
A bean, corn and manioc polyculture cropping system. II. 
A comparison between the yield and economic return from 
monoculture and polyculture cropping systems" 
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C ) AI P 1:N 1)1 (1 

Un experinen o en el qt it Planian ijllo. , ina ) )uca en sistemas dc 
,uonoculivoo Y pollilli) .-desrib:; 1itlaumewt.to I .. ,:'aLparte de, fite infor,. 
(Turrialba 25(3):294-301. 1975). Los reiultado. de/ c.ierietnio fliion usados para 
comparar el r,'enji eni, .)el bencit '.; ,tCl dl,, ltPt ln ihttl 11:.'tol. t /('.I Ilo 

cada culti, o st plni; ,eflw,aaamc li. ton ! , !:. di.,, en l,,,q/ue los irelo.1,It' 0.;, 

cultivos esituieron InlertiZdos. 

El rendimjnv.' I benefct, ecwi;tinh (, /1,. /tiu ',i fut, si,,nifi,,ltainen/' 
mas alto que los d: lo-, monocuitt'o.i . - hbent;t. .,'i'0 , li,i /o del polcdtiro en 
rucef(jn, qli habia .u,,do,I.t. c0nto 1n an.h,' a ''.tu 'OdPirtial/Zacidn de 

biontasa de hojaia/t,i .) ra,.t,/uralit 	la ,ijat1loque. el de lo... i ,tl(',i natial. J,,, 

otr ssdos p oollculni.*.
 

El pol lit lt i t1/tiln fit,' ta'ilid? co , ld I on,,tt1 5/itena hipoittito 

de c(.echa en roacnit ,n,noidti'vo.. nahlo /,,I t ' elesi.-tls Ef1 rend.
ttietio . benejicio econim,'co nelo fueron 37 54 [,or 4tittt, t;i,; alt.s, reipect.ii'anente, 

Iiw el jviculitlt, ietitii;t) q e,vtelI JiJlctn/a de ic' et ln 1o/,il indemtinocu/lilro. 

El autor. 

h ot,/lott'l 	 (7, 8) i ccioi'nllt return (3, 4, 17, 19). Anderson 
:nd Williams (i) suggested that there is also less riskP OLYCULTURE cropping systems arc. character of a conipicte rop failure in a lpoly(ulture cropping 

ized by interspecifKC competition between two system. 
or more crop spekies, as opposed to monoculture The effect (if interspecific competition on the yield 

(roppirg systems in which there is no interspecific corn- of beans, (orn, and nanioc in Xl)'culture cropping 
rctition between crop species (10). Th," potential of 'stc s eaevaluated in Part I of this report (10).
polvcl)uhunrc cropping s;":tems has beer kiown for many I)ata t at experiment can also be usedar to compare 
-ars. Su,:cessfcl polyclUtiUres vhici combine two or total croppng sYstem yield, and economic returns from 

mnore species of perennials such is c a and coconut ninocultur ;;nd polyiulture cropping systems. The dif
(11,12, 1S,is), tvo or more spe, ic's of annuals such ferenr pnlyculture Cr 'Ppng systems can also be corn 

cSLorn and beans ( I. 13, 16, 20), and two or more pared and ev'Juated. 
species of annuals and perennials such as rubber and 
corn 0j, -i) have been reortcd. The succession polyculture croppin, systeril was 

hial beneote. 	 designed in an attempt to mimic functional and struc-
The principal gcal of most experiments with voly tural characteristics of natural succession. Ewel (9) 

culture cropping systems has been an increase in yield measured changes in leaf, stem, and root biomass corn

partinens during natural succession after a forest area 
Itc.tcd Iorpubhcation M., 1;. 1 .	 was cleared in eastern Panama, and noted that energy 

Rm., 	 first into leaves, then(.ATIF, "urri.,1.,. c,,t., 	 was channeled stems, and finally 
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roots as the ecosystem matured. This trend in biomasscompartmentalization was an important guideline in the
design of the succession polyculture cropping stenl,
and suggested the use of leaf, stem, and root crops. 

Alehodi 

Two fertilizer and two weeding trc,,tinents werC ap-plied to seven croppi ig sSt(:nIs, whi mth threeilkhlL.d 
nionoculturt cropping systenms II wl:icl bcans, corn,and inarioc were planted separatel., three pilyculturccropping systems in which all three crops were inter-cropped in three diffterent scuntnial arraigenwiitS,, a"';;

a cropping system" which consisted oi naturaly i-vading weeds. The crop species, experiental design, 
fertilizer and weeding treatnents, plati . harvesting,and analysis proced,
I.it Part 1 (10 ). re hav'e been described prev\'ousl

• 

At,,,lsIi 

The total cropping yield anld estim.itcd economicreturn from the monoculture and polyculrure cropping
,ysterns is reported below in metric tons 
 hectare (Mf'1,ha) and dollars hectare ($ ha), inrespe t ively.

references to statistical significance 

all 

a .OS level is as-sumed. 


The yield of individual crops in the different crop.
ping systems has been repxrted previously in Part I(10). 

ho;,ad)namis rith,in cro/pin, f)J/tnf
The tffccts of (lie fertilizer and weeding treatients 

oil the crop and wed bliolass in Ole stLAle cropping
systevis are shown ii i:',iures I to 7. Resuilts of par-
ticular interest arc outlini.d below.When the natural \ege:tiltoil c opping systcl-n (Fig.
l) received tilt fertilizer antd weeding treatnent, there 
Mas a significant inre:ase in weed bionlass at th: first 
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weeding, but this rcsonse decreased with time, andthere wais 3in ('scillat nllg effect on the weed biomass.When th, natural vegetation cropping system was notweeded, there wais significantno effect due to fertilizer
at tie end of tile 36-reek expevrinental period.

When the bean monoculture (Fig. 2) received theweeding treatinent, 'he first and fourth crops were ableto comrpet Sit. essfnIulv with the weeds. The weed bio
mass was rcduced duc to competition from the first bean 
crop. The wCedLILthe second and trcaitinent did not significantly affecttltir6, I1-an crops, suggesting(rop faiInrs wrcte i that thefrom widuc, wircn itlneto 'terspeci itld ue tnnmoimtrehchiripet itired~citied 
theoinwedInOtratn ionit(lturl regen atle- o sc,sfh ll it, tlhe natural egetation Was 

\Vien the 1-1ir1111tniculturc. (Fig. 3) receised the
wee'ding or ft-rtili/c tretment, the toi was able tio 
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uccessfully compete with the weeds. However, the 
weed biomass was reduced less by the first crop in the 

corn moneculture than by the first crop in the bean 
treatment was ap-moniculture. When the no-weeding 

plied, the weeds were able to success'ully exclude the 
second corn crop. 

'hen the man oc mon(oculture (Fig. i) received 

the wcding or fertilizer treatment, the manioc was 

able to compete successfully and excldC almost all 

%reeds. The wICcd biornass after the first wceding was 

reduced less by the manioc momnoculture thmi by the 

first crop inthe bean or corni monoulturc. 
',), the effects ofIn th" sueCssi0In plyLulture (Fig. 

the beans, corn, and iianim oii weed biinass noted in 

the three mon(lCU ilturc cropping systcms w'Lr.:combined. 

There was verv l,\w weed insasion diiuring time first IS 
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week period. After the corn crop in the succession 
the successionpolyculture was harvested, the manioc in 

asp-olyculture was not able to compete with the weeds 
maiioc in the manioc monoculture.NUccesSfully as the 

In the reverse' pol'yculture (Fig. 6), the effects of 

the be.ItlS, (orn, anld manioc oi the weed bionass were 

liar to that notled for the manioc nv.(inulture cropore1 

ping system. The corn crop planted at the 18th week 

was a Iniphci f.ulre Luiet,)interspccif,', conpetition 

fron the manio ltowever, the bean crop planted at 

tilt 2"(I) wceek "., able to sucEeCssftltyv con pete with the 

l~iiiitll. 

II thc iltcl "iIC polyclture (fFig. 7), the effects of 

the beans, toril, ad nianic om the weed biomass were 

ni,ted for the manioc imono(tilture crop.similar to that 
ping systil As i the ben i(noctilturc, the second 
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1 
redLccccd 

Undcr alltreatment,, higher yiIds were obtained 
from the plj vt lttcI1 cropping systems than from the 
noliiultur, rippimcc systems The highest Oixld wais 
I0 iilt Liil l'liii ,-c,,yE polytilture croppiUL sSteflc 
wiith rutcs cd the ccop and fertilizer treatment. 
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Table .- Total yield (Mt Ila) f,'om six croppings systems undtr four fertilizer and weeding treatments. 

Ni, . t'd i n V -f'.t.{i, N , (dt ic \%Ir( Jlli
,N.', tl tl zc'r N .., I' , ;ct ......r zc |Uctt e 

Bran Monocuture . 0.51 8I ( 0.01 1)* 025'0 lis") 0 '1 0.057) 1.0201 0 170 
Corn . iionotuhturtv ; .21)(i . 2T;) i.220 0o ,"iI) I;rp '1 ()0 92( 0"60) 
Mant Mon ulu rt. I V'l I (201) 6 ("t I ;,.) 1 160) .1 (990I W1.1O) 
Succession Polytulturt 4(.( ( o.81 ) 6681 "( 1011) 6 8o 0o82(1 ) " -0 t 1.2;) 
Rc rr . 'ullulturq . 7.2!') ( 1.760) (.1 111 I.Io)l) I 51[(1 ().7 J) IlO ( i.8)(1) 

i-nu l Fol .uhurt . ,so ( z (0.8oU) 6o (8 l0.0)) 6( 1. - I 200) X (.w ) [ I). 

Confidence intral ii one sijndaid errt (S.D _) 

Table 2.-Prices used to calculate gross and net economic return. 

l xpendturrc h (p 

Seed Plan: And 1lji r "r,,ul 

$.20ikg$an. 80 $1(, .11"maida'/ha $ 7(0 $ H6 

Corn $ 11'kg 21 kg $ 2 21 nl-ndiln- la S 36 S ;8 
Manin, $.09,/k: Cutting% S 0 75 ranida\'/ha 112 $112 

Ispcihi r Iy Irtali~nt ($'ha) 

\\'t'td l 2i man t .i) Ilia $ it) 

iii'rl-ctr $168 

l;\v inditut. by trtppiing sy"ttn (ShI) 

N, 
, 

\\Vcir,iWum 
Fertlihzer 

, 
N., Fvt,tv 

. ~ ~ N. \, 
lt 

tic Wi 
Ftilli 

cd,, 

NI irmcul iurc.% 

r. s",-I .52 5512 692 
CAirn 76 256 21 1 421 
Man oc 112 292 280 .461 

Pokycultur-s 

SULcission . 6 416 '101 58." 
Rp\ 'v 2 It, .116 1liI 581 
In cns %.e 52 712 700 h88
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Table 3.-Gross economic return ($ ha) fronw six cropping4 s Mstems fourunder fertihzer and weeding treat 
ments. 

N,. W tdmhtg 
 W ('t'd11Lt IN,' tU
.,'t, 
 'v-eding
No FirLrltr F N., i ItrtIu Fertrlihzer 

Bwn Mon tulrur. 1111 Jv() . 1.15 ( " II I,.t ( 12) 202 

Corn Mono,ulturc 3. ; o 22) .122 (3 ) ,16 I 77) 392 ( : /,) 

Pil.roo' hMziltt!ltrr 12: ( 92) 5 16 ( .'- 2 ) .I1( 0 419I1) ( to 

tl ] ..l lturc 479 ( + 6) . !1 ( 2.) (.6, 8(1 7) ( . 132) 

Rut .t'ri.I'I lturt- 667 (7 9.1) 571 ( 9 ) -II1 ( 53) (-I :' 171) 

lntc :..L F~lv.ulturt 522 (7-'0) 692 (6II) 64.1 -'106) 81t6 ( i 1) 

delt~ s iO.. d (SD I.I ( eite'. I itl . rtd t err, 1S. 

x
 

which reieis'ed the weeding and fertilizer treatment, lIscusonand from the intensive po)lyculture under all treatments.
W en the' l-weeting and no-fertiliztr treatment was 
 The montulture Cr pping systems comparedapplied, the highest net economic returns were in theobtained experiments \\er, designed under th7 restriction of thefrom the corn mont tLiUltture, the sutcession piti''ltUlture, Lxperinitnt.il design, and probably cannot be consideredand the reverse pol'culture. When the weedingu and as prattii (roppumg systems. For example, it wouldfertilizer truatmu-nt was applied, the hghcst net con, sedom be pir.AM1,, to i at four sequential bean crops.nhic return was obtailned frot the SuCcess1ttt iolvculture Howe.\cr, th t 01ltd from the experimenturopping system. 1 4 an be
used to coilmpare, the stit etsion polyculture ciopping 

"kble ' .-- lstmmed net economic return (S ha ) from six cropiruy systems unde-r lur ferti:izer and weeding 
treatments. 

mN., W r WV'th(tl':1" N,, \k I ,ding W,'e€dting
etNo
N, Fchh F tthicr ttltrFertilizer 

litIn 
 2110-1 -" ) .370 - 114.olt1rt1)19 ( 1 

('t~rt hun,ttlhur. 2s1 ( '22) (.1, (- 2 ( 77) - '2i (± 76) 

M O t,'tnnultur' II -92) 251 (t29) Isto I - 13)) - II (-1 10(0)
Siltsi(.SS101 ItUl1ttR.
P'4% 21 (i 76 ) 
 2.015 5) 
 " '_
ti(  4-- 80) 1.16 ( 132) 

Ltt't' l , .tthl r ,1;I ( 'tIl 15'1 ( -9.) .11 4 5) 17 ( -171) 

Int-.t, Pitl titt1h r. -- t 1 ' 70) -- 2) (±. I ) 56 4 -116) 24 ( 8.1)1 

Cnf itenr l ,tesI.%tic rri..! _ I i .urd IS.). 
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s-stem with a more realistic Iypothetical bean, corn,
fandman Ic rot:tion mlDnOCUlture cropping s)stem. 

A cc, parison between the succession polyculture 
and a 1-y pothetical rotation monoculture is shown in
Fig. 8. Each cropping system utilizes one hectare ,0f
land and a 36-we,'ek croppint fperiod. The yield andilcnomic retu r obta i t thmi nio. toeyroe . e 

ping systems Wlil 
 received the no-fertuiher lldw 
ing treatment were used to calculate the yield aiid CL.()
nonic 	return for the rotation cropping sYstem. The first 
and fourth bean monoculture crops, which were I1Ot
affected b\" time fungus infestation which lowered- the 
%ield of tthL second and third crop, were used as esti
mates of the two bean crops in tile rotation. The firstcorn crop and tile manioc crop from the respective 
monoculture cropping systems were used as estimates 
of the corn and manioc crops i tile ritation. The yield
antd economic return from the Sut ceSsioll polcultur-
which received the no-fertilizer anJ weeding treatmen't
in the experime-,s were used directly in the comparison. 

The results of the hypothetical Folyculture monoculture comparison outlined above indicate the potential

of the succession palyculture cropping system. A farmer 

changing from the monoculturc rotat i- systenl to th,

succession pc ivculture would obtain a 3-	 per cent in-
crease in total yield over a 36 week period Assuming
the same prices used to calculate gross and net ec, nionit 

return i,. tile experiment (Table 2), the polyculturc 

would produce a 29 per 
tent ireas- in gross ecoitontic 
return 	and a 54 per cent increae in net economic return. 

Th- results obtainedI in this comlparison ire (onsistent

with the reports of other investigators. Parils (16)

interplant .. 
 beins, corn, ani mantioc aid obtained 

higher )iCld Inron the polyculture ttiii frmfmn.t aJn10 

culture s%'stens planted for comparison. 'illey and 

()sirn (21 ) stditd k-an 
 am torii Mixtures (pobtul-

tures) under different populatit deiisities and obtaim, 

a 38 per cent higher yield frion the highest yield i ! 


0lyculturL thaln COUld have been obtained 
 111,1growingtile crops septarately. lepiz ( 13) obtamd significantly

luther grov, eciOimIt return 
 from bean and corn poly-

ultures than fromnmonocultures of either crop. 


The lhar.iateri:;iics of the suctessi,n ptim)'tLltire 0op1.

ping system khich contributed to the high yielI and
Ct onotteC return obtained it thlo experimcnt are di f-

ficult to identitf). c o O ne ,f
nclusivcl\. characteristicprohiblt m portnce was the ability of the crcpinu 

.- steenl to stictessfull)' 
 colnp t- w ith intvadinig \,'eds


hFig. 5). Higher l0tlycuIltLire yield was probably alst 

relied to 
a imotlitatin of the a.rchitectur-C of fite corn 
arid mailtm c ill tl:t- lpolytulture. \\h ii tit-, writ and mIaioc yield from tihe sIcc_ssion polcultuir: and tIn. res-
pective monocultures ( I) is compated with the total 
crip biomass harvested ( Figs. 3 atdl 4), the percentageof edible corn and manioc increased from 22 and 28 ill
the monocultures to 35 arid 42, respectively, in the suc-
cession polyculture, The polycultures were probabl ableto use the available resources of soil nutrients and solar 
nergy-more efficiently than the motnocuttures, but this

tould not be verified from the soil samples analyzed. 

IN 1,01.Y( Ll.TLURE (ROPIING SYSTIS 38' 

"ih1 su.,ssioii polvcilt i re cropping system evaluated 
I thes(oiiip~itnintalizatiutwas lduringma Lxlpcriliint partially designed Ih%using bi,natural sultessIonl a 

guideline. The suc es ofd a cropili. svston which 

%%as () eiltiated over a 36-wcek perid . s not, of 
(ourse, Lo(lsive evidence that a cropping system
dcsgildL to mmlic nattimal succession over a longerper:,,d ust ..k suttessful.stinits tre ti However, a tropjiiqg systelpothetical natural succession analog crop

i]ttli sen diagrammatically ii ig 9, should
bN- th,. Sul oftt fUrt cr Inestigations. In tile succes
swil .a.! ". Cr, pping systcm proposed, ufatea.t Crops
sIJI as b 1lnnia and pl.iitaim are ijiterplauted after the 
stCIII crops ar: harvested As root crops are harvested,tie' are repla, cd by Palm,u. crops, and the succession(ouhi b tontiued'untli the tree crops are ready for 
h.rvest. The trees are then harvested and the succession 
anltog , roppi i i system Isre I a t e d . 

-

/ 

Ai experMiIent in wfhith beans, corn, anlimanioc 
%%ere planted it inoiioculture and pol)'culture cropping
ssteniCswas described previously in Part I of this report
( !0 ) l. rt-sults the experimet N,crc Lise toThe from 
t imparc l.c-ii t lolllnic return f rom three monthe and 

Multll irCs, 11 s0ithl 
 eac(h trop was plaited separately,
and three ptlicultures, in which time crops were inter
plintcd. 

ThL yield and economic return from the pol Ctiltures 

was sm.4ni fial) i) hi,hcr tlhan from thi- mon , uitures. 
The Inct etoimmic return from the succession pnol'cu lture,
whIl haed b-'cI designed as an analog to leaf, sten, anti 
ri, ,t hillltha tnpnmontahom-o ilitrimig natural suc
(cssmon was Ihigher than from the two other poly
ilturtcs 

Tht. su(e,,tsion pOlytulture was evaluated by coni
p rig t w th .I h yp ot li (al monoculhlr . rtati on crop

ping system usi g the same three crops. Tihe yield andmet ecnonmi return were 37 and .1 percent higher,
:c- eti%-rs -ft Ilt-eulturt than from 
fle mollociJltutr- rotation cropping system. 
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