiniate 
:. . lower oi sue: ; . . 50 per Lent illi tie bLi ii riel the4, cessioi polt ulte uiider Il treatmniits 

.1*. /.._ ., 

1o/ IIh 

rorn(I)ltures are (oimped i Table 3. 

14 :;1.' ,1 •- I '; ' ; ' ... . 
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Table 3.-Corn yields (MTI/ha) from four cropping sy'stem~s 11ider'~four ferrilizer and weeding treaitments, 

Noi \'ktdim Wmreing I No \Wkvditig J WcedingNo i'vr(tIi~ oiri ~ ~ ii~~rPgii~ 

First Crop "3.270 ( ±u.220) 1.53 0 ( 0. 120) : 3.100 ( ( 0 .78( ) 3,4 0 ± n 6 0 

Succession 
Pol)-culturc 2.t3) ( 0.0.I 10J 2.580 ±124 0 .1.01o1 ( ±0.1oI9g) 3.510C(±.90)o 

PolycilIlur 0) ( ;o) o (±0 ) o ( L0) o (±0) 
fntecnsjve. 

First Crop 180(0.120) . .110 ±0) .0 2.930)Second Crop 0 ( ±0) 
(-o*.f 0 .j) 11I71) ( ±,550))

0 (L0) 0 ±0)o o (±o) 

i'.nficne iI~zalis mcnstaindird czrur (S.1). X)........................,,...--.-.-* --. . . 

j 

The diifferenices betwen the corn yield from the C31n be aSSume11d to be dueC to interspecifi
first crop in) thle corn monocl ture anld 1 te corni yield titioan from (lthean mid corn crop inl the poiyculture
from the succession polyculture canl be assumed to b .. (Fig. 5). ]'he effect of' the intcrspeCL'IIC competitio0nduc to thle effect of interspecif~c completition4+  from (lhe~,<+: + ®+-.
 % + -am+ ''L :
i.CIl mrim ioc crops inl thie he +o+.+ When:cu :turc--+pclyculture.!po''+ : + ;thc '++ mnts Catin,oq: u/ti, +'"+: :::W ' : ghe+'v :' t :
no-fertilizer treatment jam i , >+.: +. ; :: .. ,+
U) +! was applied to both cropping sys. (. yg..d /, --- .+:!,.::,: :'
'
tims, thle mionoculture 37 -.was '.:,: :<i Ii<:cornl yield : •::significanitly .P+ :• +:+'~;::!;4 - , ,+ :;<?. •"+:3 4 !. , ; : ;:: +-::, L, "+s +
higher than the polyculture ,:corn..-yieldC,+;-+ (Fig. ,+4), S How- i ; +:. ,:J :+ 
ever, whlen i' "4 "v j<:; ++,: : ?---i .,-
: f 

;.I':.-: ::+ :,:: 5s...,>+
the fertilizer treatmlIent was, applied to 
!-

both : ": :-? /%+ ": !.. ::;: ! i..: +,." ./::.
CuNMOtJOCULTURE,? <<: : 5 . . 
,, < :< : :+.
Cropping systems, fISIT;CROP::Y ": :J:;>'+[ . !', %/. . .there was no Sijgn:i icanlt d Ifference I

bhttwcun. the corr yields. The weeding treatimnts hall
11sinficant effct on tile first crop in thie corn nmoi6-

CuIIlre or on the coin crop inl tile succession jpolyqjhlure. 

Corn yAildS the CA(ORNJ 1POLYCULT'JRLfrom StICCeSSIOII 1)1)tilture and IN .UCCESSIONVfiom the firs t corn crop inl thle intensive polycoltuirt
were no( significmnthY' fferel, yII.Io
 

The corn y'ields from thle s condL corn 
 crops inl
Ilk (orni mlonoculture anld dihe i11Cnlive pl~Oytiltuire went
 
sgnifRcllt lower talthe fr 
 M'iI,'$A 3LOrn ( rop: inl tile intenlsive polyculitulre was a (omIpletC

1,il iure dute to thle hi1gh intersp-ci fic, comlpet '(i from

til mnanioc Crop. 2


The yield from the SeCCod crop, inl thiii(orn mfonocudtUrC wals signfiCalntl3 higheM unIdCr thIl c
weeding treatment than ULnder tile no'weedin~g treaxmneiit. I
 
Z 2 ~ 

0- WEEDING 

/The mainioc yields from the man oc monlocultur---------and three pol)-culture cropping systems are complared aN6 WErINGIn Table 4. The manioc yield is give~nildry weight tc ------- ---------faicilIitate comparisons betw en cropping systenms, ever 
thoug'h mamobc tulbers are sold 

'y. 

commecally onl a wel
~B weight basis. A close approximation of the Nvet-\weigh:l e'~ 

Yield caln be. Icakl UlaCd. h)' multiflymng the dr) -wcight ~-~1))ayfactor of three, . rig, 3.- mp grifon ,,,'Iuelu ran (AIr/b.m) /srl lb pit
'hclld4ferimce betwc~n the manioic yields from the Ceiij'N po1k lie ,h, fltirt' -111 eiia
aim r 4rel .
nMaqmoc nmriicultiire a rl F11rn successionl 1YLl~eltjgiiafydlow 
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-:p a l r---lh n n~c s ( qv a . . -i :5.. ---. .-.--..----- " 'p

four fertilizer and Weeding j 

trej ments, 
Ible 4e nnoc yields (MT/ha) from four cropping systems tinde , 

N. . IiiIW LLIg WL\ .... NI ..
.No Fe.rIIIzcr . No Flitrertizer 

-Monoculture 1,370) ( ± 1.020)* 6.070 (±0.330) *,770 1:.,6) ,1.990 ( ,1.80) ;) 

1'Olyculture 1.90}0 ) (I 0.220) 1 .:US()') ( ± 1570( :I:0.. 3.690o 2.S) .350) 

.ol,,,ulture 7.05) ( ±1.7I0) 5.910 ( 1±.140) 11) 0.7m0) (-+1.810).1.7 6.260 

"olyculture 2.590 (: A,190) 3.730 ( 0.570) (g:0.920) 3.980 ( ± 1..3 1 .110) 

(>.t'ikncinerviIis %~lId~r3 eoi(S.D. X).w 

was d iffiRult loisul atc due to the \'arianice amng repli. ! 
" ~ Ihere w\its significant differeneC between';.i~ctins.;, no 

the iiioicltuaioct )ields and tlC ultire mal. 
ioC yields under the sime weeding an fertilizer: treat.t,

(mes,except for a s'gnificantly higher yield from theionocUltre which received the no-fertilizer andi weed. 
MO~OCUTPJREing treatment.Ie yilds tit! Wi.CeSSi(JlTNOCl iiiainioc from po'yculturc, 

1 In 
MANIOCINSUCCESSIONPOLYCULtURE ferent . iC(Anl}'d -. 

' ' -and A:ls,\ve loly,'tiltu're were nlot SignifiCirtly (fif.[ 
.


feremit, 

M,,hA The inanioc iel from the reverse polyculture was 
significltly hgh r th.ui the )idd from the monoculture,
StI'CcS1 'I)' pol)yciIt I . ail intensi\'e pilyttilture whel 3 
all croppingq systeins receivl tihe no.fertilizer and no. 

M" hA Weediig trcth1iji "t., 

IELD i 

-' DOiscusjio,o1 

l- fertilizer mid lr'atnentshie Ofi Io ut1 he weeding 
4- " oI the yield of 11ans- corn and ianioc 'CGillbe cvaluated 

2 /b 
\Weeding ;ind the appliiation of fertilizer resulted " 

A H pC itrtIy crpsl w011S1 tilte i lL iICt'C i I'1 itiiiill n 
: /-planted in intolilculture, lthough lii n1any cases thiN' 
2:--- increas was not signific t,, 

0 / EE /.. . Ilthe i a id \%,Cwe i jl. 1l)'ttit fertilizer d irg, Wh : i,,. 
'"
7,, ------- :ilcrcsed av i t0'resorc-s for crop growth, resulted 11) 

ailimreise Iin t an ioc yield t t ll l Creak...."i 

in ea---- yield. The 'ornian1d MiAlOC Crops 1were able to 

0.- NOWEEDING s ti the avulable reso . eCo....t. stiicOe l for . rces,' tit.: 
lie. tear_cro..w;;ites sticemfl. This dynlinic' iter./q. 

" A+; A ction lxewei, (rops canireStilt in less iisk of a declul 
-- ,-:i /total in yield due to disease or physical sires oi itcr 

- pec' e iVhthe' i of one':crop decrcase., the 

Pbetween crop spvciuc must be constder l tiW (c01,n1 
11Atg:-5-1 AI 7Id~oc ) h (,1I/ ,) 1,w heman rc ojorlre and she,,"I.Miu of yw0I)~l~tUre,~cropping AtS(0115. ill op S lll tile ('31 IA rru b) f o crdw~1 andH~the thioI' t 

2 ihjuoclib,ine Jmmuhr and uconi) wlrdmm. of lcrt iIiVL:r rc-qui cunLits. Ii ert t I(ilblewecu o~m. 
umnj u~j jh jam 10. 130nen"i a -syiteins attribute and th113potts is is e'~idefncc 

A' A i~ m iranl Aifrr n 'A 

j 4 ""' 

http:treatment.Ie


2,',.\' 
77.2' !J{q{7d '2 .. 

__-_______I IAR' ' A BAN, CORN AND MANIOC POL)' CU!'jIVl i (TO 1 N SYSTE;MR ,3 

polycultures must be designed all ev'iluated assystems. The totaliyield and whole lnils. ierntspecific Competilioneconomic return fron the in., the succession poly.1n1ICUlture and polyculturc croping systcims 
culture resulted in a dynminic intactioll between beanwill bie and.. .- Iy€o ared in future rports on coril l !: fertilieraplie"owas theirilzer aplilled tothis eperiniltr, cor yieldincreased and bea yild d 

bu yildecreascdicuuan
SIIm/?..o.n£1 '-; ... 

polyculture iilA ' is a cropping system whichplaint populations of twvocor species 
crop Ahkno'ledglueils

more are planted r"withit, sufficient spatial proximt' 
' die s o P ito esult in inters.pecific coiipetition for a limiting or 

recedigcxpcrtl eit was art if a IspotCntially limiting 
The the11),surtation. The ritcaliesource. A monoculture is a co n 

rd reiewate nierassistanceof theauseor'segrauatC CDrinterspecific compdition. . \ olhiule"t the Uhersitc,, of Florida, 
,,. ..- 0&ilo, r. 'FOdu,Dr. . J j id, ir'Beans (Pa.tiv',ohlr corn (Zea P,-loc, ,Dr.. T. d J, raiL 

11d , nic 
rwgaris 1), mas I), .,. 1 . h m Dr, J . . .ei grtcfully
( .i /,1 Crmtz) .were planted
- e t,li3ree cknowledged Fuds \wcre providetd by tc Cnier' lyi I iiioLIt u re c'roppii Ig sy~ciis, and for

'~l'i'together in tree polycture croplping systems. The 
I Agrin i111re andI the Aglroioi ily, I)cDarlinmit f.tetri tpolycttiur Irracroppings yts 

the University uf Flor/da.
 
y ly-uturcosC The The assistanceiof Dr. J. Soria and
o:d I) a SucCessioll ,lIlture l)r. R. Bazan, andInwvhichi beanls, otler staff meibers of IHCA-CA'f'I, in Turrialba,&Ornl, anld nmanioc wvere. all plan'tcdl at Costa 
tle same t'ie and harvested after 9, IS, and 

Rica is llso gra.tefully, ajolttlo gedl.i.sp.tively; 2) 36 weeksa reverse polyculture in which manioc
 vas planted alone and then interplanted with corn
I N weeks afteran(l beais *fci 27 weeks, aid all crops lar.

vested after .:6weeks; and, 3)' 
 ,''Icd

which an inten.sive poly-culturefour bean crs,,psin two corn crols, and one 1. A(;lltlti:, A, V, Etdio tiai-iMoc crop were all lterplanted during it 36 -week 
los suvlos dcl urca del Ccn. 

Irihid tiianperiod. t c lle: Iipui, n.,rdl, n.
 
Four treatments 7'l1,is. IICA Currialia,a ,ia.1971. I-I p.-
C Rist e factorialof two fertilizer treinens (no 

Of fsiln prOdut,feril'zer, nQ an initial 2.fertilizer application of 222, 169, and 410 k,lia 
IIARRIS, D. I.'.H (ii. jinof A.ricutL.re. in the tropi's.of N, Airicui Sti tist t0: 10-193 lgiuP) and 'K resp~ectiveCly) anid two sweeding(no weeding, and weeding every i- tireatmentsweks) were;ap. 3. IRXII)IDGII.

plied to. the three 
IiL It. ' indications of dile needC:inunocultures aniddto three polyculturesa attiralvegetationi cropping syse) for a new ;1IpIro0AIl It) tropilPiil odhc S, h"(cin0iii;Co.I~al I3(921*!o 99
 

Ilie effect of tie fertil-zer and 
 weedling treat~ments 4,oiltile yield ' OI..A. A. If.of beans, atlj'L~iuiccorn, lind 11an1ioc i idi.iI~iilwas not the: i"i~if) filte mono11culture and poly'culture cropping Sys. goxt'Iabiihi'Ideiia' ,tii iddlmj.,ctiI ra199 , 
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