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Polyculture Crepping Systems:
Review and Analysis*

Donald €. L., Kasst

Introduction

Athough agrroultural svstems mowhich two or more usetul planis are grown
stmultancousls on the same area have heen rocen e marcasing attention i 1e-
cent vedts, the practice has long boen recognized as a wav i which farmers i
the ttopios and subttopnes wath hinnted Land resowrces can produce food and cash
aops (kg 1911 Ncol, 1955 A 19144 Donald 1963, Miracle, 1967, Ruth-
enberg, 1971 Nssacanions of cacal aops and legume-marze mistres were
common i the tompoate zonc anol the advent of mechanizanon and heavs
fernhization made than Joss pracical sWarburton, ol Zavi, 1927, Thatcher,
1929, Hackleman Scars, and Burhiston, 1929, Prine, 150, FAO, 1966)  Many
studies of the benetis and disadvantages of these mivunes were published
puor 1o 1930 (Palz 1911 Lapman, 19120 Wabaron, 1919, Frhendge and Hehin,
1924, Moimnsh 19350 D ogume-maze mistures were the sabject of several
reviews ihreds Baldwin and McCov, 19520 Nacol, 1991 1936, Brown, 1935,
Wilson 19100 during the peviod i which they were considered pracncal. Mix-

* 1 has studs was supported i pare by dhe Unted Stares Agoney for Tnternanonal Develop-
men' (AID undor g racarch conract with Cornedl Uimvarsi, ta-c-HOL, enatled Soil
fertedity i the Tannd tropics

tRormer post-doctoral assocte, Department of Agronoms. New York State College of
Agrcultre and Life Saences, Comeb Cniversity, Tthaca, XY Present address, Proveao
CATIF ROCAPICT A 50 AV 12291 Zona 9. Guatemala, Guatenala
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tuies of cereals still occupred 2.5 imillion hectares mthe temperate sone i 1974
(FAQ, 1971 and have recenved sporadic attention ap 1o the present (Jensen,
1952; de Wit 1960, 1961 Bacumer and de Wi, 1968)

While modern practices hase probably Largels elunmated the benetis ol crap
mintures w the temperate /ome, aop mistares stll ofler considerable advantages
i the nopical zone, where use of mechanzanon and agncudinral chenieals 1e-
mam low  The widespread use ol aop msstares i nonmechanized agnicalion
was noted by carher authors but anncal mvestigation of whether then use was
benefical only began alter World War T CAiver, 1919, Fyans, 19600, \nthons
and Willimou, 1957, Pallan ev al | 1957, Tso, 1051

With establishment ol mienational msttutes of agniculonal rosearche i the
19605, there tus been widespread recogmnon that the abilin 1o expatid wonkd
tood supphes would depend on maeasing food production by small Lomers
m the topics, most of whom were growimg aop mnstaes (iade, 1967, IRRT,
1974, 1978 197% Franas, Floroand Temple, 1976) As g result, the et ol
imvestgations on the subject has greathy maeased dunmg the past decade @ \ner -
e Soaen of Agronams, 1976) and an anabvsis and summany of the tidings
seemed worthwhile at this e, Bos o hope that areview might establish som
generahizations about aop nustures as well as serve as a guade to those planmng o
study the topie further

Definition of terms

Before conaidenng the literatare, 1t will be necessaiy 1o debine some terns
wsed by vanions authors sice then use s by no means consistent The prachce
of growurg two or mote uselul planes simulancotshy on the same atea s vai-
oushy desenbed as muluple aoppmg, it aopping, meerplanung, and interul-
ture. However, these tenms have been defmed speatficaliy by certun anthons
(Hinwood, 1975, Ruthenberg, 1971 Dalivmple, 1971 Andiews and Kassam,
1976) as desanbed below

Multiple cropping Growing more than one aop on the same Land i one
vear (Dabvmple, 1971 Hawood, 1975, Andiews and
Kassam, 1976),

Maximum cropping Attanment of the highest possible production per unt
area per unit me without tegard to cost or net teturn
(Harwood, 1975).

Mived cropping Two or more aaps grown simultancoush and -
mingled with no ow mrangement (Ruthenberg, 1971,
Harwood, 1975)

Intercropping Fwo or mote aops grown sunultancoush i alternate
1ows an the same area (Ruthenberg, 1971 A moe
general dehimnion s Ugrowing two or more Qops
stmultancoushy on the same field moa vea” cAndrews
and Kassam, 1976).

Relay planting Fhe matuning annual aop iterplanted with seedbngs
o1 seeds of the tollowing aop (Ruthenberg, 19714,
Accordmg 1o Hinwood (1975), 1f the Hlowermg period



ol one aop overlaps that of the second « topan the field
the combiation becomes nterciopping on, - the
phrase of Andiews and kassaon (19700, 1elay e
clopping

Interplanting Long o annual o hienmal aops antoplanted wih
shovi-tcnm annual Gops dunimy early stages ol plant
developivont (Ruthenberg, 1970

Interculture \table cops grownunda perennal aops (Ruthenberg,
1971

Untortunarcv, vony few mvesnigatons have adbored o these defimnions Fhus,
one may enicounter a paper enuted T he agronomae sieofricane e of maed aop-
ping b Mavc mtaplanied wirh cowpeas™ (HLazel 1970 which coneerns mn-
traopping as detined above Fanthamorc, none of the defumions isted hore
contains o genaal term tor sinanons i owhich * two o more usetul planes ate
grown sumultancousiv o the same aiea ‘Ruthenberg 1971 Tor the genearal
anves which would indade muved aoppng o1 mved intercropping, intercrop-
ping. and interculture o well s those phases of interplanting and relay
pianting whae more tun one aop s wrowing, this author proposes the e,
polveulinre Alrcads used by same rescarchiers 1t distmgunshics all of these sita-
trons o monocubiure and midicares that an area s g ascd dor more than one
top at aotmne The woom policadng oy has bean used Spansh o conrasi
with moviocrdti on, Gops grown prave stands oSon ot al 197 [n cnha
\mocan ducatare o oncountos the toms aop maxtures (\Warhunon,
1905 NMennshe 1930 Klages 1935 and crop awsocations (L pman, 1019,
Pleto Hills and s 1995 Nuol 1934, While somawhar Lacking m prect-
Sonsuch tanns e probably Toss aokward and more readils understood than
then connterpartes 1wl scek 1o s mon specttic terms here as they were de-
fned abose and s artha polveoalon CTOD INTUTEOS, OF CLOD 5O LGOI
lor the genoral ase

he primany focas of this stady will be on polseultire of annual aops, (he
Iteratne on poenngd and pastare crops will be diaswn apon onlv when neqes-
sy 1o provede cordence noray adable maricos on polveuliine Fhereare several
teasons for this Tiatation Tost the ostonsive Dierann one pastures has Ieen
teviewed adequate v o ccons vears Donadd 1963 Steond, pomaples obtaoed
from the stady of peranmial o pastune spraesare probably nocapphoable o -
nual craps, which are obten biolowically completely dissimlar Finally, prim
emplusis s bemng placed on food and cash cops tased by sialiholdors, which
areahmost exclusive v anmaals

Occurrence of Polyculture

While most invesngators amd casteal obsersers o testly 1o the ubiquity of
polvaulture i the nopics (Muacle, 1967, Webster il Wilson, 1966), actaal
measurements ol s extent and nuporance morelation o monoculture are hand
to hind. Estimates for vanous counties ae mchided m Volume 5 of the World



Census of Agvivubiare (FAO, 19735 and are also pnesanted mtable T Norcae
meastrenments for cach aop given m the Braziban aencabiaeal consus fon 1950
are summmanized for certam aops moaable 2 Tccan beshiown Brom the Branbim data
that polvculture s, o at leastwas im 1990 muchmarccommaon i the nonthenyand
nottheastern parts of the countiy where lams iend o bosmalband nonmedanized
than i the southern and southeastern parts whore Lrger ncchanmized fanms
predominate.! This author was unable o decrmime whetha sinibin sunves
were ithen since 1950

Other census data we given by TAO (1900, 1971 for corcal misties Thiee
nulhon hectares of maised grams were planted cach vear from 198252 wath the
number decreasimg o 295 milhon hecares m 1975 08 XO 1970 Tao thids ol
this wed was e Favope, two-nmths m Canada, and one mnthom Farkey

1 he only other moderny measurement of the estenr of pohvoalime over o Lng
area s given by Chih-Rung (1979 who states that i 1970 swecr potatocs were
relaved into vice on 10,098 hectares i Farwan, o about 5 ocrcent of the aop-
fand, but this number diopped 1o 27,890 hecares by 1973

Some meastrements ol the ostent of sovbean-maze miastures were taken
i the Uorted States prior o 19300 Thatcher (1925 vopotted that 57 pereent of
the sovhean acreage 10 Olno was grown e nustures with marze i 1925, hut only
10 percent m 1921 Hacklenan er al (1928 gave hrgures shovoang that nearls
60 percent of the bB73.998 actes of sovheans e Hhnors (251926 average!
consisted of sovhean-nuize nusies

Other meastanents ol polvaultire are probably hitde more than edueited
guesses of are based on stvess then ovear aovens imad arca Franas et al
(10760 state that 98 percent of cowpeas me Mrca and more than 60 percens ol
marze and beans m Latnn Amonc e are i aop nustures Vosurves ol 300 ks
i live cones ol Colombu mdicates that 60 percent ab the tarms and 70 pacent
of the wea are m monocultore manmoc Sunvess acponted by Baker and Noman
(1975 show that 93 pacent of the Sokoto area (353 1 ha sunveved), 8% parcent
ol the Zarna arca 3000 ha sunveveds, and 33 percant of the Omua-Man ared
(313 b sivesedy i nonthern Nigerncae planted 1o aop niastares Ve of
990 hedwes 1 the groundnur giow iy aiea ol Senegal showed that one-thnd
of the area was planted o aop mistares (Scdathimg, 1965

Where actnal meastrements have been taken it would appear that pohvculiune
is probably less sigimhicant than indicated mgeneral estnnates Usaallss mono-

Datt calculated from 1970 Brasahan agtcobtural census (OBGLH, 197 H

Number of farms | Percent of tmns | Mean area tha per
Region
with nactions with tactors Lareny e anmd crops
Noth oo, T3 03 244
Nottheasto oo, 1158 0l b 2b
Southeast oo, . 13,09 204 1 1
South oo ioiiii. 12,691 19 RIRL
Centtal west oo 7.1 2.0 10 %8
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cubtire svstems are more producine simce they are olten mechantzed and Tess
telancon haman Libor. Henee, i most countnies the Larger part of totad produc-
ton of most aops probabhy comes rom pane stands Although most smal! Laom-
ets. who genenally represenn the greater part of the Lomime population m de-

velopung countnies, prohably pracice polvea'tae, then otal producuon and
cultvated acreaze many represans onds a small part ol countid's overall tonals

Table 1.

Extens of polvculture in selected countries as davived from 1960 Warld € cnsus of

Agriculture (FAQ, 1974+

Country

Obsetvation made In EAO abont pohcalune

Domimcan Republi ..
FlSalvador ...,

Jamate a
Meswo Lo
Branl ...,
Pataguas ..., ..

Vianerada, .o
Indwa.........s,
Indonesi. .o
Pakistam ... oL

Central Mirvan Republic,

Labva ool
Senesal . ...,
Southern Rhodes

o When

I or more maze wtos o wih other crops

M and boms e and sorghnm marc and other aops
IINTHENIITRS

W% ot maze nused wath other ops

200 ot neose nived with odher craps

A =% ol nee and maee nsed with athicr crops

S5 o beans 107 of sweet potatoes H% of inarze mised with
nthor o Porpas

[ ob e 0 ot piize 200 of boans 20% of cassava: 0% of
cottor misol wirth other arops

S 0= ol e and TO-R07 G ather crops grown i nnstures

Marze and troe wrown i mianties

batles coton aad onl ~secds Trequendy giown
HITAN RTINS

2% ot cattoer 335 o collre 0% of Cassava Cromn N mintures

Constdnabde parrob aornomaze and beans grown monnstures

2% ol e v wroundoos and nallor @rown i mastanes

. _J b e planted e nsed cropis

* These are the only

v

Tahly 2

cnantnes ahoot swhac e such obscrvations wire rade Iy B VO

Extent of polvauliore of seleced Branhan craps

Crop

Moducnon

Caunty as a whele Nontheast

Maonocultan

olvenalicn J Monoculiare Ll'nlwullmt

Conten oo L L.
Peanuts
Ricer,
Brins
Mamew o,
Mo

prreent

R1 14 fr} N
W [T} 77 29
~2 18 32 31}
i i) 12 bt
K 19 Oy 41
0l iy 1] i)

Sonnce

1950 Narrcndial Consas of Branal



The 1950 Bravilian dava ilustate thas pomnt. For the countty as o whole anh
18 percent o the nice, 19 percent of the manoc, anid %6 percent ol the mare cun
from ateas m polyculiues, Yet i the Bragantma region ol the Braahan \tiazon,
an area ob smadl subsistence farms, the same «ensis showed that 9 percent o
the maze and nce and w7 percent of the manioc came Bom mised stands (Ponne-
ado, 1967).

Concepts and Methodology of Polyculture Research

Reseasch with polvaaliure had focused primanly on whether the praciee s
more prohitable or henehioal than growmg aaps as monoculaaes Bur sih
inquany s complicated by the fact that the aaps nnvolved el e of equina-
lent value o the Lamer and the consimer, and some mote appopaate method
must be devised for companing the two ssstems Secondlv, populnon, spacing,
and atangemont of Gops may have considetable effect on the resulin abianned,
Most researchers have addiessed themselves 1o these problons and have come up
with . considerable number of approaches, whichwewallattempt o sawimman e here

Comparing monoculture and polyculwre

Methods of comparing erop vields. 1 ¢ us begim wich an example. On a heoane
of land, one can produce enther 1000 R oi crop A pore stand, o W00 kg ol 1o
Bin pure stnd. or maomsune, 700 kg of aop X and 500 kg ol crop B Whih s
preterablez The simplest method is 1w take the means of the prre-stand vields and
compare them 1o the ol vield of the nusture (Donald, 1904). vetat will be
nmediatels objeded that the average of 00 ke marze and 500 kg hoans 1s o
completely meanmgless concept 1 he mean might have some vahidiny where twao
aops e silar and can be used 1 the same way — Lo example, a minture of
siall grams used [or feed  The ean of proresstand vields s commaonly tsed fon
evaluating polyvadtie i pastare (Donald, 19630 and m med cereal prodacion
(Zavate, 1927, Bussell, 1937, Jonsen, 1952,

However, the madequacy of this method wais tecognizad by the carliest e
seatchers (Palzc 1911 Lipman. 19125 1 he suggested that the vicld-po-unne.
area of two aops moa minte e compared with ihe production of cach aop
1twere planted mepure stands covermg hall the arca has, out oanmple e
700 kg of crop A the nusiure shoukd be compared with 500 ke, the prodicion
of a hall-hecae of a pure stand of aop X and the 300 kg of aop B o the mistne
10 250 kg the producton of a hall-hecae of o purestand ot crop B 1 his methed
was recommended v Fvans (19600 who arnosed nnestteators who did et
plant pure stands of both Gops and make the evaluation Frequentdy, nnvesnga-
tors planted pure stands of only one of the crops becatse they were onh e -
ested an s parncalar vield. This was the case with research on 11126 =son hean
mistures (McClelland, 1928; Hacklenman et al., 1928, Wiggans, 1935 and on
combinations i which only one crop was grown for cash Anthony and Willunot,

b


http:cl(lil(.cd
http:Ill('.ll

1957; Divehar, 1960, Grimes, 1962) Despite cniasms by Morish (1930 amd
Wallev and Osun (1972 that there 1s no 1eason to assumie that two aops m a
mistme are planted i equal amounts, polveuline was most hrequenty evahuated
by companing i with the vields of halt-hecure pune stands (Andiews, 1972,
Fhis began to cange i 1974 wuh the advent ol new methads (IRR1, 197 1, 1975,
Hawzel, 1971 Pinchinat and Oclshiele, 1971

In contrast 10 the above procedure, Mortsh (193 1) suggested tahtg the vield
ol caci crop mthe mostne, din whing 1 by the puresstand vield, and stimning the
two hactions The wotal sield of the misture s then divaded by this sum, whigh
gives the vield that wou'd rosule flom oae Necwre b the twe drops were glown
separatels and then combimed m e sanne proportionasain the nustare | he total
vield s then divaded In this duanuty o obtan the pocaontage beneh due o 1The
musture Gome back o om cvample, the nmisture was 0 Taop Land 03 op B
Divadimg the vields i e minaene by purcstand vickds we obtam 0.7 for aop A
and 06 for aop B The sum s 1 s Dicding the toal vield of the misture, 1000
heo by this number, we obtam 089 2 which, Monsh asserts, would be the viekd
from one hectare i the aopy were gcrown separately and combimed i the same
propotticnas the s ture Polscalune then, would givea 30 percent increase m
vields, This procedunc docs nor diffar much as we shall see, ham calculaunge the
Land Fquivalent Rano except that Mortsh innecosandy divides the total vield
of the minte Iy 13 4 step that alrcady assumes polveultone was responsible
for w30 percant bandie Morish s however, considening the stuation w hee the
farmar might blend wo sbeaies grown separatels m orda 1o ger g nnstute of the
same nuttittonal value

Willev and Osnu (19720 e the same objection as Mornish bt proceed
ditferently: Thoy sy it wonld take 0 7 b 1 produce 700 ke ol aop A m pure stand
and 0.6 ha to produce 300 ke of aop B Thus the mintine i comparable 1o g

. 03
hectare planted 54 porcent 1'—"n o crop N or b poreent ('I)—';) toaop B 1he

pure-stand production of & hoctare so dinaded would be 510 kg of crop \ and
230 kg of aop B deadedly miloron v rhe misture Fhe anthor was anable 1
Imd any mvestigatons hesdes Monsh (1938 and Willey and Osn 972 using
these methods

Asamewhat Toss comberson procedure was ased by Niqueus (1959, fornm-
lated by van den Bereh c1on%, and then 1e muoduced by IRRT (197 D Commonhy
wsed by many tmvestigators since then (Sora et al . 1975, Franos ctal, 1970,
Sastrawinatae, 1970, Crookston, 19760r, 1 comsists ol diadimg the vield of each
aopam the nusture by s vield purestand o abtam w hat van den Bergh called
the telatve sild These canthen e sunined o obtan the Relative Yaeld 1ol
(RY Thwhneh s also the amount of land needed 1o produce the same quane:
olthe two crops obtamed mthe misure thioueh the useof purestands (Niquens)
It can bescen that when thos hrgure s wrearer than 1 polvanliune can be said o be
beneticial The Relative Yaeld [oral was calledthe Land Fquisalent Raties (] F R)
by IRRI (1971 o0, Spatshy Uso Fquvalente de et (U) Iy (Somia er al.,
1975 Now the most frequenty encounterad tenm m the letature, the 1FR
has the advantage of bemg adaptable for mastures of imore thay o crops, How-
ever nether s nor the other methods gre amomeasure of factors such as

)
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the cconomic teturns, which might be the basis fon deadmg whather 1o grow
monoculture or a polvculiae

Crop competitive methods. Other methods ol detenmmme whetha polveul-
ture 15 henefiaal have been denved from studies of plant compettion De Wi
(1960) based s model on the assumption that tvo compretme spectes woulkd
divide a constant environmient, which he called space {or the sake of conven
ience. Thus al Ly s the space avanlable lor species 1, il I the space
available tor speaes 20 and Z, and Z, are the mmber of scods sown of
speaes amd 20 respeaively: these quantaies will bevelated Iy two cocliicnts
by and b, as 1ollows

. . ‘]I = [)1/1
A, ~'2:I’| l, . h?/2 m-r- r: . (0
Smece cnyvnomment is constant,
Ayl =1 (h

and since only speaies 1 and 2 e sown,

SLAN /N (it
Z-+Z, 7,+/;
. 7 />
Ihe quantties and - are called the velative seed hequencies
! YR R "
. In
Hoand ol speaes Tand 2 and zy+2,=h DeWit wenms the qualin e the
)

elatne aowdmg cocdhiaent by, of speaes 1 with respect (o species 2 S

by .
Larlv, 5o kyyas the relauve aowdig coethicaent of speaes 2 virh respedt o
71

speaies 1.
Fhe monocalione vields My oand M, and the polvaulie vields Oy and 0,
of speaes Tand 2 are related by the follow g cquations

Oy =7, |7y + ba75] Iy
O3 = bpZy |7y + batp| "M,
o, using 3, l. and &y,

t9n 3 oM .
O, = ko Oy = _z2772 vy
ki 2 kypzy *2
Another quantins dehined by deWit (1960) was the welative repnoducion saie,
a. ol the two specres delimed as

Ihe ratio of the proporon of speaes 1o the hanvested s tare o
o= the propomtion ol species Tan the sown nustue

+

he ratio of the proporion of speces 2 mthe harvested misaune 1o the
proporaon ol speates 2an the sovwen s e
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or using the werms dehined abose, .

a f)‘_/;‘~ L (rh
A Y
From those cquatiotis, 1 was possible 1o show that sinee toe aghest vield of
cadt sprecies s propognional o the rebative space 10 ocoupies, each Speaes nuast-
o sl wonhd ocour i pare stand when o had the entie space avatlable e
De W stated that e cotnn cases wath oat and harloy nusunes, polvoultine
would be benehoal Thew wen

1 The thousand kandd waght ol oats was greaiss W ben mieraopped with ba ley
hecause the carthia naening hales pravided tess compennon o the oaes
At bater stages of dovcdopment

Outs reduced Todeime i barley,

I a tield of vartable pHL sowing amistute would ensure that batley and oats
would be located 1w arcas of hugh and low ptirespeandy, whee cach was

- b

better adapted.

LI one species wore dunmated in disease, the stcond speaes would Jhve a
propornonate s g sharc ol the cvironment than ospeetad bom s share
ol the seeds sown
In the Latter case de Wi stated thar the ettt would be to merease the telanive

aowding coctiicient of the tesstant speates It has been pomited out that de Wies

moded docs not hold when the space <fared by the two aops m polvcudtune s

not the same s that asatlable o monoculinies aroson frequently ated or the

macased production often abtamed with polvanltare Rhasaer 1911, e,

1919, Mirchands and Masta 1997 Andrews 1972, Willey and Osiin 1972

Shehton and Humpbions G975 and Haons (070 have stated that polvaalune

offers advantaees d the product of the relatine aowdimg cocthicients s greata

than wimn
De Wi o1ont 196l ospanded by moded o aecount fon the cases wheee

i did not hold Hreangnizod three sitations

1 The rcdatnd reproducnon raee @1 and e propotton of species hanvested
1s the same as that seeded Tnothis ease, the log ol the tano of the speaes i
the harvested nstae s plotted aganns that ot the speaes m the seeded
mmintire and o strarghe T of slope <1 passing thronueh the otem will b ab-
tamed,

9 @ £ hocaust one sprotes has acompeiitne advantaee over the othar although
they are stll competing tor the same spaee In this ot the plorob theratios
of the harvested aganist the sceded masaares s shatght e, not passing
thiough the ongin This sittation would oo with twospraes, wichidilferen
growth cunves, growing stinultancoushy,

4 @zl becatse the speoes togetho esplon a Lloger o sinabler share ol the
cnmvionment than cther speoes grown alone TEone speaes profis by the
prestnce of the othar den evample, e legume-caeal assocation) ot il the
gronth cnves are nonssndnonons, so that the 1o spretes are not compenng
fen the sanie spce, the plotof the ratios of the harvested and sceded misnnes
will have a slope of Tess than =T and sl not pass throueh the ongin 1 one

N
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species has o harmiul eltect on the other, the slope ol the ratios will e greate

than one and not pass thiough the ongin: Tn both cases, the anves ond o be

S-shaped rather than stiaght hines

Donakd (196%) atempred o dentty sttaations where polveattine was bonee
lLicral by comparing the hebavion ol s adual plants momstares waith puse stands
He proposed a “compeation mdes™ (Gh desddoped by €0 Macinivae aned de-
Timed as

INY = NN, - N
NN

It

where N, plants ol speaes A compete waith Ny plants of speacs Boon g unn
wred. The vield por plant of speacs Vi the mastare cquals the viddd par plant ol
N7 plants grown m pne stand aad the vield per plang of specees Boancthe nos-
ture equals the viekd per plant of Ny plants grosa m pure stind \ competinien
mdes of ess than vty would idicate a benchioral assocnon while aonmdes ot
more than umte wonid mdicare 1 hanmtul one Lo deternmne N oand N7
would be nccossary e grow hoth speaes ot a g ol plant popualions oo con
stiuct o cunve relating densiny o vield poc plant iDonaldl 19050 Tee spate o e
Adilbiculiy ithat such a procedare enends and of the fact that iewas destened or use
with pasture speaies where the velationship of sield 1o plant densiy s dess com
plex, the compention mdes has been calenlated by several anthors Sl nd
Onitg, 1972, Osinn and Walley, 19720 R oddy and Chattengec 1975 Hazed
197 1 for mstures of annual crops However, these authors do ot appe oo
Binve constructed densiy =vield corves over o great number of plane popualaoons
Furthermore, they obtane competiion mdoy values of Toss than i shen
polvcultre did not appear 1o he benciiaal by other deretmimanions casting
some doubt on then use of the caloulanon and on the application ol the niethod
to mintures of amual aops Howevar, the competation imdes dacs ciphsi
the importance of having compunable populations i purcand nsal seds swhen
detenmming the henehits of polvanlie

Use of common parameters, A way ol svording the difbioadties imolbved oy con -
panimg the vields ol two mborenthy ditferent arops s o measure the production
ol a4 parameter common to the two speotes, sachas div matten ol digesnible
nutients, nittogen, aude protem, Kilocalones, or otha pacalae constitnonts
Anather method of obtanang comparable quantities is o convat the producion
to cash value on calcalare retirns poam of libor Sach mahads e commen
in the lerature proor 1o 1910 w hen nvestigatorns were prmandy concernad with
production of TDN and crade protem or total nimogon reeovars ob misaures and
pute stands (Nobhe and Richter, 19020 Fipman, 19120 Frhondee and Hebin
1604 Thacher, 1925 Hackleman et al, 19280 Winle such methods avord
compatison of noncomparable quantities, the paramerer chosen will depend on
use of the productnion Thas acash fanmer may have hnde mecrest i the div mata
or protemn producion of twe diffaent Goppimg ssstems A problem wath the de
ternmation of cash values s that they rond vy andacoopping sestem that
may be profitable under one set ol prices mas no Jonga be soab prces dianee
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Production per unit time. I'hie two or mote aops imvalved in polveulime
rarely accupy an area tor the same length of time. Thas, a compatison of beans
and mamoc i pue and mised stnds would imvolve i comparison of a thiee-
month monoculire, aen-month monocaltare, and aen-month polvoultue, One
solution o this problem s 1o express vields per it area, per unit tine, s has
been dome by some authors (Pl et al, 19370 Andiews, 1972; Dalal, 1971).
Howaver. such a comparson generally fvors the shott-ovde aaps, which are
genarally grown when condinons are most lavenable: then producton levels
woutd probably be dess b thes were giown at a different e of the vear, Phus,
copping swstans should be compared over the sane nme petiod so that they e
all subjected 1o the same conditions Such an approach has been taken e emly
voseveral mvestigatans (ARRIL 1973, 1971 1975, Senta ot al.. 1970 Sastranweinata,
T9760 and gives a more realistic assessment of altamanye land uses.

Crop anangement

When polvculune s pracnced v small-scale caltivators without antmal o
mechameal power, aops are asually planted o relunels andom lashion
e, 1907 Webater and Wilson, 9o, Ruthenberg, 1971, Ighosnike,
W7, although more 1egula parternsy are sometimes cncountered  Largely
becatse 1t s napassthle o mintae the random patterns? used i nonnechanized
Laing, sclecnng o planing patter 10 use in esperinents with polyvculiure
prosents a considerable problem, although this hus been attempted mosome ex-
perimants Notstan Bunno, and Goddard, 19700, Whitle mione reqular plantig
pattarns case sy caltatal operations oSvantaddin, Socharsono, and Maec ntosh,
1975 and perhaps would scwcmes cnable mecdhanizanon @ Andiew s, 1972,
Willev ind Osnag 197200 polvoaliaee inaregula pattern may e campletely
mrclevant tothe small fnmer's sitnaton and mas ental a Toss o henel s, st s
preventon oo spread of disease and mak e ase ol envoommental ooy -
abthiv, Another factor contribntmg o the wodoahin of polsculire espernments
> that they osaally invalve only o crops while most Lanmers use s ties of
more than twa cropns,

Lhe onlv expernments with regnla planting parterns that acesally rellecred
farmers pracnces warc conducted with sovhean and maze nstares e
casterny Unnted States preen to 1930 when fanmers regulan s planted in hills o
alternate or aoss 1ows Indeed, the rclanve bendins of this tpe of polvcalune
wus the sabject of aconsidarable snount of research m this peniod (Kinney and
Roberes, 19210 1 thondee and Helin, 1921, Avies, 1925 THackleman et al., 1998;
McClelland. 1928 Odland, 1930, Biown, 1999, Maze sields were olten {found
to be deast reduced by planting the sosbeans m lls 1 the sime 1ow HIWTTHINS
fhanney and Roberis, 1921, Avres, 1925, Hackletan et al., 1998; Brown, 1935).
Sovheans. on the othar hand, appeared o do best when diilled betw een the 1ows
ol mawe thinmey and Robos, 192]0 thendee and Helm, 1924 Hackleman ¢
ale 1928 Brown, 1995 abthough \vies (1925) did not find this 10 be alhwinys

e patterns may he descvandon than thes appear: Schillieg (19651 and Marac v 1967)
hac e sugaested that favmess mintch crops with the smicvovaabainy of the freld,
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the case. Hence, the method of planting wouald to some degree deternmne the come-
posttion of the misture, Most authors (Fthendge and Helm, 1921 McClelland,
1928; Odland, 1930; Brown, 1935) conduded by recommendimyg planting, maiz
and sovbeans i alternate 1ows, hecause 1t would hoth mmcrease protem produc-
tion by lostaring better sovhean giowth and make operations caster, bt Ve
(1925) and Kmney and Roberts (1921 recommended aliernate hills becanse
they resalt in smaller reducnons m maze vields

Subsequent mvestngations have generally shown abtermate 1ons of “mer-
aopping,” to be supenior 1o mised aoppimg with prgeon peas, which tonds
shade the assocated aopy excessvely Gooding, 1905, Interaapping was also
lownd o be preterable for pea=boadey, pra-wheat, and pea-oat mintures al-
though the peas themselves dao better wath mised aoppime (Shannonand s son.,
1975), for aoppimg svstems unolving maze, nce, sorghum, groundnuats, e
bean, and mantoc, where use of alterate 1ows reduced Tabor requinenents and
hence retarns (Svafuddim er all, 1975), and for maze when associated with
vanous Jegumes (1AL 1979 Machandi and Mista (1997 lound that cithe
ntercropping or aoss seeding ol wheat with Tenuls ar peas was superior 1o
planting the legumes withi the wheat tows or 1o alternanng double tows with
wheat, The most extensive evidence of the supenorits of interaopping over nused
aopping was presented by Dalal (197 1), who lound that the vield, totat div mat-
ter, K oand N ocontent of maize; and the diy matter production, Ca, Mg, and N
content of prgeon peas were signilicanty higher when they were interaopped
than when planted in the same 10w, He also found than soil ninogen (N7
and NO,; b devels were highet with imeraopping than mised aopping, e
attibuted this to the possibility: tha maize 100ts, e doser contact wnh the
pigeon pea 1oots in mised aopping, inhibited ninogen fisation, becuse when
tested in this sttuation pigeon pea toats had more inelfective nodules (Dalal,
1971,

Harper (1961 and Donald (1963 pesented evudence that planting patterns
did notatleavields, Finper's experiments were done in pots with two biomegtiss
spectes, however, and the evidence cited by Donald was obtained with pure stands
ol maize and wheat, Nonetheless, Faans (19601 lound no diflerence hetween
maize o groundnue vields when grown in alternate tows o1 unifovmls mised,
Aghooli and Favemi (1971 could lind no sigailicane difterences in maize and
fegume vields with or without ferdilizer in low dillerent cropping seasons when
ninze was grown e the same ot alternate tows with gieengram, alopogon, or
cowpeds, Franas et al, (19763 tound signiticantds Toswer bean vields but no etfect
on nutize vields when maize and beans were planted malternate tos s ather than
in the same tow at a bean populaton of 110,000 plants per heaane However,
none of these authors constdared as many parameters as dud Dalal (197 D

[t must theaelore be conduded that mietaoppimg widl produce igher vields
than mised aopping. Mthough mtercroppng esperiments are caster 1o conduct
and theit esults may be applicable to Tagher levels of management (kavi, 1973
Willey and Ositu, 1972 Andiews, 19720, sudh expenmmenis have ittde heanng on
polyculure as it is actually practiced.

hueraopping by altermating single rows will produce masimum contact of the
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two species. which seemied o be sers beneticial Tor marze-tice misunes, espedi-
ally ar low maze populations However, with marvze-gronndnue mistnes, vields
staved the same at various tow orentations, so lone as the same populations were
mameamed dRRL 1979 1TEA (197 reported tha maze vielded significanthy
more when planted m alternare rows with vanous legumes (pole or bush lhina
beans, vam beans, dwatl pigeon peast than when plunad malietnanng four-
tow plots Chao (1975 reported wreater retuns poncpally due o higher masze
vields, when Frow ol marze was planied Tor evers 3 rows of sovbeans than when
2aows of marze alternated with 10 1ows of sovbeans Andiews (1972) also tound
mtercropping eflects o he reduced as the speaes became more and more sepa-
rated, Bntercropping mllet and sorghum was less benetiaal moaliernanmg double
tows than smgle ones Plantimyg one tow of sotghum for two ol nollet moeased
mtller vield bur decreased sorgham vield Panl and kovadds Q960 found tha
cotton vields deareased and groundnut vields mareased as the nomber of 1ous
ol groundnus between cotton tons became greater. but overall etuins were
greatest when one row of cotton alternated with one tow ol groundnuts, In ge-
eral, theretore, plantimg i altetnaung simgle tows has given giedater rettnns
than other mteraoppimg patterns Fhe only exception appears to be i the re-
search of Singh, Negr and Tropathn (19730, who found shghtly ligher vields of
niaze and sovheans and of sorghum and sovheans when planted i alieinanng,
double rathar than single 1ows

Plant populations

Fhe plant poprdaton ased ma study of polvaaliure atteces both the resalts
obtamed and vahidinn of comparng, them o pure stands (Donald, 1963) 11 1the
populations tscd i pure stands are ot optimal, polverlture might appea 1o be
of greater benetst than e actually e Fven b the mvestigators knew the pute
stand populatons that give seasimum vields, they would have no was of kiow -
g what populanons to use in polvaaliure Mans investigators, aware of this
ditficulin, combine two speaes i different proportions or use a range of plant
populanions in polvenhure experoments (bvans 1960, Willes and Osia, 1972,
Reddy and Chatterjee, 1973 IRRIL 197 1)

Fhe estensive experiments carned out by the Iinernational Rice Research
Iisttate have provaded some insight o the etect of plant populatnons on
polvaualtre ARRE1975. 1978 197 With enther mave and sosheans or sweet
cornand mungheans, mave vields grew Larger and Tegime viedds smaller as maze
population was mereased. However, canves relatimg densis o vield had prac-
ticalls the same shape for maize e monoculime or i polvealnne with legumes
(IRRI. 197%). On the other hand, beneis of g sweet cotn=munghean assoca-
ton remaicd remarhably constant ata paraculn managomnent level when sweet
comn populanon varred and mung populanon remaed constant However, with
dosweet corn=sweet patato mistute, maze population ])Id\('ll agreater 1olen
makmy poivculiine benehical, probably becanse the gronth avles of the two
sprares ovetlapped less than swect cornand mungheans (IRRL, 1971). At g con-
stant popubation of winze and groundnuts, vanvang tow anangements had hule
effect on yields (IRRL 1975 Fhe vather obvious condasion seems 1 be that



plant population becomes most aneal when competition hetween two speces
is greatest and that tugh populanons will intensify competiion: Nonman (1971)
and Lepitz (1971 have generally found that mareastng plant populations -
aeases the henclus hom polvendture, but both of these anthors also used a highe
level than most Lavmers pracuce, and such resuls would be expeated under those
condmons, Whether competition lrom o dillerent speates s e benelicoal
than competivon from the same spraes will be discussed mone fully L

Flaizel (197 1) has desanbed thiee methods of combunng prant populatans m
pohvcaine the additne method. where each speaes s planad at the same
population as m pure stnds, the subsitutive method, where the woral plam
population m pure stands and mistares s the sames and the teplacement senes,
where o certam number of mdiaduals of one species s regarded s hriny
cquivalent o a smgle indindual of the othe speaies and this velanionship is used
to determine the populations m polscultare: Senous objeciony can be rased 1o
cach of these methods, however The addinne method wil probubly result
too gh w populanon m the qop msere (Donald, 1963, 11 1 unbikely thar hoth
speates will be at optimal populations pute stands as i the substiianye
methods, and the decision of how many indiiduals of onre SPRCIES ale equiy -
lent to one individual of anothe s completely athirany without sutticent expett-
mentation o calcudate the compettion mdes (Donald, 1964 Naonctheless, the
additnve method has been used In Auhoola and Favemi (1971 and Iy ks
and Steedharan (1962); the substiine method  In Anthony and Willunon
(1957). Grimes (1962, and Dalal (197 1) while the replicement senes wis used
by Willes and Osnu (1972) and Ositu and Willey (1972).

Fhe methods enumerated by Haizel (197-H by no means induded all those
used by msvestigatons of polvauline, Some appeat 1o combine species g com-
pletel arbirany wauner winde others wse what would appear 10 be a reasonable
plant population for the mixte, When the effecr of polvaultine on only one of
the speaes in the misture is of concern, as was often the Gise with older studies
ol maize-sorbean mistures, the population of one spedes 1emains the same
in both momocatture and polycaltare while pure stands of the associated species
arc not grown. Andiews (1972) 1educes the population of both species i the
minture butalso indludes as netments pure stands grown ai the reduced popula-
tions. Thus, he feels tha the etlects of competinon and population can be dis-
tinguished,

he iteratie cannot be said 1o provide much guidance on selecting the
contect plant populations hevond indicatmy that the chowe can steniheanth
altect the results, The appropriate aop densities 1o use probably depend upon
the species and management levels involved in the experinents,

Advantages and Disadvantages of Polyculture
Many claims have been made tor polveuline (Aiver, 1H9, Andiews, 1972,
Willey and Osia, 1972) while others have reganded 1t as a naditional pracice

thit has no place in modern agrcaliure (Grimes, 1969 Noll and Lewis, 1921,
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Donald, 14963). In thus secnon, an attempt will e made o weview the espen-
mental evidence objectuvely o such Laciors as aop vielids, productavan ol van-
ous plant constatuents, ccononue rennn, vield stalnhinn, sooal benefits, pest
connol, and feruluer ethoencs,

Crop vields

As has been pemted out, evaluanion of the eftecr ol polvcaltme on aop vields
s conuphicated by the ditticulon i comparnmg vields of tw o dafterent crops, Wewill
discuss cach method of evaluatine vields that was enumerated earher,

Direct comparison with puwre-stand vields. In general, viekds of cach species
m pohculure are reduced o compatson o pute stands (Donald, 1963; Tien-
bath. 19711 Sometimes, however, the vield ol only ome species was considerot
of primany mportance and 1t was maeased, on at least not signiaticantly decreasea,
by being giown with another arop Such asttuation is most frequently obsers ed
when the mueraop as o legume and the sorl s of Tow feraling o has been ex-
hansted by several sears of continuous aopping (Brown, 1985 Viegas, Fieire,
and Fraga, 1960; Aghoola and Favemi, 1972a).

Very few polvealune experimenis have been repeated in the same area for
several vears, Brown (193%), however, conducted an experiment with ninze in
pute stand and merplanted sov heans ona Denham silt Toam in Louisiana fo
live vears (1925-1920). Fertlizer (7 Wy acre of Noas NaNOg, 48 1hs acre of PoOg
as superphosphate, 30 sy aoe of ka0 as KCH wis applied each vean. In the fist
two vears, maize vields were higher in the parestaid plots, but in the thisd,
fourth, und fifth sears, maze sields were consideraly higher in the plots
which 1t was mtercropped with sovbeans,

Agbooli and Favemn (1971, 1972 4 & b lound viclds of maize mareased when
itwis mteraropped with any of thiee ditferent legumes (cow peas, clapogon. and
greengramy in the absence of fernhizanon, The soils, Two and Thadan seties, m
the sspeornments belong o the road group of Fertugimons Lopreal Sonls and e
derived from gramnc rocks and gnersses, They are well-diamed, brown to grevish
brown, fanlv dlaves, and contain constderable coamse-testunred materngl Pree-
ictablv. pure-stand maize did as well as that meeraopped with legnmes when
ferohized wath 15,90, a1 135 1hs of N (Aehoola and Tavenn 1972 a0 o1 with
complere fernhizer consisting of 50 1h acre of N oas anmmoniam salfate, 910 e
of Pas sinple superphosphate, and 50 W acre of Koas RCTovgboabaand Favenn
1971). Maze vields were higher with @reengram than wuh othor Tegunnes In
this study nvolvimg a ol of fowr aops, the eliear of nerplanting Toganes
mareased with succeeding aops, wiuhmarze vields aseragimg 500-1000 1hy acre
more with mteraopping i the hnat aop

A long-tenm expernent with maize grown i pute stauds and mtercropped
with velverbeans was cartted our at five sites i S3o Paulo State, Brasal (Vicgas
etal, 19601 At three sies, where the expenment was ran lor ten vears, leguime
imerplanting sigmbicanthy macased manze vields At two others, where the -
periment was catied on for oudy four vears, no tesponse 1o Jegume interaopping
was registereds but the soil at these sites was of lower fertihiny, and low P uny.:lfl
have testncted velvetbean developiment



Even where continuous aopping experiments were not perddonmed, nuize
yields have beer mcreased by association with legumes, Sunmurizing several ex-
periments m Arkansas, McClelland (1928) lound that maize yic}ils welre in-
acastd by dulling cowpeas between the maize 1ows when the nl"l'ui/(- was 247
high ot dilling soybeans between them when the maee was 6-12%high. Broad-
cstimg legumes reduced maze vields by less than 3§ pacent from pure-stand
vields; while wider 1ows (3210 maze plants per acre) reduced maize yields by
20 percent On a Fypre Dvstandept, fine, isohvperthenmic in Costa Rica
(Pinchunat and Oclshigle, 197 0, sields of awall-stanned maize (Eladio Hernandes)
were alwavs greater than lor pure stnds. With a shorter maize and a talle
sovbean, maze vields were sigmibrcantly reduced by soybeans oo diy penod
but were not . subsequent planting. Stgh et al, (1973) consistentiv tound that,
when interaapped with sovbeans, vields of marze (but not of sorghum were
higher than in pute stands, In g tal carmed out for thiee yeas onareddish up-
land soil (pH 5.6: N 0.0598%) i Kanke, India, maize vields did not diller when
grown 1 pie stands or assoctated with various legumes, TFTA (1975) also
reported no signibcant differences or mensase momaize vields, interaopped with
vanous legumes (Afncan vambeans, bush and pole limas, sovheans). In aa,
onlyv intetaopping maze with dimbing cowpeas signilicantly deaeased s yields,

In condusion, maize vields imoseveral expernments have been inacased o
else sigmihicantds reduced by meraopping with a legume, Aninaease his been
most commonhy tepotted where a ninogen deficency probably was induced by
several vears of contmuous aoppimg. However, thete have been many wepotts
of maze vields bemg deaeased m simulancous polyculture with alegume, Work
at IRRI (1973 showed vield inaeases of polycultured maire over pure stands
only when it was interaopped with mungbeans and not weeded. Soyheans had ho
effect on marze vields, but m ather cases, vields deaeased considerably when it
wis mteraopped with various legumes (IRRE, 1973, 1974, 1975). Similaly,
many tescarchers (Lapman, 1912; Noll and Lewis, 19217 Kinney and Roberts,
1921; Frhendge and Helm, 1921 Avies, 1925 Thatcher, 1925: Mooers 1927,
Hackleman et al . 1928; Odland, 1930; and Wiggans, 1935) 1eported no incieases
in the vields of maze assocated with sovheans, However, none of these were
continuous aopping esperunents, and 1t shonld be clen that experimental
conditions hinve o considetable effect on resulis. Thus, Frands et al, (1976)
found a stgnifiant decrease o maze vields when bush beans were planted at
the same ame o Lter than maize but not when intercropped beans were planted
3=15 duvs betore maize, Maize vields were actually inaeased, hat not signifi-
cntly, by planung a dwarf maize with a ditferent bean variety, Finallv, i
third experiment, the vield ol normal maize (ICA 207) was significantly ine 1eased
by intercropping with bush on chimbing beans, while the vield ol hrachytic maise
was not signthcantdy atleced Iy etther bean vatiens (Franas ecal., 1976),

This authot wis able to find four cases in the Hterature on aops other than
matze showing no significant difference in vield when grown in monoculune or
in polycultie with a legume, Mirchandi and Mista (1957) found that wheat
vields were almost alwins slighthy increased by polveuliare with peas and lentils
at ditterent populations and aop anangements near New Delhn, India, On an
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upland loam sorl, poor m N and P, polveuliure wih groundnus did not sigmfi
ety lfectr cotton vields: although Pomungo, maize, nice, sweet potato, and
Flewsme covacana abl sienthcanthy educed them (Varna and Subba Rao Renke,
1960 Crotolaria noncea did not signthaanthy Jowa the vield of elephant
vam Chmorphophallios compaondantio,. Blumo on two sites in Poona. india,
while other aops, imdudimge same dogumes had o necative cifect (Rotegave,
1961 Finalh on g sandy foam <ot poor e N owath pHE 800 near New Delh,
Indua, precon posiclds were meesed by mteraopprig with mungbeans o
urdbeans, not stenthicanthy abtccred by compeas o sovbeans, and sigmbhicantdy e
dirced by marze amd sorehom Sovab Smeh, and Ahlawan, 1975)

Inacases 1 ovaedd of o aop booatse ol assoaation with nonlegumes have
accastonadly heen reported v Bologna, Ieiv, mterciopping of potatoes and sun-
Howers had hinle ctfoce on potato vield and actually mareased sunflower
vield, althoueh potata and ouaze had o mutually deauneneal ettea (Croaon,
13 Crocion surmised that the potato mduced the suntlower o oot more
deeply and hence made 1 baaer able o sustame dis condiions than either sun-
Howers grown i pure stand o mave and potatoes, both of which have shal-
low 100t ssatems Paner 1975 rer onted that anue and gabr vielded more when
rown under coconut o the Taguna wiea ot the Phalippimes Coconut palims
appeared more vigeorons when pterplanted wath various annuals Hawel (107 h
teportcd that cowpeas sielded mene when mieraopped waith inanze than when
gtown alone, apparenth becase the maize provided support tor the chmbig
(()\\])('.l\

L he Lact that almost ] cases of maease or no sigmlicant dearease of the sield
of one aop when micaaopped with legimes would seem o mply that thas prace
tee bas some ettocr on the mogen economy. s opte will be discussed mon
fullv 1 subsequent scenons

Comparison of vield 11 polyaudture with the mean of pure-stand vields. 1l
practice ol comnpanmg the vicld ot aopomsre with the e velds of the come
ponent species i pare stand s les objecionable when apphed o mingues ol
sinadl grams that cre goneradls used fon deed prrposes and not scparated alie
hatvest Fhus oat barloy mintares weoe lound o outvield the means of pures
stand vicld of oats and barles b apoto 1 percent i New York State (Bussell,
1937 Jensen 1992 by ap o 1 percone i Michigan oMormsh 1930, and Iy

ap 1o 20 porcont e Ontano - Zovity 19270 Qai-hados mistures generalls ape
=

proaad 1o do bt dom othar anstires of small grams Javat, 1927, Maornish,
1941, Busscil taad

Comparvsons of vields of a hectare of polyculture with vields of half hectares of
pure stand. U nul obpecnons wae rancd e Walles and Osina (19720 and use ol
the Lond cquunalent atio became widospread (RRE 1970 1975, Pmchimat and
Ochshiele, 1971 Tranos ccal 1970 Sorta cal 1970 polvaudtone was most
frequently evabluared by companing sicdds of cach cropoan an area with vields
that would have been obrgmned had the area bean divided equaily between pure
staneds of the aops mvolved Fise suggested by Palz o091 D, the iethad wis ailso
recommended by Faoans (190t tor all evaluanons of polveuliure, Use of this
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method requites, of course, growing pure stands of both crops i the misine, o
practice not nflowed by investigatons who were interested only in the ettect on
one crop (Noll and Lews, 1921 Thatcher, 1925 Hackleman et al,, 1928; McClel-
land, 1928; Odland. 1930, Brown, 1999 Kuny, Melsiead and Bray 1952,
Lugo-Lopes, Capo, Mrostegur, and Riollano, 1953 Iso, 19 1 aathony and Walh-
mot, 1957, Divekar, 1960, Narang, Kaul, and Gill, 1969, Singh and Prem Chad,
1969; Enve, 19730 Hildebrand and French, 197 1 Saraf ec al., 1975)

None of the imvestigators of anaze-sovhean nustares o the United States
were able o present any avidence that polvcadine was inlenor to growmeg two
halt-hectare pure stands of maze and sovbeans Mooers (1927) sunnnanzed the
results of sivvears of expernnenis with maze and Tokio sovbeans a twao difler-
ent sites i Fennessee by show g that an acre of the mistire prodoced anavar
age vield of 453 bu of maize and 17 1 bu ol sonbeans, while marze alone had avor-
aged 50 bu ace or 25 hu halt acre and sovheans averaged 26 bu acre on 13 b
half acre. He condluded thar mteraroppimg would lead 1o mcoreased gram produe-
uon of both crops. Although Kinney and Roberts (1921) did not recommend -
tercropping mave amd sovbeans, alternate 1ows of Towa Sthver Moame or Reads
Yellow Dent maze and Haberlinde sosbheans produced an average of 102 hu ol
mize and 117 bu ol sovbeans per acre in three sears ol experiments ona sandy
“bluegiass” sorl m Kentucky, while pure stands of maize and sovbeans aver-
aged 23,6 and 10.0 bushels pa half aore

Suffiaent information o compate vields i polvculivre with vields of half-
hecne pure stands of the same aops was detenmmed for nuller and sorghom
(Andiews, 1972 Kassan and Stockinger, 19735 groundnats and sorghom
(Bodade, 1960, sovheans relav-planted o oats (Biown and Grathis, 1970y
sorghum, groundnuts, and cowpeas (Baker and Norman, 19790 maze and beans
(CIAMY U, 1978 Lepiz, 1971 Frands et al. 1976 mungbeans and mae
(Pookpakdi, 1975 Paner, 1975 IRRL 19730 1975L 1975 mugn cotton, and
groundnuts (Pllai, 19575 oats and peas (Shannmon and Lawson, 1975; Glieme-
roth, 1950; Lipman, 1912): potatoes with muze or sunflowers (Croaont, 1951
marze and sovheans (Lipman, 1912, mawze and geon peas (Dalal, 197 1 sov.
beans relas-planted ito whear (illon and McKibben, 1972 maize or sooghum
with groundnuts (Fyvans, 1960; IRRL 197 b castorheans and groundnuts (Fvans
and Sreadbaran, 1962y maze and cotton (Gromes, 19620 wheat, eram, and
Inseed (Gupta and Machur, 1905, mave and cowpeas (el 1978 Tipiman,
1912); cotton and groundnuts (Josht and Joshi, 196%), and wheat with peas o
lentils (Muchandi and Mista, 1957) Wath the exception of Munchandand Misia,
Al of these mvestigators were able to hind ac least one sitwanon (astndard ranee
of arop densities and spaangs whach they had testedy i which vields from poly-
culture were greater than those ol halt-hecae pure stands ot the same aops,
while Andiews (1972), Dillon aidd Mckibben (1972), Kassam and Stockimge
(1973), Dalal (197 b, Biown and Guaths (1976), Pallag et al. (897, and Bodade
(196 1) found polvculture to be supenior by this anterion i all sitwations tested

It must be conduded that pobvcalune has shown esell supenion o monocul-
ture with a wide vange ol aops and espenimental conditions when the vields oh-
tiined were compated with the potental ol equally divudimg the expernental
area between puaie stands of the dops mvolved,
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Comparison of vield in polveulture with that obtained if the area had been
divided between pure stands in the same Mopaition as the species vielded in
the mixhoe, Using an unusual approach, Willes and Osira (19720 found that the
veld ora polveultune of maze and beans was greater than the vield of the samne
area divided baween pare stands of marze and heans i the SAME Proporton s
e the hanvested nsture s result was lound with maise and heams seeded in
the misture a2 1 awud 12 vanos at tom difterent populattons The same resaly
was obtaned by Osira and Willes (1972) (o warze and sorghum combmed 1
Sland 2 anos e tour populations. In all situations teported on by these
tesearchens me 1972, the margn of supetionity of polvculture over monoon lun e
by then method swas less than o the companison were made on the basts of e
arca bemy diciend equally between purestands of the two speaies: Cases miglh
exist where polveulinne was found supetior by comparison with e stands
dividing the wea cqually but not b method of Willey and Ositu, [he o-
perments these vesearchers conducted in 1972 were cartied out on sotls descrbed
asdeep tentalie — ngh potashand low inmarogenand phosphorus. Caops were
phanted e a well-tertihged pasture and aeceived 70 kg ha ol POy as single
superphosphate prion 1o plantng, In the presious chaprer, we discussed the cal-
culations wsed 10 compare the performance of polveuliure o pure stands,

Using w shighedy different method, Morsh (1934 foand that batlev, outs and
peass batley, oats, and wheat; and bales and peasiind wevee differential vinieral
mintmes of batrlev and oats were superior o pute stands of these Gops, Two
vanetal mistures of aats and bras were, however, infetior No description of
the sotls an terthization used i these CNPEHMents was given, although they were
apparenthy caned out ar Fast Lansing, Michigan,

Land Equivalent Ratio. We poimed «ut emrlier that the Land Equivalent
Ruatto (LI Ry wall show polvculture beneficial in tertan cases whete compinison
with vicdds of halt hectare pure stands of the cops involved will not. This can be
demonsirated o the above case 1n which polvauline was not found w0 be bhene-
haal i comparison with the vields of half-hectr e pure stands, Mirchandi and
Mista (1997 report that, when peas and wheat were combined in a 1:2 misune,
wheat vielded 279 1 kg ha while peas vielded 707 kg bae In pune stands, the
wheat vielded 291 kg ha and the pras 1015 ke hacon TG and 232,53 kg per hall
hectare for wheat and peas, tespect. I Hence, polvoaltare here is benelical
for wheat but deahy detrimental fon fots Hhwe calcalie the TLER fin this experni-

=

279 1

717 .
ment, we hnd that 1o he ——S. « ~ ot 112 mdicanng thin it would ke 112

nls oy
hectaes ol pure stands of wheat and Pras o produce what wis produced on one
hectre wuth polsealiore The very low viekds indicate o serious limiting faco
that conld attect the wnterpretation of the data
The LER has been used extensively by [RR] (T974,1975) 10 evaluate experi-
ments with polveultare, In many cases, then annuodl teponts have listed only the
LER and not aop sields Fanthenmore, IRRE often ploned aelative yields of
cach aop i polvealiine under different management prictices against each
other 10 show how managemen pracices alfear polyveulune, With migize aid
mungheans, the LER was alwaiys greater than unity, being as high as 1.6 with
()'
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high ninogen levels (180-270 kg ha) with and without weed control. As noted
eatlicr, although the relitive vields did not, the LER 1emamed remarkably con-
stant at a given mandgement level as maize population was vased. When maize
wits nteraopped with sovbeans (harvested both green and divg, imungbeans,
sweet potitoes, o1 gronndnuts, the LER was alwavs greater than |5 even when
the maize phntng was delaved by virtons miensals i the sosbean-manze com-
hinavon., With muze and sweet potatoes, the LER deareased ar cervam popula-
tions and management levels but was greater than L2 at all but two spacimgs and
management levels, With maze and nee, aovers high LER occanred whon contaa
hetween the two Crops was greatest, but i was nnniy o less when separation wis
greater (15, 9, or 5 rice sows 10 3, 2, on T maze 1ows, tespeativelyy, espedially at
lower populations (IRR1, 1973).

In subsequent expernnents, the LER ol a maze-peanut polsculiire mareased
tom 1.2 10 1.7 when inaize or peanut populations were maeased bur plantng
patterns were not changed, In g sinnla experniment, an LER gredter than anity
(1.1-1.5) was achieved for o nce-mare misture ondy at igh poputations, h
must be concluded that populanons mthe magornts of the neatments were ton
low for the vanenes used. With a maze=sovbean combmanon, the LER deaeas !
hom 117 1o 112 a8 N levels were maeased hom 0 to 210 ke ha Minze and e,
however, showed velatively stable LER'S (1L.33-1.16) as N levels were increased
from 0 1o 270 kg ha When one aop was heavily attacked by disease, the LER
was teduced but never fell below wmty with munghean-mize and niize-tice
combimations on Lanms i the Phalippines (IRR1 1975).

Sasttam mata (1976) wepoited an LER ol greater than unuy for both nise-
sovbean and wmarze-nce combinations at toun different levels of N feralicaion on
O Matias chay (I 6.6, O 2 1% CEG 102 meq 100 g) which was pobably
simlar o the sorls wsed i the IRRT experiments, Sinnlanly, Pinchinat and
Ochhigle (1976 found T ER'S greater than amits lor all expernmmental sinations
when maize and beans were mteraopped on g Type Dyvstrandept an fowr ditfer-
ent N levels and thiee ddlerent maze and bean populations Surpnisingh, LER
valuies were greatest o the lughiest Nlevels (300 kg b especnd!y ar lngh maize
populations, Except whete the cop was heavils danaged by dionght the TER
was gredter than mis tor oomaaze=sovbean combimation ar a sunba sie, beng
highest when maze and sovheans were planted mealtennanmg 30 cnows

Schilling (1963 lound an LER of 13 for groundnu-ssiter mistures, only
shightly greater than one tor groundnut-sorghum pustures at o site n Senegal
lor which no sonls mlormanion was given Foans (19600 calculated the land aiea
which would be requured m pure stands o produce the vields he observed with
mintures of nwoze and groundnuts and of sorghum and gronndnues at two sites
in Tanamia Values were alwavs greater than uimne for both combimations at
the more lertde site but were less than uniy tor maze-gronndnuat combimations
with lngh nuwe populations at the less fernle sies Nigueons (B9 alwavs
tound LER values greater than unity atsis sttes m CGhad when sotghutironwswere
20 moapart with thiee grioundnut 1ows planted between then but values were
less than unity ar thiee of the ss sttes when sorghm tows were LY e apant
with two roms ol groundnts planted between them,
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Crookston (19761 1eported on avariety of asperiments esultng in an LER
of from L3=140 tor the following crop combimations: mitize-1ice (Phullipines),
marze-groundnuts ¢ Lawan, sorghum-cotton (USA) maize=diy: heans (Colom-
by, mae-son bheans (India, muze-sugarbeet (Canaday, and  cowpeas-sorg-
hum (Nigenn Although he did not state Bias soutces, some of them were pre-
sumablv dentical with those reported here: Franas etat (1970) iepotted an 1 ER
of greater than amee and as hieh as 188 1o combimations of dwarf and normal
marze and bush and dimbing bhean topes The TER was Tow est w hett mize was
planted betore the beans and when chrthing bean npes were used, Sora et al
(19751 reported that all of the crappime ssstams thes used on g [yvpie Dvstiopepn
m Costa Rica produced an TR areater than i when compared 1o conres-
pondmg monocubtures at the same management Tevels In this case, monocl-
tures of shott-avdle aops were gront consecutndy o that the nme penods tor
all croppig svstems would be appos imatels the same

Tecan be seen that, except under goed managoment and cdonatic conditions,
polvaalnre b« produced LER vudues of grearer than o wih a varens ol Lrops
i vanious pare o the world What s most mterestig and s iprisig s that LER
values tend e doser 1o unmin unda poor chmatie and management condittons
even though polveudtare s supposed 10 he g wan of adapting o adverse condi-
tions (IRRI, 197 1),

Comparison of common parameters

Comparing pohvcultare and monocultine by means of a parameter common 1o
both crops avouds the problem of companng diferent sabstances, On the othe
hand, dlsthe comparnson s made onldy with regard 1o a patticular companent. a
majer ellect of pelvenliine may be overlooked. for imstance, of polvculare masi-
mizes the production of two components such as protem and caloties, the ¢ 0]
mthe e nen be conplanontan

Fhis wegument was made most cagenthy by Thatcher 11999 Ior arade protem
and ol digesnblc ntene CEDNY production by maizeosos hean s tunes
Baseel on 23 woprare tests incorn bol states, e found that 4 masiore of imaze
and sovbeans would e ospeared o vackd BT b of imaze and 5 79 hu of sos-
beans por acre whale maize wlone would produce 1817 bu aae Smice, as pre-
viowsIv noted, pure stands of sosheans were generally nor meduded m sudh ttals,
Fhatcher estimated aparestand sovhean vickd of 17 ba acre Based on this esti-
mate. he caloulatad that marze alone woudd prodoce 262 03 s of crade protem
and 2230 Thy of TDN por acre, sovhoans adone, 372 30 T of protemn and 959.8
Ibs of TDN e the mistare 516 45 Ihs of protem and 2291 T s of 1TDN He then
calculated how anacre would hase o be divided betweon prre stands of sovheans
and e o s ld 416085 s o protem, the amonmt produced by the mae-
sovhean misture This would requie planting 76 1 pacent ol the acre with soy -
e and 250 percent with aze However, sach a combimanon would onl
prodace 12995 s wore of THN, mneh Jess than the mstme D hus, the naise-
sovboan masture was the best wos to masnnize the production of TDN and pro.
1oy



Dry matter production. Comparison of div maiter (DM) productiion o be
aitidized on the grounds that 10is only aweasure of nological produciives pog
of usable plant products. On the other hand, 10 as o paraneter common
aops. Although not immediatels relevant o food poducnon, stadies mowheh
div manter production was determmed may illamimate some of the e ticns
that occur m crop mistuares

Nobbe and Richter (1902) wrew oats and sovbeans alone and o tures in
pots at thiee muogen levels wath and without mocuiation Veall Nleveds sothout
maculation, the mistres produced more DN than cithey pae stand

Pl (1910 pertonmed estensive ficld experiments e Austia, vsing ditfere o
legume and cereal combimations, Soils ar the two sttes were both clas Towns, bug
one had ashghily hieher clas content, On the sonl wath Tess clav, masture s of b
lev and pras produced shghtly Tess DM than the bales alone and shghily inore
than the peas alone On the same sie, however, oat and varch nsomres produced
more DM than puie stands of einther aop, On the heavier sod nsoaees of aare
batlev, or maze with poas, vetchs o horsebeans tall possible Teguine-cereat
combinations were testedy produced more DN than pare stands o all combinnae
tions, with low and lngh legume pop adations bemyg combined wath fow and agh
cereal populanons,

As evidenced by theinr resules, the hield experments ol Lipman (1920 sultered
from inadequate tephcanion and generalls poorer echnique than those of Pl
Pure stands and muistines of maze and cow peas, marze and sovheans and oats
and peas were grown for one or more vears with varving degrees of rephicaton,
In general, mintes prodaced Tess DM than the prore stands o maize ar oas
but more than the pue stand of legumes, However, these results were Inone
means obtaned consistently Lapman gave no desanpuon of the sonls used Ton
most ol these studies, With pea and oar mesties, the sotls formed from red shale
were Lty deep. Incall cases, plots recenved 300 1y acre acid phosphate and 200
Ihs acre munate of potash

Ellea, THIL and Hars (191 reported that DM produacnon of maze was
mareased when grown with beans on a Hagetstown loam m a greenhouse Od-
Lnd (1930) showed that by planting mave and sovbeans inalternate 77 dulls
near Morgantown, W, Vitginia, the nusure would produce more DM than erther
prre-stand niaize or sosbeans at vartons plant populanons, Phinung the misone
m hills led 1o DM production mtenon to that of some puresstand maize planiimgs
but still stupenior 1o that of puresstand sovbeans: Wartiovaara (1939 tound that
an oat=pea minture that was 50 ar 7% pacent peas by weight poduced more
DM than enther oats or peas m pure stand on a well-dramed loam (pH 07 nea
Malmi, Finland, to which 1500 kg haof slaked Time, 800 ke ha L homas slag, andd
A00 kg ha of 10 percent Kosale had been apphied Solarls, Nicol (193D Tound
that DM production ol a nistne of oars and vetch combimed ma 31 or 22
tato was greater than for setch alone with or without moogen ferulizanom

Henderson and Davies (1953 in West Wales found that a nmantune of oats,
beans and peas produced more DN per unie aea at seven dilterent stages of
gowth of the Perthvn and Givern senies of mediam tertihin They repeated the
experiment for thiee sears and 200 Ihs aae of 12-12-15 was apphied each vear,
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Roburson (19601 {ound that oat-pea and oat=vetch nintures produced mone
DM than oats alone on hghta-testied sonls (sands and sandy Toamsy i Minne-
sota, but on heavier sords esile loams and clay lowms), mestmes produccd about
the saine DM s aats alone No ferahiza om was tused

Kassam and Stockmga (1975 tound trae i northern Nigena total DM pno-
ducton of a millet-sorghum muste w s wreater than the DM production ol
cither nullet o sorghum rown alone ™o sorl dosanption was ginven Fernliza-
tion was with 627 ke ha ol 2801 laahizer, one-thad at sow g, two-thods
lowr weeks ahia cmargence Hazel 1971 caned out polveuattune coperiments
ona heht st loam near \ecra, Glhiana, previoushv m grass Ldlow, to which no
fertnhva was applicd He dound that i one experiment, maze ur pure stands i
050 an spacmg produced more DN than aonvize-con pea misture, but i
anotha expernmont, o maize —com ped mniure at e 90 o spacmy i alternate
1ows produced more DM than maize alone Dalal (975 conducted imised
aoppimg trals on loam sorls colay 12% pHE 20 CLC 12 e 1008 nen St
Augustime, rondad He veported that ar the tme of s hanvest a pund staned o
e had accumubared more DM than a maize-prgeon pea misture Lot DAL
accumulation up to the tme of pigeon pea hatvest was greater Lot g maize-
precon pea minture than for pure stands of citha maze ar prgeon peas il the
minvtute was plated me demate tows TEahe maec ead prgeon peas wae
planted i the same ton, DY accumubation was greater i pure stands

Onanundosathad sl CIV D Colomba Franas ecal a897o) found that 1M
producion by two maze nopes — notmal (1C A H-2070 and brachs e oG A 210,
— mmonacultire was notsigntbicantdy diffarent from the DM producad by nanse
when associated swath a chimbimg or bush boan tpe Sastras imata 019760 studied
DM accumulation i the Phihppies on Lohaas cas 2 1% O N CEHC 10 2y
100G pH 6 6.0 mnmondhmne ommeralogs fanhized wihi o ke ha ol PO, and
KO He tound that total div inatter accumubation by maize-sonvbeans and
Mare=tee matutes was greater than by pute stods of the component aops
when mcsumed 310959 and 89 davs atter scedmg with N apolied w15 or 90
b ha When 180 Ky ha of N were apphied, maze alone produccd more DAL than
the mivture when sampled 3100 83 but oot %9 davs altar seeding

With the exception of Sastiawimate ¢ o970 and Rassan and Stockinger
AT who warked with mazc-nce and mulet-sorghinn nnsires, tospecenely,
A of the mistares for which DV producnon was derenmmed mvolved o cercal
and o legmne The most frequenthy observed and oxpeced phienomaonon would
e that the misture would produce iore DM than the legumimous component amd
fess than the gramminaccons one when grown i pure stands, Most of the e\pert-
mental work showed howevar, that with proper management, the unstare’s
DAL producnion conld excecd that of either component i pure stand (Nobhe and
Ruchirer, 19020 Pile, 1911 Dipman, 1912, FHew, Fhlls, and Hains, 1919, Ko,
andd Robers, 19210 Watiovaara, 1995 Nicol, 1991, Henderson and D e,
1955 Rebuison 19600 Dalal. 14,00, Franas et al L 1976 Sastiawimata, 1976)
Onby tvo mvesugaions detomined div matter prodacoon by pure stands and
misnes oser atange of sl tvpes, Pz A9t found somewhar greater produc-
ton of DM by the isauies on the heavier soil. Robinson (1960) found the
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1everse 1o be the case; but he was working with soils of conwiderably hehia
texture than Pils,

Nitrogen moduction. In the view ol most workers pren 1o 1990 the mam
justification for usimg pobveulunre with a legume and nonlegun ¢ was 1o suppls
nitogen to the Liver (Lapman, 1912, Fred et al 1932 N1ool 19355 1980 Wilson,
1910 Ay aresulte N pnoducton was measured iote frequentds e crap s s
m eather work than recenthv As poviewers (hed et al 19920 Nacol, 1051 1asm
ob the carhier studies pomtcd out, an assoctaton of legume:s and nonlegumes can
contin more N othan ethar aop e pure stand even thouglk aop vekds need not
be ligher Several mvestigarors detcenuned only how the parcentave of N ool
cercals or legmnes was abfecred by polvculinre dbvon and Bizdd 1011 Sdbies,
1926). This proccdure provdes hinde measinement of otal N prodoection and
maeases - N content often ocan when vields and div marer peoducnon
reduced (Lipiman, 1912

Although they onlyv performed por studies, Nobhe ad Rechier (1002 hd
attempt o clanty the eftecs of wocalanon and apphicd N on N hivanon n
legumes and fegime-cereal msties Without applicd Nooat=son hean st
contamed mare Nothan oats grown alone and Tess N othan sovhoans alone wath
o1 without inoccanion. When 500 myg of N owas added por noc the s
contamed more N than erther speaes e puare stand withoat macalanon With
moculation, the soybeans aone contamad more N than the st Whon 1000
mg N was added per por the nustore contamed more N othan eithar species m
pure stand with or withont moculation A delectof dus rescarch was e rckanmeh
high N content ol hoth the imocalim and the soil Sovheans were used s a lesun
stnce thzobia speahic for sovheans were not expected to be prcsant mthe sonls
used for the stedhes,

Puls (191 ] detenimimad N content of bardes and peas i pure stands and grown
together, seven and eloven wocks after scodine, on g Jday o sonl i Vs
Atseven weehs, o minture of hatley at o low secding vate o132 ke haand peoas
at g hgh seedime rate (201 ke hoo produced e Nopar hecrane than dad paane
stands af cither crop, excopt for peas ar the bigh sealimg vare Badey o £ hagh
seeding tate (270 kg haoand peas o Tow seeding tate dbonlke hae producad
more N than dud pure stands ol either cropat the Tower secdime vate o the e
verse was e wiath pute stands ar the higher secding vare \the sccond cunnme,
when both batley and peas were matane, the nsne vielded more N otheay cairha
pute staneg, L lthough vesults weore not hioken down accordimg o dhe dddtoron
seading rates e the bst cotnmeg ot vercdhvand oats, the minoanes produced more N
than oats alone at both secding rates and than vach alone i the lowa sceding
vate (121 kg ha bue nor wr the hagher vate 200 ke by A the scoond v,
the muntine procduced more Nothan oats alone but nat more than vach alome
another site, whooh had o chay Toam wath a somowhar hiehar che comtent ha
was othenwase sitular ows, harlesand maze were combined with peas veteh
and horsebeans o ditferent seedimg rates i all possible combimanons The snas-
tres of a lugh legume and a low careal seeding tate produced as mach or more N
than did pinne stands of ol aops achigh ot Jow secding nates Aeacheh socding
tate of both legimes and cereals, N producaon by the nustime was gieatcr than
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for all pure stands, except for vetch ata high seedimg rate. At a low fegume and
A gh cereal rate, N producnon by the mistaie was higher than tor all pae
stands, except tor veech at both seedimg vates and for maze at the lower nae
with 1o coeal and a high tegume seeding rate, the misnne’s N producnon
was Tess than puresstand vetch at hoth rates, than maze al the lower rate, and
than peas at the hugher e but was sl higha than for all other pute stands,

It two of thiee dereeminations made m 1908 and 1909, Lipman (1912) found
N production by a muaze-con pea mintre to be wieater than by marze o1 cowpeas
done ona poor” limed soil o which 300 1hs acre ol acd phosphate and 200
e acie of murate of potash vwere apphed. T the thind il there was hede il
ference between the misture and cowpeas alone However,in a maize-sovhean
mintre, the minture produced less Nthan did sovbeans grown alone, althiough
1 resultal o more N than putesstand maizes Intow nals waith oats and peas
canted out under sl condiions, Lipman tound the misaaies to be tigher in
N than hoth pure stands mone galeand Jower e Nthan the peas alone but
hrgher than the oats alone m the other mals o geneal pnan’s findimgs dud
not ke o veny good Gse tor maeased N producion by legunie-o creal misnnes,
In summatizing the results of these .ond other potand greenhouse studies, Lap-
nran condhuded that “the presence of the nonlcgume i the mined growth need
not decrease the sields of div mateer and mrogen i the legume” and, mothe
asocrted growth of degumes and nonlegummes, the developiment of the later
mav be depressed nather than enhanced when Lactors other than the supply
of combmed muogen it production”™

KRedlerman and Wiight (1910 found that bades grown m pots with peas o
heans vielded more N than when grown alone, The mivtute contained more N
than «ither aoprgrosn m pure stand or than the stn of the ninogen yield of the
two aops i puie stand On a well-dramed Toam nea Malm, Finland, o which
1300 ke ha of shaeked e, 800 kg ha ol Thomas shg, and 100 kg ha of ¢330 per-
cent K salt had boan applied, an oat=pea misture that was 75 o 85 pereent peas
produced more N than aither aopoan pure stand (Wartiovaara, 1933). Nicol
(1931 found that the wtd N production ol oat=serch nstares combined ina 123
Proportion was arcater than that of cither oat ot vetch grown alone without the
application of N When 1t was apphied the N producion by the nusture was
the same as for verch alone but grcatar thate that for oats alone Nowotnowna
937 tound that batles gronn i pots wirh peas, but not with Jucerne o
seredell, contamned more N than bales giown alone However, Madhok (1910)
reported that a wheat-clnchpea misture grown e pots alwavs produced less N
thuan chickpeas grown alone bat more Nothan wheat grown alone,

Inmore tecent werk, Schillmg 1965 found that both Nand P contem ol Teas es
of millet and sorghum was macased by mteraopping with groundnuts i two
sites 1 Sencual The ditect of legimes on Pooontent is somewhat difficule 1o ex-
plam

Kotssann aned Stockinger (1973 found that sn nenthern Nigeta total N oupake
of a mille-sorghum misture was 180 kg hi, while tormilletand sorghum injare
stanids 11 wes 110 ke ha, Fhos mdicates that the misture had obLuned more sonl
N smce only 197 kg ha of N bad been applied. No sl desaiptions were given
for the st
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Waorking at a site e Byvelotussi, USSR, about which no mlormation was
given, Kawov and Bodkevieh (1073) wported that, when they were grown -
gether, the N coment of oats mcreased and that of peas deareasad i companson
with pure stanuds,

Onatoam satnear St Augostne, Trnndad, Dalad (197 1) tound that pracon peas
and maze planted i alternare 1ows produced more N than pure stands of maise
o prgeon peas, although the difference for prgeon peas was not signthicant. \t
the thne of the mare Tavest (8 weeks prior to the prgeon pea harvest), manze
W pure stand contamed more N othan did any of the mistunes

IRRE (1975 aeported that when grown at lour dilferent N levels o, 120,
10, or 210 kg hayo maize and 1ice minures alwans contamed more N than
cither cop m pue stand Stmba v, Sastian inata (1976 found that manze-son -
bean and marze-nce mintnes alwass contamed more N than did pare seands o
the component arops at any of tour N levels (0, 15, 90, and 180 Ky hay, the dil-
ference becoming ospeanally marked 30 and 85 davs afug steding

Although the evidence might not be completely consistent, nne ecent
studies (Dalal, 1971, Sustraw inata, 1976) tound that mistures of legumes auld
coreals produced more N than did pure stands of cithor Gop Less surprisimg was
the bindmg that mintures of nonlegumes appeat o make use of sorl and dapphied
N mote completels than do monoculinres (hassaim and Stockinger, 1973, IRRI,
197 1, Sasttaw imata, 1976), Although most of the carher researchers found in-
stances where pure stands of legumes produced more muogen per heaae than
did degume-cereal mistares, the muogen veld ol mistares was nonetheless
greater than that of pure-stand legumes 1y a sigithicant number of Gises, his
mdicates that under proper management, misimnes might produce more ninogen
than prre stands of enther legumes o BLASCS

Production of total digestible nutrients (TDN). Ealer ieseuchers, who were
primanty mrerested meousimg minties for feed putposes, determined 1otal
digestible nutiens production by nistares as compared to pure stands, T he L
that marze-sovhean mistures produced less FDN than pare stands of marze was
hequenty used by eanher v estgatars as an argument against then ise (Noll
and Tewns, 19210 kinnes aned Roberis, 1921 Fhatcher, 1925 Odland, 19%0),
Those presenimg dana lor companson generathy found small diffarences m [DN
producton betwern maze gtown alone and nustnes of maize and sovheans,
Lhus Odland (194900 detanmmed 1TDN Production by marze amd sosheans i al-
terste 77 dulls to be Y H2 by aoe, whide the bestresulis witl prresstand moae
(77 dullsy were 1881 Ibs acre Hackleman et al (1928 tound that prresstand
mare produced 2085 Ihs acre of TDN, while moze associated with | hony,
Hong Kong. o1 Tio San soy heans praduced 2700, 2727 00 2631 s acte of 1D\
tespectively: Tence, even without the “oanpensating oot ol degume pratan
which will be dise ussed i the Tollow Ny section, marze-sorvhean mantomes offored
no-disadvantages s comparad 1o parestand mare msobar as 1D\ prrodin
ton was concerned

Using s proporionate method ol compartson of mastures wich pre stanids
(see precedme secnon), Mornsh (198D found that ot es ob barles and o,
barles, oanand peass and barley, oars, and w heat produced maore TDN shan par
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stands of these aops However, mistures of peas and oats were indetion to puie
stantds mowams of TDN producion,

Protein production. Most calculanions of protems production e based on
muluplication of ninogon content by a constantz and therefore, compansons ol
protemn production sheuld not ditter om compatsons of mrogen production.
However, o some cises protemn-production caboulations were hased only upon
edible portons of the aops Nuchandr and Misra 1957, Kassam and Stock-
mger, 1978 Dalal, 1971 CINMY T, 1971 IRRL 197 e and thus they wonld
substantially dittar from calculanons of N producton deterinmed for the whole
plant o1 ts above-ground pares Indhe case of carhier anthors, who were pr-
manth concernad wath teod production, cdaalanons of N producnion by the above
ground plant pars and aude protem prodacion woubd nat be expecred o dibier
substntally However, usually onlv data for aade protem producnon wae
given (Noll and T ewis, 1921, Odland, 1930, Hackleman et al o 1928, Thatcher,
149275

In o fivessear tal m Pennsylvan, Nolland Tewis (1921 found no difference
n protem content ol maze gram not of sthage whon the marze was grown either
m pure stands or with sovbeans: Odland (19304 found that proten production by
marze=son bean mintutes was alwas lower than that of puresstand sovbeans,
Protem production by the misrnre was lugher than for minze alone only af sov-
heans and maze were plantad mealternate 77 dodls Sumlarhyv, Phatcher (1929
found that sos bean=maize nustures produce less aude protem than puoresstand
sanheans but more than purestand marze. Hacklennn et alo (1928) lound tha
aude protem and nee protan adorermimed by moluplvimg the aude proten In
the hiological value of the protenn of mawze-sovbean mintures were greater
than tor marze criown done i espamments tun o sisovears neanr rbana, Hhimors
In fnve vears o exponments at the Agronomy Farm near Morgantown, West
Virging, abam which no ~sotls imdormation was given, Odland (1930 found no
change m o potom contont of nzc tesulting from association with sovheans,
It appears that the hondits o enms of proteny producaon with polyoalnae de-
pend on the basts of compuaison Whencompared o paresstand sovheans, crude
protem prodociion by the maize=sovbean minture sas invanably inlenior, but
when compared 1o parcstand nuaze, protem producoon by the mistne was
greater, except an the expoments of Noll and Dews (1921 and some of the
plannny parterns used by Odland (19500

Maore recent work has locused on the protem contamed i edible plant panis.
Mirchandr and Mista (970 veported that the pacentage of protem i wheat
was considerabhy macased by polsoadiare with peas ancl shghtlv morcased wih
Jentibs, Simee whear vields were also greater with polvouliare, 1ol proten pro-
ducnon per heoare would have heen considerably increased. The protemn content
of the Jegume was not aveny cons er d However, wheat vields wore gonerally
low my the espormment tan for a simgee o anean unspeafied sorll near Delln,
Indit  In research i northern Nige o RKassinn and - Stockimger (1974,
found that wortal proaan prodacton sns o harvested gram of aomllet-sorghum
nusture was ereater than pure stands o either imillar o sarghum Onea loam
soirl near St Nugusnme, Trondad, protem production per hectare was totnd o
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he significaintly higher with o maize-pageon pea llll\llll(' thun with cither crop
in monoculture (Dalal, 1971,

Crude protemn produciion by total above-ground plunl parts has beenineasimed
m omore tecent expernnents i the United Kingdom, the United States, and
Cinada. O sonls of the Perthvin and Gaivern series in West Wales, Henderson
and Davies 11955) found that an oat=pea mixture produced less protem per unn
awrea than does aither arop alone, especially at Luer stages o development,
However the mistne alway s produced considerably more ande protem than dud
oats alone, Robinson (19001 determined that oat-pea and oat=vetch mistnes
produced more protem tharddid oats alone on sands, sandy loams, silt loams, and
dlay loams in Mmnesev,, Shannon and Lawson (1975), 1 esperiments nea
Montreal, Canada, also found aude protein sields of oat=peas mistanes o be
shghtly lower than thowe of puressiand peas, but considerably higher than those
ol puresstand oats,

In conneaion with the Puebli projeat in Mexico, nials were tan wieh pure
stands and mistures of maize and beans at different spacings and levels of N
and P Aentilization. These took pliace on volaanic soils with a lom or dhas loam
testire overlain by light brown volianic ash and on sosls with o compacted
layer at o depth of 20-60 cm (CINIMYT, 197, Both soils were nea neaual
(pH 6.5-7.0, with about 0.5-1.0% O.)L). well supplied with K, and fanh high i
available P, Prowein praduction of common maize, opiaque maize, and beans m
pure stands was compared with that of polvathare ol beans and common mae
at ditterent managenal levels Common maze ar 10,000 plavts pt hectare
in pure stand, with 120 kg haof Nand 10 kg haol P, Og. produced anainerage ol
391 Kg ha of protein and 9.9 kg ha ol Tysine. Tnan experiment at CINMY T
Mexico, opaque maize e pume stand at 50,000 plants per hecane with 130
kg i of Noand 50 kg ha ol PoOg vielded 1700 kg ha of grain contaning 123
kg ha procun and 19.9 kg ha Ivsine. In another experiment, 0,000 common
maize plants assocrated with 60,000 bean plints per hecine, and tendlized with
150 kg ha Noand 10 kg ha P Og. produced 3258 kg ha ol maize and 1361 kg ha
of beans, The Luter contamed 623 kg ha of protein and 30.3 kg ha of Tvsine
When, in addition to the minerad fetilizaton, 10 1ons, ha ol manue was apphied
to the maze=bean combimation, 1036 kg ha of maize and 206 ke ha ol beans
contarnmg 155 kg ha of Ivsine was produced. To supply s quanin ol hane,
opaque maize would have to vield 11371 hag this has not et been achteved with
present techuology, The researchers condluded that mistares of nave and beans
oltered nunittonal benetits not atiainable by monocultwre, even at high feradas
levels (CINIMY T, 197 1),

Pinchinat and Oclsligle (197 1 compared protein produdtion ol tour dilterom
polveultnre treatments with that of some of the component crops m pure stands
attwo lerading levels ona Pyvpic Dystrandept, fine, isohs perntherioie, m Costa R a
A polvaultre system of maize, cGissavin and beans lollowed by sovbeans pro-
duced more protein than did all monocutanal sequences, incdludimg beans tollowod
by soybeans at a lower tetilite level. However, ata tugh fernhin lovel, the sov-
bean-bean monoculiue sequence produced more protein than did the polveul-
ture; but the polveuliure, as we shall see, manimized energy and protem po-
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duction. On a similar ~sodd the greatest protem producoon by maize annd heans
was obtained when 300 kg ha ol N was apphied. Wathout N lertitization, nas-
mum protemn producton was achieved waith a maize=-bean nusture when vach
aop w s planted ar the population used i pure stands, thus obtaening grearest
population pressine,

IRRI (1971 compared production ol protem with five dilferent aopping
swsteni, thiee ol which induded polvenlture, However, arops differed in the
sutems o that reliable comparsons could not be made. Prowin production
seemed to depend 1o some degtee on the aops induded and only one svsiem in-
volved <onbeans, In nngated totatons, o tomato and bush sitao misture poduced
more tatal protem and protem per mansday of labor than womato alone: an
okr-mung minte produced more protem and protein per man-das tha mung
alones bur a marze-cow po minte produced Tess otal protem and protem pet
man-das than cither marze or cowpeas m pure stand.

Sorta et all (1975 found that the aops and management level involved deter
mined whether polvcultre or monoculure swstems produced mare protein
Atahigh level of teradus ona Typae Dyvstiopept in Costa Rica, nnize-bean pols-
cultire tolowed by paresstand nunze produced more protem per hectare than did
4 bean-mare-marze monocultune sequence. Wahout feralizer, a single hecue
ol a manioc=-hean misture produced more protem than the wotal produced by one
hectare of beans and one hectare ol mamoc i puee stands,

I summany, polvcalume o a legume and nonlegume generalls produced Tess
total protemn than did a legume grown alone. However, polyculture of legumes
and nonlegumes alwavs produced more total protem than pute stands of non-
legumes, As pomted one by Thatcher (1923) and Pindhimat and Oclshigle (197 1,
it would also requine more than a heaare of puie stands of Tegames and non-
legumes 1o produce the same amount of encrgs and proton that o hecare ol pols-
cultune ol those aops could produce,

Energy production. Calonic equivalents of aop produdction polvcnlune and
in monocaliure have been given by relanvely few investigators (Pinchima and
Ochshigle, 1971, Sotia et al . 1971 Kass, 19701 Production of Mlocalonies pel
hectare by polvenliure sestem imolving sweet potatoes was greater than that
ob two conscaive aops of sweet potatoes — the crap wlich was the most ¢fh-
aent producar of energy of those tested, both with and without fertalzanon, on
o Dvpre Davstrandepr in Costa Rica, Tir a mazc=hean ssstem, masimuam cnergy
producion swas obtamed whon the marze vields were greatest, enhier with o mono-
codture of mave or marze mised with a low population of beans at all N Jevels
0,100, 200, o1 100 Ly ha of N Pimchinat and Oclshigle, 1970, On o Typic
Dysnopept ur Costa Rica without lanhization, mwo sequential aops ol sweel
potabors produced more klocalonies poe hecare than a swee potata-manio
assoctation, the mastre did prodoce more enmgy than puresstand o,
hevvover Wath forsizaton, the e produced more encrey than the sweet
potato sequence or than puatestand mantoc, Tertdization seems 1o have reduced
sweet potato sields considerabbs i both pure stands and i polvoulture, With o
without ferithzer, polyculinre of beans and sweet potatoes produced more kilo-
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caloties in one hectine than one hedare of beans and one hectare ol sweet
potatoes combimed. Polveuliure of maize, beans, and manoe produced ore
Kilocaloties per hectare than pure stands of manioc or beans or than three consec-
utive crops of imaze with or without lertilizer (Soria et al., 1975). In the Amazen
tegion of Branl, Kass (1976) lound energy producnon wirh polvauline of vice
and taanioc o be signibicantly gieater than with pure stands of maioc or with
puie stands of tice lollowed by pare stands of cowpeas; with and withou weeding
or potasstum fernhzauon, the results were constant on Quit Lzipsaninentic
Haplorthoy, sandy, oxidic, 1sohyperthermic.

Except for the sttuanon ol the sweet potato and manioc mistne mowhich
one would expeat competition between the aops to he great, polveultne appears
to be o Lar mote efhaent podacer of caloties than sequential monoculiues of the
same aops, However, further determinatons under a wider range ol condinans
probably are necessary helore veaching more general conclinsions,

Mineral components. A\ small number ol investigators hinve compared the
vields of nutiients other than N ol polyculune with those of monacaliare of
the same aops. T the experiments were propetly Gutried out. so that the same
amounts of these nutiients were available to cach aopping system, the aopping
wstem obtamming a greater vield of a panticular nutient would either be usimg that
mitnient more efhciently or esploiting a greater volume of sorl On-a well-
drained. faitly dayvey, comsestexted soil of the two series denved from grane-
tic and gneissic 1ock in western Nigeria high in available P o100kg hao aod es-
dumgeable K (600 kg ha), Agboola and Fayemi (1972h) found that available P
was 1ediced more under four aops of continuons naize than when a legume
(cowpea, Gitopogon, o greengram) was interaropped with the minse

On an unfertiliced loam soil (pH 5.2; CEC 12 meq 100g: iy 12%) near St
Augustine, Trinidad, Dalal (1979 found that i maize-pigeon pea misnire con-
tined more wotal P i the tme of pigeon pea harvest than did monocultines of
cither aop. At the time of maize harvest, however, maize in pure stnd contamed
more P than did the miste. P accumulation (kg ha week) was notsignibicanthy
greater than with pigeon peas alone. At two sites in Senegal, for which nosotls
information was given, Schilhing (1965) 1eported higher Jevels of Pin eaves ol
millet and somghum grown with cowpeas than in leaves o those grown in mono-
culture, On an undesaibed soil in the Byelorussia, USSR, Kawrov and Bodke-
viteh (1973) 1eported it the P05 content of oats at the tillering or milk
stage wis higher when the oits were grown in aminture with peas than when
they were grtown in pute stands, '

In the Philippines, Sasuawinata (1976) detevmined. ar 3450, and 85 days
after Seeding, the P content of maize, soybeans, and rice m piie stands and ol
maize=sovhean and naize-rice mistures grown at four levels of N (0, 13, 90, and
180 kg b, These aops were grown ona Mahaas das ol montmaonttlonite
mineralogy (pH 6.6; available P32 ppm) 1o which 60 kg ha cach ol PO and
Ko0) had been apphed. At a0 and 85 davs after seeding, the misture contained
mote P than did any of the component aops in puie stands atall N lesels but 31
dhays after seeding, at the highest N level, sovbeans alone contuned more P than
wis i the sovbean-maize mistue. The avinlable evidence mdwtes that aop
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mintes take up more apphied and sorl Pothan do monocoltares ol the siome
CTOPN,

On the same sorl descnibed tor Poohanges, Agboola and Favemi (1972 found
that i general, exchangeable Kowas reduced more by maize mueraropped with
feeumes than it w.as by contmuous maize, butreduction ol exchangeable Kowas least
when marze was worated rather than imteraopped with Tegumes, Dalal (197 H
tound that ol K accumulanon was vreater for pigeon pea-maize mintues
than for pure stands of enther cop A the tme ob s harvest, hosweser, maize had
accumulated more K than the prgeon pea=maze nusture had, Koaccumulation
per hoctare per week was ssgnthicnth ligher for nusnares than tor pare stands
of maze and prgcon peas haurov and Boadkevich (1973, on the other hand,
found that the K O contentof hoth oats and peas was lower ma miste thanin
pure stands althoueh no data aooat ot diy matter produciion were given,

On a Mahaas cbav i the Phalippimes «FC 10 2 meq 100g. exchangeable K
19 mcqg 100wy fernhzed with 60 ke ha o both RO and Py Og, Sastianw it
A7 detenmmined the Kovidd of marze, e aind sovheans i prae stands and ol
maze-sovhoan mintes ar four ditberene Nolevels, 3109, and 85 dass afie
seedimg, Unlike the sitmaton wah P the level ol Noapplication appeared w af-
fect K accmulanon Withour N, the marze-sovhean misiure alwass contained
mote  kh than did either aop o pure stand - The nice-maze
misture, however did not contan more K than did marze alone at the fis
sampling date When 15 kg ha N owas applhied, the maze-sos bean misture still
contamed mare K than was i either aop i pue stand at b samphing dates;
the maze=nce minture contammed more K than was i the pute seands of the com-
ponent crops onhy at the Lst sampling date A3 dass, pare-stand ianze, and at
29 davs. pure-stand tice contamad more K than did the mosoare, Av 90 kg ha N
the mawze-sosbean misune contamed more Kothan was momaize alone at the
Fast two samplirg dates, at 3 dass, mae aone contamed more KA thas level
ol N the marre-nce muisture was highostm K onlv ar the Last samplhing dates
at 3 Edavs, matze alone was highest, while an 549 davs hoth pare stands contaned
mote K than did the maze=nec mistare Finallvs when 180 ke ha of Nowas ap-
phied, the marze-sovhean nuste contaned Jess K othan did maze alone, but
wore than that of sovheans alone at all samphing dates A this N level the nce
and marze mistre contamed more Kothan thar of ether pure stand ar 59 and
85 davs abter steding bhur the e alone contamed the most Koat the fnse
satmphing date Temust be concladed that the bnghar N levels permted the pores
stand nuaze to grow more rapidhv and inake usc ol the apphied K more quickhy
and etirornthy than the maze =sovhean e could

On o Quareapsanunenue Haplorthos, sandy osudic, ssobypertherime i the
Brasteon Nnzon that was vors oo eschangeable K there was no diflerence i
h content ot mamoc toots grown i puie stands o me polsealiare with nce and
oy maze: However when 400 kg ha of KO was apphied o all aopping svs-
teins, the 1oots of muanioc assoaated with marze had aosignibicantly higher K
content than did monoc growa alone or mamaoc associted with rice. A simila
eltectwas noted withhmamao steoms huat the difterences were too simal 1o be signifi-
cant (Rass, 1970



Although the evidence is fragmentary, it seemns that a more vapidly growng
plant will take vup more K tham a slower growing one does. Hoapud growih of i
monoculture can be brought about by lugh N feruhizanon, i will probably acone
mulate more K than will a aop nuxtwe, This s especialls irue at early stages
of development, However, if the nustire eventually: produces more dis nat
than the monoculture, 1 will probably also contam more K

Caldium production by pure stands and mastines has secenad very hade -
tention, Dalal (197H determimed that the marze-pigeon pea mistine contained
more Ca than either aop m pue stand ac the tme ol prgeon pea Tarvess, b
at the ume of maize harvest, pure-stand maze contamed more Ca than did e
mixture, The vate of accomulation ol Ca by the misture was nocsignibieanthy dil-
ferent from puresstand pregeon peas, but was higher than with pane stand
maize. [t should be pamted oue that this pattan was the opposite of that of Piin
other words, prgeon peas tthe up more Ca than does maize while maize tikes up
more P than do prgeon peas A masture will take upas much Caas pigeon peas
and as much P as maise,

Kiamoy and Bodkettch (1973 detenimimed that the Ca content of both aats and
peas was higha when they were grown together than when they were gtownan
monocultiare Kass (1976 tound the Ca content of manioc 1oots 1o be signiticantls
higher when mteraopped with maze than when grown in pure stand. The ad-
mittedly icager evidence appears o imdicate that aop omxunes whe up more
Ca than do pute stands of the component aops,

Datal (1970 lound that maze~pigeon pea mixtures contained mote Mg
than did nuaze or pigeon peas m proe stands at the tme of pigeon pea hinvest:
but «at the time of matze haovest, maize alone had accamulated more Mg than
the minture had, The misture accamulated more Mg per hectae per week than
eithet marze or pigeon peas grown alone, Rass (1976) found no difference in Mg
accumulation by live aopping systems (manioc in pure stand, rice and cow-
pas in sequential monocultine, maize-manioc misine, vice-manioc mistue,
tice-maize-manioc mistre) on a Quanvipsammenie Haplordhox in the Bia-
nlan Amazon,

1t must be condluded from the small number of experiments in which measure-
ments were tahen that aop nastuates will contam greater amounts of P, K, Ca,
and Mg than will pure stnds of the component aops grown under the sime condi-
tions. Only at vers lagh N oates did pure stands of maize contain more K than
was i1 marze-sovhean mustures 83 davs atter seeding., In all other cases, the ing-
tially greater accumulation of P and K by pute stands was stnpissed by mistares
at Later stages of development (Dalal, 1975 Sasttawimata, 1976).

Economic return

Fconamie evaluanon of polvcalture in comparison to monocultare is aorela-
thely recent deselopment and was not determined by any ol the catlier invest-
gators (Pilz, 19115 Lipman, 1912 Noll and Lewss, 19215 Kinnev and Robents,
1921: Ftheridge and Helm, 1924 Thatcher, 1925 Avres, 1925; Mooers, 1927,
McClelland, 1928 Hackleman ee all, 1928 Odland, 1930 Wartovaara, 1933,
Morrish, 1931 Brown, 1935 Wiggans, 1933), Converting production to cconomit
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values is complicated by the face thar prices and price reladonships of the aops
viny; some authors have theretore made their evaluations at more than one set of
prices (Gliemeroth, 1950; Willes and Osnu, 1972 CINIMY T, 1970 Although
Aiver (1919 suggested that polveulne olfered economic benetus, Ghiemeroth
(1950) appears 1o be the s o deternane the cconomic retarn from vields ob-
tuned i expenmental plantings, More recently, several mvestigators have been
mahing evaluattons of polvculnne and monoculte of the component aops with
tegard 1o labor wtilizaton, considening Labot requitements, proyision of employ -
mant throughout the vear, and retur per unit ot labor (Norman, Bunive, and
Goddad, 1970; IRRI, 1973, 1975 Baker and Nonman, 1975 Soria ot al . 1975;
Sastrawinata, 1976)

In 1 considerable number of studies in the past twentv-five vears, economic
analvses of palvaulnne compared 0 monocultie of one or all of component
cops have been made, most frequently by calcalating the net retans of differ-
ent aopping svstems, Some authors have merels used the cash value of the pro-
duction, without taking costs mto consideranon, Such research has himited value,
Because there are so many studies, they have been broken down according, to the
aopyimolved Although some experiments may {it o more than one grouping,
this procedunre shows which combmanons might he most beneficial,

Association with co'ton. A\~ coton v almost exclusively a cash aop, econ-
omic retnn would be a pranas constderation in determining whether to associ-
ate it with other aops Workimg on an unspeditied sorl in Madras, India, Pillai
et al, (1957) found that the vahie of a aop of cotton grown with cither ground-
nuts, tagi, o1 ragi and groundnuts, o be greater than that ol cotton grown alone;
they averaged thenr results over a four-vear penod in wlach relative prices varied,
Fhe mintuies abso produced more value per day in the field than did conon
grown alone. In the ansion tact of northern Kanatak, India, Patl and Kovad-
di (1960 found that mteraoppiug coton with groundnuts had considerable
henelits, espeaally af the groundnue proce was higher than Rs 13 per Bengal
mannd. fna vear i owhich the conton aop was damaged by heavy 1ains, ground-
nuts vielded more and gave o higher net moome than in other years, Another ad-
vantage was that groundnuts were harvested {ist, giving the farmer cash eanlia
thanal cotton had been planted alone,

At two sites in Kenva, Grimes (1962) found that cash retn from planting
one aae of alternate rows of cotton and maize would be greater than from wo
I 2aae pure stands ol cotton and maize. On a heght-textured sotl of mediam fer-
tthiy, near Junagdh, Sanashua, India, Joshr and Joshi (196%) determined thin
over three sears the rennn would be much greater for covon plimted m 6 1ows
with two or thiee 1ows of groundnuts between them than for pure stands of either
aop. Near Ranchi, Bthar, India, Varma and Subba Rao (1969) found a greater
return over two vears bom growmg cotton antercopped with groundnus than
from growing cotton alone. Other crops tnaize, nee, sweet potato, P mungo,
and Elewsine conacanar veduced profiss as compared o cotton wdone, Tn northern
Nigera, Baker and Norman (1979 found that the average values of the vield. ha
were 62 percent higher for sorghum, groundnuts, and cott o when grown in
mntures than when arown m pure stands, However, the average value of producc-
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tion per man-hour was 15 percent lower fon the mistae than for the monocnltae,
ALl of these experiments Jed 10 the same conclusion: interaopping totton
with groundnuis or maise was more profitable than growing cotton alone, al-
though in the one case where it was measuied, the Tabor inyvested wiss gieatel
with polyculune,

Associations with sugarcane. 1ugo Lopes et al. (1953) computed net rennns
for some sitnations wested i expernments with vegetables interplanted in sugm-
cmes At the Rio Piedias site, in Puento Rico, on o poonly diained alluvial soil,
Vega Baja silty clav, imerplanting sagarcne with all vegetables (sosbeans, e
cnber, beans, tomatoes, and melons) except maize wis more prolitable than
growing sugamcane alone, The profit from inerplantng red beans with sugin -
ame at a1 oo 8 10w spacing was significantly greater than for monoculue
canes Inanother experiment at the simme site, all plantings led 0 losses but the
losses were not signiticantly greater for cane interplanted with sovbeans on manze
than for sugarcane alone, With ranaon cne, it wis more prolitable not w mier-
plant vegetables (Lugo Lopes eval., 1958, However, in two veas ol e\perments
atan unspealied site in India, Bhoj and Kapoor (1970) found that mterplantning
sigarcane with maize wis more profitable than growing pure-stand  cane,
especially it 56 or 112 kg ba of N owere applied (o the maizc, Paner (1979) 1e-
ported renans ol L3 281 and 248 pesos per peso mvested for son beans,
mung, and groundnuts, 1espectively, interplanied with sugancane an the ©rcronias
Millmg Co., Negros Occidental, Philippines, Although the expernments of Lugo
Lopes et al (1938) were heavily lendlized, the availabitiog of safficent nanents,
especially Nowould seem o be aritical Tor snccess with crops interplanted with
stgar e,

Maize-legume systems. Associtions ol matize aid leguimes have heen studied
probably more than any other polycalture systen. Mthough hoth aops can be
wsed o on-bnm consumption, kumers olten setl some o all of then produc-
tio,

Onan invigated sands loam e Lodhiana, India, Naang, Kaul, and Gill 1969y
lound that it wits more profitable 1o plant maze at G0 < 30 an spacing, with a
single 1ow of sovheans between maize tows, than to plant maze at 90 « 30 an
spacing with one or two 1ows of sovheans hetween maize 1ows o1 in pure stands
at 60 % 30 an spacing, Expetimenting with varions populations, Lepiz (1971
alwavs obtained greater wewems from maize=heas combinations than biom pue-
stand maize o1 beans on soils of low fertilite nem Mesico Gy, Mexdco, Assoca-
tions with pole beans were generally more prolitable than with bush beans; i
this effect probably resulied iom the greater productivity of the pole bean vaniets
used than from interaction with a maise,

Willey and Osira (1972) cdondated the retarn lrom maize=bean mistures and
trom pure stands of the aaps when the maize=-hean price vatos were 121, 132,
L3y on Leb When maize=bean price itios were 11 o 12, susing maree and beans
in a2 atio was iare probitable acall plant populations. When the prce tatios
were B3 o B seedmy nuoze and beans inac B2 atio was the most prolitable
neatment i lugh plant populations: but puresstand heans were most prolitable
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At dower plant populations. ‘This analysis was conduced on crops grown in a
well-ternlized deep ferathng soil near habanvolo, Uganda,

Onan unspeabied soth my Pantnogin, India, Smgh et all (1973 lound greane
renns hrom nuze meraopped with sovbeans in double o single alwernate
tows than hom maze alone. Tnteraopping sorghum with sovheans wis not con
sistenth more proficable than gron g puresstand sorghum,

Averagimg the resolis bom volcanic soils and nonsolcani soils in Mesico,
CIMMY T 0197 8 doand a higher net retirn rom all nmutize=bean combinations
than from pare stands of muanze or beans, but several of the polvculie neanuments
had been mce hoanady fotizod than e contesponding monoculunes. However,
when 60,000 hoan plants por becare wae added 10 maize planted ac 10,000
plana per heaare and tanlized with 120 ke ha Nad 10kg ha PaOg. netincome
increased by Son 96 or Ston vt dependimg on the price of beans,

AUIRRE A7 Dy associations of marze with mungbeans., groundnurs, and sweet
potataes were compared with pure staneds of these aops at high and low pestand
water management fevels durnmg the 1973 iy season The relatne prohitabilin
ol monocalnme and polsculiare appeared o depend upon the management level,
A high devel of managoniont and ol wrowtng condinons, monocalime a4
prated 1o give areater retrn over waable costs Retunn pet hecne was about
the same Tor both svstams but retarn per uniob Lihor was greater with imonodnd-
e A a dower managoment foved or whoe heass nans o1 we sonl condions
testncted aiop arowth polvealiare appeoaned o b superior with reeard o total
tetunny abose sanable costs o above vanable costs pohectne por day, and
also per vt of cash espenise A the fowea matgoment level the renan per unn
of Laben of the twossstems was abont the satne althongh more toral Libor was used
wath polveabiure Trom those danen was condbuded thar * 1 seetns likels, hased on
very Bmiecd dar thar mraraoppng iy best D Lanl-hinitmy, Libor sinplus
sttudtions whercmanagenent s boss thanoptimad for monooutse: JRRICTOTH,

Ovea Pypne Dvstnde pr s Cosre Rica beans and niase were grown m pue
stands and m o nostires at e Diderom populatans at tour leveds of N ferrilizg-
non Fhe lnghestronnn was bt d wirh the apphication of 100 ke ha N tobean
motoculte aoresale related 1o the haeh proce of beans i Costa Rica I the
sahsence ob N Cbanlizanon mas i o i obtaned with o bean-maze
dssortation sith el aop e the populatn used i pute stands, 30,000 maree
phants and 50000 b plants ps hecne Paehinat and Ochhigle, 19713,

Cliao 1975 fonnd that s g rze sorth sonvheans wath 19 or 10 1ows of
sovheans o 2 aows oF anase or oo 5 rowe of sovbeats 1o 1 raw of mase,
Bev e dreatar ronn than proecescand sovheans i Lawan (1975),

Assoctations of maze wuh Irguines appear o be very profitable except when
gh Lecels of niragen fanhzo an applicdowndh s done by vers few fatiers.

Groundnuts in mixtures with crops other than ¢otton and maize, Gronndnuats
are commonl gronwn as aocash aop by siall fanners but are also used as a
tood arap They appea o L bregquenty e commonly wown Cop mistues
fSeshadir et b 1990, Fvans 1000 These mistines hae been evaluined eco-
noncally by soveral aatheons

-
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Onan unspecified site in Madvas, India, Pillai et al, (1957) found that the total
alue of produce over Jour vears was greater lor magi-gioundnet and 1agi-
coton=groundnut mixties than oy pure stiuds of these aops., However, ground-
nuts in pine stand had o greater cash valuc than o coton-gonndnut misture
Per day in the field, the ragi-groundnue misture produced the gieatest value,
followed by pure-stand groundnuts, Seshadi et al (1936 conductad expen-
mentsat Tindvanam, India, ona anspeafied site tow lnd 10,0001 acreoitown
1ubbish had been added and incorporated. Thes found that groundnuis assocr-
ated with cotton, tedgram. o1 castorbeans produced a greater avetase aet returm
over thiee sears than did pare stands of bunch-tvpe gronndimats, Mistnes of
groundnuts with sorghum, pearh millet, or setara millet were less profiable tha
pare stands ol groundnuts,

Although they did not cany out a full cconomie analvsis, Fyans and Sieed-
haran (1962) concluded ae Mwanhala, Tanzania, that castorhean prices woudd
have 1o be thiee nmes those of groundnuts o make imteraopping castorbeans
with .« low groundnut population unprotitable. On an unspeatted sorl at Ao
vatl, Incha, Bodade (1961 found that misties of gtoundnuts with songhiiim
planted i alternate tows with 2 1ows of soighum o 1 or 8 1ows of groundnuts,
or planted m the samerow with 1 3 sorghum. 2 4 groundnuts, produccd more ney
profit averaged over thice vears than pure stands of either Gop He noted that
the costof producnion of planung sorghum and groundnies i the same tow waas
much migher than planung i alternate 1ows; as a tesalt, 1y sorghuo, 19
groundnut nusture planted e the same 1ows was 1elainels unprofitablie cven
thaugh this anangement produced alinost as much ond vadue as groundnues
grown alone, When thes averaged the tesults from four seas ol expernments on
an unspecilied sotl ar Kadoy, India, Reddy, Roa, and Reddy (19651 (ound the
net prohit rom castorheans interaapped with groundnuts 1o be twice that lrom
castorheans grow n i pare stands. Other mterciops (greengram, cow peas, Setan i
nalica, sorghum, and Pennisetuom vphowdes) were much less protitable than
groundonuts and, with the exception ot greengram, producad Toss net et dhan
acasterbean monoculiore Although gran producion was greater thanw ith pure-
stand sorghum, Limgegouda (19725 lound on o mediam black sl ot Dhawa,
India, that net retnm over two vears was greatest lor groundnuts and sorghum
planted m altetmanng 2:1 or £1 1ow patterns. Fernlzanon was with 67,2 hy ha
of PoOg and 224 kg ha ol Kp0. N was applied at 112 kg ha to puresstand
sorghum and was reduced according 10 the proporon o' sorghum n the poly-
cultire stands,

IRREAO7H) determimned theas although groundnut vields were seduced by poly-
cdnne with hoth sweet conn and winatoes, the value of produce was grearen
with polvculnne and was lnghest when groundnuts, womato, and sweet corn
were all planted wgether,

These vesulis indicate that widespread use of groundnuis i polsculiue ap-
prats cconomictdlv justibied. Where compansons have been made between
groundnuts and other speaes massooation with the same crops (Seshadi et al.,
1956; Reddy e al, 1965 Varna and Subba Rao, 19691, groundnuts Taave alwass
given the greatest cconomic retinm, Part of this success s doubtless due to then
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elatnnely high cashovalue as well as then adaptabiling 1o assocanon with ather

aaops

Polveultwre with small grams. In what was apparently the fnst economi
ainalvats of polvartiore Ghemeoth (0t showed that the diterence e thevela-
e prices ol peas and oas udaconsidaable citeccon the value of the nus e,
Protits with pea-aat misnes were alwavs 25-35 poraent greatet than with the
putestand oats As the proportion of peas i the mistare marcased, profis m-
creascd b sise the peas broueht o muoch highar prce than the oats s was
I e cven b the ol aop vicld deaeased The caomomie amalvses wene
ot on bath picawar and postawanr pices The axponiments wae canticd out
el thice vers at Weonde and Holrensen, Geormany, on a hreht sorl and hoay
o sonl, s, thrce oat and thiee poavartenes of ditforent plant tope wath the

ey s at three donsities

viother ovample of the dittrcalne that arses hecause of different prices and
donend o producs was provuded by Gupeeand Mathur 190 who wore i
e to devise the most protahle was o produce Tinseed onna heht loam sanl ol
wmenaee foulis s Indi Pinseed wheat and avan <Cucor avietvnon wen
gromt e pure stands and Tinseed wo v gtown with wheat, g o0 wheat and
ar an .t two populations of the intaranps Averaeing the results of ive veans of
expetimenis, the most profiable plantmg was wheat grown i pure stand. asola-
tion which docs not satsty the muenton of producing hinscad - The greatest hn
seed producnon was fromn paee stads but this was onc of the least profitanle
stowing mcthods The thicc-aopomiaure at the higher populanon ol mtaraopes
was almost as profitable s giowmye wheat alone This s another situation i
which pobvcatine proveded aomeans of masimzng the prodaciion ol 1w
patamcters o this case hinsecd and cashe probis which wonld nor e possible
throngeh the use of monocndoue

O ~even buns i the Zana region of ortharn Nageree, Notman Bunger and
Goddard (1070 anampted v cvaluate the cconomics ob imcorporating o package
of imptoved pracices N and Potanhzaton, doser spacig and aimproved vare
Whes 1 two aop combinations groundnuts=sorghuwm-mdlec and sorghum-
muler T the cast of the threr-cop s e macases i cconomie et resdt
me bom mproved practces o cancellod one by the 22 pocent more Libon
they requirad Inthe case of the sovbean=maller svstenm, nuproved practices me-
creased viclds of both aops net cconomie retuen by 22 porcent and rcnnm pre
man-hour of Tabor e 10 porcent with ondy ab percont macase e the wotad Labon
pequircment Farmars scomed o e more receptive 1o improving practices with
the mllet=songhione assocaton than with the nnlle-sorghume-groundnue mis
tare In the same reggon of Nigena, Andrews (197
ton from one tow of sorghurm altananng withonerow of pon hintteclollowed n
fom peas, o1 o tows of sorghum altomatng with two rows ol nidler followed by
com preas, to beateatcr than romsorgham i pure stand o lrom asequental mono-

2y found the value ol produc-

anlture of milletand cospoas
At g completels difforent cnvnonment and leved of tedmology at Prbana,
e~ Dallon and Mckibbon 9720 anempred o ovaluate veday planting of
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soybeans into winter wheat i compared o pue stands or consecative mono-
cultine, o pracice not alwans feasible as o tesult of ol hoss, Tt
wits found economically more advantageous 1o refay sovheans o wheat than
to grow Just a monocubiute ol wheat However, because ol the tngher labor ex-
penses mvolved, relay aoppimg was less advantageous than grow g a4 mono-
culture ol sovhedans. Fwo consecative sovbean aops were noomore siccessiul
than a single wheat monoculisne bhecanse the sonbheans ware rost-kitled  Thus,
reliy copping was tecommended o winter wheat s, but not to sovhoan
fmmers

In an expermment with polvaulture of maze and e, IRRE 01979 showed
that, bectuse of vartanon m the velatnve prices ob the ditfaent aopscan TR ol
greater than umny did not necessartly dicate greater profitabiinn oy poly-
cultwe. Inan espernment with a nns e of IR-8ce and Farly Thar Composite
maize, the LER vanged hom 13-1 5 but the otal value ol the produce was greaten
with pure-stand marze at N levels above 50 kg ha Howevar, the cost ol the ler-
Uhizer was not mcuded i the calcalation and prce rdatonships contd change
In the eastern Anizon tegron ol Brazih, kass (19760 found that the necioram ol
nantoc-nice polvoulne was greater than that of mamo donc with or withont
weeding When no wecdimg was doneamonod uhre scquence of e and cow
peas produced o greater net et than a pce-maiioc misgane Ihe sitwanions
were not stals compatable, howesers and cowpea prices were guate hich at
the thine, The nostne had o shighthy hagher Labor requuircment than aid ciher ol
the monoculunes

Economic analvses of expenments with polveadnne of sniall wrams and other
crops have emphasized the importance of relative prices of the aops modaa-
mung the profitabiiing ol vanons aoppimg ssstems Il the cases aared here,
Changes m prces would have considerably altered the vesulis of the coonome ane-
alvses sinee probits often had e rddationshap o othor meastes of productivan

Polyculture with pigeon peas. In expriments cartted out for two veans an
well diamed sands loam. poor i No medunm m Pand k. with a pll ot R0 nea
New Delhin Inden, Saat, Smeh, and Ahlawau (1975 found that mitaaoppinmg,
mungheats, trdbeans, cowpeas, or sovisans chut not maze or sorghunn with
F-21 pigeon peas produced a signthicantly greater netretun than pigeon peasin
prne stand A plots received 25 kg ha N and 73 ke ha ol PO Lowhide songhum
ared e tecened an addiiional 75 ke ha ol N mwoapplicinons On the othey
hand, Gooding (190%) 1eported that a hvesvear experinent at Kanput, Indua,
howed that prgeon peas 1 puare stands vielded more and gave g groater moome
than seven conunonly grow o misones

Complex mintures, X nunber ol expeiments i recent seds huve moasured
the comparainne prolitatnhiny of rathes comples aopping systems nnvolvng a
constiderable nubet of aops Whitle such experiments mav approsiniiie . il
dopping ssstems, 1tis dithicalvio draw aey general conddusions brom them siee
the indivdugl neatments usually differ om cach other with respect 1o several
Lactons

I an espernment designed (o fud wass of recuperating losses w hon droughi
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desttoved a ticc aropan the Philippimes, severr aopping systems were tested. These
1 luded prone stands of sorghum, sweet comeand sweet potatoes; and sovhean-
SO cott=stect pobators inghedn=siw et cor sweet cor-swert potatoes, and
swedt poitto=sotghum nusones The greatest net et wos obtuned with the
sovheati-sweet cotn=sweet potio combmanon  Labor atlizaton was highest
with combiations contaming sweet potatoes and lowest with those continmng
sorghum JRRE 19785 In the same vear, the researchars studied sis dilferent
CLOPRIIG SVl COnLUNIMG stech cotth con peas, mungbeans, sovheans, sweet
potatocs, @b sorghum mvanous monoculture and polvculture comhnations,
Vithough the svstoms nnohvad anvwhere rom two 1o iy aops, noelanonship
between Gapping intnsue and netrennn was obsenved Labor requuorement was
alsounte lated 1o net nan o tenms of net imcome and net meome per day ot
Fibor, sweet corn followad by asweet cotn=sweet potate, mistute was the best
sstenn Soveral of the more profitable sestems had o high aadie requoement,
however Net income ob the svstems was telated to marketable cabohyvdrate
products but not to digesubie proton produces (IRRLT973) These vesulis ap-
prated to ke affeaed by the bace that swect connsold at a much agher price than
any ot the atha craps so that any svstan contannng 10 was extiemels profitable
In the tollowing vearn, aopprg ssstons ol g riee, conpeas, sweel potatoes,
sovheans, munehsans, amd vatons vegctables viown wath and withowt wecding
woere invastgaten The puots anhine of the ditfarent ssstems agaim appeated to he
more related 1o the aops tvolved than o the degree to which polsealiore was
practced  Sustens naolviny swect potatoes and vegetables wae most prohiahle
widhrespect o both cashyand Labor myestment Atthouaeh sestans imchading sev-
cral legumes produced more digestible protem, thes were senerally notvens pro-
frcabiie (IRRIL 1971

Smmdarlvo ona Fvpie Dyvsoandept, hine ssohy perthenmic, m Costa Rica (Pin-
chimat and Oclehigle 19700 the aops nnvalved atfocred the profuabiliny of the
aopping ssstems Svsteias nvolving heans and not nicc were the most prohiable,
L thiree levels of tauhizanon, polveultare of marze, mamion, and beans followed
by pure statnds of sovhaats o sweet potatoes produced greater gross teturns
cnanus taadizor costn than did monocalture sequences of erther sovheans and
tice, bush beans and sonhean | or cimbing beans and sweet potatoes, However,
frw Laveers i the area usad monoculime sequences

Waorkme with an eroded, poot, redeselow padzolic sorl i Lampung, South
Sumatta, Indonesta, Svantfudim et al (1973 compared mised aopping and in-
traropping ssstem ol taize, tice, sorghum. groundnuats, nce beans, and manioc
with scquence monacaltures of matze, e, and aace beans with and without
fornhizo mudeh linvmg, and isccnade nreatment, Without any inputs, costs of
the thice svstcis nnsad croppane, mitcraopping, and sequential imonoculiueey
ware ahont the e but the aropvalue rom ouscd aappimg and imteraoppimg
was abour twace the costs while thae was no et rennn o sequental mono-
cultine For antoraoppenyg costs of derahizer, Tnne, mulch, and msecnode,
macasad by TS 3250 per vean and production by S663 per sear: costs by $2695
per vear and producnon by 9 per s for mused aopping: and costs by $306
per vear and produciion by 8506 pa vear for sequential monocultie, Time for
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operations for fertibized plantings was 1722 man-hours ha lor muned aopping,
1553 1wan-hours oy sequential plantng, and 1131 man-hours ha for interoop-
ping Stip calivanon was praciced with miteraopping which reduced the Lo
required constderably

Paner (19759 veported a much greater retumm s the Pluhippimes when ginge
was mtercropped with mungheans, sosbeans, bush sicao, or cow peas than when
towas grown alone Greatest retnm was with bush siwio Vegerables gave simila
tesults with vanous interaop sequences: the exception was a sweet carn-swect
potatoamungbean sequence that gave less prohe than paresstand ginger,

Sorta et alb (1979 found that polvoultore could cqualize Tabor use duning the
vear, espectally tor aops such as manioc, whose Tabor requiraiments e vas
poorhy distitbuted A the prices prevarhing m Costa Rica when the analvses were
made, monoculture svstems mvolving manioe and swect potatoes were pofit-
able while those involving marze and bheans were not Combuung the ops m
polvanlture svstems veduced losses from the Jess profitable aops on the Ty
Dysttopept Wahout fanhzaton, a svstem consisting ol heans assocnited with
manioc and followed by pure-stand mawze was mone prolitable than pure stands
of manmoc and beans or than a thiee-aop monoculune of marze, hut less so than
two sequenttal monocubiures of sweet potatoes. With fertliation, manioc i pure
stands was also more potitable

On a Mahaas day of montmaonllonine nuneralogy, pH 6 6, o which apparenthy
no fertthzer was apphied, Sastaw mata (1976) i the Phuhippimes lound haghe
gross and net rennns above variable costs and hagher retams on labor with pols-
cultire of maze and mantoc than a maze sequenial monoculture or numoe
pute stands Maze was planted ac 50,000 plants ha and mamoc at 20,000 ha
all svstems

Although the wark of TRRT (1973, 197 b showed that profitabnlinn of aopping,
ssstems was dependent chirelly on the aops imvolved and their relative prices,
other researchers (Pinchimat and Oelshigle, 19715 Sovia et al, 1975, Sastraw nata,
1976) showed polvculine 10 be mote profitable than sequeatial monoculnne
of the same cops, Most imvestugators tound the Labor tequuements for polvoul-
e higher than for monoculture (Norman et al., 1970; IRRL 1971 Baker and
Notman, 1975, Sastawinata, 1976), although Svarifuddin (1973 did not The
return per unit Libor was nor necessantly Lagher for polveulnre (IRRIL 1971,
Sasttawnata, 19705 However, Baker and Norman (1975) found ac tess than
monoculiwe for sorghum, groundnuts, and cotton; but my an earher publication
(Norman, 1975, the greater tetume-per-unit-labor was ated as a benelit of
polvculune, Probably, the ciops mvolved have a greater eflect on the labor e-
quitements and reeans per unit Labor of the aopping ssstem ather than do am
speailic churacteristios of the sestem iself (IRRTL 1973: Noan et al., 1970)

Conclusions, Fxpenmental bindings have emphasized the importance of the
choice of aops and then elamve proces i deternming the profuabils of pols-
cultine. Winde the advantages ol cotton-groundnut and maize=bean mistures
seem telanvely independent of price relationshups (Pillan et al., 1957; Lepiz, 1971
CIMMY 1,197 B, 1t was shown that extremes of prices mas altect the profitabihn
of these mstares as well (Patil and Koraddi, 1960, Willes and Osuu, 1972; Pin-
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chunat and Oelhigle 19710 Wath othes combinations, price ditferentials had o
constderable chtcon, makmy polvcnlture exttemchy profitable when o high value
croprwas miroduced moa monoculture of a ow vatue onc cGhianerarh, 1950¢ Bo-
dade 1901 Gupra and Mathar, 1961, 1 would be wiong 1o assetr, however,
hat this wondd be acood cnncnon fop determmimg which cops 1o combae in
polvcaltre The growth hubig ol aroundnuts, as well as s telat els higher prce,
Wy taponsthle for is viccess massoctation with cotion o Gistonbeans, both of
which b hicha prce than cioundnues On e othe hand. Gops such as
sorehuim, et iz o compeasteduced rammns Redds ceal L 1905, Vg and
Suthba Rao jan,

Wath veaand to Liho tequiremants chowce of Gops appeaed 1o be stgntbreant
i deterimmng both croppirg ssstan s ol Libor vequiemont and vetarn e
vt ob Libor although such analyaes huse notheen made for awrcat ranwe of o 1O
Cdoppiig sstems JORRL975 1971 Svantuddim, 1977, Sastrawinatg, 1976

Phearo was considerable oo howevar, that polvculinne was distinaihy
fess profitable a higher manaeoment levels, especialiy at lngh ferahing levels
Nommon coal 1970 IRRI juTy 1975, Pinchinat and Oclshigle, 1971, Sorn o
1T whi e mdicaes tht s widespread use a1 Jow managenent levels
IS pustified

Probablv - consdaably more ntonmaton could be detnved from econom
analvses ol praducnon of the sann cropsan monoculune and pohycaliag e TN
hexpermments wore desiguad 1o heep the elfecr of dilferences in price and ity
requiremonts b bocomig overhy sigmibrcant In the more comples expernments,
the chorce of crops gonarally had a greater effect on cconomic returns than did
the choce of Gopping ssstems

Effect of polvculure on inddonce of pests and diseases

It has been susgested that spraes grown m polveuliue would he Jess sthjert
toattack by plant diseases and pests iBvans, 1900, Ruthenberg, 1971 Apple,
P72 Notman, 19710 \iner (1919 saggested that polvauliure would reduce
the madence of diseases and pests by o preventing spread becanse of greate
separation botween susceptible phants, (23 one species sen Mg as a bap arop for
adease or pest to whick auother s stisceptible, and by (3, the asson naed Sprces
reraang s arepellant lor o discase on pestobanother speares However, Aiser also
auted three wavs In which polvealine mas increase the madione of pests on
diseases (b reduced calnanon and wrcer shading doe 0 the presence of
asoctted speaes (2 ssocnated speares senvmyg as alternate: hosts, and (4)
aop residues of the species finst huarvested 1o marnimsg i the held and serving s
aoutce ol mocuhun One o more of hes mechamsms have been iy oked In
Ivestigators of polvculiine o oxplam maeasal tdence of centam pests o
diseases 1 aopping sustenis unede studs However most have not offered am
suggestions on the mechanisms ol ed w herd noting that reduced or increased
pest o disease madence acamred The s of hoth increased or decreased prest
nerdence are ennmcrared b fos

Increased mcidence of pests. Because of mabilin o cultnvate g maze-son -
bean it Brown A9 stcd that greater weed grosth occuned with o
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maize-soybean mixtne than with pure-stand maize and that the weeds served
as 4 breeding ground for Diabrotica beetles, whose Lavae me a pest of maise.
Robinson (1960) noted a greater inadence of pea aphiuds on peas grown with
oits than on peas grown aone, Willey and Osiu (1972 noted that an attack ol
gall mudges on the bean pods seemed 10 be worse mpolycalture plor because the
mixtures provided a more humid and shads enyvnonment Soti et al (19751 ob-
served that Chivsomehdae prefened sweet potatoes durmg the establishient
stage when grown with beans These were the only anstances of inoreased pest
occuntence that the author reported, and m none of the cases did he seane that
the pests contrnibuted o reduced vields

Decreased incidence of pests. Biown (1935) noted that in Lousiana budworm
infestation m puresstand maze was greater than m maze assocated with sov-
beans, even though there appears to have been more moculum present m pols -
culture plots, Anver (1919 mentuoned that polscalture wath salflower, a spiny
plant, would keep canle our of fields, TIRRT (1973 found that mierplanting
tomatoes with cabbage reduced the number of adults and eggs of the damond-
back moth (Plutella sylostella 1) on cabbage plams, Tt was fele that the odot
ol the tomato plants repelled or disturbed the Plutella adults

Fhe most extensive study of the effect of polveulture on pests was carried ot
U IRRT (1973, 197 1) to see kow groundnuts mteraopped with mawve would 1e-
duce madence ol the cotn borer (Ostinia frionacalns Guence) on the maise.
It was found that mterplantimg groundnuts m the maze at eather 20,000 o1 40,000
mawze plants ha teduced mfestaton by the corn horer as measared by the number
of boreranfested plants, borer number per plant, and the number of feeding o
estt holes and tunnels. These patameters were also reduced by a lower maize
population, but were even further lowered by interaopping with groundnuts i
the lower popalation. The rescarchers feli that groundnuts provided a better
habitat for borer predators, The resulis of funther studies at IRRT (1970 are listed
below,

I Green imenow cover (green bunlapy reduced ovipositton on maize plants
but not s much as groundnut imtercrop. A combinanon of groandnus and green
hutlap rednced oviposttion still further, wdicating that the boter adulis responded
to both oltactory and visual cues,

2) The groundnues interarop did not mtluence the survival or establishment of
st st Livae that were artibaally mooduced on the maize plants,

B There was some evidence that groundnues provided a more Livorable hal-
o spiders, espeaadly Lycosa spp . which were sigmilicant predatons on
borer Luvae, The ellect of the groundnut mntercrop on borer population and
damage could be dimmished considerably by use of @ broad-specium msect-
icde that kelled spuders,

Sasttawmata (1976). also working at IRRL lound that maze- ziovndnut
and maize-sovbean polvenltures reduced the number of comn borer egg nuisses,
tunnels, Tarvae, pupae, and pupa cases on maize plants at both 10,000 and 20,000
maize plants per hedare, Reduang the maize populanon lowered the hona
populbation but not as much as did interaopping. At 10,000 maize plants ha bu
not at 20,000 plants ha, maize-groundnut nueraopping resulted insignibicantly



fewer pupae, pupal cases, and lava + bupa + pupal cases than did maize-son -
bearintercropping Sastaw imana fely that marze monoculture in Indonesia would
probably vesultan the com borer hecoming a sigmlicant pest

In novthern Nigera, Baker and Norman (1975 1weported thay COWPEAS were
less attacked by insects when grownan mivues, Crookston (1976) repotted on
work m OKLihoma m which unneated totton vielded 21 percent higher m asso-
aation with sorghum than Jud putesstand cotton teated wih msecr ides The
reson dor this was that the sorghum senved as @ habitat 1o cotton boltworm
predators, Francis, o, and Prages (1977 seported o lower madence of fall
A worns Spodophera. s\ppon mare assoc tted with bush beans
planted six davs betore the muaize than on putestand marze or on marze assoc ated
vith climbing beans planted seven davs after the mase.

Fhe work of IRRI and Crookston present the best documented cases of 1edu -
ton ol ansect posts due 1o polvealune Al other teports amount o hude more
than castal observations

Increased incidence of diseases. IRRE (1973) reported increased incidence
obsovhean rust ma suscepuble vaneny (Shib-Shihy when 1t was interplanted with
marzeand when the maze population inaeased. IRRT (1974) also noted greater
madence of leal diseases (Cercosporaand tasty in mungbeans mrerc 1opped with
maze than when planted in monoculone 1 his was especially frue when maize
populaton and feralizanon were high, In the eastern Ninavon region of Brasil,
@ humd region where the disease 1 prevalent, Kass (1976) noted greater ing-
dence of brovn spot (Cochliobolus mavabeanus, Tto et Kunthayashi, Dreschisler en
Dastury on nice grown m polvculture with maze and matoe tham on vice grown
N pure stands; this was evidenced by a greater percentage ol rice leaves showing
symptoms of the disease, Polyculture of 1nice wul manioc had no effece on the
number of Jeaves alfecied 70 days after 1ce emargence his difference was
aunbued o the icreased shade offered by the maize plants which were taller
than the e, while the manio was shorter A teported more severe Cereo-
spori leaf spotm groundnats grown with maize than in those grown in pure stanl.
Van den Bergh (1968) noted that doSpeaes may cary aovitus not hanmful (o
1sell but destructive o an assocrated species,

Decreased disease incidence. Panet (1975) reported no dilference m the in-
tensity of Cerconpora leat mold, bactenal wilt (Pseudomonas solanceariom), and
Sclerotum st 1ot on okra, tomato, bush sitao, and munghbeans, respedively,
planted i the open o under coconun tees mthe Phibippimes Ubs showed mope
leal spot (Gleosponum) when planted e the open than under cotonut, Sin-
Latlv, there was no diffarence 1n mensis ol mosae on sguash, CowWpeas, hatao,
pole beans, and poppo Planted i the opon and unde coconut On mineer, leal
*POLwas more sevare an the open than w hen shadedalthough Teal bhight and
retd wpot were not

Sorv e al (1977, teported that the madences of Owdium manihotes and
ol vust were highear on beans SLOWn in pure stnd, espeaally dunimg and afie
Howenng, than polvealture with manioe and e respectively, They fely
that iaize acted as a natinal barnier impeding free dissemination of fungal spores,



IITA (1975) reported differential attack of 1osette and leaf spot on ground-
nuts grown alone and interaopped with maize Rosette attacked 619 percent
of the gronndnut plants in pute stand but onlv 36.5 percent of those mtercropped
with maize. Rust was mote serious on mawze, and virus on sweet potatoes, when
they were grown alone than when giown together,

Sastrawimata (1976) reparted no ettect ol interaopping on the madence of
downy nildew 1 marze, but lowenng the maze populanon didredace madence
of the disease Lo make such a low manze population cconome, i would be nece
essary 1o mtercrop the maize with another aop

Conclusions. In general, thae would seem 1o be no dearcat beneliv or denn-
ment from polvculunre with regard 1o pest conttol However, one exception
was the dearly reduced madence of the corn borer in polvcultine with ground-
nuts and, to a lesser degree, with sovheans (IRRL 1973, 1971 Sasuawinata,
1976). With discases, 1t would be difhicult 10 distinguish the effeas of poly-
culture from those ot reduced plant populations and increased shading (Paner,
1975; Kass, 1976; Sasttawinata, 1976), situattons that are vartoush ore favor-
able for some diseases and less favorable for others,

Another effect ol polvculture on diseases and pests is that one speaes may
show maeased growth when the other is injured or desttoved by disease, De Wit
(1960) suggested this possibility, ating as evidence the findimmg of Reestman
(1916) that heatthy potato plants suntounded by planes alfecred with leaf 10l
vielded more per plamt than when sunounded by healthy plants, Etheridge
and Helm (1921 suggested  that sovbeans would vield more in a maize-sos-
bean masture tf the mae were attacked by chindh bugs, which generally do
not nfest sovbeans. Klages (1936) showed that the pereentage of durum wheat
hatvested from a mizte of hard ted sprng wheat and durum wheat was -
aeased when the sprieg wheat was attacked by stem aust. However, an attack
of tust on harlev at a later stage of development had no eftect on the proportion
of batley havested tom an oat=barley mixnne, Gliemeroth (19503 lound that
when odats were attacked by witeworms, leading o o reduced stand, the vield of
peas sown with aats was much greater than the reduction in the oal vield — oat
vield was teduced by one-hall while pea yield was increased fourfold. Like Klages
(1936, IRRI (1975 tound that elimination of one species had to occun relainehy
carly for the other to tihe advantage of the inacased available space, However, as
suggested by de Wi (1960), it would seem that the natare ot the vield com-
ponents of the paracula aop, 1o a4 consuderable degree, determime it abilis o
mahe use of maeased emvnonmental tesowrces which hecome available at a
fater stage ol deselopment due 1o climination of the associated specie by
msects o1 disease

Long-term effects of polveultue

Most imvestigatens have concentiated on the vields of cops ina paticular mis-
tre and not on the long-term etfeas of polvealture onsoil condition and subse-
quent aops, Because, as was shown eanlien, polycultue iemoves more N, Py
K. Mg, and Ca from the soil than does monoculiare, Tess of these clemens aie
avanlable tor subsequent cops when this svstem s used. On the other hand, nu-
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tients that remam m the soil are naturally subject o fosses by leachimg and ero-
sion and pethaps aie better temoved ina aope Furthermore, af polyaulure ex-
plotts a Larger volume of sanl, 1esidues om such asvsiem might nuthe nutients
avatlable o subsequen? cops with more resticted rootimg svstems,

When a legume was isolved g polyaulture system, the possiblite alwavs
existed that the N fised might be acarlable o subsequent coops (kimney and
Roberts, 1921 Frhendge and Helm, 192500 pahaps even more than at s 1o

-

dops grtown concutrently (Aghoola and Favemt, 19720 Athough they found
them otherw e undesirable, Noll and Tewis (1921 recommiended the use
of mae-sovhean mistures tor this purpose Rellerman and Waghe (191D
found that when grown m taired, patattmed wire haskers tilled with sufl, silin
v loam tom the flats of the Potoniac River, nastutes of peas ot beans
with barles depleted sotl N Jess than pure stands of peas en harles but more than
heans giown alone However the plant tissues of the mistures contamed more N
than they did m all pare stands On the hasis of calculauons usimg the N content
of plants rather than ol the sod Dihadge and Heln, (1925 condluded that less
N would be removed Brom the sonl by a sovbean-maze musuare than by pure-
stand mare op They cadeulated that o matze-sovhean nusaare could only m-
aease sotl Nt g tow maze populaton wae planted and the entine aop wee
pastined, On the othar band. Avres (9250 repoted that coton vielded 2100
s acre atter o single vear of sovhean-marze mintuie as compared to 1800 1hs
acre followime pure-stand marze i the Mississippr debia

Laon (1927 carnted out a hivesvear rotatton, on a clay loam moderatels re-
sponsive to N, appatenty without added fernhizer, Inthe fivse vear (1919), the
whole area was planted with whear. In the second year, it was divided miro thiee
pants, one p!oated with wheat undersown with red dover, ane planted 1o timothy,,
and one plouied with tve, Tn the following vear (1924, cach of the three areas
with oats alone Inthe Ll all sis areas were planted with winter wheat. I the
nest vear (92500 W the wheat was hanvested, the whole area was planted
nest vear (1925, abter the wheat was hanvested, the whole res was planted
with fodder comnand in the following yveat with wheat (192D In the area planted
with red dlover e the second sear, there was hale ditference in wheat vields
following oats o1 oats with peas, wheat vields lollowing putesstand oats were
shighihv greater I areas planted wich timothy o ive e the second vear, the gram
viclds and. o a lesser extent, total div matter stelds of subsequent aops were
considerably greater followimg the oat=ped misture than followime puresstand
oats Unforiunatels, the esperiment was not rephaated, lon tas somewhat sut-
prisme that o single vear of ted cdover or a smgle season of pas assoaated with
oats conld e such o commtderable long-term effect However, pea deselop-
ment was quite good i the mistie vieldimg more than 3000 1hs acre ol gramn +
sttaw following tmothy, and about 2500 by aoe tollowing rse bhut Toss than
1300 1by acte tollowme clover, Yield of wheat gram, but not strav was lowa
toHowing the aatep = nusture than aftor purcstand oars o the area where peas
had stclded niost Dut mesubseguent years, yidds were areater tollosang the oat-
Pra mistue,

The @eater yichd of mae assocated with soyhbeans than of mave grown
i pure stand an the thivd, fourth, and Bifth vears of the contimuons aopping
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experiment of Brown (1985) has already been noted (page 17). Soil samples
tthen at the end of the five-yean experiment showed total orgame matter, pereent-
age of N, and acid soluble K greater m the plots aopped with the maize-sos hean
mixtute than in those planted with maize alone  There was no difference in ol
Py Oy o1 pH. Cotton planted on the plots mthe lollow g year, although heavily
attacked by boll weevtls, was taller and vielded twice as much follow g the
maize=son hean nustme as it did followme prare-stand maze: o connast o the
expeinment of Tyon, there were low rephicates i this experment, caned out on
4 Denham silt loam i Lousiana,

Followmg unsuccossiul polveulune with maze and vanous legumes, for
which sields were not given, onamn unspeafied sotl on the southern coast of G-
temala, Fuentes (1951) eplanted all plots with puresstand maze, He found that
yields followimg cercam legumes were up to twice as high following ceriammaze-
legume nnaures as those followmg puesstand mize. The best results were ob-
tained with Crotolana speaes and pigeon peas. Faentes sard that such avesponse
wits expected since the sorl's feriihn had been depleted by previous aops of rice,
hananas, and mawse,

Gautam, Shah, and Nan (1961) ran an expeniment for two vears in o sandy
loam, pH 8.2, medium i N and available P, at the Indun Agriculinal Research
Institute near New Delhin in which maize was hoth grown in pure stands and
associated with vanous legnmes and then was followed by a aop ol wheat. In the
fust vear, mare vields were low (about 1200 kg ha), although stightly but in-
stgnthoanty macased by associanon with sovbeans, mungbeans, and sannhemyy;
but wheat vields tollowing  maize-mungbeans and  maize-sannhemp were
signithcantly higher than tollowmg maize alone, In the second sear, maze vields
were hngher (3200 ke ha but were not atteaed by assocation with legumes
even when 90 kg ha ol Po Og were applied by different methods (banding, broad-
cast, and banding combied with foliar application). Wheat vields following the
nuze=legume nusture were about the same lollowing pute-stand maize In the
second vear, 132 kg ha N, 90 Kg ha Py Og, and 67 ke ha KpO were apphed to
the plantings, Fernlization to the st vear was with two levels of NP and K but
the quantties were not stated. 1 he authors feltthat i the second vear (i contast
to the lirst) the imaize had taken up all of the applied N leaving hictle for the sub-
sequent wheat aop, which appeared N defiaent Yields ol wheat were higher in
the second vear, however,

Koregave (196 D) found that assodiating sannhemp with elephant yam inceased
the N content mote than did growing pure-stand elephant vam. Fhis expetiment
was catnted out at the Yeravda Central Prison Farm at Poona, India, onaome-
dium black, well-dramed fertile s, previoushy phinted o banjal, that was fer-
tiltzed with 9 menc tons ace of Gumvard manue Becanse N fentilizer (ground-
nut cahe and ammonium sultate) was topdressed during the corrse of the experi-
ment, 1t was not surprsig that N content of the sanl moreased in all plantings,
Beaause the vield ol the interarops was not reported, 1t s dilficult o determine
what signiticance should be given o the finding that the maease in soil Nowas
about the same for elephant vam grown m pure stand or associated with cluster

beans or lucene.
As desaribed earlier, working with feruginous nopical soils of the Ihadan and
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Iwo Series in Nigetia., Aghoola and Fayemi (1971) showed that OVED SUCcessive
aopping seasons, vields of maize grown in association with cowpeas, calopogon,
o greengiun, inaesed in comparison with those of pure-stand marze. In an-
other experiment on soils of the Thadan series, with thiee replicates, o which 15
hg Koand 20 kg P per hectane were applied, maize vields were 1790 kg ha to
puresstand maize, 1850 kg ha for maize associated with cowpeas, 3080 ke ha fon
maize assocated with greengram, and 1850 kg ha for maze associated with
calopogon (Aghoola and Favemn, 19724). When 1esidues of these legumes and
maize were ploughed under and maize alone eplanted e months after the tirst
planting, the plot which had pare-stand marze vielded 1210 ke ha; thar which
had had maize and cowpeas, 1970 kg hat that with greengram, 1510 kg ha; and
that with calopogon 2120 kg ha. s indicates that Atengram had a greate
b elit on associated maize while cowpeas and calopogon had a greiwer henefit

©osubsequent mare aops, Applicaton of 15, 90, » 135 kg ha of N 1o the
planungs made the elear of the assocated legumes completely insignificant.
nan anallan expeniment, sotls from 0-15 and 15-30 ¢m depth of the ploy
were tahen at the time the st planting was hanested, placed in pots, and planted
with mawe. Thete were four eplicates, A cight weeks, the ops were har-
svested and analvzed for No It was tound that manse grown in soil om pure-
stand mawve plots contamed 91 mg N: from the maze-greengram plots, 51 mg
N hom the maze-cowpea plots, 13 mg N2 and from the maizec alopogon plats,
35 mg N. Thes calculated that the legumes had inaeased the N content of the wop
30 «m of the sl by 28-30 kg ha, the greatest increase being with greengam,
Follow-up experiments atempted 10 show that greegram released more soluble
N compounds into the soil solution than dud cowpeas o1 calopogon, The pe-
searchers speculated that cowpeas and calopogon increased soil nitogen levels
chiefly through decomposition of ¢ top residues. Total N fisation by cowpe s and
adopogon was greater than it was by greengram, howover.

Sixteen weehs after maze planting in a loam soil in Frinidad, Dalal (1971
could find no signilicant diffetences among pure-stand miize o1 prgeon peas,
pigeon peas planted either in the same o alternate 1ows as minze, and plots
left fallow, with 1espect 1o soil pH, ex hangeable Mg and K, available P, and total
N. Exchangeable Ca was lower in the plot with pure-stand mawe than in those
grown with puresstand pigeon peas or left fallow, but was not significamily dil-
ferent tom the polvculiure plots. Organic Cwas hughest after sisteen weeks ol
puresstand pigeon peas, but did not differ between the fallow and polyculne
plotss it was lowest by i significam degree with puesstand maze. Alterate 1ows
of maize and pigeon peas led o sigmficanty more mineral Non the sinbace sonl
than did @l other systems, It should be remembered, although the maize was ma-
ture at the time of sampling, the pigeon peas were not harsested until cight weeks
later and produced most of their growthan the Lyter stages of development. 1 has,
Cacontentof the maize was higher than i all othes « TOPPINE systems at 16 weeks:
Lut by 21 weeks, all plantings contwning pugeon peas had wecomulated meone
Cathan did miuze i pure standds

On a Quartzipsammentic Haplorthos, sindy, oxidic, isohyperthermie, unde
o« hugh vamtall vegime mthe eastern Bravilian Amazon, Kass (1976) measured
changes i exchangeable sonl Mg and K 1o 40 cm depth over one year under dif-
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ferent aopping systems, He lound very small differences in changes in soil K
hut lass of soil Mg was significitly less under polyculieol vice and manioc than
undes pure-stand manioc,

With the exception of Kass (1976, all polycubiure systems whose elfecs on
soils o1 subsequent aops were determined involved tegumes; and with the above
exception and that of Biown (1935), who reported higher soil K lollowing maize-
sovhean mixtures than tollowing pue-stand maize, all elfects could be explained
by inaeases msoil nitogen. OF the experiments veviewed in s seaiion, only
two authors (Lavon, 1925 Gautam et al., 1964) reponed instiances where poly-
cultre with a legume failed o benefit subsequent aops: but too few expenments
hav e been 1un to be certain that this practice will always havea positive effect s
Lyon (1925 showed, the fertility of the soil as well as its preceding use will have
a constderable mtluence on the long-term effects of polyculture,

Stability of vields

Martsh (1931 suggested that because conditions for growing either aop
might vary considerably over the course of several yeats, an oat=bhatley nusture
would produce o mose stable yield than pure stands, Thus, e the thiee vears
which he ran experiments in Michigan, vields of misties of Wisconsim 38 barles
and Wolverine oats varied from 1721 10 2805 1hsy aae while pure-stand vields
vatied from 1377 10 2730 1bs acre. Mistures of Spartan barley oxd Markton auats
vinied from 1852 1o 2128 Ihs acre as compared o aange of 1311 o 2202 Ths
acie for pute stands, Papadakis (191) grew sis ditferent legime-cereal iastnnes
at sin sites in Greece., The coefficient of variability [or vields among differen
sites was 19 percent for puresstand cereals, 63 pereent for pure-stand Tegumes,
but only 31 percent for mistares of the two, He conduded that mistures were Jess
hazndous than single aops,

Similarly, Gliemeroth (1950), in a thieesyein experiment at two sites in Ger-
may, showed that vields of mixed stands of oats and peas exhibited a smalle
aviance over different years and locations as well as within each site than did
pute-stand oars and peas. His results also showed that the benefits of an oat-pea
misture would be greater where conditions for puresstamd oats were untavor-
able

Greater vield stability was suggested by Jensen (1952) as an advantage oftered
v multilines of cereal crops. Subsequent expetiments with mulalines of oats
(Jensen, 1963 and soybeans (Lin and Torie, 1970 showed that vields of multi-
Jines indeed vatied lTess from yea to ven than did pute Iines of these aops.

Prine (1960) stated that there would be fess chance of ol aop failuwe with
polycultre since envitonmental conditions muight be favorable forone, it not both,
of the aops in a mistne, Thas, Patil and Koraddi (1960 tound thar polvealtne
of cotton and groundnuts wits most profitable inavear mowhich excessive rainfall
practically desnoved the cotton arop, Bodade (1968 alsa stated that polvealiae
would minimize the eftect ol aop lailures, Sigh ecal (1973 recommended that
soyheans always e planted in polyeulune vather than o pure stands because
the chiees of cop failue fiom vivas andust in India are so great that anassoc-
ated aop could prevent a planting hom being i total Toss As discussed canlier,
they found that maizé vielded more when associated with sovheans thin when
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grown alone and that adjacent pue stands of maize and soybeans would not
be as benefiaal as the miste,

In the atea of Mexico where the Puebla project was set up (CINIMY'L, 1974),
raintall was notsutlicient for production of a naize dop every vear; some diought
damage ocanted in 60 percent of the years, The tesearchers felt that assoc iating
beans with muaze would assure a successful aop every vear.

The hypothesis of greater vield stability for polvoulture was doubted by IRRI
(1975). but then contention was based on the vesults of o single vear's e\pen-
ments, They pomted out that unless aaop were eliminated 1elatively catly, the
other crop would be unable 1o make use of the added space and the eliminated
crop might still reduce yields of the surving one considerably, They cond haded
that there was no real benetis o polveultute. Phes felt tha damuage o a aop ot
e ety stage when the associated aop could compensate for the Joss conld just
o teadihy be overcome bvaeplantng, Then evidence was based on o limited num-
bt of cop cominations (maise-munghbeans, mare-tice, and mdize-soy beans)
i which bath cops had generally similar groscth ovdles and dimate 1equite-
ments Cases of diought damage, not considered by IRRIL, bt hrequently cited
by ather authors (Craaoni, 1951 Anthony and Willimou, 1957; Andiews, 1972;
CIMMY T 197D have genetally occunred o late in the season 1o be offset by
replanting.

Relav aopping ol winter wheat in Ohto (Triplen, Beuerlein, and Ko,
1976) o1 ois i Hhmows (Brown and Gratlis, 1976), respectively, with soybeans
was comsidered unreliable although experiments found an LER o) greater than
one for the oat=-sovhean combination in Hlinows, The resem<hers felt that famers
would have considerable difficulty in achieving the rapidity of opetations neces-
sty for successtul relay planting. Also, adequate intall and weed control for
the sovhean aop were umeliable, Toshould be noted that these conditions would
also make sequential aopping of the wheat o1 oats with soyheans impossible and
the choice [or the midwestern Lanmer is generally between a single aop of soy-
heans, oats, or winter wheat and relay (oppang,

In conclusion, those authors who measined vields hom polyculiuie over
several vears generally found them 1o be more stable than those obtamed from
monoculture. Researchers who doubted this hypothesis did not measte the
vartabihie of vields over several yeas.

Effects of polyculture on cultural practices

Calunal practices developed for monocultne might not be practicble wirth
polycultune (Ayer, 1919; Prine, 1960; Andiews, 1972). Mechimzation and de-
selopment ol specitic practices for monoculiure hive been ared as pricipal
causes for the dedline of polyculture of legumes and maize i southeastern U, S,
(Prine, 1960,

Although they recognized tha growing mixtures of mare and soybeans would
create some cifficulties in management, several of the ealier 1esearc hers
(Etheridge and Helm, 1924 Ayres, 1925 Thatcher, 1925; Mooers, 1927: Fa ke
man et al, 1928 Brown, 1935) felt that benetus from the pracuce oflset the dis-
advantages Yet, Noll and Lewis (1921), Kimney and Roberts (1921), and Od-
land (19305 did not feel that the benefits were sutficent 1o counter the added
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work of planting, culovation, and harvest. The authors who recommended
the use of mare-sovhean mistes olten suggested means of reducing the labo
involved. Frhendge and Helim (1921 suggested that marze stover and sovbeans
be pastuned by sheep and cattle followme harvest of maize tor grain Lake Weaner
(1921), they also reported benehits of hogging ol the imaize-sovhoan mistue,
which would 1educe the labor yequured m hanvesing, Dilhicalts i planong
could be reduced, they suggested, by planting aliernating double 10ws of mae
and sovbeans, However, vields rom this sestem were somewhat lower than
with alternatnng simgle 10w, Avies (1923) suggested mismg the maze and beans
and planting them together with conventonal gram diithing equipnient, while
Brown (1935) used w one-horse planter with o duplex hopper with six cups on
cach side for planting alternate hills of minze and sovheans, He also suggested
that the tabor required tonr hanvesting could be reduced by haryvesting maize grain
titst and then gathering maize stover and sovbeans lor has,

Adyer (1919 lelt that the additional operatons requnred for harvesting and the
ditficulty of imechamzanon were mayor disadvantages of polvculine, He aldso felt
that the fact that one aop remained on the Lield atter the harvest ol the othe
would prevent mning under vesidues, leading 1o problems wuly disease and
insec s, Mitchandi and Mista (1957 compated seedimg wheat with peas or Tentils
in the same tow, seeding one o1 two 1ows of wheat alteratng with a single row
of legume, and aoss-sowing the wheat and legiome. This lauer pracace was the
most sunendable o mechanizaton, No signtbicant ditferences m vield of wheat,
peas, ar lenuls were found o resalt b on the difterent seeding methods although
the vields of peas and wheat were shghily higher with aoss-seeding than with
the other methods, Evans (1960) felt that mechanization would be the ondy justi-
lication for the abandonment ol vaditional polveulune. Pone (1960) atnthuted
abandonment ol the common and, in his opinion, beneliaal prachice obmteraop-
ping groundnuts and maize in the southeastern U, S o the wadespread use of the
fiurm tacior and heavy lentlizaton, Schilling (1963) also saw mechamzitiion as a
setious drawhack to polyaulune,

Dillon and McKibben (1972) showed thin relay aopping was the only feasible
winv of 1eadizing o double aop of winea wheat and sovbeans under the conditions
found in Urbang, Minois: but the pracice would requite good muanagement o
get adequate plant populations and good weed connol with the sovhean aop.
As was pomted out earlien, relay phinting was tound to be mare cconomical than
asingle whe aop but not more than a single sovhean aop,

Recent work in Afvica has shown polyculine 1o be superion to purestands when
aops were grown m alternate rows and ac high levels of feriihizanon (Andiews,
1972 Willey and Osinu, 1972: Osira and Willey, 1972: Haizel, 197 . According,
o these sauthors, such sy steny would beannenable o medumization alithough the
did notactually attempt inm thein experiments, Such work has been aiticized by
Notman (19710 as being completely inelevant to the social and economie con-
sttaints under which maost polveabture i Aricacis practiced. This paper has al-
tesedy shown that an attempt o mooduce improved caltaral pracoces (spacmg,
lertilizanion, and mproved vaneties) imto taditional svstems i northern Nigetia
wins promismy for sorghom and millet bur not lor sorghum-gronndnut-miller
mintwres (Notnun et al, 1970
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Work at IRRT (1972 umcovered rather obvions disadvantages 1o polvaulune
in a ndge and Tunow svsiem. The gop o the imow mterfered with dramage,
and cultvanion mthe urrow could not be praciced with a hand tracior. When
planted on the Hat however, maize e 1opped with mungbeans vielded more
than puesstand marze at tower lovels of weed control (o weeding. one pass with
A hand tactor with oty cabinvaton, or burachlon at G o 192 ke actnve meredr-
enis pet hectarer Warh more complere weed contol thand weeding or 2 1 ke
a1 haot butachlon, puresstand marze s ielded more than onze mierc toppedwith
mungheans Inthe tollowimg ven, weed conttobicreased ecotionnie retum niech
less wirhy polveuliine of maze and mungbeans than wulh pure stands of these
cops Exponmonts mow hcdh different powear souces were compared fon plannng
and cubinanen oftored Tude mtormanon abour the elfect ol polveulture bhecause
the same Gops were not v olved i the monoculnare and polvaalnie swstems
dRRIL 9T H

Fabor trquanrements for all aporations m sequentual planung, meraoppims,
amd minad aopping of nec marze and nceboans were detenmmed by Svan-
tadeh coal 1975 m South Sumana Indonesia 1 he polveulture eatmenis also
meluded gronndnuts and mamoc A was pomted onr cartier, labon tequirenents
were highest for misned aoppig and Towest Lo mteraopping. AH operations
plantng, weedie fernhizing, and harvesting s wath the exception of harvesting
mantoc tequired Tess Labor wath it aopp ¢ than with mised cropping even
though they weare all pettformed b hand

Vi Unbana, Hhnows, an 1975 ancomtaging results were obtained flom c1oss-
sceding Walluons sovheans i Otec oats siv weeks atter the oats were planted
Whean the ows wore an for silage. seven weeks after the sos beans were planted,
the sovbeans ware 120 tall Teaving a6 i stubble, the sos heans were cut off
above the unifoliare Toaves and below the fust ifolnte Teaves  The sos beans
teeovared howevar producimyg one branch rom cach amifoliae teal asal, and
vielded Hrbu o as companad with S8 ha acre fon purestmd sovheans The oars
produced shahdy more div maner than i pure stand and had o higher coade pro.
e content as woresult of the proscnce o sovbean ops I the aats wete com-
binedor graim about three weeks abter the thme of ¢ utning for stlace when the sos -
beans werc ahinost as tadlas the oats and had alicads Bowereds the sos beans made
ltde firthar growth and remained as all as the oar staw Yields were 83 bu acre
ob oat gram and 28 hu acve of sovbeans as compared 10 9% and 55 bu acre fon
prre stands givmg an FER of 137 No heabiodes were applicd, and the soy-
Beans matired two weeks carhier whon the outs we e combimed for grann Inoa
telated oxpeornment wan sorelnom and sotehum-sudan grass hvhid wepe
succosstully estaibnhicd i ows by crossediiiling There was 1o 1 edu von m vaeld
ob outs harvested bon silsee o anan Although the plantmes were only made n
astmede ven the aalans fol that hinehe Nprrnnentation wih planong yate and
tove wadthe as weldl as with oo selecnon woulid mnprove chances ol success
Brown and Caudfis, 1970

Prplere erad 8970, sunvesed fanices i Ohio who had attempted 1o relay
sovheans o winter wheat by both anplane and comentional seeding imethads,
Vithough fower Barmers Tad sceded by consentional methods, sovhean vields were
no dower than wolh anplane sceding Only {0 percent of the belds sunveyed
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produced enough soybeans to pay for the cost of seedimg, Low stands, 1esilting
from unevenness and weediness, insufficient ramfall, and late wheat harvest,
were considered to be the major canse of poor sovhean yields Thes fele that re-
liable herbicides for the relay-aopped sovbeans were not vet available Fhere
seinchers tell that under Ghuo condinons, sequential planting would produce
veliable tesults in & of 6 vears and that attempts atielay aoppig were not jus-
ficd.

Grookston (19763 1eported on . completely mechanized havest of mase
interaopped with sugarbeets i Canadae Maize and sugarheet tops were hae-
vested Tor stlage, then the beets were dug. The results of these ditferent expen-
ments suggest that mechanization of polveulture 1s thoroughly practicable at
Teast with certaun aops. As moreattention is tned to the pracice, the technolog-
cal difficuliies will probably be solved. The problem of the smaltfanmer who lacks
the means 1o medanize any of his operations and adapt praciuces which could
henehit aditional systems remains.

Other effects

Several tesults of crop mixtuies, such as the provision ol 4 contimuois and
varied supply of fiesh food (Adyer, 1919 Bodade, 1901 Muade. 1967) conld just
as well s be provided by a divensits of pure stands (TRRE1975) as ' polveul-
tare. Most aop qualitn considerations have been pevionsh discussed i the
section on protein: production. Bhoj and Kapoor (1970 reported that the per-
centage of sucrose msugin cane juice did not change asa 1esult of interaopping,
although such an increase had been previousiv reported i India.

Reduced lodgimg 1s, however, hequently aited as a benehi ol polvantune we
Wite, 1960: Robinson, 1960; Andiews, 19720 Broun and Graths, 1970), b
whether this 1esults from one species supporting another ot the deaeased nigo-
gen status of the plants does not appear o have been examined.

Conclusions

In all of the diffarent aspeaes of polyculture considercd — vield, plant con-
struents, economic return, pest and disease contiol, vield stabiity, long-term
eftects, and the eflects of cnlural practices — experimental evidence suggests
that polvcultine 1s more often benefiaal than denrmental, Lhe case for poly-
culiure appears weakest with regard o the madence of pests and diseases and
the difrcdn of the culttnal pracices meequines, The ieratie on polvaslne in-
Chirdes as many ¢ses of ncreased modence of pests and diseases as e does de-
aeases, With regard o cultural practices, polvenlture certainly provides problems
for @ mechanized opetanon, but tecent work (Brown and Grathis, 1976, Crook-
stom, 1976) has shown that methods can be devised o make use of the svstem’s
possible advantages As lor the majonny o the world's Lomers, who do not
possess the means to mechanize their operations, considerable evidence has heen
presented on the yields, cconomic retnns, labor 1equirements, and long-term
ettects on sotl fernliny of polycultne w indicate that then siuations could worsen
it they adopted monacabiare aopping ssstems. Because there appeats to he livde
justification fon them o abandon their present aoppimg sssiems, pesean h should
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be duccred toward maeasing the ethicenoy with which these Lanmers use the
tesotnnces avsitlable 1o them

General Condlusions and Recommendations

Advantages and disadvantages of polvaulture

We have shown that the haature generall idicates that polyaulone s
benefical However, the chowe of aops and other ensnonmental variables
witl, o comsidarable ontent, detcrnime whether the practice s advantageous in
specitie sttations Asstmime that the expermmental work caned out thus L
ver resents an ade e sample of the singions i whach polvcaliae is pracoeed,
ocan nonetheloss be conddadod that debime advantages ova monoculinne exist,
ha terms ol withdiaw al of nuoents from the so econonnc ennn, nprovement
of the minogen status of the sotl=plant svstem when one ol the cops is a legume,
ard greater stabilie of vidlds ovar nme the benehits ol polyculone are clear,
With regard 10 case of hanvest and otha mechanzed operations, palyculiare
ofters some problems, but recent research, anied at reducmg these difficulues,
has been surprangds succestul VBrown and Graftis, 1975, Liplet, 1976).

Etfect of cultural and environmental variables on success of polveulwre

The question remams whether the expenmental work cnned out thus e
pennts the pradicton of sinanons mow hich polvealture will be more beneficial
than monaculiure In the tollowinyg secaons, the eticcts of species, soil iype, cli-
mate. plant tpe, and socal lactors on the welatve henebits of polveulare and
monoculture will be considarad

Species. It was pomted owr mothe section an cconomie amalyses that certain
speaes and combiations of species appein to perfonn more successfully in poly-
cultnre than do others. Associations imvolving cotton, groundnuts, and maize-
legume combimations appear to be more successtul than other mixnures, Te s
meresting 1o note that these sestets are most frequently encountered in the
literatare, pethaps mdicating that thes e the most commmenly ised by lemers,
Mare comples mistures, often nvolung one o more vegetable aops, hiave often
prosen 1o be quie successtul JRRIC 197D However, i was the price relation-
ships of specthic ops, tatha than the aopping ssstems themselves, that ap-
pratad to he the acal factor i s case

Vithough never subjccrd 1o ccomamic andlyses, misunes of small grains
appear 1o give o sheht vield advantage over prare stands (Zavite, 1927; [ensen,
1952), such anestres woe sult wiown e Farope, Turkey, and Canadan Mis-
tures of smald grams with othar ciops would appeit to be less consistently worth-
while (dillon and McKibben, 1972 IRRI, 1975) and success would appean o
depend on the price of the associated aop (Gliemerath, 1950).

Sorls. An exttomels small number of investigators have caried out experi-
mental work with polvoulture over a range of well-chinacenized sanls, Glicmeroth
19500 suggested that pea-oat mistures would do beter in sandy soils than in
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heavier soils because of the better adaptability of peas to the hghter-testuned
soils; this supposinon was confinned by Robinson (19600 - Mimnesota, Paly
(1911) had somcwhat more success with batkey=pea mistures 1 heavy das loam
than i a hght clav loam, but the experimental designs differed with the two
soils. Lyon (1924) stated the benefits to subsequent aops riom an oat=pea mis-
ture would prabuab!y he less onca hght-testued soil, buat he podonned no ospern-
ments to conliom this Brown (1995, howeva, tound fess bhonelit from a son-
bean-muze msture i a heas ter allusal sonl than he did mea Denham silt loam in
Lowsiana, although the expeniments on the two sorl ivpes were not sty com-
parable As Lvon (1920 pomted out, fernhiny statas, especally with regand 10 N
and sorl tvpe, would have agreat dfleceon the benetus resalung lrom polseulune,
patticularly when a legume was imvolved Fogo Topez et al (199 obsernved m
Pucito Rico that sovheans reduced the sield ol assocrated sugarcane moa Coto
clay but not i a Vega Bapa stliy clay.,

It would appear rom these few expermments that polvanlture s mowe ad-
vimtiageous i highter-testured sonls, possibly either hecause the lowe fernhin
makes grammaceous crops more hikely o benetit from an associated legume o
becanse the legimes themselves do better i the highter-testued soils. Speculi-
non about other combmations is mpossible becise aib experiments involving
mare than one sorl wype indduded legumimous aaops,

Climate. Lhe efleas of dimate changes on polvcalture have been somewhat
more documented than the consequences of viniabiling insoil tvpe, Most ol these
observanions involve performance ina wet and diy season in the nopics, 1ather
than year-to-year vaiability in the same aopping season,

IRRI (197:4) found that maize-legime misues were most advantageous in
the iy season, with the LER alwavs greater than one. Maize-tice svstenis, on
the other hand, were more advantageous in the wer season when they nade hetter
use of the Lamer's esources and gave a greater aouh retum, Anothar seties of
experiments (IRRL1975) showed greater: mutual intaterence ol maize and
mungheans when grown in the wet season, beaase of s more douds weather
and lower light intensines. Also, in the Philippines, Paner (1975) found that
several legimes (mungheans, bush sitio, pemuts, and sovbeans) vielded more
il planted one week prion 1o maize havest during the div season but did best when
planted following the maize hinvestin the wet season Stomlar v, Reddy and Chat-
terjee (1978 i W Bengal, India, tound that sovhean-nce nieraopping was
mote successtul e the div season than m the vy season when the sosheans
produced Tustnant vegetative growth and competed with the e,

Annteresiing example of how dimatic relationships imay attect the adyantages
of polvaultine was provided by Panl and Kotaddr (19600 workig m Noith
Kinnotak, Indee They tound that, in rainy vears when cotton vielded less, the
assocrated groundnats did so much berer that the meraopped sssteny was
more prohiable

However, polvaultine svstems are more common - diy areas and generally
petdonn better durimg diy seiasons, Perhaps, as several authors obseived (Gupta
and Mathan, 1965 Bodade, 1961, polyculiare makes more elicient use of water,
Athough this does nor appear (o be consistent with the greater esploitation ol
sonb resoutces by aop mistares, several authars have desatbed mechanisms by
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which associated crops mas use water mone cthicenty than monoculiure or oh-
tm sonl water not avalable o the monoculare aop.,

\iver (19191 stated that polscatoure would only be benetiaal m this regard of
the assocrated crops had dittcrent roonng depths: if the rootmg zones over lapped,
no benetitwouldvesult In this conncenon, Croaon (193D reported that a maze-
Potato assactation was morte saccesstul than asuntlower-potato assocanion he-
cause e tool ssstem of maze was more superthaal than that of suntlower
other words, the suntlowa oot ssstom competed more wath the potato However,
Headn o veas when marze vidlds were decreasad Iy dioughi, the potain vields were
Breater sinee competiion hom the maze also dechined The potato-santlowe
avoctton on the other und was not altccad by vananons i danate

Baldv 1un b mamtamad that conar aops would mduce decper 1ooting ol
apples and grapes meorchards U sirlar mechanism was proposed by Andiews
(1972 for malla-sorghum pobicaliire i which plant donsities of cach specio
are dower In this sitwanon cach plans would produce o farger roor ssstenn, wieh
that of sorghum gomy deeper than that of miliet, and pernting at o sustan
drought bettar mthe div season The same argument was uiven by Kassam and
Stockimger (1974 who also noted that the sorghum grown m association with
millet would have a somew hat smaller abose-ground ness at the tme of mllet
harvest than sorehum grown m pute stand The smaller plants would TRONN
tess and honce have aosmaller donand for watar Desanbing QOpPIY s\stem
vols g inarze, sorghum, and nnllerused o nonthan Nigerea, Baker and Nonman
1979 stated thar the danand tor wana was reduced since the snller was planed
tostatthe beaimmmeg of the tany season and sorghom alone romamed at the nd
of the tamy season

Paner (197% measured water consumption by diffevem CLOPN Brown an pre
stands and mpolscalare mode Plalippines Loral COTISUIIPAIIN G HSE Was gledier
for polvealtare than for monoculiare but total seld swas also greater Pure stands,
howaver, produced more vield per mnch of water consumed than either aop in
polvaudtare: Dospite 1hns fact, Paner clinmed that s data showed that polvcul-
fure made morc dlhicent wse of watar than monoculture A1 best, terpretation
of his data iy comphicated by the van differont waie requuenents of the aops
tsovbeans ad sorghumy mvolved

Some quthors mamtain that polvculinre consumes more water than cores-
ponding monocudtnres Simeh (097% gor better resalts from miercropping,
sorghunt and sovheans i wet vean than o dis voar, and Prone (19600 oh-
senved that snaze micraropped with groundnns and sos e ans appeared 1o sutler
more from dranghe than o monocalinge of s Lrown at the st time

sty despite the more ol tons cone lusion that polsvautine nprodiucng
more div it and consuming mare oot than contesponding monogul-
tres wall vequne more warcr sevaral anthors maintam that polvauline s able
i obtam watcr nor e nlable 10 the monoouliures or 10 tse the water ohtamcad
more cthicenthe U nbimtmatcly oxpenments ol the sophisticanon neccssany
detenimme whether these mechanisims mdeod operate are vet to e performed

Plant pe Beocase the nanmmonal toqunremnonts and plivsiologs of varieties
withinasinele speces man vars more than those of dilfereont SPeaes it s not sue-
prsing thas pheonomenon b abso becdesenbed i the Tieanane on polyculture,



Ghiemetoth (1950) grew thiee different pea vanenies e all possible combina-
tons with doee different oat vanenes at three dilterent seeding, densiies
Germany. He tound that a short lgh-vielding pea (Zeiners kioz-und-gut) did
best in pute stand In polveultue, tall peasaneties did best and did notreduce oat
vields sigmibicanthy Also, the vields of the oat vanens (Flamimg) which vielded
highest in puie stand were reduced more sharpls than the ather oat vanenies i
pohvculiine A thiee oat vanieties sielded about the same in monoculture: Pea
viclds were lighest with a shorstatured oat (Stiberhateny with narrow, ¢rea
Jeaves and were lowest with a tadl oar tvpe (Baselery with wade, droopy eaves
Foal wraim vield was highest with Flanming oats and the tadler peavanets, How-
ever, monetars aeturn was greatest with Siberhafer oats where vield ol peas,
whose price was much highet than that of oats, was highest.

In Mextco, Leprz (1971 grew bush and pole beans massoaanion wath maize
at dilterent plant populations He found that maize vields were more negatively
atfected by ancreased populations of pole beans tha of bush beans However,
maze vield was not alwavs higher with bush beans, and the pole bean viniety
used appearad to be more producive than the bush bean vanen v all sititions,
pethaps because 1t matured later Hence, combinations with pole beans were al-
wavs more prohitable. The work of Lepiz illusuates the complexity of inter-
actions bequenthy encountered m esperimentanon with polvealune,

Further work with the interaction of different plant tvpes of imaize and beans
has heen carned out by Frands (1976) at CIAT in Colombia, Maize of two dil-
ferent plant tvpes (Novmal 1CA H-2080: and Brachyne ICA H-210) were grown
with bush (1CA Prjao) and dimbing (PT282-230) hean types, Higher populations
were used ot the Gl marze and bean tpes, Total biological yield of the maize
vattenes did not ditfer but the harvest ides (HD tor the wall maize was greater,
Bush bean vields were educed by 32 and 63 percent respedtively when inter-
aopped with nonmal and dwal maze, while dimbing bean vields were reduced
90 and 80 percent when cropped with normal and dwarl mianze, Maze vields did
not differ sigtabficantly in any planting so that the ighest LER was obtained
with notmal maize and bush beans; however, total grain yield was highest
with brachvie maize combimed with bush beans, Francs (1976) listed the tollow-
ing vanetal characerisaes that should be desnable Tor speaies grown n polv-
culture:

1. Photopeniod pnensttionty — allowing the planting ol vaneties atany time
dwing the vear and giving flexibility o new ssstems requinng planting outside
the naditional dates;

9. Early matunity — permitting more intensive orgamization and gieater Hesi-
hility lor intercopping o telay-aopping ssstems:

3. Short and nonlodgmg plant types — reduding competition for {olage and
light;

L Population responsiveness — allowing greater Hesibility for vinving the pop-
alation of ops inmisine accnding o the canenteconomiciennns.ind lo
obtaining the highest wotal field population of the interaopped systeny.
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Working wih dilerenc aops under high levels of management m the 1973
wet seinon e the Plubppmes, IRRT (970 Tound that rice vields were reduced
more by g tall maze cLhar v composite) than by ashore maize (Penjalingn)
although marze vields were teduced only shighthc over pure stnd vields in both
cases, Since 1t viclded more, retan was greater wath the taller maize despite s
longer growimg season Those resuls suggest that the plant chatactenistes listed
above wounld nor ahwans ensire good petlormance i polveulnue,

IRRI 197 1 has also sareaned mangbean vaneties o1 saitabithin for iner-
aoppmng with mave. and of the 12 wested, reductions i vields were lound 1o
be less for twovanetues in particula In polvoalire experiments in ‘1 aiwan, Chao
(975 found thar Laonan-d corn redaced sovhean vields Tess than did ainan-9
corn, Althowgh e viclded Toss, total retim wath Tatnan-3 comn was greater,

Fhese hindmes should dbasaate that 1ts necessars 1o consider the elfects of
hath crops on cach othar e determimme the imost sustable plant it pe tor use in
pabvcaltine Inomost of the whove cases, tesulis conttay 1o those expecal were
obtaned becanse plant chatactanstios of onlv one speaes were considered,
Furthenmaore, the widely diflermg cash values of the aops imvolved may mithe an
marease m the vield of one aop less prolitable it the vield of the as o dated aop
s reduced

Social  factors. Sovaal amvesneators dehozanihe, 1971 Notman, 197 6
Hatwood, 197% hunve conpluesizad the nmportant tole that polvaulime plas in
the human and plavsacal anononment of aadional agncalineal comimuni-
ttes i the topics The sostom s wadels vccosmized as bomg as chaactenistic of
stch commuminies as s shsh-and-harn agncatinne (Nicod, 1999 Webster and Wal-
sorr, gy Te should be s fear brom thas papar that the prosent resinction ot pols -
cudture tosuch commumnes s el s recons phenomenons and the praciee
was once mnch more widesprcad dBrown, 1985 Jonsen, 192, Prae, 1960),

We have pomicd our that polveuliure probably does not account o o Lnge
share of the wotld's 1ata] Hoad producton: buto i commumties where i is pac
teed, stas conmon o bind ahmostadlof the tood supply commg from polyculune
sustends (Baker and Novman, W75, ranas et al, 19760, Because there is litde
prospeet that the food supply ssatems of these communities will change in the
near futine, whatever schemes are proposed 1o iniprove then food supply must
deal with the realiny of palvcalune,

It has been shown that while actual Labor requirements of polsculiare mav be
figher than of monorultures of the same aops, retmm perunit Labor isoften highe
with polveudtine Under nadinonal agriculiare, polvanlture appears also 1o
equalize Lhor requiements over the vear and to make better use of other limited
tesources  Hhe olten maonsistent results obtoned by IRRI (1973, 1974, 1975)
rom espernnenty e Lumens” helds shoudd emphasize the necessity of tiking
o considoanion how profoandls polvesliore appoars to mteractwith humgn and
cocr] factors e padinonal latnming communities,

Suguestions for further research

f

his papes pnobalils does not cover all of the vesearch thist has been canried ou
mthe voorld on the wdative ments of polveutture and monoculture aopping
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systems, What does emerge ftom a considetatnon of the liteaune, however, 1s
the realizatuon that most of the supposed advantages o disadvantages of poly-
calire e poorly documented, Expeniments were generally yun over o lonuted
range of envitonmental and cultural vatiables and msufficient data were presented
to conclude whether a spealic mechamsm was indeed operating Adequate
characierization of the soils in the experiments wis also generally lacking,
Specifically, the following areas appear to require further danfication:

— Recent studies (Pinchinat and Oclsligle, 1971, Kassam and Stockinger, 1974;
Sastrawinia, 1976) indicate that polyculture dehvers more nutnients mio the
biomass than do monoculture systems, Further studies are necessary 1o condim
these results and measune more accurately the comparative etficiencies of the sys-
tems;

— The possibily that water use by polvculture svstems 1s more etficient o that
more water is available to these ssstems should be invesugated further, such a
finding could have considerable nmplications for areas with limited rainfall;

— Therelative ethicaency of the use of energy and other 1esources by polyculiure
and monoculture swstems should be measuted more Guefully and over a wide
range of conditions than it has been up 1o the present;
— More rescarch as necessary on long-term effects of the two Kinds of systems on
the fernliny status and phvsical condition of soils;
— Winys should he tound 1o lower the Libor vequitements of polyculune which
some research has found to be higher than for monoculnae;
— Commumues where polvaulune s important should be studied in onder 1o un-
derstand hetter the aole 1t plavs me then cconomies and the consequence of
changes m polvculture svstems;
— A methodology should be developed tor making adequate comparisons of poly-
culttre and monoculune;

A better understanding of the interactions involved in polycultne systems is
avcessiny so that research, espeaally in plant breeding, can improve their effi-
diency.
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