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A beun, corn and manioc polyculture cropping system. II.

A comparison between the yield and economic return from

monoculture and polyculture cropping systems’

ROBERT D. HART**

COMPENDIO

Un experimento en el que se plantavon frijoles. maiz y yuca en sistemas de
monocultivo y policudiivo se desiribi preciamente en Li privcii parte de este informe
(Turrialba 25(3).294-301. 1975). Los resultados do! expertmento fueron nsados para
comparar el vendimiento y el bencficic econdmeo de tvis omonocndines. en loy e
cada cultivo se planti separadamente, con los de tre frdanltzcos, en oy gue los 1re
cultivos estutieron intercalados.

El rendimient « beneficio econdmice de 1 poleudvioy fue signifrcaticamente
mds alto que los do lox monocuitivos. El bencfrco econamce neto del policultivo en
swcesion, qu: babia s:do duenado como un analogo g g compartinentalizacion de
bromasa de hojas, tall sy vaices, durante la sucesein naturval, fac mds alte que el de o,
olros dos policultiyos.

El polecudtivo en sucevion e evainado co pavandolo con un sntema hipuotético
de cosecha en rotacion de monocudtivos wsando 1oy mnnes tres cultivos, Bl ovend.-
mierto y beneficio econdmica neto fueron 37 y 5.4 por ciento mds alles, respectivamente,
en el policulinng de vucesion que en el sissema de cosecha en votacion de monocultive.

El autor.

Intsoduction

OLYCULTURE cropping systems are character
ized by interspecific competition between two
or more crop spctics, as opp().scd to monoculture
cropping systems in which there is no interspecific com-
pettion between crop species {(10). The potential of
polyculture cropping systems has beer known for many
vears.  Successful polyveultures whicn combine two or
more species of perennials such s cacao and coconat
(11, 12,15, 18), two or more species of annuals such
as cornoand beans (1, 13, 16, 20), and two or more
species of annuals and perennials such as rubber and
corn (5, 14) have been reported.
The principal geal of most experiments with poly-
culture cropping systems has been an increase inyield
*  Recerved for publication May 13, 1973,
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(7. 8) or cconomng seturn (3, 4, 17, 19). Anderson
zad Williams (3) supgested that there is also less risk
of a complete crop failure i a polyculture cropping
system,

The effect of interspecific competition on the yield
of beans, com, and manioc in polyculture cmp’ping
systems was evaluated in Part ool this report (10).
Data from that experiment can also be used to compare
total cropping system yields and economic returns from
monoculture and polyculture cropping systems. The dif-
ferent polyculture cropping systems can also be com-
pared and evaluated.

The succession  polyculture  cropping  system  was
designed in an attempt to mimic functional and struc-
tural characteristics of natural succession. Ewel (9)
measured changes in leaf, stem, and root biomass com-
partinents during natural succession after a forest area
was cleared in castern Panama, and noted that encrgy
was channcled first into leaves, then stems, and finally
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roots as the ecosystem matured. This trend in biomass
compartmentalization was an important guid'chnc in the
design of the succession polyculture cropping system,
and suggested the nse of leaf, stem, and root crops.

Mebod s

Two fertilizer and two weeding treatments were ap-
plied to seven cropping systems, which induded three
monoculture cropping systems - which beans, corn,
and marioc were planted separately, three polyculture
cropping systems in which all three crops were inter-
cropped in three different sequeattal arrangements, and
a “cropping system” which consisted of naturatly in-
vading weeds. The Crop spedics, experimental design,
fertilizer and weeding treatments, plantinz, harvesting,
and analysis procedure have been described previously

in Part T (10).

Results

The total cropping yield and estimated economic
return from the monoculture and polyculture cropping
systems is reported below in metric tons hetare (MT,
ha) and dollars hectare ($ hay, respectively. in all
references to statistical significance a .05 level is as-
sumed.

The yicld of individual crops in the different crop-
ping systems has been reported  previously in Part |

(10).

Biomass dynamics within cropping systems

The effects of the fertilizer and weeding treatments
on the crop and weed biomass in the seven croppiitg
systems are shown in Fronres 1 (o 7. Resuits of par-
ticular interest are outlin d below,

When the natural vegetation ciopping system (Fig.
1) receved the fertilizer and weeding treatment, there
was a significant increase in weed bromass at the first
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weeding, but this response decreased with time, and
there was an osallating effect on the weed biomass.
When the natural vegetation cropping system was not
weeded, there was no significant effect due to fertilizer
at the end of the 36-week experimental period.

When the bean monoculture (Fig. 2) received the
weeding treatment, “he first and fourth crops were ablc
to compete successfully with the weeds. The weed bio-
mass was reduced due to competition {rom the first bean
crop. The weeding treatment did not significantly affect
the sccond and third hean crops, sugpesting that the
crop fatlures were not due to nterspecitic competition
from weeds In the hean monoculture which received
the no-wecding treatment, the natural vegetation was
able to successtully exdlude the fourth bean crop

When the corn monoculture (Fig. 3) received the
weeding or fertilize treatment, the corn was able (o
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successfully compete with the weeds. However, the
weed biomass was reduced less by the first crop in the
corn moncculture than by the first crop in the bean
monoculture. When the no-weeding treatment was ap-
plied, the weeds were able to successfully exclude the
second corn crop.

When the manioc monoculture (Fig. 4) received
the weeding or fertilizer treatment, the mantoc was
able to compete successfully and exclude almost all
weeds. The weed biomass after the first weeding was
reduced less by the manioc monoculture than by the
first crop in the bean or com monorulture.

In the succession polyeulture (Fig. ), the effects of
the beans, corn, and manioc on weed bromass noted
the three monoculture Cropping systems were combined.
There was very low weed invasion during the first 18
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week peried. After the corn crop in the succession
polycullurc wias harvested, the mantoc in the succession
polyculture was not able to compete with the weeds as
successfully as the manioc in the manioc monoculture.

In the reverse polyculture (Fig. 6), the effects of
the brans, corn, and manioc on the weed hromass were
amilar to that noted for the manioc munoculture crop-
ping system. The corn crop planted at the 18th week
wits i complete falure due to interspecifie competition
from the manioc. However, the bean crop planted at
the 27th week wan able to successfully compete with the
nunioc,

Y the mtensne polyeulture (Fige 7). the effects of
the beans, corn, and manioc on the weed biomass were
similar to that noted for the manioc monoculture crop-
ping system. As i the bean monocnlture, the second
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10TAL
YIELD 4,857 ag/nA
GROSS §514/nA
NET §33G/nA

MONOCULTURE ROTATICN
f MANIOL
$ YIELD 2003 kg GROSS- $18¢ DET §143

nuus “ORN BiANS [
nuo Wan/YIELD 2,%5 & QELD B4
oaoss s67 Jemoss 4236 GRC3S §3i
NET 99 NET 821 NET §-27

L l l

SUCCESSION POLYCULTURE

AL
Y. 6,897 hg/nA
GRISS PETi/MA
NET §435/n4

YIELD 3,690 ag
/GROSS §332
NET $220

CORN

MANIOC

l : |

t 36 WEEKS {

Fig. 8 — 4 comparroon beiwecr w Myparbenoa momacalioe roiditen
srapping item and the suiicrion fv,/vn/.//nn ctehping system.,

and third bean crops were complete crop takures due to
a fungus infestation. When the intensne polveulture
received the no-weeding tieacment, the fourth bean crop
and second corn crop were not able to successtully
compete with the manioc and weeds.

Croppong system yield and economic veturn

The total yickd from each CrOppIng syster s Jisted
m Table 0 In Lunul the lll}Jlt\l viclds were obtanced
with the ap plu.\tnvn of the fertilizer and weeding treat-
ments. 1 only one of the treatments was anplicd, then

was no signficant decretse inyield from any cropping
systen. However, 1f neither treatment was applied, the
vields from the bean and manioc monocultures were
significanty redaced

Under all treatments, higher yields were obtained
from the polveulture cropping systems than from the
monoculture croppimg systems. The highest vield was
obtamcd from the intensive polyauture cropping system
which recaved the weeding and fertilizer treatment.

Grross amed net ccononue retare from each xmppim\
system was caleulated usig the prices I isted in Table 2.
The |\rmx are those which were obtamed when the crops
were sold i the market at Turralbe, Costa Rica, An
estimate of the number of man-davs required to pl.mt
and harvest cach crop was made wsing daia collected by
Daines (6) m Colombia, South Americe The cost of
weedmg was assumed to be the same for all cropping
systems, The estimate used i the mean tme rcqum-d
to weed the 42 field plots at the first weeding period.
Field pht measurements of weeding costs in $ kg of
weeds harvested from cach cropping svstem were not
relaable enough to be extrapoated for comparison of
CTOPPING systems

The gross ccononue return (total market value of
vield) from cach croppig systemas listed in Table 3
The cconomic response to the treatments s similar to
that noted for the total yreld from cach cropping systent.
When the samie fertitheer and weeding treatment was
apphed, the total vield and gross ecconomic return from
anv of the policuttures was higher than from any of
the monocultures.

An ostimate of the net cconomic return(e gross €ona-
nie retin ninus total expediture ) from each cropping
svstonn e hetcd o Babde T Ao estimated negative net
coonomic return was obtuned from the bean monocul-
ture under @ treatments, from the mamoc monoculture

NATURAL SUCCESSION ANALCG CROPPING SYSTEM

MUSACEAE CROPS
ROOT CROPS
STEM CROPS
LEAF CROPS

STRUCTURE —»

PALMAE CROPS

Raaax VL T@?@T@j‘ @%@%@ '

MIXED OVERSTORY CROPS
MIXED UNDERSTORY CROPS

TIME —»

Voo v A hap bl vatedd caccovcon anaddop coapane e koot diagrammar iy
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Table 1.—Total yield (Mt ha) from six croprings systems under four fertilizer and weeding treatments.

:’|'_
. ' ,
1
i No Weeding Weeding N Weeding ] Weedine
i Nuo Ferulizer No Terivaet Forebizer ! Fert ! ser
| | |
n ‘ I
Bean Monoculture 0518 (YT0.013)* } 0.725 (P uosT) 0S47 (2 0.057) l 1.020 (201700
Corn Nonoculture . ‘ 3200 (0 0.230) 12200 (2 oam) S60 (T 0TT0) 192 (T 0.760)
Man+oc Monoculture AT (1 0M) 6OTH (0320 AT 60) OO0 11RO)
|
Succession Polyculture ! 4500 (T 0.810) GORO () 6.IKD (20 R20) ! 73700 (£1.230)
Reverse Polyculture T2 (1 1.760) GO (o) LSHY (O 0.730) G50t 1LRSL)
Intensive Polveulture 0RO (2 0.800) G700 (7 0.400) O (T 1.200) 5 R.O00 (T 0.820)
I i
*  Confidence interval s one standard error (8.0 =)
b §
Table 2.—Prices used to calculate gross and net economic return.
Expenditure by crop
i |
Crip ! Price Seed f Plan: and Harvest , Total
; ! |
' ' |
Beans $.20/kg BO Lk $10 17 man-day/ha § 70| $ KO
: | !
Corn : $10 kg 20 kg $ 2 24 mandayha $ 360 $ K
i H
Maniag $.09,kg : Cuttings § 0 ; 79 man-day/ha 3112 : $i112

Fapenditure by

treatment ($7ha)

Weedmg

Fertilizer

200 man dJday 7ha

$ w0

$168

Expenditure by cropping systum (8, ha)

‘o Weeding
 Fertihizer

Weeding
No Feetilizer

No Weeding
Fertd poy

Weedin
Fertaltzce

Monacultures

Beans 344
t
Corn : 76
Man oc ; 112
|
Polycultures }
. !
Succession i 236
Reverse : 230
i
Intensinve : $32

Q04
A
700

6Y?
424

d60

584
pLL B!
880
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Table 3.—Gross economic return (£ ha) from six cropping systems under four fertthzer and weeding treat

ments.

‘ No Weeding ! Weeding N Wi ,‘ Weeding

! Nao Fertihizer :’} No Fertilizos Fettelizes II Fertthzer
Bean Monoculture ' oy (' 3)+ K S () (0 12) ' 202 (% A)
Corn Monoculture 5 3300 (2 22) ! 422 (2 37) A6 77) | 392 (0
Maen'oc Monovaliere 125 (w2 ! S0 (2 209) | 450 (' 130) 419 (2 100)

! X
Suceess.on Polvoulture . | 479 (2 76) i COL (2 2) 606 Y RO) 730 (2132)
Reverse Folvoulture , 667 (291) ’ ST (2 93) : A8 (Y 52) : 01 (2 171)
Intens.ve Folvoulture " 522 (= 70) ! 692 (2 41) i 041 Z106) ; B30 (2 81)

i ! : |

* Contidence intenval 1s one standard erpor (8.1, )
x

which received the weeding and fertilizer treatment,
and from the intensive polyculture under all treatments.
When the no-weeding and no-fertilizer treatment wis
applied, the highest net economic returns were obtained
from the corn monoculture, the succession polveulture,
and the reverse polyculture. When the weeding and
fertihzer treatment was aprhied, the hghest net ccone.
mic return was obtained from the succession polyculture
Cropping. system,

Discussion

The monoculture cropping systems compired in the
experiments were designed under the restriction of the
experimental design, and probably cannot be considered
as practical cropping systems.  Tor example, it would
setdom be practical to plant four sequential bean crops.
However, the data collected from the experiment can be
used to compare the succession polyculture cropping

Table 4.—Estimaied net economic return ($ ha) from six cropping systems under four fertilizer and weeding

treatments.

No Weedug i

Weeding No Weading Weeding

No Fertiluer ! No Fertilizer ’ Tertilizer Fertilizer
| i
___J , '
Bean Monocultare -2 D —379 (211 !l =405 (% 12) —00 (" 3)
Cora Monoculture ! 290 (2 166 (™ 37) | mr 77) : — 32 (% 76)
Mon'oc Monoculre : 1 (9 2510 (%29) 150 (£ 130) ‘ — 11 (Z1006)
Succession Palveulture {' 213 (L76) 295 (x29) 202 (% 80) 146 (£132)
| i
Keverse Polyaulture i 431 (1 ua) ; 1%% (%93) : 1 83) 17 (£171)
Intensive Polvculiure | ~ 1 (' 70) ‘ - 20 (x41) 7 So (N106) | — 24 (% Bi)

Confidence intenval s one standard error (5.1, )
Iy
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system with a more realistic hypothetical bean, corn,
and mamoc rotation monoculture cropping system,

A ccmparison between the succession polyculture
and a typothetical rotation monoculture is shown
Fig. 8. Each cropping system utilizes one hectare of
land and a 36-week cropping period. The yield and
economic return nbl.n'nur from the monoculture crop-
ping systems which received the no-fertiliner and weed-
g treatment were used to calculate the yield and eo
nomic return for the rotation cropping system, The first
and fourth bean monoculture crops, which were not
affected by the fungus infestation which lowered the
yvield of the sccond and third crop, were used as esti-
mates of the two bean crops in the rotation. The first
corn crop and the manioc crop from the respective
monoculture cropping systems were used as estimates
of the corn and manioc crops in the rotation. The yield
and econonuc return from the succession polycuiture
which recetved the no-fertilizer and weeding treatment
in the experimenis were used directly in the comparisoi.

The results of the hypothetical polyculture mono-
culture comparison outlined above indicate the potential
of the succession polyculture cropping system. A farmer
changing from the monoculture rotaticn system to the
succession paiyeulture would obtain a4 3” per cent n-
crease in total yield over 2 36 weck period. Assuming
the same prices used to caleulate gross and net cconomic
return e the experiment (Table 2), the polyculture
would produce a 29 per cent increase in LIOSS cconomic
return and a 54 per cent increase in net economic return.

The results obtained in this comparison Jre consistent
with the reports of other investigatars.  Parijs (16)
mterplanted beans, corn, and manioc and  obtained
higher yield from the polyculture than from any mono-
culture systems planted for comparison.  Willey and
Osiru (21 studied bean and corn mixtuares (polycul-
tures) under different population densities and obtaine
4 38 perocent higher yield from the highest yieldi
polyculture than could have been obtained by growing
the crops separately. Lepiz (13) obtained significantly
Ingher gross economic return from bean and corn poly-
cultures than from monocultures of either crop.

The characterisiics of the succession polycalture crop.
ping system which contributed to the high yield and
cconomie return obtained 1y this experunent are Jif-
ficult to identity conclusively.  One characteristic of
probable importince was the ability of the cronping
system to suceessfully compete with imvading weeds
(Fig. 5). Higher polyculture yield was probably also
related o a modihication of the architecture of the corn
and manioc i the polyculture. When the corn and ma-
nioc yield from the sucezssion polyculure and the res-
pective monocultures (10) s compared with the total
crop biomass harvested (Figs. 3 and 1), the percentage
of edible corn and manioc increased from 22 and 28 in
the monocultures to 35 and 42, respectively, in the suc-
cession polyculture. The polycultures were probably able
to use the available resources of soil nutrients and solar
energy more efficiently than the monocultures, but this
could not be verified fram the soil samples analyzed.

The succession polyculture cro ing system evaluated
i the experiment was partially (SCSII.:HC\{ by using bio-
mass compartmentalization during natural successton as
a gutdehne. The success of a cropping svstem which
was only evaluated over a 36-week perind s not, of
course, conclusive  evidence that a cropping  systens
designed to mimic natwral succession over a longer
petiod wouid be successful. However, a CrOPPInE svstem
stch as the hypothetical natural succession analog crop-
Prok systenshown dagrammatically i Fig 9, should
be the subject of further investigations,  In the succes-
ston aalog Cropping system proposed, Musaceae crops
such as banana and plantan are interplanted after the
stent crops are harvested.  As root crops are harvested,
they are replaced by Palmiae crops, and the succession
could be contmued until the tree crops are ready for
harvest. The trees are then harvested and the succession
antlog cropping system s repeated.

Sunimary

An experiment in which beans, corn, and manioc
were planted in monoculture and polyculture cropping
systems was described previously in Part | of this report
(10). The results from the experiment were used to
compare the vield and cconomic return from three mon-
ocultures, i which cach crop was planted separately,
and three polyeultures, in which the Crops were inter-
planted.

The yield and econonue return from the polycultures
was significantly higher than from the monocuitures,
The net econonie return from the succession pnl_\'culturc,
which had been designed as an analog to leal, stem, and
rocat bronass compartmentahization during natural suc-
cession, was higher than from the two other poly-
cultures

The succession polyculture was evaluated by com-
paring o with o hypothetical monoculture rotation crop-
prog system using the same three crops. The yield and
net economic return were 37 and 54 percent higher,
ospectively, from the succession polyculture than from
the monoculture rotation cropping system.

Litevature cited

O ALVIMO R ard ALVIM. Pode T i feto da densidade
de plantio no approvettamento da et lunnosa nelo
milho (Zer mv o) ¢ pelo feijio (Phawidit tularit),
em culturas codusnas ¢ consordiadas Turrialba 19
(35389395, oy

2 ANDERSON, E., and WILLIAMS, 1. O, Muze and
sorghum as a mixed crop i Honduras, Annals of the
Muissourr Botanical Garder 41(2).213.215, 1059,

> ANDREWS D | Intercropping with sorghum in N
pera Experimental Agriculture 8(2):139.150. 1972,

I ANTHONY . K. R. M., and WILLIMOTT, S G, Cotton
mterplanting experiments in the South West Sudan,
Fmpire Journal of Expecimental Apniculture 25(97):
2930, 1987,


http:I'irtt.il
http:lutisst.ri

384

5.

0.

s,

10,

BANGHAM, W' N. Hule y maiz; una excelente com.
hinacion para los trépicos americanos. In Conferendia
Interamericana de Agricultura, 3A, Caracas. Vene.
cucla. Seric Internacional N* 7, 1946, 21 p.

DAINES, S R Summary results of emplovment income
distisbution and small farm anais s, Analytucal Wark-
ing Document N* 20 Colombua Acocadtuie Sector
Analysis.  AID, Bogotd. 1o~

EVANS, A € Studies of interntopping: | Maize o
sorghum with groundonuts.  Last Afproan Apniculture
and Forestry Journal 2601) 1100 1960

——————, and SREEDHARAN.  Studies of intercrop.
ping 1. Castorbew with croundnuts or sova-hean,
East Afrian Agnaudture and Forestry Journal 28(1):
7-8. 1962,

EWEL 1. J. Biomass changes in carly tropacal SUCCesion,
Turrialba 21¢1)y 110112, 1971,

HART, R. D 4 bean, worn, and manio polyculture
cropping system 1. The effect of nterspeaific competi.
tion on crop yield. Turrialba 25(3):204-301. 1975,

JOSE, B. M. Intercropping cacao with coconut Coffee

and Cawao Journal 11(9-10) 128 130, 1968,

LEACH, }. R. Underplanting coconut with cocon in
West Malaysia. Cocoa Growers Bulletun 16:21.20.
1971,

LEPIZ, 1. R. Aso .1i’~ de cultivos maiz-frijol, Agri-

cultnra Técnicz en México 3(3):98-10i. 1971,

TURRIALBA: VOL. 25, NUM. 4, TRIMESTRE OCTUBRE-DICIEMERE 1975

1

15,

19.

21,

MORALES, ). O, BANGHAM, W' N., and BARRL'S,
MO Caltvos intercalados en plattaciones de Jler e,
Turrwalba, Costa Rica.  Instituto Interamenicano e
Cienctas Agricolas. Boletin Técnico N 1. 19j9 26 p.

OWEN, J. 1 nderplanting coconut stands witly g
on Kuala Perab Estate with special reference o plam
g methods and macufactuning procedures. Plante
43(3):995-95  1usT,

PAKIIN, A van. Rotation des plantes sivicres dans Ja
region de Nioka (Haut Ituri), Bulleun Apricole du
Congo Belee 1500) 15191 944 997,

SENVSOMUKHERIEE, D, and MAZYMDAR, {1. K. A
preliannary stady on the possibrhies of growing cotton
I unirricsted arcas of W oa Bengal Ind an Agricul
tunist S(1) 32590 1907,

TRAEHOLT, P. “The cocoa industry in Malaya, ways of
introducing ity and ey prospects. Planter 38(5):248.
291, 1962,

VARMA, M. P, and KANKE, M. S. S. R. Selection of
ntercrops for cotton in India, Experimental Agricul.
ture 5(3):.223.230. 1969,

WHKEN, G. €. Drained-field ugriculture; an intens)ve
farmieg system Tlaxcala, Mexico Geographical
Review 59(2) 215241, 1069,

WILLEY, R. W, and OSIRU, D. S. O. Studies on
mixtuares of maize and beans (Pbuscolus vulgarrs) with
partwular reference to piant populations.  Journal of
Agncultural Saence 79(3):517-529, 1973,


http:Gro\s.rs

