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PREFACE
 

During the last tell years tiere has been an increasing awareness 
that the impact of the so-ca I led (ireon revolution on smallholder 
farminq in developinq countr ic-s has ,emained rather limited. 
Due to a lack of resour ces and i ncrezsinq prices of commercial 
inputs the wajoriLt, of simail farmers ill the tLropics and especia,
ly in Africa .ta, nct ab1,' LC benfit from the proqlress achieved
 
by internati o,,aLta'ricu t ra reearah.
 

11llce , resealCh mal', at t, t ion to till ana vysti and subse
quent improv'-,ment of traditional -zre[pinq systems.; and more
a effi
cient use of I ii.td resources. btsecl-.S results obtained so far 
Made k'ildelt 1th ,ia I lal I cr}pii -esteisa are well adapted 

to I ' '' .iell . inl t nrl , all( soci)-enCmInir condi ti cns
 

The intens if-cation oI traditional croppi nq systems and especi.ul
ly interciropping .is a to andchaIlenqc researchers extension offi
cers. These hiuhly comple-x croppinq systems require completely 
different alp-roaches and new muthods. 

Even though research on intrcroppinq stms has started enly 
recently, a consice rabi anoont of kncwldqe has AIready been 
accum should he starlting reoroacila ted and used when new or anzpin 
exist inq extension pror!-ammes for small iolders in the tropics. 
It was the, inte of.onte Federal Miist, of Coope ration, whel 
rCque-.st inii thel pie- ;tate -of-ktlow] (elereport, that the avail
able in-ormatlon ;n iniii ercroppinq war.; compiled availand imade 

able to 1ev Set -

Dr. ,ilul ?l111edl t hseln 

Head of Divis ion 13 (Plant Product ion and ForeStr') 



PREFACE
 

to the second edition
 

It is encouraging that a spconA edition of this publication is 

required so soon after the first. It met with great demand not 

only from policy makers, scientists, extension workers and jour

nalists in all parts of the world, but also from the \ounger 

generation. We were interested to note the special attention 

accorded to the work by this group. 

Traditional ani improved intercropping systems are now broadly 

recognized as a feasible practice to optimize crop production in 

many developing countries. lntercropping systems promote the use 

of natural resources and at the same time constitute a most ap

propriate wiy of raising agriculturil production in the tropics 

and subtropics, especially given the limited availability of ex

ternal inputs based on fossil energy. 

Tht author has received valuable suqgestions which are being 

taken into cons ideration ir, a French edition currently being pre

ps red. 

In view of the rapid acceptance of the English version we felt it
 

necessary to release a second edition to meet the demand at the
 

present time. 

Dr. Jdrgen Frieirichsen,
 

Head of Division 13 

(Plant Production, Plant Protection and Forestry)
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1.;INTRODUCION"
 

In the countries of tropical Africa, the increase in food produc
! 	 tion in recent years has not been able to keep up with the rapid 

population growth. While the,population has increased by nearly 
3' %J-annually, food,.production has increased at only half that 
rWe. Most countries are no longer self!sufficient and need to
 

iiport food, at least in years with insufficient rainfall. The
 
rpid population growth has caused land pressure in many areas.
 
The traditional farming systems, relying on a restoration of soil'
 
fertility by means of a prolonged fallow period (bush fallow sys
tems) which had evolved over centuries and had proved to be suffi
cient in the past, have not been adapted fast enough to the new
 
situation. Shortening of the fallow period owing to land scarcity
 
has provoked soil degradation resulting in decreased yieldsin
 
many areas (GUILLEMIN, 1956; RUTHENBERG, 1980). Efforts made by
 
the governments as well as by development projects of industria
1.bzed nations to increase food production by the introduction of
 
new technologies relying on commercial inputs have 
not produced
 
the expected results. The new methods have,.mainly been adopted
 
by larger and better-off farmers but hardly by the majority of
 
the small farmers (80-90 % of farms).
 

The steadily increasing prices of imported inputs that are based
 
on non-renewable resources (mainly oil) are reducing even further
 
the number of farmers who can afford to buy these goods.
 

It is evident that development pulicy in the past has neglected
 

the individual goals of small 
farmers, and has tried to superimpose
 
societal goals (HARWOOD, 1979). However, these goals did not coin
cide, as most of those farmers are not commercially orientated.
 

The farmer values security and stability more than profit and he
sitates to take unnecessary risks. Such risks include cash invest

j ments and new cropping systems that could lead to crop failure
 
(and thus famine.
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Any efforts to develop small farms have to start with a proper
 
analysis of ex istij farminq svStems. 'Phis asa lys;Ls 
 has to iden
tify situations Il wlclh 
 farm ar 

ly used. Charl ;a ini 


exist i IL tesaou'lces insufficient
xi ;t i sq t-i inq v;y!;t ln. have to bLap1 l*ised 

in C lose co I abo lti .i I, t11' ftA 111t' I.T farm r rWiLutts 

his in1t imiate,e t l tas -i t , ll alt :llI I no t I);I:; o)w II it t; utI nIld 
the facuier; ta lat 1 i;l; , l1i A PotdoI it%i t V. I) am ii t uf 1;1noll 

flmi-Ill d"e I I it Casi: t L o1e by ac ea)t : a of a 11 e a sq d i 

pliso 
 nl,,', ut nud:; a ft-am cos ;jo.til, of at lea;I as 'conomist, 

ajroJOneunist and a soil Ia;ciCt al le..wi;jut, n fil I ulld.rat andic
 
of the interaction; betwecn a'.ivj rosmnt 
 il anhd cat aI fa ctors. 

Analyse: sma Iliho deu- fa-mi ni A:;i :; ii W,; t A*t ica (NOIR\AN
 
1(73; LA AANN, 1977) 
 r,v oil ::iisln tho, l lf I -(1q co1i ;ti-aist :
 
low prodiuct iv t,' 0 Of4tan c li vo, with
itiy o ;11a;, latid I;lortaqe;1a
bout . lholrtICa O , cI;t- iilt )Ft )%' I )W jnlt)t I i.' L of Iabour ; un
predi ctab) i L of riII fall; lack ff c .;I -ee':)urces ; and limited
 
a]cces:; tzu cre-li t.
 

A cia1(se 1i f r i sq sy t a :i; !,I:; t hl'e f e t (in I 1-de eLaaSr-1-1'S to 
minta-Iil or i ncrOa;e ;o I I far't i I I t'', to i seit,.easc 1] hot- prlud ;ctui 
vi t toCI a i v, :vt'L 1 ,V 10'Ll ; 0ee wiVl iCO: taill (Irow i q tcolid t iolls 
at:: to lljjr)j-.)V 1 tili t'a f ivI t- 1 0 f I 'fa1" r1-SO I CtS SI,'ia ie L' lv the 

ca; , ac lit 1Ic 'vl : I , II i Tclts. 

A centraii )sal'tof t ra-j i tI(nal fari ; (,s JI-,n ova ;,;.a;tparts of 

tropical Afri-a a ; rnt-i-cronupii;. In the followi nq poi-aioraph.i this 
crLppt 'St~iln i I d al3I 'setI from va ius aspects to see if it: can 

ie11; to v uI-rCOM, 1oIk et ion cols i-a inL s . Lt wa: sat co;itlre 
l(,'t:;i;,I- yI-t 11;( tide de:1CF i )t Ii ', o tIl V'' i C1c e'O; 1i S *S t..n 

) t'o tlh, Scol p1: thii; wo)ulId +o d acii1tis of F t -~ott. '[lh,' is lt -
'tteIsIl Ul'ua a i i a eLtTIS of tci fic rq ioneS I a .ISLItd toi Cx l.;tlt 

t li t,II l rat u , , whol-er let a i led )ctit it;; :; f cra-)p!)iI1(l !i:'; t k' si 
dlw;; tc thn, vi 1I aqe level can ie f0ounldI :;.e 0 1K otda;;, IIl Ia, I tB(;, 
1978; ,mcf tit, various v lume.ie of t lit, At las !iet a wi-tltai vLeai 

ai Stud du Sahara, ORSTO1) 
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In the second chapter, therefore, oni y a qeneral description of 
typical traditiona] croppinq syt;tems based on major food crops is
 
given. Main eoiphasi!; in t h is chaptr" is; placed on analyslit] the
 

contribution of nt no 
 <'t ens- I a fcooliitoed produnet ion. 

aIts 

are'td c:;e~<d. 'ite ct te1l cw/~tl 


in the third ch)tt i aqrtneoic as.l; [tel'p'p}i systems 
cals asli wht hot iltt 'Leeropplinq
 

:0/.st tells; 
 mike? hbtt ol" usel< IIf t il ted ntLItl] l0 t'-llt'; , ;th' Ii : 

I i-;tit , Wlt or, 111it nutrwints, tlllbit /l(e clip:; arid whether-l produc-

I t i it Ic il)iiq :vtelli. cci ho.ll' int ,e i L
to tentI' 

t~~~~~~~~~~~l~~~~~t' t<~ ',i ,i Ih~ -~:'l # {I' ,h* i i b ],:~lc l~ )i -;jw(:i al pa-

I l,' :S d,';. td ii ' 'd t li c-i t; I ilt Ot1(l()tl!), syli iiiS,s-i 

1 t u!(t; I t i it'I;Lt1th I i , ' "t 0f t 1- ,;t I t I tt "d iL i b il it' 

it i , t InI .; t<, sl:; .illhcls i i;tp :;:- 0! A ttl I'urthter
i r, th, ksit I Ihlt IoIIl ; t -Cro appimi;l !sy:;t elll:;t o " tel I tabi-

I ,i I -i I liitntensince , ani hioltit' ! plant protection 

Ltalitt.' I tiet Iailavs,:; co is-tcotilic pe,ctsL of t itercroppi ti, 

. 'th 111.lei to land and ] ibour, listribut i ln of labour te

ttI telir t lt.; atid risk aver'sion . 

Th , -I'elo t is! iai i]i',1 A/ -t' i w t! tile, intern .-ti onal literature, in

eittdin.; ih d d ittjl ti :;; ,ni i nter!- ivpi . Chapt er 3, in par

t it 1,'f ll; I ;t ate, t, thLe ct'-,nt of k(l)o lodc (in interactions 

aiid -tooilr--e !te Ii it tlipiiol :v;tetle;. Thit does not OXClUd(_ 
' 


_It.II( , I tu l, i nte l-,Wc t i1 1L5 , ;t].W h J;i <I II t h,,., no t In ril-


I 1lit Ii,. 

i tT lie I1t chl r I oto, all appraisal of i nt,crotrtpiin3 in stial 0hoI

l" - r.'llI I r, a, rnd seI wj th a;1r-Lcutomendation for applied apr i 

cu11lt tire I rest-clh and extt I Io0I pl ;haiittes for the pl-OliOtton Of 

lit e r l-ct-i l I (. 

' (;IiI'I)apl to.:ort l i cal lyI liii te-.d Wtest Aft-' a . In1 t11iis to

(ian al (-lc) iI ce lc ones f roi the r-ai rirost t o tei t, , i ncIualle1 
di.n li t i1'l C11 , 1 li-1 ':,tIh II lhla n1 at- t- ir( l t' 111it int ('I l trpi_(1 1 

raitit: r co ition, towove r, tie pr i nc i ples of i rite c roppi i ng are a 1so 
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of value for other regions or continents. Spec ific for West Afri
ca is probably the labour shortage in rural areas, due to migra
titon to urban centres or regions with a strong plantation sector 
whi h cllrtainly ulnfluences the croppinl systems. 
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2. INTERCROPPING IN SMALLHOLDER AGRICULTURE OF TROPICAL AFRICA
 

Intercropping is 
a common feature o,7 agriculture in tropical Afri
ca as well as 
in the Asian and the American tropics (DALRYMPLE,
 
1971; PAPENDICK, SANCHEZ and TRIPLETT, 197C; OKIGBO, 1978). Spe
cific intercropping systems have developed over the centuries in
 
the different regions and they are closely adapted to 
the prevail
ing ecological and socio-economic 7onditions. Therefore intercrop
ping systems differ frequently from one area to another with chan
ges in soils and local climates. Social and cultural conditions
 
may be superimposed on the ecological and economical ones, leading
 
to different cropping systems in the 
same ecological zone. Ethnic
 
groups differ, for example, in food preferences or their organisa
tion of'labour. The reason for these variations can sometimes be
 
found in migration from other ecological zones. In southern Came
rocn, for example, the principle staple crop of the Ewondo is coco
yam (Xanthosoma s.), while the neighbouring Bassa prefer cassava
 
(see also Paragraph 2.3).
 

Recent changes in socio-economic conditions 
have had a consider
able influence on cropping systems. Thus increasing demand for
 
cassava in the densely populated areas of southern Nigeria com
bined with the migration of the active male population to urban
 
areas has caused a decline in yam cultivation in favour of cassava.
 
The population pressure in south-eastern Nigeria has also led to
 
an intensification of intercropping 
in order to increase the pro

duction per unit area (LAGEMANN, 1977).
 

In general, there is no indication of any decrease in the impor
tance of intercropping. On the contrary, as. efforts of extension
 
services to introduce sole cropping have often failed, it has 
now
 
sometimes become government policy to increase production by im
proving intercropping systems. For example, relay cropping of
 
maize with cotton is now being tried in Togo and after the collapse

of cassava production in the coastal region, intercropping of cas
sava with maize and groundnuts - the traditional system 
- is now
 
being investigated by the agricultural research institute. As long
 
as 
agriculture is dominated by smallholdings with low or no capital
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inputs and the hoe is the only farm tool, there is no technical 
reason for sole cropping and intercropping will. retain its impor-

tance.
 

2. 1 Definition of Related Terms 

Before going into details of- intercropping it may he useful to 
give a definition of the different tierms related to intercropping 
that are used in the litorature. Terminology has been quite con
fusing in the past-, but it ,setn t hat the definiitions given by
 
ANDREWS and VA!;WAMV(I1 )'76) (Tabl I) are 
 now toner a lv accepted. 

lult plt, c roj)]pinj is the qene-al I e rn ft' all cr)Op i nq patte rns 
whee oreIIf than one1 lrop is clt ivalt ti1 0n a i ol in on' year.
 

(In thei erll can tile I
i literature term 'olycuLI UtI L isS t ilI in1 

use ). 

TIhe various patterns of 11u It i p I- Lro)ping ref lect essent i a I Iy two 

underlyinq pr i nc Lp le: hat of qrowing c rops simultaneously onI 
a given piece of land, e. 1_, and o f 1wmntrcr1Opq)_inl.g, that qr Ii
 

nd ividual c rops in nct I one rowi
ue du" oII)TeIo !;t an() tilI t' ;aln,'
 
.
piecL of land, i .. ;jIle nt Ial c-pjo, I,. In thi!; cont xt growinq
 

Crs') S " ;i Il. t an O !; Iy "t',1W 1; haft agl-t I''(i tot r,- t'Lh,'r for 

IImOst Of th I-owi Pl II 'l0L]. 1 h I.; JIs,',; 1no Io.sii0e that tiit' crops 

are planted ol hla. esttd ''ill I h 1I dat'fia . iwv, , Wl('n the civol

lap in t ie ii; too snal I , f-oi 1 I . Ou'tex,1anp1 'n .1 l~t of a ti-,w

ing season of 3-4 nontits, tihe trrm cl- y,'troj, is; !;od. 

Intercroppin; s'.stows th0ms0lveo; c he unslied by thi,'hn t t1' spa
t ial ar ranello.,tit of t hit coatmpnent cr;ps, a, the i ntin-im 'cyof H ie' 
crop mixture ha; ib-ertant f[-fcts on the, it' ract-ions; Litwreon 
the crop spot' i l 11 , I i '.'" Inot orcr( pI 1 9'' is ol;t'd crt'l(''[1] 

'1rC l) L.I-ted II Lltc'iloat,' cows;, wII I1 c"mi:ed Inttrci op i 'in'" is; used 

w"'hen no spcl i ' . it a CIt tl-i (jeitilent C, 1w' list il1111i.Sh . 'lle iOll 
"nl xciidri- uloed ); rn " 1 al ivore 0:'llni mon; 1' wI ith init1rur ' ,ppinq. 

I I;st sti 11 t'o rmlu i1 'i I -Icullt ural pract ime and therefore solLotes 
u:sed in t1hl; rs'',.rs t t'. SoIICe authoI-s, how(v r, di;tinguish between 
"mixed croppinj" al "into cropping" in the sense of mixed inter
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croppinq and row inte rcropptni. HowOvel', this disti net ion is not 
logical andl may lead to i;Ldor . and inq Su i. / intercropi nq 
is the .;rowInp Gf two or 111r11t' crop)s! a ioult moonslyIn strips. It 
allows the us, of I mrj I old 0'1uipriont, but ati I as soille bole

ft iial ft tots on crop dbv- loti'nt 1ini )';,ecLallvoil outbreaks
 

otf Im O;cCt post. 1trip ItL'('l op i!; oiI', pi',ct
' ilit i sod i highly 
m11o211b111, i(Fi CinI tILure, . I. 1 11 t 111' :;nut ih In 11 i t ed Pt; a L0 ;.
 

Mut1 t I t U ,.' I_ up i; 
 tI it' 1m:; o CI.I, I on t, I toIW1 t0i1al t ith 

iot( . ,h v< I :uu I t . t I* ItC; t u r I I I ImituII, I tIc;, at1i Lso 

C, I I I I t I Ih Ii 1 t1;'.y t m I Ciih ItI.' 1111 d Cs ,Ii LIt i t -opi 

'w -it i i top,; t I a I it"W 1 l"h F I W 1. , -[I l a cash) 
_1 .;l[ ] , (.'il ,I1; C(tIf f00,t ..t th. , o Il u I I ll!; , tOC( 11tltl I)J] I MS 0 1' F I-U i t 

t I' O tf;, " ll ltIcr'~l t 1'00 !; remai1 1 1 thII -i e 1.d , q iv I[i] I 'in 

iti It [1n.l1 L;tor Z' 

i'.! it itn:; o! t in re Iate,d t1 !i, nocI qy used itt mu I Li 11e cropp i nq 

t:; ." q vi i1 Table 2. Attent ion should be cal led only' to 
the fim ti c- ,hc 1).tis"sto I(, cropp inI " ind "t111ttc-11t -I SLtrt hose 

t erns e f t . I, tsed I icol-r('t]v in t he I i tul'i ttre . . S o Io C Io 1p tt11 
1} : I.'tilt -iit o F a Crop in , i' t 4. l ;dairtn i v one * ,,(',I;Ol wt i Ie 

noll c (lIto lF, ; no Clt i ntout; Itt vat. ton of t he Sclo ,' .ron 

!;iu hi s.)l t ho fh' Li,'d L o vota! :;eanot In th -ol lowill w'i (list in
'in tI ni I%, iv tw,(,TI ilto 't'roppiu t aid nolI croppi up or in torCrops 

in1 ' 1,' cr(, i't<<tetl ivo'lyI se also App. Table A I 

2.2. Environmorttal and Socio-Economic Constraints in Acjricultural 

Production in West Africa 

Agriculture in tropical Africa is &initinatedbyI sina, holders. 

Snalho]d tngs , i(,taractet' td I' a I i t , I )rodUCtC ton capacity 
caused by an al11ont complete lack of can i t a .it.I ftLo, h aal by 
restricted avaj ilbi It v iiioti'. 'Th,' ni ''lcLt i v ol libotti' is 
nIon ral l' low, i"'e'i tl,' I cuetit li t miid it'l ito th' ):1l'' farlm toolsa 
Used, tihe stat, to I t h of~ i.' ut'll I poil lit oll 1 .fJtin poor 
and lon; walkinu int ittet's cau ;. I(otn;i' ; of- t.ilit. and onerty. 
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-Table 1: 	 Definitions of the principle mnultiple' cropoing patternsj: 	 (adapted from ANDRIWS and KASSAM, 1976) 

MULTIPLE CROPPING: 	 The intensification of croppinq in time and space
dimensions. Growirg two or more crops on the same 
field in a year. 

1. 	SEB TIAL CROPPING: Growing two or more crops in sequence on the 
same field per year. * The succeeding plant is planted after thepreceding crop has been harvested. Crop intensification is only
in the tine dinmension. There is no intercrop carpetiti6hi. Farmers 
manage only one crop at 	a time in the sane field. 
1.1 	 Double cropping: Growing tvo crops a year in seqence.
1.2 	Trple cropPin: Growing three crops a year in sequence.
1.3 	Quadruple cropping: Growing four crops a year in seauence.
1.4 	 Ratoon cropping: The cultivation of crop regrowthI,.fter har

vest, ii 3t necessarily for grain.alhog 


2. 	 INTERCOPPIG: Growing two or more crops, simultaneously teIl same field. Crop intensification is in both time and space dimen
sions. There is intercrop copetition during all or part of crop

,< i:< growth. Farmers manage more than one crop at a time in the same 
field.
 
2.1 Mixed intercropping: Growing two or more crops simultaneously 

, with no distinct row arrangement.
2.2 	Row intercropping: Growing two or more crops simultaneously 

e one or more crops are planted in rows.
2.3 	Strip intercropping: Growing two or more crops simultaneously

in different strips wide enough to permit independent culti
vation but narrow enough for the crops to interact agronomi
cally..

2.4 Rely intercropping: Growing two or more crops simultaneously
duringlpart of the life cycle of each. A second crop is
planted after the first ciAp has reached its reproductive
stage of growth but before it is ready for harvest.

2.5 	Multi-storey cropping: Association of tall perennials with 
snorter biannual and annual crops. 

* The farming year is 12 months except in aridic areas where only one 
crop can be grown every 2 years due to moisture limitations. In
these areas sequential cropping involves growing two or more crops 
every 2 years. 

F'~ 

C',f
"~~~ 
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Ta.1t0 2: 	 RIi t d tlninolT u.j' in multi(pie Cropping 
OyS.ltms (.A7NUiLS and 19S76N,I97() 

Solo croljjjpnq. Un' %rta r t% t11-Owl-n a1on0 in pure stanl at: nor
ilki d nt v\lSu u; dnyllII with111-1o I I tIni ; ot osi.to of intoIIr 
ping. 

Morac,1otLd 	V :' tix Lt it' 	 (t lVI (i of the oJir' SOIo Oop th(On 
SIuT1l 1an.
 

P_ at.iT: T!'Iv t 
 'I t t vation of an or r'l-d'uoaat of
 
l
t ip " 'j I faI] It') ()1 ti' aat 1 )11 ' '' C I'h tonn IT 

1 " 1 'I't T; ' m -I I! 1 1 t '': it ' 'i 'Nll' ICI .111dit Iai 111-1' a' t'i tt o
 
1? t ; <_)A I{'I,)I; '11 ' ,IIi l ' ( I ' I,' 'Iit ,II',.
 

_t'2i lj1£,:t£'':t -1'',I}l~I I I t Itler ] 
.ui:! o)il,lIl ll]'l111, 1v II 

at n 'ti .i; r f/" [ -lt ' - t ld vai
],-l] tteciTlth '-'l1ii ir111 ';1 ( t111t' !!tkttlip

,
 

S ttt a1i i : aI (., I ): 'rt l I !i v ot01 J) , , t'I ,'I,n I Io to r solo 

at o1 i u xu t rtF) 't IKE §o1 k I ;I 1111 l" tI.C F It II01 o,o-f land X OT(} 

t 
10 I( I h , x ,t'hl licdo -;i''

"u-n t {j"Itl l til t( ] 

1 11 l itl , (lt,} t Tr .to tlIt ndlo r 
,11{ I 	 rat !;,fl!utll iu!)tLUt of '' )t h" t t uttIil!(; JT : h ''; lo h ,frR l't ~ .' t k tt'o: of tiht 

(101,0 cro ppin t io 't ic o t l-'T iv ' 14iii'l i1t tt' h ot Ir ,1.f 

t 'i ,i,' 1!;) . 

1-2_lottI0 A itt iT It 'o t FI t, tto , 1f) of a. t-mlva to tplti the 

Intthan ,17o ta 1tle~ Ot i t 1 7 aS oa_'h C otpO,sial t " II lIivAh, 1 In a thas 0ipp at1 th1u. 'i tlI 'I t)onti t it1 , tu)I iI I ; 111 tIVy I ( It 

lOlCtIt. ' 't rwliV, 'l'' iIh (1111t i,(Iti:1: t if ott hqril- not'(1ded dI1 /tT 
stole croppting to pr{,.t lc tilt, :,:(lhk' l5 10 1 110 '0t1.; h aI ttv' {)f'Ctpare 
intcrcroppinq It tlio !;ain l td ') i I ItAV ;I 1 11 s It . tI VI ts i o t aof" LFR into ocono{IxiC Lerm11!. 

80- 90 fi tI1w farmNs aroe slnal Ihold inls , with ant a1%l-taq{e ioV, o)f 

h ,( ; 1),,lNi etv<!i a , f~or e a m p u) 9 0 t e 
1 - 2 x. l , o f h f ,all mF!a r eo s mnli -

I e r thIa n -- h a ,')1:(!130 a n diG R E.E.NLAN D , 197 6 ) . I n the Ivo ry C o a s t 

;4I , of tlt_,ilarist, 1'11 (ii.' t- than 11 iSa(Aqric. Ii.h PG( /74i;,
t h c , p t -(,.a,je! . i :-; t 'I iv - , l O W , S;i n{c e t i l t c o f f ?"t' a l m~ C,J c i p l a n 

tilt jo n/L;i I t he t'h S.oiu "I ia c i t) 11 na f1u 11((1 (;hl l of It, 


S alnl o r 1 -lill] A 


1,2 th 	 falI'lm , are 

h ai , i nd t lh{. mll~ f a r mils i i e i s;O l i ,' 1 . 5 h a~ ( A gr i c . 

Cn sIs, 1/0) i. t is.<it-ation sittilar in other West African 

countries. (Seu App., Tables A 2 a-q) 
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Farm sizes depend mainly on tihe a-ailability of labour at times 

of peak demand, such as for land ( learinq and weeding. Only in 

some areas of West Africa is t ,e farm size liiiited by land short

aqe due to high populit ion dens iti . This is the case, for ex

amrple, in the Came oon Ilighi ands (av~t:age popul at ion density 150 

persons/kln: , maxiIImumII density 500 persons/kim:) , the Kano rcqi.on of 

northern Nigeria, soIuthern Benin or on the MosSi Plateau, Upper 

Volta. 

Farms can be very small in the foces t region. Thus in the Bassa 

country of soutL'crn Camel oon the mean s..Z of fa-rms cultivating 

only food c reps was reported as 0.72 ha (CIIAMPA UD, 1973) (1i.g. 

1-3). GIYER (1977) r'eports ft-om tile I,[ i0 ira Of !;outlt-n Came

roon that 0.3-0.4i ha are sufficient to fo',;d i fsnt lv of 4 people 

and that Liis c lt ivatel I)"*a t wl;i;is Similal- conditionshv . 

are rCpotedFLl ro: aorthein ;,hani (IIUNTEP, 1972) where a farmer 

Suppocts a fI-tll ' of .3-4 heads i t h on ly 0 . , ha (see a so Appen

dix Tabl Ie A 3). 

On average a farmI cons is ts of 4-5 plots of 0.,2 ha each. These may 

be located at a considerable distance from the village. Therefore, 

up to 30 , o, thie farmer's working time could bC lost solely in 

walking to ald from the Fi- hds (FLINN, JEILEMA and ROBINSON , 1975) 

The average family si,'c is 5-7 in the forest aa s and slightv 

higher in s;oie savanna areas, %,there tihe t rad it,.nl I fami I y orqa

lilsation still exists (for examvnle in the no:thlrn parts of Togo 

and Benin the familv .i::o is groter than 10). The average family 

has 2-3 active mlmhors (3-4l ill somt. savanna areas) cultivating an 

are a of 0.5 ha Ca-h (see App. . Tables A 2 a-q). 

African faI Is devote on the average only haIlf of the i r time 

(1,200 hrs/ycar) to field work. The rest of the time is absorbed 

by construction works, off farm occupations and social obligations 

(NORMAN, 1 978; NWEKE andI WINCII, 1980) 
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Figure 1: Size distribution rf fields in the Bassa country 
of southern Cankmroon (CHAMPAUD, 1973) 
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Figure 2: 	 Area if fcodcrops cultivated per head, Iassa 
country, southern Cavroon (CUMIAUD, 1973) 
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Figure 	 A:rea of food crops cultivated ipr uan, Bassa 
country, southern Cantroon (COLAPAUD, 1973) 
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Smallholder agriculture is mainly subsistence aqriCultLure. This
 
is to say, the primary objective of ptroduction is to satisfy
 
the food needs of the 
fai ly, but n1Ot to plroduce for the market.
 
Only surpluses aie marke ted (Tabi I 3).
 (Se also Chapter 4) 

Table 3: Percentage of total prcdiuCtion of 1ruLin fined crops nrketed
by faxirers in Eastenl Caitrxan (adaptedj frcl AAYI andKNIPSCIDJS, 1980) 

Crop otal 1nlptiOn 1)ductc -n 1 l)Sale 
kg kg kq %
 

,Maize 87f) 
 600 270 31 
Groudnut 390 210 180 46 
Plantain 1090 720 370 34
 
eln 560 
 400 160 29 

Cass~va 930 660 270 29 
Cocoyami 860 630 230 27 

1) .Means of 216 holdings. 

The rural exodus to urban centres and tile plantation sector,
 
no tivated by a iffeie nt rCIsons, such as hard 
 fan ]abol , at trac
tiveness of urban life, alsoand education policies, has ]ld to 
a s-irci ty of Labour. in many areas Only old mien, womten and child
ren rI-,ta n i n th, vi 1.1aqes (e,. MossIio. N tUea (MAP.IIAI.I,, 1 )77),paris of a,)t aN~r .[i{teda becsides rawu iio: a sitoFiti agt 
 labour, 

tii cmigtitiIiton of thI upu 1 iou has the: s conldry e-ffr of 
maki1g the int'rodact o 1 I1 novat ion ceL di ff irul , b'cause the0 
Oider men a:o ls: i ti- at ed i n chlanqes and t.he, womten it )ver
burdosed wit ftoId- al hatIsework, and tie'--Lfe not open to inno

vat ions.
 

The shortage of labour could be at lessat parti al 1, overcome by an 
increase in labour product i vi ty , fot ex mple by i nt roduc ing animal 
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traction. However, most farmers do not keeLp animals that could 
be used for cultivation, especially in the humid and semi-humid 

tropics. Efforts to integrate animal a into farming ;systems have 

mostly faileud because of disease probleCms and for sociological 

reasons. 

2. 	 3 Th1e 1Inportance of Intercrop~incj for Food Production
 

in West Africa
 

As stated in the pr.'iLu prairaph, t opical African agriculture 

s ominated by amallbldilncgs and ;m1il1ho1(U1n(j. practise mainly 

intcrcr ppinq (ux)i;130, I978). Th,e extnt- of- inttrcroppinq , i.e. 

the ratio) h',.bcWc n arcas'; under ;o ] and undet imi:ed crops depends 

cn dif!erent , twLr; icti as 	 sne, sizesuch the, cal farm and 

cr I -; 'Ci ;, .lnd 1;1i Vi l itl I rum r ' oin to reqjuon. )In the average, 

iowiver , 80 , ()F t h' cI t ivdt' ,'s i I W :;t ir irCa i s. under mixed 
croppi n'q. '! Ii; sot ccl aqe i ; hi ,1 i i 1, lqlopbhne thar in fran

cu}ilcou I Itc!3 dkit, to thet, i .e' (!- th1" !iele'm'It coloni al ad

nitrtl- i ( a , afte.i- indh'pc'ih~tc 'e_, ,2[- t rhniec dvia r I

u rtl u-L ricIi I (qe2 ria, ';IIanLl ald the I vo v' Co,1!;t Ieveal the t)edolii

ottIttnO1" tItc'I (:re; iq I 1 ( c 1iI l -11d ;0 t'IccI t It ti( { _uIl ;l f fferences 

a; we I I 1 f-:; : b t'c'nw;;. roos ce A pp . , 'I'abl te A 4 a-c) . 

Yai , 	 f Or 0:t,:1lil1 10 , iL cIul t 1vIt I.d t o) a I c;-i txtout as a pure crop 

it; tlic main yai row i i areI- the11 ;1] tIt's GavaInna (t,.(I. Bron(jo i 

Ahafo In Glhana) , whL I it I a alwav:c ; uix 1cl a; a sub idiary crop 

in th aot:15as. An excc';t cmn i. ,iVin by Niqetia where Vai 

s a main 1 'Irot ii'T f( oest al , tOo 'Flct' saIL: i s (r 	 ue Of forest 

areas ill soith-wcst con Cmereoci i vi i l.aqe.cs wi th Niglerian i mili

qrants. In the fret,' des , toa', I; 'cilI immigrants from the South
crm Guinet Savanna 'iv,, brcight it us;,':' cualtivation of yam wi tb 

thom to cocoa row i n; -0)ercI aIea .;. 

Intercroppinc; is oencr, llv more pronounced in forest than in sa

vanna areas, as the holdings and fields are smaller in size and 

as there is a greater number of crop species. In the forest areas 
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perennial crops (cucua, coffee, col,i, oil pal.is, otc.) are an in
tegral part of all croppinq .eystrIls (m; t i-stor'' croppinq) , and 
the iT s Iilpo-; i tt o I 1il O 1 tq(i1 ant il no Vai 1 l t.icI I V atI L1h 0 I r 

rouII al, ;o 1%v,,)11; I'ttI' Ip t l . Itn ot;t l i , r i , 626 (1 fft,r nt 
use f t t ,n; , . we 'u , . i t i 1 (I bulsh farm)1'tdl 

, , i i,. i) o tIAII, F it , I diI i e a A911,nd, 
111~IL , S Iil?,tO;:/13;:t~,,c+IunN.I! ,i, ;!: I, UI: M()U

i t t 1 "I I , e ) 't 1 I 1t t' 1 1 t 3o1 t ! a d' 3 1)o r-9ilt 

tI , oiI'
 

I tSit! ,'lp I ,0l , :It ,o a i . ,; it III d lno
''1 1H.' 1 v ,.t ' a 'it i 1I -tr 1C I retia. H_ iht2I;,2 1)_. I IO A ti, 

Iti ttI!t i " t13c I]itI t Ivated ()n a IarThe (lI t Vet I tct, o IIou de'tt , ,t
'I) I,, t h II' I: {ocd,fai Cr C)I, , , I i t , a nInIIItI,lr ( -,I o) ;t i I I r t,Ilai1 1). 

' Tih, IltIIIIIb<-'" u9t cropsI) d 'croase. a ; ~!-(. thlot (itia[ lncl. fl()Ill t lit, boll<;* i n

Cr.'a',t5; . ''ho III cheiet (ivr i Ly Ia; foInld on cl tOi llttL t att*11!; , wi I I 

di v(I.; t o I; e t on e ue. a r is (a oI-; 1 't1ot k,I' I o re t 11t ItIt l V i :; t 

1,1 ; l I I t t 1 as to.;e h t ,, t-o ao' i i a o t ine t, w,tI k I It, 

¢ it_'1,?1l ,. " 1 1 1 t: 0 111 ' r c] I Ic I--lt,;ITilb(c'O,:rl , il ( l ' :01", 

ci p:; (1(IR i)U , -79) 1Wh:t d.'II It , I i 1 vi iup'; t t lit -it I I it 

rt;:I( 'I'R1 l , 1 tt, II:i a, (r178) Found 1;.8 i 1 1 tt t- a t c l'ocp; 

Ott I h. :,,tOtl' tI. fatttt, 2 . c)e Ott t'' !1t :o11I f I Id, I . 8 onl1 t I te 

t dhirs, 8 . t i ourth at .6 mt tie fi ftht fll., t. I IIa tricO 

of -;tlvtraII-,, firh at-, wn il 'lab,1 .1. 

Ani examlp to of hit I torS tV is q iven b, OIIOalso (1978) who 

countsed Up to 11 diffo rent species on individual yaml mounds in 

Soutlh oasttrt Iiaeri a liable 5). 

In th drier ale , of the Nor".theirn Guinea and thie ,utt i,avatttta the' 
ntLttbe- of 1 in; course hecLunOCult IV-t(, crops of redlucOd , for Q%

,11111]) 2 , TIC e (O)o ittt 19-ownOO 1511 ct are11 e'xcOpt treeP crolps Siuch I S 

Park i a upL. atd Iut,,_'roettermuii p. , hut a cons ideraile t number of 

Cepc ;t-i I Itcrc 1t:Ol)i tt'< i nIri . I eatlerin Upper V'olta , for example 

21 (Ii fferntI crop specite were counted in the fields (SWANSON, 
1 979) 
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Table 4: Crop vitrices on selecte-d fovam; of a village in eastern 
Nigeria (IcGWOZLPUlms, 1978) 

F 133 F 102 1 0) I" 12 F 12 "'mNo.
 

1 2 3 4 5 353l43Id 123 4 123,53.3 2345 

x X: X x x X X Xx x x juinna 

x x x x x X X x x x x x x x X x Cassava 

x x x x x x X : xxx x x Cocoyl 

X v x X x x x x x x x x CcAIX'a 

x x x x x x (rouncdnut 

x x x x x x x x x x x Koa
 

x x x x x x xx x x x 
 x x x - Wanx x x ant 

x x x x x x x x x x x x x x .: x Mli:s'
 

x x x x x x x
x x x Me Iolfn 

xx x x x x x x x x x x x x Oil Ibum 

x x x x x x x xx x x x x x x x xxxx Oil palm 

x x x x x x x x x xx x x x x Ora'elllg 

x x xx x x x x x x x xx x X Xx X Peppi'r 

x x x x xx x xx x xxxx x xX Piijenuxpea 
x x x x x x x x x Pineapple 

x x x x x x x x x x x Plutain 

x x x x x x x x x x x x Suet pJetato 

x x x x x x Talivnto 

x x x x x x x x x x x x x x v x x x Vegetables 

Sx xxx x xx x x xxx x xx Yamnx xxx 

*Fi(21d No. I cxijktund farmn. Distance of field fiom the caclnx)und 
increa;es frnm No's 1 to 5. 

Wit hi ifthe Sa cooIo [lI (11We -[lpino ssteiii vary with the 
Soil qLalit.'. lIM!, whCn dlc-;riij the clopping of tiet's 

s-hand 1,k{- (colntr in the Cam-a-re t Hliglantis, VALIT (11)76) states 

that th, crop ottefl!t cLhange OOI I -Cl'ti 1ito not Onilih;;oe with 

n panmt it',: hut aI so tn gual itV. - 1I tICreasinc So'I ferLility 

th: numbh r of spocie.; in the associat ions rises from 7 to 1 4. 
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Table 5: Crop combinations on va, mursis of various sizes In scun--osterr, :igeria (OPICGO, 1978; 

Locat ions and M'omund Sizs 
7:kalanu Eilolk 

I -10c
Ez
Junction
Crcp round Size 2oud Size .tunizeze 4rnund Size E:cund Size

0.8x 1.31 ix3m 0.9x2-: I.3::3i 0.4x .5 Percentage 
Frc uency 

1 22 3 1 2 1 2 3 1 2 3 
1. Di,iscorea rotundata X x X x x .	 802. D. alata x 	 x ' 538x 
1. D. bulbifera X: .c 401. D. caenensis 
 x x 20
 . ,D.clum tcrnm x 	 206. Ccssava (:anIIot sp) x X x 	

x x 
x x 
 x x 	 x x x x 

C-', 	(KanXt]soma sp) x 
73 

(Colocasia sp) x x x x 
x 13 

x 
 33
9. :,hilt (Zea av,,s) x x x x x x x x x x x10. (Vicna sp) x x x 
x 80
 

'1. PigwonDl.a (Cajanus sp) 33
 
x x 


I fla '.ara groundnut
13
 

(Voandzeia subtorranoa) 	 x x 
13. G'ouiit (Arachis sp) 	 x x x x x x 

13 
x x x x 6714. O[<ra (ibiscus sp) x x x xx 	 x x x1 . Solan z-nsp 	 53 
x 

16. Pus .kin (Cucurbita spp) x 	
7 

x x

17. .elon (Citrullus spp) 	 33 

x x x
x x
18. Telfairia s; 	
x 40 

x 719. Talinum tiiangulare x 720. Lac'enaria su x 	 x x x 
 x x 
21. Co-sicu- spp 	

40 
x x 	 x 33 

o. ofs[ieciOs per 9 8 8 9 
 8 2 9 9 11 7 6 4 6 5
 

First fiqure indicates heojrht of mound, second fiqure the basal diamter. 



Coffee (arabica), plantain, I rish potato and .'egetahles appear, 
while bamtibara nut, cowpea and sweet patClto d is appear aad q round
nut, cocoyam , and yarn (aI. d u1olrUII) .L'rt.ase in itnumbe . ()inf Ir
tile soil there is a very hi(Ih plantin; donsity lad a near1 con
plote soil cover. The v'.ria t ion; caln take place wI t 1i1i1 laOrt li-
Lances.
 

Social and cu 1t ural colId t km:ls as we 1 as (eco gij cal and economic 
condi tions also influnce cropping sys temns . Thus , i n the Ewondo
 
country of southern Cameroon, for exrnp 
e, 6.1 of the fields are 
under 5 crop; , w'nhrods i n the no iqhbou r in; tl:.;.i country under the 
Saile oil'V i F(aicllrl!:.I1adat11 n 01cll co ndIi L i oi,; l!1(r hr,I ha f of the
 
fielC 
 d;_' I t:'UId F-L 11' twOo Cl-tJ'; (I RAl' , 19)77) .C SI Inl - oxalpi s
 
eXist ill othIC 
 ,I a",do<l
( IItC . oe!7'Llft' r-tnces also 1da an important 
role, a:; can hl, ,la .' wheni Irm-'i :; h1v i ll;Ilir_ ated front other
 
are,a1; caQ)IIt i tI'1 t a 'lI e's. ctI-t in 
 i-lp.); , e Ven i f they are not wL L
 
a-dapted to iof'1 I I
,1_)ldi 115;.
 

'lhe,nlumlbrI ,,f I 'I X die; riusL; exponenti i] ly with the numlber 
of crojs. WliI I ht-,i'nm I) - - is: nearly unl i mi ted in forost- areas,
 
156 Cre; , C;'U:'1,il1t LoTIS , a t 1 11 counti d ini not i horn 
 Niijeria 
("I{o
1mA , I 1 7.1) . TIohio. al->, si01,101 [l-IeOFMll c ) t0',:111L Lli inC- 1 nai0onS 
tivory i- l - t)C11 g:() lh . in tlt' fo 
G-hdil) tl l, j ' 11'M IillnUlt t*I )ppIlibj 13 

I t rarI; f (ialileroan and 
;, q cun, Ii ; t I - cl-ep!; -lav

liii t i e c::: h.:: ): (I)Ii M: LMnliltI , Cit 1,%i,1 COC.,'I.' i ( Xanlthol \'ntc 

.. lIaL . .) inl pl int ai n- (ATAYI and 1I(N)P8CIII.0,0; AR I FAjR I ,
 
1977; 
li( 'C , 1 ')80) . Iit thie tgwonc C- uilt I' oa ;a;tlt h rin CamI:teroon 

forI" tXaIIlll I t !, . o th.t'lst- (nI- wet , 
 1 11tod I. t1i this Illixt -ure
 

(I1AT17, ()1 1). , i' Ci )n I ,
i n til' ] 10c1 i i,Il-I ,,ln ll 11'-r i 7 cron 

iixt 111''e <l' llilltd fIC al oLit , oaf .. , ;it i; tod lan(, the 
tiolt co illoi 1 , r 11l 1i l t [, t r -0rl 0CC11;li)' iIII Ila lIady 26 of 

the land (,. .':., 117.) ( l'' I) . 

As il o ned ca.1 1 or, clr ppi n I pat to i- 5nt tdcpond on f c.r!, and field 
Size, and .o tIt,'.' sso dlpOndI n p1op itation d n: ity. .111 more den

se I populated Ireas tilitcrop diversi.t.y i. tfiih Lind tree cropS 

play an important role. Tils can be observed in theliowland tro
pies, .. , eatern NigrIa (LAGI.MAINN, 1 977) ,as well as in the 
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tropical 	 highlands, e.i. in 	 the BLarnil kE count rv of Cameroon. 

As the population densi t,' I rIcra;,s, however, lot oni", the number 
of crop speciLes per field, hut , .so the plant densitly rises, load-
LnJ to a1 ;jen'Ial i ncrt-ele;0 I intt,en:lt. In antleorn N iq-jeria tie
 

maise ptMpulat ion ii ! -,' %ls; ilitecrot)p rose' fromll l]00
e ;a,'ylllr 


Sandj; s (-I p loat>;/s lsand) 1i l 
 d e ,; it y 	 a te to 3,640 !;t ind!s / 

V. 1 lant;;/ L;tand ) I Cr a hi I; dolni1', 1110. hullIhetL litit lv.S, 

mt, 
 t t!L1 Co ; n c'ops i:uc;ie d ;sd (I,AI;PmANN
 

I ! I a7i k 7)t I Sol hIrnwt t , ,n I Io 1 ilt , nit.1;i f a I I
 
C:01 1 ) t IrouulhInlt -u ;e Il moi k, hn'iiq I', pupI) :It od area:;. Plant 

J.,dI i, , ol 1ntoi fl Ie :c,, by nearIAI.3(I (II ' , 1 77 ) 
('TI hll I ). It I5. assuiihmi-d th t tIhe opt iil'l i p1 mt ;, I ty is a r.'dy 
Xcoekit i dense,I l,v pLopuLate d irot,]; btecausel;t f I OW SOil fert i I I ty 

L0 ;nU I t I ln f roll short fal Iow peUriod.. 

Table 6: 	 The seven mst frequent crop mixtures 
in Zaria province, northern Niqeria 
(Percentape of cultivateld land i:xcu
pied by these mixtures) (WnPMMIN,11)74) 

1. Mi l e t./s;riqhmlh 	 .t 
llii llI2. IMiI I(t, ; or l-~n tit;,i 'tjk]-.I . Ililhet/siioLLLntml ' )lunt Ci. 

4. Cotton/coui ai- t vKt ate 3 
5. :Mi1 let/';r r v oimt .,a 39C 
6. CottonI/.CnI-12,1 3.9 
7. Sorntlsm/q roin;nut 2.8 % 
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T'labi 8: 	 Plint dunnitjes of ia ojolcropsi in I lew xnd a iiIiylv
 
j-'Q talat1I u110a of !;'Ut IhI-1 C'a':i.1 01t (II tP, 1977)
 

Cctli tent (i'to[p HiC1t1 [-Vtlt at ion desn;it,, it, [-,phlatian density 
I h t e/ ha) hm(pants/ia) 

Groundlnut 9.1 000 	 103 000 

i-e 2 600 2 000
 

Cassava 2 300 1 800
 

Cocyau 3 300 2 600
 
(Mlnthoscvla sp. 

PlInt-ain 
(Masai pared in inca) 472 	 319 

C rop II x t IrI I- (X cn he c las s i if ed by the itumbe r of compone nt c ros. 

While in th L a('est areas 3- 1to 5-cro)) iIxtrts domiate, 2-ctecp 

nl xttLi t,!; Ir L) rO pi ' l,I\' nt i n t lie Nor tItr -n Guinea and th S Utaan S,1Vanf-
Ia. fIn ni) IlI t i N eI i , fo"I- t xliim It, , mlore- t an it, :, of t Il, I landNi a 

i!; iLier 	 2- I:t ilt lotI 	 lt iithtII/r - III Iit-' h; an las i /o l , ;orel ' thllut 

et . (NOIMA'I , 1971 ('Tabe) 9) . ' lh name i ; t ,Ii f ' ' ' I t a
 

(IATI,ON aind ONKI AN, 1 980; Mel NTIR H , 1981)
 

!;pace m 

L;, at(I CCtlt)( atlle i - I l oa .;)it i a I al-al 

Mi xeld CroI )p i I1 )tIt t etnI.; hIa.-'I a alid a t III( oit1tttllt'/t . Thi 

t 	 ' 't't'll"l t tf t lit' t'II ltilt t'nt" cr1-O ) 

Itt pItt . ieran. 	 pat t i n lj . t lie 	 erta)p a 'l1(t 1 t 1 iTi,; ('1ii I etnllce; coMn
' 

J Lti t ion 0, V aI 111', .forI ] fjjt , j)(-- Wt( l ti c"Illpli~ont (,I-op ; . 

CI-)I),i ;I( p~at L, 'll : al- (1( I 	 -mli nod I( v t' hl . i 1-olluHlli . 11n olPest 

area:, Y~ ~ l t- ;:, :i n, i. tr, I y fmilnd H , t.cIt i:; (tII- fi (, It t o 

achI ti t it(' ti t Yo !;, al ll I ItcttI ; I l I p: ; I'a t ; 'thik tII'; of 
!:g l t ( h l ( ( 1 ; 1 ] {lt ; ( l- ! ] lhl ',' i ll l Ilf 11l; i - ") I'X:, Hi~I t , 

.
(C(C' ,1111 	 0i I) C I] 1 ]1 I 	 *-Ill ( l~ l ''~ l; '"1Indl I jce( ill l p ',; 

;ions. lhi. kind of! pIIa lt Il( 1(i '11!;o) (- I] I''d pat chw()O I, u!; (cl(ops 

at-i' tit 	 i i I t itlalv Iu l pt I lI 'd Ii ftt lit'-!: ')i 'It !t' t'it -xt. 
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Table 9: 	 Inportant crop mixtures and porc'cntage of land devoted
 
to mLz-tt-re of 0e to six crops in Zaria pr-ovince in
 
northern Niq(ria (DORtMAN,1)71)
 

No. of crops Percntage of 
inl the mixtiure cult ivated area 

Sole crops -or, ; , .. ;cuiut .xctton 	 16,6 % 

2 crop mixttures iillet/sorghtun, S0rghtUr'qroundnut,
 
cotton/cwlxsa, other crclinations 42,1 %
 

3 crop lltLxtures 	 iit let/ sorqtlncT/cla,
 
mildlet/ sorghti/g rundnut
 
rotton/co~wpexa/ .suet ps t o,
 
other coilnat isn.; 23,7 %
 

4 crop miLuttu-es ilt/solui;Von imliiitt/cs,
 
other ceihinait ion.; 12,1 %
 

5 Euld 6 crop
 
mLxtures 
 5,5 % 

In some areas, however, and especially on oldeLr fields, planting 
is more regular, as in p)arts of south-western Nigeria where cassa
va and maize are planted on mounds, that are spaced approximately 

im x Im apart. The same is true of vam in the Southern Guinea Sa

vanna. 

In savann;o areas with ri dqe Cultivation spacinqi is quite systema
tic. The crol"s are placed at reoular intervals on the ridqjes (Fiq. 4) 

I':ven withiuit us illq a ;a;;ii o, the i idoe; at>' ;:'iust.ructeid at 

more or less istnces. apar-t . Thae'lb' tnt?;, but io off animal 

tracmt ion is iv.,l': ',is'', U nedetr ti '' ]; ; !'wlt not ; inure 

chanq(p (.)I- ciupinio patterm; ; spt-ll-d-

A special form of i ntorcroppin ha; d'veoped in some areas with 

frequent 	 waterlloqq i nq. In parts of ''o'o, lBen iin an Nigeria yami 

mounds can roach considolrahle dilmlnutllons am)( olunds-, of Im heigciht 

with a base diamter of 2-3 m can be founl. 'Ilh(i s ides of thu mounds 

are planted with different crop specio; (Table 5) . Pi ce crows on 
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on 	 the bottom Letween th nIIds. fxC'l Ni (l- i aAn rom! eas tern 

iS Cien11 by O1.'( anI IIREFNI,AND (1 ()76) (iii. 5)
 

CroppII p,It t 'I S iz;: 1 tC'c(n ,l te tw1'1imetVOi a1, hOweVer,
 

with the lnt,,- ,It in . tll oeiaIs, suc), as IiiIaIs an1d
 

t-ee;, thx' l'collv tredi:;. iena . As the canopies of the
 
crop;t; i-em1 di; seer-, t : ore';, suchl cl'iepino]( .;'St1115 aire ca|lod
 

mul ti- ;Is C ,"C' tus ( ec Ape. , Vis. A,). 

.ht~l t i -I t o '", . 'I L 1; are tjt e' ozT;11en i( the hti id t Lropi cs. The
 

u1ppi-:ost 1;tore, )ft ln d i '
s i torm u9t' 015-t t tI-t, cs, tLe ,ie-

C tr,".. of 

and th, lote;';t s;tore'.' .9; annual, arFle, clin lom an ecoloical 
poi ,,t -;t.e'. rr"e!l nt . lel de', ,1!; til;' ideal f ormII 

(-n.l1 cofFee" a; wtl It ' coa t O,;,; i xed wi.th plantains, 

(I 	 ('t pr")(dtct ion in ral te-t al 1:; , I; it ieC'' le ' the lla
tu] ~ VO'10( 1I11 '_ l , :Ill tI OIt",' IT'(t.m: t It'111COcL11 1. t II-!;t 	 Ic I " 

o17oS] OnI Lind t / 111,1 :It 11 11 >, 1 rt I I ]i .. (,)ITI lhc () t - h:11h, , l'dlI II 

t iln i s a I r 'ca low 1 t!1, in. '! hlu lli I [ ; I Ic;an 1tI ti tI in Is
 

ittt'ti 1 SISCI) in. .hadinq
cl- prouct Add it tonal i t-;; cal lad 
l F'd nU t in I..I.to 	 turt el- t tI)I 'lI ,s ,e Pat-a, ; . 1 . 1 , 'jilt I 

, . 1, 1 fn I-I~h w ithI ld d1~) . A ;IlTI It - ;ll ' ,' in t I I T)t r ,:II I I a '11111u'l! 

Crit1:c i C 1.511 cal et o ,;Inn l-:n; 1: th ,' hturni.mi t to'ici . , hut aI so 
duite oc':;urc~it ii; t; sc;t -'lrtit rc':'It ; (';A'' 

Thte fallwini class i ficatiun, based on vi laq, s tudies in eastern 

N gUeri a, i; e tod from IAGLMANN (1977) who divided the crops into 

two di f f0 rent '_ruTs a_ a funct Ion of the i r height. 

Tree croips 

SOi l pal s , coconlts (20-25 :)
 

Bireadfruit, raffia palm, oil beans, avocado (12-20 in)
 

- Colanut , ma- (8-- i 1 ));
 

- Orange, qi'ape;, lime, paw-paw (5-10 m);
 

- Banana; , plant amn:; (-8 m)
 

Arab le cror,s 

- Yam (3-6 m)
 

- Mai:e (1.5-2.5 );
 

- Cass.,a , cocoyam , pepper, telfai ria (1-2 m)
 

- Groundnuts , me Ion, veqetables (0. 1-0. 3 m)
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Figure 4: Spatial arrangement of some crop mixtures in northern
Nigeria
 

a. Three crop mixture: Millet/orghum cowpea"
b. Four crop mixture: Millet/sorghnigroundnut/cowpea 

* .,* 

Three crop mixtures 

Milletlguineacorn/cowpea 

-. Takauk" KauraKimba'. GidanKarma" 

"•M-' V a --0- , ' - V - --V - -0 - --O-

Name ofvillage 

Ridge ICropStands per acre 

• Cowpea :(ilants per stand) 

I Golneacorn TAK KK GK 

0t 840(6) 3o57(6) 

G tcorn 
* Groundnul MI I . o74 (6.) 48 

0 Millet ui ie, 2o74(5) 242o(5) 1528(6)
A Late millet :)l °°l~ 4 

Fourcropmixtures
 

*9 Millet/guineacom/groundnul/cowpea MilleVtate millet/guineacom/cowpea 
* Takaluku" Takatuku" 

1----- - C --- A-0-- -A--V 

--- ------- ------0-- -c-- .-- -----

Crop Stands per acre1. C0ands "per acre 
(Plants per stand)H , J (Plants per stand) 
TAK KKG TAK HK GK
 

Millet 2o74(6) - - Millet 1815(6) - 4148 (6) 
Guineacorn 2o74(5) 
 - - Late millet 29o4(6) - 2765(6) 
Grounnuts 145205) - - Guineacorn 1315(5) - 2o74(6) 
Cowpeas 1383(5) - - Cowpeas 1210(5) - 274(4) 



Figqure 5: 	 Spatial distribution of crops on nfunds in
 
Abakaliki, Central East Stato, Nigeria
 
(OKI(G and .21AND, 1976)
GMR 

R R M Ca R R 

R 	 0 R R 
R2 	 R 

Pp 0 ,V
(g0, D, 

D2 R R 
R R R R M 

[,i . 0D 
03 
D1,5 

0M 
E 1,0 

ER 

0,0
 

0,0 0.6 1.2 1V8 2A 3,0
 

Distance in meters 

R Rice D, Dioscorea rotundata 
Ca Cassava D? Dioscorea alata 
Cu Melon 03 Dioscorea bulbitera 
G Groundnut D4 Dioscorea cayenensis
L Lagenaria Pp Pumpkin
V Voandzeia Pg Pigeon pea 
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Time is introduced as an add it o:%puon by ptasodIona) 
planting. Qui tO frequent I% not all crops are' planted and harves
ted at the santo time, luit to differinq maturity jwt0 iud.;. Yamti, for 
exalitple , ; planted hfoo tho Onset of th rai ns, whilei ai c, 
Illi] et, (tc. alt I)ul lltd lly : tl ()Iltht l te aft or, t rheIainy 

season hias 'tc:;ic2 W it h it it; .xact ' thu Oppt);itc. It is 
planted foULC weeks a: i 111,1.to, t nol t i'at VOStOd unt I I th fo io
winq year 1. 7-1 1). At; wi7111 ho d isco.;std lator (IParaquaph 
3.1.5), th, comt,,lthi t itt :nigotificcant lon c asl,.; ihe y~eld ad
vaultl jus ol I it .,,I'.;i. tu ; il I utt . 

'I'tU proC(d II j :,II cI' :tI hic' u icth t1ottic Idea of the importance
 

of inturcrojiopi ; t(t'ih; -Iit oit
I l Lrducti ini West Africa.' o1 

While ttor c ti o 
 ' utilldlot 


no f ,tr 


I ht,-i acrus(tim ;ixed croppillq, 

IiIuc oivli alt'i u fit thu p ut.'ocuotaj of food ioduct iou
 
orI j 1 a it li 
 f -ot i it o II pp(ud ! I (IIt;. IICotw r , i t ca r he ass tited, 
that t tiL ieoo titI1l i tiot 

o 

ht l 1 I ] ItaId 80 tc,l-t01hly tort.c,spon
ding to te at~ jc ut-t1 F . iI d (o0 J Lnt. 'Ti I mm ans that inter 
croppinlt plrovide s t Ite 'at tt t 

t i o f ho fod L;1p1lv))L of t ho po" t-

Lation in West Aft-i ca and 
 t tat isI hlit i rctasC in produtt[t ity
 
of these cropptng ttLtlSt i
ritj ys 0 1 iicoit rihute titoro to the total food
 
product ion tihan a Itlihtr I-cease 
 in th output of the relatively
 

fow imiodein cOmnle rc i aI 
 fa i-ms 

2.4 Description of thte Princil)l CrOPpin( Systems 

West Africa is divided in climatic zones, forming belts of diffe
rent diameters naral le I to tie doqree of lati tuode (App. , Fig. A I) 
Rainfall. i s general ly decreas i ng f rotl South to No.,th (App. , Fij. 
A 2). While ratitfa I distri b)ut ion is chat acter d by a Single 
peak (monomoda)I it t ht Skidai and Not-thorn Guinea Savannas there 
are two rttlu', sttion s (hilliodcal) itt the Soutte-n Gu'nea Savanna 
and Ra ill tort; t . 'h:it'- it I zoo-sima t ic cori-c spotid to vegetat ion or 
agro-ecoloqic~t] tones; (PAPADAFIS, 190,5; PA0, 1978) (see App., Fig. 
A 3 and 'ttih c A 7). Thu, we findcan in each veqotation zone cha
racteristic croppinci systems based on one or more crops typical 

for- that (nvironment (Fit. i). 
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Figure 6: Crop ecological zones of West Africa (Adaptcd from PAPADAKIS, 1965) 
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As there 	exists already an immense number of publications, des

cribing traditional croppinq systems of various parts of Africa, 

in the following only a simple classification of these cropping 

systems is given based on the most characterintic and/or most 

important food crop of the resipective region. Phis crop is in 
most cases opening the rotation after a fallow c ciod. Put it is 

not necessaril% the most Imu)OrLant st 'ple food, in respect to 
total production (see also App., Table A 9 a-g). 

2.4.1 Cassava-Based Cropping Systems 

Even though cassava is most comimon in the forest region and in 
the Southern Cuinea Savanna, reall cassava-based cropping sys

tems are mainly foundC on the poor sandy soils of the coastal belt. 
110re, food c ours other than cassava hardly give satisfactory 

yields, except coconut or oil palms. Cassava is comonl'' associa

ted with maitze and cowIOca (see ;w:)., Table A 9 b). 

With increasing length of the cultivation ptri)d and decreasing 

soil fertility, cassava becomnes tht. predominant s;taple crop in 
many regions of the rain forest and Southern Guinea Savanna, re
placing especially other root and tuber crops like cocoyam and 

yam, and 	 to some extent maize. 

Figure 7: 	 Cropping calemnlar of a plantain based cropping
 
systecm in sotth2rn Caumnroon
 

FirstSeason 	 SecondSeason FirstSeason 

Maize .i _ _ " Y ; . . . <-. .. . - 7 . . . . 

Cocoyam . - . .-. .
 

Cassava
 

AiM!JFJiASt NO J r ! A M J J j A S N 
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2.4.2 Plantain-Based Crotinpq,(vstnens 

Plantain-based rropping are predoilinant in the forest
 
ireas from 
 thu Ivory Coast to Cailereon, the only except ion beinq 

tIe (-d!;terInI Jtlt Of Wi11-0 1 t h'he'rlva p)r itICi pLe 'Op). Maj0or 

.uea c.:rop ; In this; a.'o tl art , lintain, oC va ,ll,in ;ad aoa-
Va. 'ilth 1.rlaortnllIC, ut eac:h MXos'lavVr , O t e Ven wilth

i 11 S1ho-t dI t it1C0 ;, t hat M I1 -e orU ZI sa-a' S Ia I i]CONIIe th(' 11,1 ol 

antll aIn and coc a " 1arI AIt' , a"ter clear-ance at the )einning
 

DI the ' asIoI; anillLt'Id t h on1set of reg ular rains.
II Li; lit'I-

CaSsava Ci;; th L rot at in)i be)i nt;i ;) I a L only in tile second and
 
til r: ,ar in Ire i n1( 1:It" t I W ; f
ilu !at low. 

oC Idrll-V eron0)s Lre t'a1 all(! ,intt1i-ss(i; (tte first is a major crop
 
in N gtil'I[ia and1 
 lith I Iat Ii; a mai ()- crOp Ln a(llhthern Cameroon) 

-ye rr I ahi,D L- ; p:; , illi IInI v Ltt 1)CS an1, S) Lt,; !anIch as ok'r (, red ,-p) 

Plir, et 7.. i patat1 'd at I to', Il ; it,' Oiion tiel tMa i ii)(i P ij.
7) . Ndl.: ;e ;te rl2I[.' Ta n n.;~lll<ii; [inror]lt ance a,;ll(et it *-ei ' eo't 5

]aasjl'U I Isods, u ll dtT!,i ld,7 Ma TI I n 1 i h;il cI.'(ln tre ih'e; 'It andit; (~ I ill r; I H'hI~m, , e d t " 1h, [' : I TIT'01 I lIdCo ; I tlaI p tL t 1I* 1 i I:<,] 11111 o w l1 1 t () ],) l-,h[lI It iI /I l ha.ll l 

h I(ilh 1i, ht t , :l[,, Itu!, 1 118 1 1 v "' I I- do rnot x J 3 / L't't/ 1 1. 

C,I! ea,X.'a, I I'01I t I .I l 11 1 , it I ',itr, 'l es1 h.i;he i'lda,
"dl (Od L I; t[ 1;<d (t1o t It I V _!;l t l I I, L, 11.l1 FhI." I t, Id , 

, I. Itl L t le i r i 'so I I I l ; ; tit L not L 'ILa ; t , i a;; I L'ii
 

Ill) t rat's;:.;,i is l 1id .;te'o 
 . 'I'T,- Crop:; , s uc-h a- oIl 'aill , k o a,
IIlaille , l.I .':,!' an' at1.'s afto,. ';z.,.,.:kt ri;dn:; ii t1[he fieldh; (see 

at o:; "ep., 'T'a A J a). 

2. 4. 3 Yam-ha!i odCryolppi nr;..S ystemo 

In the Guinea Savanna (Middle Belt) croppi nq systems are tradi t ion
ally based on yam. Here inpred ict abi Ii ty of rainfall i h igh and 
yie Id s tabi 1.i ty of mos t crops is I ow IiI' to periodi cal wateIr st ress 
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during the qrowing seaoI1n. This is e (-pcci a' Yl t rue for the Sou

!on (Derived 

In tVUry CoaI;t (tBoualkC, ri i(},I) , ,Ii cl, ill 2 L 3 li; 

thu11 lGuinea SCav 1n1 and tle 'Frans12 t i S,'ana)i. 

3out' 

C I toII t1 )m is a walm d& - itei I ll ih :;'C elId and ]1 ,-d decdd, 

Of .lP1' ( ii ;lfill fi i t; OCCauUl in i uly, , A.l, tiat and Oc.t Lher) 
(I"RA N(.)tU.N , L'it,'<!' 1:! AC 1,1';aI,; l t 111 1 ill .;i(]itlI w a',n t ,'ie ld 

J -_ p ] k :; ; io II!; lill t i .: .1. '/, 11:1l , ', ,t t h!(-tIl, 111 1t c a n a :;,- :; u ! - I II m;ull 1) 

"!- I -t ; I";: ':.'s ; ;t I I I t I ll 11 l a;t ','II' Ids eY" U.OIld it1 1L' ( ld.(1 110st' 
lls-;. ) hahl ll tt I I' . l I," t ._ r (,,l;o t ~o 1t s lfir'du rlt;,tlic , i11 ti 11 l c II

'a1 1! 3 n( Il lMjl I i llt,( I'd ftei U c l,1C1 l I I11 lt t f Ii ra t, *)' . i '.I-r 

and I L y al (1). Ot nt1 l, a l D. i )I, a 1i ll; l J I y i)1ant Cd i1 

t 21 ,a ,tw I- '1I 10 t 1,-l ixet CU a l- Iti or" ii 1e It) e ta lol;. i;s ften n
. jplI 1 t d w i t i co'w , C lo W j)0)Ulat Ils ef Illh1I I , C.a. va V tjes 

ta lIe s i :1i , I 1it a 1ii. Yea ll i 1 llt_n' 2 c -(I ) (.<eet [' ItalJl- l)h 4) , wLt I 

1In, 'l ) , ja )a1Il fll t hw I alnt , p I Iant i 11(f t he ,' 11 and st iI I I1 ,t the1 hala VI'St 

W1' It,' ;hI )i 1 11 %/et'd 
I e and /er rt_jI Ue lailt.) , i at it- I U Cot U r 

b,',,,,t-cn te ll 1ouinds (V.1i 1. 8) . 

1I I Ii v t O1l"ll; 11 111,1 L Lc i 'd tn i.t t Fei )1 it t i, a I o v Il' 

;lr_ lI i1 Ll t iatnd C'w jlei a1,'' tL1i f11311 11l1 IC tlI1e30 . Wt i LO COwI)1alI a rI always 

l It II lrIjl , ' l d 11Iit a 'C 'f r the lclI() F ),art C it ''t d on lSeC

Sl'ile Illa;1 I1 ot lrel occa71iol i3I01i 1 y het.(til' lilttOd with \'el y 

OWI )1 Itli C, I ; 0fC I a O Ior C7s a;V a. 

M ajiL33 and i3Va\ c a Lao 'jaininI ill jiIL artllnc in thisI cliimatic 

1*t( l1, Ias thley are eairl t t to cult ivaet, at ot)e, process ald t rans
p 1:01t LhtIli3 yam . AlItIO hli I'a:;Oll ISa, that 'arlll Is CxclIIsivCIt' al Il'i 

Crup. When ien m1a flt! to urban aroa ,l the Wollen remai ni gi switch 

OVOr to fllai.Lc allnd C .lI:IaVl (sce alao App. , Table A 9 d) 

5,1
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Figure 8: Cropping calt.Oa:w- of a yam1-!WLstI cr:opping systen 
(OKIGtL)O ant RI!ENIwW), 1976) 

Early yams /__ __
 

Early maize
 

Melon
 

Okra
 

Early cowpea
 

Colton
 

Pepper
 

2. 4. 4 R ice-Based Crotjin_ _Systens 

Rice- based cropp tn sys tens (upland rice) are common in the high 

railnlfal areas from the ws;tern Ivr Coast to Sierra Lcone. lere 

the fild is openeCd Witth r ice, which is plaited with tie first 

rains and iOerlanted liter with laie and cassava as well as 

Veqet a Ie ald i c (lig.I 9). 

As use,;l , cLit
2 assava is not harve.Sted unc iI the second and thirc' 

yea-. F;e .; p1 ant ed Hain y as upland rice, whi 1e in the other 

parts of Wt Africa it:is usuallty ;I anttd as a pure' crop (swamp 
rice) iin valley hot tom (Las-fonds) (see also App. , Table A 9 f). 
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Figure 9: Cropping calenamr of a ricr-lxsedI cropping system
in Sierra h_ one (OKICFx ancl QU2NIAND, 1976) 

First Year Second Year 
Upland rice 

Cassava
 

Maize -


Okra
 

Pepper -


SFMAM JASO F 

2 4.5 Sorchum-Basced Cro1ji Sy tems 

Sorghumr-basd croppinq sy stems arc typical of the Northern Guinea
 
-nd the Savanna. j(r crops
Sudan ,',ta in the systems are millet, 
itai e (o"iny in the, tii'ta Savanna), groundnut and cowpea (Fig. 10). 
In Most ares two itdf ft-nt- tp aLp.Of SOl'glhum (red and white) are 
grown. Red sotqhll is prt.ferrt-ed for brewi tol c-,r and is normally 

planted on the more fert i le ef 1;. 

In eOrllee of SudLn]arta the Saana, e -(. in Upper Volta, sorghum 
is often planted Is a S(,' ILi-I'-p. gr1OunIdntLt and bamhara nut 

u te
(Voan aZelae Lranca) arc p1adlted bv the wotfen on separate fields, 
while m.illet is planted ott the peooror and more? shaIlow s oiis of 
the catena (e.g. on top oi hille) (see also App., Table A 9 g). 
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igure 10: Cropping calar of C;orghtf-lXo;Wt:-oppiliq systdLu; 
in tho Saluili Savanna of Nioeria (W)RKW , 1973) 

Millet 
Sorghum /
 

Millet
 

Sorghum
 

Cowpeas
Groundnuts/
 

Millet ,
 

Cowpeas -'/
 

Cotton 

2. 4. 6 Mi llet-[asei C rooin_ Svstems 

With docreCh; ing rinfa l less, than 600 mm) millet becomes the pre

dominanti food crop in the Northern Sudan Savanna and the Sahel. 

Thu choi ce of crops is rather I d ted becauseL of uncertain rain
,all dis rihut-ion and the short durat 'on of the lrowing season. 

Nillet/ rouindfnut and mi lt/cow)e, a arC the, most important cropping 

patterns oI thisa rdon (ree nlsoApp., Tahk A 9 h) 
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2. 4.7 Ma 	zo-IBasd i-iji SystemosCrl li 

Even Lhouigl Inlli Zo is 11 iliport sntt.'aple food i 1 tle rainforeost 

alid 11 t h, (;ulltca Sllik IIla, it it; h '.; t ildl)t0 1 Lo the f, IopIcdI 

hi ghllv ld:; whelr it. hlt; the h1i Illet; t t 10I1ui l jot e1t i . 'L%,11o 

ot d C .i3 )1; 	 dtI LI I ite c1l 5 't iI ' a r Ill , 1ie - Vi ll h 11ii l ilo ti I-
Iltlt ( 'I I . B ' L , UlJ (2 L' 112 Vil l It i.cI V IOWlo I I1 1-LI I ', -i i I Il ty 

' n111 I 01:; 0 11 tV illI I -iI F,1l1 tIh 1511 I k,. 1 L I Uf- , ; 0 0L'i 1t1- i.';-

As 111 11 i.il-b e td ' b' otl llltit 1 .; CIIIIi)tel-, 

crui-oI '1, t;y,!;ltoII',.; i,i~., Vol-',' 1-- -;it,h , mdn %,;,,IlI t [dtpf. od tlt tilt' locail
 

-eadyw: it trl t t 	 trIiutiti1 ! I 

sloAi f. an l'i~t, ant j i).;p i 
I t[! 1 1)":ib v a l" I t 1" o f wti ) Itl;iC ,_ 	 u 'l' ll~ l'!;-N;L !<, I ' un 1iilfI ]thw r,/'l 

c I' I II Ilt.(.' ;)i ;, t )). ,l'1 phy , I <llnci Lt nu l-r a c cotti.;-,; v~l Ii,, , t t-) I k ' , . ! -L)Ltd 

+t F, , t L C . Vb I l I I I I It f t T I i %, t u t c-1 I t'L. ll tt IIC.t'; 	 .] I m It 11(- l f-

I I 1 11it c rt 1 I t .< ";f ,1 lit; V,i -r t '.; [)] l11t i utJ L Iill(' !;:),IlI t 'I-r llle 

11 ,tll 1) lllIlt iI/' It' . t ,.d Lt/c 

lFi(jtirL, 11 :-M	blii-.-aod$t crol-pi rig sys t urs iIn tho- Cca 21roon
 
I1111 lI u dst
 

Maize
 

Ground nuts
 

Cocoyam
 

Yam _ _
 

Plantain _ _
 

JIFI AM JJ-- -- N IJ F MA-i_T 58 S'__ 
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3. AGRONOMIC ASPECTS OF I.NTERCROPPING 

Il Lhe pre vious chapter t he predomei nance of intercroppinq in We st. 
A fr [Jan aq r i cuIIt are wa,,i i)oint id out . This Ls in str i kinq cont rast 
Lt ,he tflportene'tlC iC tt itttpptfiitiqttCUl, lq iI rtCP; Irch 

in tit east. St':;twihtlc Oe.;eIercih Oil tln t.rac ] p t hti; stltud oili

that (tu- tllttl:; Itz l.nit; ..-)Id U e, ta )tl t ;z:'; . ; at ;mIt11d 1
 

fat th,.in lIlt ).'i ,2 Illint ia; 
 !;ti1l limited. It :/ma;t hte 'idmitted, how

1.' 1 t1', Ih coin:li oI'l t , <;a k nIeow a i t ( t' I) l01 al IlC 1I; 

o i llh I ,w ti; II i l . tit; !taI(i alIL7 a1:1v cI 1i ra T , h l ; D)O
:IAIDI, 11,; ; I '; 1 and V..A% D)EN 1~"I<]I) .
1 T !1 

Inl l it f(1WI) )W iill' j)ttiI ' ;l1I)h!; dl I-Ov iuVw t-; 111VC- Of -It d l -0I?:.;UJtS 

-olit'celIli I dI ft' rent e atit; a i crop ,A Oatat nn.( , .;u(lh as plalt 

i tIari t t il , . 'p1 " i 1d (I Fti (J))1 t(1 ;;vs LtII S , I'it i I i /L' - LISe 

111 I tt 0C C 'F1 )i I, lI'!; t t ; p a t!; Ild (I e Z I I S n i t cr )s , -,lnd, 

1-ent . nni)ttXpIl-1u1,itilInt, Jdaniq n tt I ttarartfj)]tlttq tti Is. As 

n tl i el; th lh lt;t t;l 'Ir1 a t [ i 1 t1) I ' I h)IIIA I ft i[ll p i' ieh il:; tln .Le 
I'iqutl'e!; 7111,1 exx:dil l: f-r'i/m ,thcrl r l' oti,; hld Lo hL' [1:;0d,: t((o.~ ~ l 

th~l lt l ' ', ,i T-11 ;ti I: cqh t ill t'' d if-f 'trellllt q ' ! .; One 

,fil! Il,i' i I htri-tut , typ.;nh t ' Llhe t d for th)re re
: :l<i (,11 1 Il it l cropp'.mj ;yL-;ttells. 

3.l P Iant I ntar ,t.ions in Inte __ 

Au examination of some concepts of how plants react in mixtures 
in an appropriate first step towards understanding interrc opping. 

3. 1. 1 I nLorl-oepL Conpetition 

Botan istsa defille "plant interference" as the response of an indi-
Vidual plant or spec ie to its env i ronment as modified by the 
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presence of anothe plant speciesr or (ItAILL, 1974, a, b; TREN1AT.
 
1974). SUCI itotorferno io be' nIolmpot titiv,,
C .o t t i ., t (-)Ioox ,I 
COltIpIl rtty. No uOcomp t J Li ' i 0L(t'100C, .'WoL; W I diI tI t rent Vt 11( 

pI a31 ; ho re i I 9rowt 11 f:Cto ( i lIt , t t '1, t1t I*I 't i ) whi Ih ; 

pl !t hl itiortd l hit I t h t I I I 1i IIII , 'o tl in -; ti t I' ti P1I iL 


yII_ 'll IiO' 01' I_,ll:',it ''t~ i, 0 1. 0(1,1 C<iil,, t i'
'fIct : 
 i A',t. 


I liJ.I'I Ii tI I l.1 I ! C C;I t' 1 I) ' t1 1 At ' 1 1 ft I' tI I t
It 


'I.1it Ii C ; Cit It ,lI (';lt'. .,.I t( t i I.' , I i h tIf I
-


Illo i1* ill rI' lt]X' itIolt.Iurl; I do 11 10 hes dA, ntO 7 o I.it 

ql'%,
.lt. ill I U rl 1 'ti I l t' 1 I I fl t It . o t'r- I t 0o t1' ll CLoWIp :t )I-nt Oll 1 i 1a 11r1 

I llj l 0.01.71 ue--1-dl Io Ii .L rI
 

It I ti 'II ti L' I- I Il A IAI Jldbitw I(ln ii I 1),30(1t01oll.) L Corvo-

Un1 _' 111,1) I I ;11C Fit t, hi:; l3 It ' I I llA ti e: U3111h AL"lI t 17i I I 11:l oot 

St,130 11.L; ll , 1l10110 111Ilt tf; o01 ap 11:c( , iI I (c(l-,Ilt ;t- it ' ;1n1 i l
Lt2T'(_1-O)pt1,d !;\'t !;~L; .
 lC H! 'L I L Vkive fitk:!t, f(,re Cc 1; NtlK1 '(- I aq F i. 

Sc rLUIt.Col i Il ti'i [i ldI ) I n' llltItLt tO tt t , I 'll t. t 1 - tll i -ipt 'Il: . 

L l ftht. 110 l '1;1, 1int 13l t i l . ':11L'rnrrtt i t; l . ",,,; 'It'tl; III . '\'ic' i io
 
hI IVI' ') )%' I J l V: -; t' (t' ,I 1;:;(~) 
, i tit1t)11,; ',,it h I '( A Ich , " I C'I; 11,t I t I [I t Ili 

t l glI vev" Il~x'll~l~~Il
0ot11p(21 I l II ~ ,, tat~t , ;:cc i t,n t; Lilt, c'om~:)t111,,11tFf I'r 1,'11-'1 Il :;I fr1n',1'nl o int hrqh c- p1 otI-:,.!rIIFI 
; f(lt)t t rC '.} I '(II}j)(2I :I, - l"c; c l t lit', 1; fll, tl ~ I',I I rl , t 1 I a t r !; 

I 1i t ILdl'I II 111; I' I t.Ocomp:[ I~,I t:lI n1 I " 1 l ,1 -lLIO 
) t IlII, 1.: 17 1;U cu 111j)e k . 

" 1l:- I_;I ig - ' ~t!'Il'dv 11t :Il( I !I,, l ' .1 w o t t( 
I:it ll1t p illI ' 1 c ' l" o f IIIa x i 

:il [ t 110, ctoILI-Ovc Q ! _L I} ]•,/'(W lt it1I , +t 't',, . I I11- (O I JC I t1 !L; alnd 

OCUIliI 1 r'o u I. l;I, i l l-( ) wi t IIt i t litlo' tI . Ii7LLtt.'cro l til.tj 

I ll6t0 j l ]I i C t I.jIW _( L 1l COjIjO li L (: .* lrS 

fi ,,I-(-.ve ry (I I' lit"(t 1 EA'Y, I1!79). 

iI,.f .i :ti It U.I i:;h S 1)1 ti LI Idl I. bk_' _lL0 2 I t(2I111)01-ad I dli. f fC t-C1 

ccs. Spatial i-f, n_: aro, differences in he~ight 111d plan1t sLtrlIU

tureI' Lis "%,v [ I!t_'l ill L;tt1 ] ; Llilo dep[ -1h anld IICkLIUC Uf tilt' F'oOIt 

u 
III":[.:L'(i
Lit ',' i ',,'] t ! l ,-JUME~il'; '-;U.IJ L l (11'O 1.111(i I I t Q l .)I l* l I;'lI, 

ItIiFff t'r" 1C1'!; MLId 1 11'1.'I'Cd tlC 1W cl' lljpt_'t i kLI ll tI)F" I i-qllit. ],.t l ' l'' ih
 

occur inl plant- lli x.t~url-, W,,t, ) tI _/ )t21'i(dI.f ft ri'clt 1IQ ilt;. W,'hL1n the 
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growth patterns of the coMpInIent croS dti f!r with t ie , the creop.; 
make thci.- major- d en0ndsri-.;ouIce:; at IffCrtnt i!e.;, t.hu1; 
ilecrCa,;i eq compelij ti n (.i,i. 12). Vt-y i mpotan .ieli ely 'n 

h e en I' ti when :i i' di feWIt t1tI; I n t L i I pe I 01 1 U
WC FtcpO 

c7):nporlnt cro!; .xi ;t. ANDRI:;; I 1972) renorted an 80 Advent tLe 
wi th ,-da'. !'ar1 i'd I Lt /I )0-1a ne,,rqhum; KRANT, i t Il 11 976) 
iiit.2 :"i''attmiqtL; t up t O 7 3 wi th var iou.; 80- to 100-l iy crop!; 
in) I80-cla,. pigqeon pua. 

Figure 12: 	 'Conpetition gap' , the period batvmen tie active
 
growth of two crops (cLted flrm PMAK, 1974)
 

Millet 
Sorghum 

June July August September October 

The sain, t.irond is t be obsc rved in ';sva i1LCrplanted Wv ilt11
qJt.ii ;. In trial. , t ,2IAT (atE[INI , 1982) ;a ;iva violsct; w,,re not 

lit luenced bt.tali Inatutl-[ in(i!;J;),, 	 wit i le ViO iI .;wer 'dellctd 

by wpecie iattLaiitvwh per-iod; excetdinq 100 daye. Interplantinq 

of oarly matuirig letnios,n hover, jave a f.l Cann;S1IVaL yield 

plus anl acd ittioea1 [e0L1o1 vield (Table 10) 
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Table 10: Correlations betwen y.cIds of cassava alKi associated 
legumes indicating degree of int eraction lxetiven crops

- 1 as a result O eal iness of legimus (LUIIMlh, 1982) 

Crop Days to phvaiolo- Corrclation coufficiei.:gical mtaLurity cassawa yield - IcgttUIs 

Bean 80 r = 0,01
 
"
Cowpea 90 r = 0,05n ' s
 

14 n . 

Grouncinut 106 r =-0, s.
 

Soya kx an 125 r =-0,35
 

Using crop mixtures of maize, sorghum and millet, BAKER (1974) 

was able to demonstrate a clear t rend towards a gain over sole 

crops as the harvest dates of crops in the mi.xt:ures diverged. In 

Mixt tLI;: of cereals{ It is not only the .vi fference in lengt h of 

matLuri t v that i ri l ln c:; -,)[1l;Wt It ion balIt s t liet d( i fL' e ce in 

plant bei ght. Lu a Itlrt; ;o; e'idMi:t: with VI{hu, advantagOs 

could 1w obt.ai lnd 'ieS vseli.et it di tft-el in h, iqht by store than 

59 CI and I it t1 1e of :nat at1i- by ma1ore than 1 1 ys (lAHKEi , 1979) 

i(jig. 13). in I. 1'. , h wever, the i nfluen s of plant height 

and age of nat sr tv, i.e. spatial and temporal effects, cannoL 

be cleat-IV setaratel 

A long growineg period is the precondit ion f'r m::ing crops of 

different maturity periods. 'ltherefor: , in the hum id tropics, With 

a growing period exceetiing 270 avs, and also in the sub-hitamid 

tropics witth a growing period between 210 and 270 days, mixtures 

of crops, especially those involvinq different lcngth of maturity, 

are common (sea App., Table A 11). Yield advantages can ti.0 longer 

be obtained in areas with a growing p,_riod of les; than 120 days. 

1) The growing period is defined as the period when both water 
and temperature permit crop growth. The growing period is 
longer than the rainy season, owing to residual soil mois
ture (FAO, 1978). 
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In these climates (Northern Sudan Savanna and Sahel) sole cropping 
of short, duration crops is predominant (KASSAM, 1979) . However, 
as will be demonstrated in the fcelowing chapters, farmers are 
practising intercropping not only because of yield advantages. 
While in areas with growing periods between and120 210 days in
tercropping is the best way of making use of the entire growing 
period , i n the s ub-hu, id and humid areas sequential cropping is 
another alternative. 

Figture 13: Growth in height of millet mi',cr with other cereals: 
o - o ex Ghana millet; * - * (a) ox PotT) millet, (b)
Ponn local mLize, (c) Samari 123 iuize, (d) 96 maize,

(e) Short Kaura sor(ihltun t:WKE, 1979) 

2.8 
22 (d) (e) 
2.6 

S 1.0
 
E
 
.S 04 . 0,0 

1,8 (a) (b) (C) 

1,2 

0,6 

0,0 4 

Days from srwing (each interval fourteen days) 

3.1.2 Resource Use in Intecroppiig Systems 

As mentioned above crops compete for limited growth factors or 
resources such as light, water and nutrients. All work on the im
provement of intercropping systems aims at better utilization of 
these resources. 
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3.1.2.1 Light 

Light as a growth factor di ffoi-r fr'om Lhe other growt-h factors 
(water and nut r i n Ls) in that it cinilot b I n 1-unced di rOct Iy by 

111an1. Co'no(ILOntlI y, in lilodtern ari c tII Llre us in i o110 i C fer1t LI i 
zers dlld i rriqat Ion, ott C11IcI i qht n eL; t lie I i l i I i ng facttr. One 

lilll 0Cc 7Icop)1ing ;*!;t.tll < e r inixe:,e ) tir ofort, to ilto ot op

tinal ol,;t). i Ight TIta; cl 1,10;I . i lot o yn' hiih L i ht i t e lt , t ion 

b t in il 1 cten1CL IO o I i (lit, l.a,,tkaI11 11 vI I tc!; o5 1 iglt I nt:erceop

tIoil call ii ichj %, ,,I !; ) It. i IIOalt lu" 'l hyv w Ot lttopt, i111.i1 ant 

, I ,ilit 0; 1 hY. a l JIT'I ZA, I A N (1I'it a, I,) were j eoleto dt1lnorI

t 1ate t hlt I tie, 90 - peak I tllt I lit t 'it ith < I ;olttl l i 100 

1)0l Il F1'0r( ; l-vl t il to sole 'l tlll, e'\ itl tethtlt'Ct W 11 i 

the in ttereCre ltIt'Fi .- live aI I e I etotIl I 1111 t 01 ielId ItI hlid LI 

i'i htL Iy tr aIt L I ,11F(t i I ildc.x (I A I I . I In i nt-itct i oel:; , hiowev ,i 

t he I l I I nl,)I-L' ' 't 1t t (d t l ,'o iin1, ] I.A I 
i; /o r1-t,.-, 111 cl vi.~o-L' nc.I': lit"I ;''; i ) ! ' L'..c 

I k l tt FL' FC Jptl I l .ll' tdo ill ll t1 1 p1 l m tll Wl t - 1,11 1i :d 10.'c ' ( td 

w itht domi natoed p Iants. '[ho tlI IIe plant Ilr ot' l-Illa Iy I It (l(itilio1if 

plant; , I iltlelctI , i n q tho l i-tater hare nf lh I I(lit. Th1t elul i on 
of I ight i t iii Ity cati;td he Ilnt t Urtionw I I. i in a I C (-Iiopy i s 

tl's L, I I ' o XXI'l)tlt lIt I I I CI' T:NFA lI , 1 17(,) . Coii:;t'qlt lt I '.., I lit, Illai lee

domin'ated pla nL qrow; I a;s t hanI I he domi 111{ p lilt ind s I 1 g1t d i f

ferlence!; i l 11i i 'lilt. eV"I i 1 I-] call 1 (-01.; l 1{ comlewt h et;o 1 t M I'l01 

poL L ion c f fect :; and i n c rea;i n q A i foreli-eces be twce0 doi;. nan t and 

doal.:.attod p Iants . 

Success ful intfiuoppi ng sy:I t Otris a itl at -Odlc i01q tLhe ctlllwit It i on 

for light, ,e. t he shadi ng effOct.s of the doilinant ,1 .It , wi thout 

reducing i ght tlirc(!lpti o. Var i ous o!s i litIL<; o x i t such as 

relay i ntol-croI i to;, plant Ing the dominant crop;s 1in doulh r-ows 

(groupinri of pilants) , orient ation of rows iii an east- te.Lt ii l ion, 

ii-lCroafIiI 0 ]eaf inclination of domnan1it cTopl;, and tile ql1OWi n of 

shade tolerant plants atind mulIt i- st(l-, croppinq01y3s;tems. 
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The fo 1 lo'fintcjxaml9 of a 19.0/iurolnlut intercrop, clommonl 
planted in the hulilid :ropics of W,.t 'f-ica nodlIh, to il n
t. r,it, till A ; orounll ut- ; ,- ; i;i t iv t ;1l lc, oil I % low 

Illa L I,)I,[n ' it I--;ol. ' ; ' ' i t, ,0 00 ] I./ I, I This re-
I lIt' II nI'i 0 tcltI1 ' '<I :1It llt vl I I tl I
 
,i tll Iii I L.'a ;I ) t', 
 td 11', i It v 1 qLL1 

tI , ' , L, L I ' I 'l lt I Il I , il' ,II ;t l!l1'C 5, t' IIt t' W.S;
 
;1Ou] A t i III'. b,1 1 I . ' : 
 , I t ,nl i I tttt I I I LfSt ,ilt' t Llnl llllt . T h'}tl;; t 1w, !il lI I !l, '-t !l I 1 ! lo 1t , In t~t1 . 1 1!; f m a i : ( 

LI, I DL.. :1''II I :I I I t t I I AIli I i' i u f tl lim1gi i ', ' t I I k]t I u 11 ! ; 1 1)) 1 ,l, , n Iy, '. !l ::1 . .. ,' 111 1 I 0 11~llvdn V{u : t r 

.TI U li I ' I, ) I I I :l I) Ill I. , u i t:-, , h Ilo';,,r i n
t~ O-II t it I(lf I I a't] )o 1i ta,1 WL'til1IL1 )t ho tfu thcroaI ld it 


L; 11hA 1dLc. '1I ll) I iI' I c ad i1 th Ill L
l L I 't I d WI ih IeL th oe 9,III U nu 1t11 ','I I.1,11 1; !h l:1 utl (:L',' 1vz L P1a r q t aph 3. 1. . 

All 01-'1, . IL ,I t Iol )n0 1 !1 , -;( lv . 1n 1all (, '; t -Wc, ;t d i 'tCct ion f Lllr t he Irod 1-
CC!'; Ph}lltil n' (11()lUnInllf andt ]0ad ; Q:. 11- ldd it iona I yicLId i n cr t s 
fSC i ILIN , 1 9b5 ; f.NDLI.I'TONI, I;OLEN and SE I F, 1 963) . 1t: se 11is , how
'-L- itt tlh I :; ,''f-ct iV onlyl i aro s i wWith IiILh flI;o, at iL)iI
 

MU'I'SE:I; i 1 8;' 
 01l nCDI)bI t ri LL)t a i n ' 1 'iL'Id d i fi' trIeOct-L .)%, I r f
 
1->.21 )1 II Ltl t t UII L Iq 
 i n iL ; trI,1S In I IlL' fOrlot'St arel O :o t1l
9-lI C 11(0<1 D I.(L) 

Mu• ,.)I'fficlollt u.se of I I qhtI, -ill het obt ai nte d, t oo, whell th{ ,t('d)!l i-

Ilant .S)LL9L0IL!; I n : 1in Id ,I' .V(; ( i ted from TRE NBATII , 1976) . ThiL
 
not only 
 II o%,- a bet t:,u- u O ,( ],i lit. withi:- tlie ;)Iant: t t ; lf , but. 
a, ;<.} i I I (- t,, t I111o nr :; l L lt of I I (lilt v.l I d) e Cto I donii na t, ed 
pl) Ant.t 1 11 I L(1t ant i.l '1'IL l-.; halv( t lt, L,,for(. I;' lt,I t (, I 
1ll,11 ' i t'z" wIot !i I noI n,,IIL'II ' Liv. , . ) I'T II., t (/r f[or ll I 9 Il !;,1%"1 
IndI m1at L. LL :'I Ilit I(.7' V )l I 'i. ( ,I (I IIq I-'I;p. lRA, CarwrIfll'' LL ) 

R.'ILl,'I I I 'II 1L-01'11 IVI I l t Lt LI'' " ' r 1 11dt.I'(I! )LLiiwLL -_ oi fo rt i 
IliLht IL' avo id I 11c;I I~-,l cI I-11(7i f llI L I l I 1111Iir lt lIt tLLIlI I i Iol) f t.h 
OLII(I/)LI/ t'L I- LL'3; . CasI9, 1v.- , for o' all p 

i
I1 , wI i 11 i I.';; I %w I Ini t I aI dIL'

c)DploLnIt ln2 D ti i tso c f to re Ilay cLoppIJ , ,113.h t ntt, r i onupt i t, s- L l 
Jo'. in tie f St t-hr 00 M ntLIII , thuS; al owi n( t( oI) I i Vat ion of a 
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short duration intercrop. Li ght intercept ion decreases anew at 

the end of the growing cycle so that intercropping aqain becomes 

possible (Fig. 14). 

Figure 14: 	 Interception of light by,cassava during its vegetative 
cycle ar possible poriods for intercropping (EIIHER, 
1982)
 

m _ Periods torassociation ofother crops with cassava 

=100 

W 80 

60
 

_ 40
 

ci 20 

z 0
 
0 36 912
 

Months aher planting 

Plants have differing abilities to compete for light. Several 

plants can adapt themselves to low light intensities. Adaptations 

include reduced rate of dark respiration, lowered root/shoot ratio 

and greater leaf area/leaf weight ratito. Increased stem extension 

usually occurs in shaded plants and can] sOmeIotimes prevent a shor

ter component from being overtopped (TRIENATI, 1976). One example 

is cocoyam (Xanthooma _si2.) which has a high shade tolerance and 

is often cultivated under cocoa. The growLhtLype of cocoyamn varies 

considerably hetween shade and open light conditions. Plants grow

ing under shade have longer petiolos and much larger leaves than 
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those exposed to di rortliiCL i qht . Cowp'a , too, iaI- ls li<il to
lerance and adapt; it ;Ll I f LoLqht tend i t 1ont; lIdO F t a i I c ,Ire Il 
such as aol'qium and Inl I n. ',a too a1; 11 1rn1':;r t I' I ,It i ! iL' I at i i'e-
I'' SnaI deR-toQI0-allt- wit I, 1-i''-1a : ; IchI Ina;is',I : lidc,:;;vIt."I arc 
VC~r1"' ( n1S i t iVl C) I;h d, It k V ,I' ho lLIIIh ,1, !11gh1t ItW V lI ,taI Ii f -I I ,r11 

011I, c o p l i itt-':;tem lak,; ,l I Ch VOa FV ' CcptI t :;'Ati n I iL I ll
!I Itl , : InI', - <I ' (! illl, 'xhl ( Cl'~
cropp I r : 1, 711 itb romll III 

17 '' anIi , t I F P-t o , I n a Im t i- t It, v,. sat I'm
 
I t.'.t 
 Coo2 ltt , ::1.. III ', , .; a11;teI ' 11tot t I mi A'I i I 

hi hr thI'i i ni . .;:oN' crop, i . I- 1.ht l a I c1i.eiiy in also 

3. 1.2.2 Water and Nutrients 

Comp Li tion for soi I factora bet-ween di.ffe rent- componrit eropa
 
usually siarts oai -Ior than 
 ('ompet it ion for I liht , hecation t h,
 
root - ,t em (itdhvtlopen
' tI;t : Iion the aI uts. As wIt lI- and i I t. o-te
 
iots art mor,
r i I e i n fI hefi t h n fort xa p I t a.; t i and 

lO ; plilt 0, 1 , I:;I I i I ; I I I] ,' t akL'Il up at hi 11.(' eI t lie 
on' .; ') " etI I r ei, l:I )tII ,Iioail; I tI ye O t ; '-/i l Ic ,i ;e t;I te'. 

Co nt't i 'll t- I" .()i 'ti5 ''t and I I'lt r 'i t l l- 1 cCc Lli ,is:
 
loon Ii.; Is' 1: t i ;; Sit':; ool nclot:; of the cutlli )ltit C-ops 
 v 

|t. 'I':, ., I ,t -o. i' fnoi water for example can exte nd up to 
oumo I ; 1n1l2In oot, tus to gi ve an il ea of tlif d,lis tnc
 

i oIva I \v
 

Iolt I i onm; zuch a1; nTIt rate are eai-r Ll awa'' p v;;it,'] in mllo,i 11, 

ih2 t C t Y i,;soil I wa t e r' T i r de"p I' ion nt' n pon(i t iI ( , t thos 
flor WaL ( , 1-i'ovi. thattei I I , I i IIn!; Ii' , t ak',n l;: a:: fa;t a: t Ih''.' 
arrive at tie roots.t Nut - . lit; i k, I I(:- IIl Iol.; an c It(II Io, I i ke 
a i 11t c aiti . 1ci11-,ant i.s:l;liI u lire b:;' ,r i 111'.o the sur faC(.po1),'1t ,In 

of sol I particles. '[Ihl r cont rat ion Ii; sol. aLti- is low and 
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they mov only by d iff ilon. Si nce I If Son i :; a r, lot ivly :; low
 

I) -C.C ;S , d pI io lhI te hi 1ht 0 iofln '011(''0 ext I I I u 1 .? i from
 

aI a i t 'I'TI .
Lie root ;L faI, ',t week ( t lI,, iN II 19/0) lIIi; 
I1W1,1IIIS t 11,1( 1 11 t III ' l C i ]) t I i ' " I l t I I .'l l ]t ! t ll : I L t ' 

IleA)lI I I ii It i 1 C n it,e] 1 Iiii :;0i o 1(1]r nti t 'i I l ) heI
 

IlI lIt'II t Ilhat aleI'm v l t ,Il; I I i I 1, . 'O h tli I rM,l t i'
 

,I IIII II I I I IIIIIIb [Lt I. t III ' fu l I
C -)l I OW I I o hI I tft 

S lt', t fI t;,u;le prIn 'I[lph,!; app I to co:!ip t it Lon betiween i ridivi dual 

I I(,t :; is c 0.llpe t I LI I tW roOt; I d if pI 1nt S I 

:;plt Il fi:-at ri blt lon of I1nd vi ; l poet1; in re1q1ona! of r1 '.;teii 

1 iI otI f 0Ien11t t he 

IOot-a4 

SI d11 C iii f I C11 el it; I o I t le (oll ),t i I i ol i' fC t;.- i I en l'lI 

I 'we I , 1Idlie ; iq L'11 ci f IC COVI) t I 1 :; i t Lte) 

it I I:;I ) t 'll I 1i' :;;%it I 1 I d I i;t r- it i iol dl l I l I' i. It: Of loOt 

ihtittvatar;; ,tic 111Cit , hLt Il ;( 

'r di I I l;; I I Il jterC ' io II I fIr 

1 Ot h 1 Clitl ct. r I I I '; ;:;
 

, It I ,Iill I I:_r I
I, t; )o,'llw t ra tl -,II f th :;oi-)II; 11 1 1 1 1, t/: hoo t fI,a Ik) 

I;I i I I' . t I o nl it Ii/1I I .) ' 1lit I It I I, Ill l"', 111, ] )II'l 0o()t Ilal I'1 ; Ind]I 

I h lhIhr , I i mi tt l h I hn r enf I. t 'a; I ioL I t i t I :'1uc1 
u I' I rl I d I I, , !; IIL",*:;I ¢ ! t , l I ri , IftI' , Ik. I I',*[ r!I t I Ille c h 'inII I : ;11 

I~ I ; , ' ' . t. 1, 1;*1 (l l ; ,'.kq t i t' ( I" r 11i) 1 1 i t' I I o ni'l t!. PT R EN -

I ATI I, I 1)7o 

III), *I;!; Ilt I on t '*,t ilt l i Icroip I i;yt:t el; iiake be 0 1 c ofh.tetL 
- so il 

11]jnil o1 that _ys-I" 'I.'!7; i1; 11,1;L I y on the ira,'t ion the oot 

,mil; 01 mollil ),IOll t Cr'p; 1 le not i nt L'f0 1-e wi t, a'Ich O l i I ald X) lo i t 

I f, 'r IIt :;, I I I v etrl; fat i' aatI r I on of tIh' root !; vst oml;) . ''lhu!;, 

I'I 1rIilit IOI the';" :11,1v "r"rtlIt I llr aterI t.oIalI volume17 of -;i I 

W'l II Y, i. ). ]I I1 1 ft ' oI I lit 11tem; t1'17 ! 'itf , 1 ljt ik.,' l;(, );b "f.'" 


ioom the , jWI, N F n, 7Y"0 (1 172) fo nI that teI ;il, -
I.I 1 'T'IS IR , 

t ,' ; I bit loll11 I 'II io '.' 

IV t, r-'.t t h,." Ull t ' Tf':III , ' ,I t ,1t t I , 1 1 . 1 ,,C I- I!:;,, t III Lip t Ilko 

f- f oll t the 1 t, i 1%, 1hel ll; loll) ten i ,l;i ;'1 i i M1 I 

a1 lt .lt I11I IroIItI r'oi oti "Il I or I 

thII',' A l u.;10 1 1' f-0 1 C I I I t I Ill, I And I II )t ,nM;it'i RAIDY (1963) 

expl aill itel (If Ihe yi IlId adv Jilt aqt'; i 1 euille/ce red'l iltItrc rop 
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by the di fforent colonlit ion of the soil with LuCJUmiand ceral 
roots. Whi lC thu cUIVal roots co1niZO tihe soil nu1alOSt tht ; in
face, t 1t ] nlIuIsT hILvu a vllrVy dop-roachinlch, q r-out s,;L(t-II (.I". ) .I 

A 11 0 t i'' H l .t o i.i 1111t i it ; Lx' it oItI ,['I c:iuIsio-f.d :1;o It:, 

( :'I 10
) ; 

-.:a11; h t)w'NII x ; t'I ttl I)i. Wh II 0h lii loIt I l I 1lt 

I Il reu C ( i', fo r ;oo 11i1t Iilnl I;HIt IO N iAlII ,,l ooll, 1 "7' ,IIldDE:, 
11) o lilt roj'i; H !I,, 1)7- ! mt pot Ll;i:u ) , itI'I, ith:ir:; ro
pil t ill l 'O " all m t iil t 1i 'll"::, 1 1 l l I _ : 1. 1 L'll d 

1l1(II li,it;I (I AI AI,, 137,1; NATARAJAN% i WI I :,I, titi 7 lDDY t 

WI I hY, 1981) . 

t!-ItLL'15: Root symh izi0;u1fmali.:-(I,! ) lil Iu i-n (right). 
M LxiilTi dJJ tIV 'ut i:snear 
th urtatv (0- 0 l) , whi hI ti, lx))it systni of 
Itkjl lic' hiss: it-;; ia :iixtl: .h' it>"in ( itrus l Lt.Lj 

i t i : 1-(a.-): t;y!;t'em 

{,40-110 iA!DY, II
tvil)(I I<I)G 


A 20 

B 40 ' 

609
 

S (B) E 5

100 

(B)-C 120 - C 
140 Cl 
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In a mill.et/roundnut i nt Lc,rup t heLER Va IIus foI uptake of N, P
 

K at final harvest... 1.25, I.28 and 1.26 respeL ivly 
 (for dclfi

nttion of I,'P nu PbIea 2 and Paraqaph 3.2. 1) . These ValIes 
 were
 
; imt lar t th.u 1 .1p. 1.2b 1f totu I11Y Iltet tu<, I Ild i c tin that
 

the t -e t;t, y. . uL,d From i nt 21 )ppif w,l'; a;io.i at d w Ih a q1 clatr
 

and 
 cu , at: _, upt akt , u f nut t (.'REDDY ant WI ,,I.Y , 1 981). 

Iepulnd 1 t nfll t In utc uft nuht],ti , t 'e acre di f Iurelit leas-mil which 

cilA Lc,,id t , an i ulaLtt uptak,i ,r I" elSi Lv i i t c rops 

( 1)In t- cIL;(2 of a fI'ell ( 1it1uct !d) s;upply of In trielits (fol- ex

ai ll 1 I' aan ) a Li1 h IL I !C, (it I tyv nut d i I* fllnq r t pa to 
-'t ; I 1 i ,ad tu Cl bttct pe i ra t t 11,I n t a nd . hus 

1L 1tt,'I- t'Xt LaCt ciU at t I itiI t . I1 , ll t I (c!l, c . illdy 

proti t tt 'Oil th, Kl-ttcctlitutididit ti II t lit I-n I th(I .!1;1;1 -

Led crop ftn 1aic nut lint , IcI- I Iy ;h . 

(2) III ;j tihlt i n:; u, Con t I l L ln l i! I ( t llnIj - I i I it i ) or1- cnnl )%; I 

I nut n niou1; s;; 1 (eh 
5 

, ci.l., li ui. l 1Vi trJt l at o i Ons) i f 

1nu1t rint; I lit lc torun; lldko Lu tt , I 11;l Uct t I i' tCila I s upp I y 

t -o, jith 1a1h, t l- II.t r I hut I1 I) d idn o' a -pro.lolitd 

(e11itd . teei ruto.; ,I u ;oc Cit crojn-; ed ; Cd i btiI ilt i ilt rate tons 

;Ci il n11 t t lu 1. tti ctI. 

(A r t i , i It t!-it tp,)-~ I, uIet t,( tC IIit(I o c .- wI i i nutfL -i euts 

cc ui'a;ud fcut;; O Ii - Ui ; 1 Intl ll t of ;uIcl?;Ctjcnl (Cf plant tar ts 

,InFL t hel :11,1idu lIUin FLud l y av1i 1,i)Lt to dlot lw " C()r ; focl xaiittple
 

t u 
Ire ll , t d I; t Li I i;llut r ".; ,t fi cti ,11inIC cap ; Call have 

the Lhficjdl t )!t I)tl- Icnq I itu t'hun ;I ta t, via [cal ft il, 
nult ' ~t11 . w h 1,-h , '! " llI.. l l ., / , ' Ib o .I*: l, I o t 

'I*l, . f f t l I !,f i~l I oni II I ''IC ,cl etl Ul(n liivu rec ivd leus;s a tecn

t hKIn t ,'f 1t.; I It 1 i n 1 niu i!It ult ak,, but tli l- is S01110 ev idence 

tLhat thl, ,,0 h 1:-;%. iny1c ( I;)1 ilitntccii li i t 0 " p t than in 

1(1)1, c l ;. i;:.l ii. t K PM.AX; I17: ) ni-i 'C t nt t h t hut t e r wa u r lse 
wais pr1tlI' :" 1 i%n .tit aim of t l itui 111 i ,IV, itf in. rS i-Ci cid t rop i

cal Ir,,an: , tcilIu, thii; l ; :I t 1 i m;II i et sct ui-eut.111 tho Witen studying 

s ltIhui:- ;. Il,-1'o i nI I tI, I'Cc'ppii 1 ;;v.; 1nt, NA'IARAJA-A and WI LLEY 

(19880) Il' )rtil that tht, tot i w itur tme wis littl( affected by 
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the cropping sy s te. Total water use till harvest by sole and
 
intercropped pigeon pea was 58.1 
 and 585 mItt. Thu:; thie yItel advan
tages of tis' int ereroppi n -;vSteit we're nt achileVd It the expense 

of ge:te r o£ UV 'a , dt-tan,11d Oi I ;t Ille. 't1h1e total water;. I :m deI nIL1d 

was dt,1)ild.lot I I".' ult 1 1he 1tIl1ql t t 1 1( d anLld nut Oil't i11 ;1'11*4ol [)T i 


t ilt ,ow it 'at t ' rn of t i' PI: (1pcrtSlut)
C101. 'Ih8)e , in I i.;cd 
-waJtett I ie t~~i lce 

• 
'.u lect rii nj ;',Itirtili:; wt ti ti itite. The WUE 

we; 10.3 for ";c i .' ltai .'e Lite,.t:; t o 11a. 8 tl 1 9.4 it i ntercrop

'L.)l it; 'te ; i.'i th si's beili ,ttd mtoill,t 'L:'1At I ''t . 

A iio:;si L'IA';tt furI he itce nd WUtP with i litelcroppinq I it the 

wiitdb ,teak tf 1let l1i. ' wi 1, 1' l aS Ie'; e e(1I oit t, Tittt tIC-1t tillS -ar iLtCr

p 1ant, ti i t a I I p Int t :;u h dit I ,1l e F, IIl. Th it I eaids to 

, I I i ts' ; III 1otttidi t". ,u 1 1a t'dt et ion ill t ralnupi r t l It. Crop 

'1 i ukl';1III owII' 5 c t; i,' J u,'; ;Ip; 1,ItI )it rat t t)i tl I h Iplt a t-
A ,oiluit y a<llh 

, pI'l, til <Io c,)!Il;urwh di ',,,l l (HAIDY, 11)6 3 . lilt t ur-

The lti apo r I., I a t ll CI T1))II"i ,II':I'', IrtI1 n ij 111I ) ' t it h 

(j M l llt 11 .h ig1 s ()I tIlI -2111- {tI [) c ; )t I ,hI h1 i ; Il[. l ). ,: t h!,' '11ow Iin,; 

CU I II ' It- 1 II()!l ; U th< 10o 1IMd ~011 1 apIrt.; . T !, ....IllhdblI',k L-1I I'C't (-',ll]at, 

achi1,.vc~d o ,n ith"i I 'l,cnC 'I'llun a- ;rea!! *I1l 'I t~a l : 

that :1',' at: let;, 20- it eiithu.''a h,' :;h Ilteit.i cr'Iiit (IIA(;IN .ihd 

S1,1) iOiREt , 1974). 'fottiiiir'-' WI nd!breks ,i' nut c ' lI,' affect: 

orl',' Lit, r [tat '.'e it lv nIdt- - but ch'i(n e the 

itcrc, ' Itht ronsid'rabl'.', "atI 'fec, :; i,, it from PiI . 16 (MARSiiAI,, 

1967 in PAII: id ItA 'i'ST(itM, 1)7I) . 

S inceo th,1_, :;:I- ILt" rld !, rop 1,ro d tt, :11nto II-,',-, mal tttoF and hi ih r 

yield"; t t1ht llin ' compe t ition -orl- ight occursi) it is 

us ing t i' 'i tI-tS ,' '.'at, ei re e,fffici o t ly. The transpi rat ion to 

Ivaporlt I it k., I ; t-obab Iy 1er .t itat unish 

cropi. ,' -;ig1i t cant di fference in t.' -;oi I Intoisti-C' for' tilt Shel

ttil, versus tht. utilthlll I t,'t'<, areas Lridel' dryland cond i Icions has 

nover be_,2n 

i h tti t of ltIro-ed 

futnd (RADKE and BURROWS, 1 970, RAI)KE and HA(STI.OM, 

1976) . This urteiur.: with tile -i ndin s of NATARAJAN and WILLEY 

(1980) 
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ligue 16: l, giaI 0' thC off'LVL of wili rir onl micro
ili,-tt'OlCi~ c ci, K~ic'tr'. K. lttIqht of ireritl- APSIAh,, 
1967) 

140 Wind direction140 - -- Crop yield 
Soil moisture 

120 - - Air lemup (day) 
S120Sil temp (day) 
Relative humidity 

-a100 - .-------...-------- --. . .. .. . . . . 
.2"Air leup (nigt 

.0 0 speed 

60 - )... Evaporation ( Ulo 

Windspeed U 

40 

-4h 0 4h 8h 12h 16h 20h 24h 

Distance trom barrier inbarrier heights 

Y itld advanta (ls ot aMnod by var letat mixtulres of onle crop (e.g. 
sorhtu1n) vrt. co eOsingdif bront ]ltie t<;,i Ic)ud),artially 
explailned b th <-; ot, r ftc) whijh thit hie(,- vane1) ios exert. 
Oin the lower o<iLo , 1i1d b"', 1101, t'!1 nii fci tWt ht. 

WHoll lii ;.cl:;:; iri w il hi a oc t, th Lln't t lie t i '0!; U; I 
1)t rmahh, ilt will ii i r - . ti I I ht !Ilt iont ill the ..Siei1a
aid trolI:;, .t. ii lI N nt tlil li i fle,i '.'Iniia, (t 1iii I ta i l ) 

th y a l;o 1-t 'u; '-l*illii iflt wil ildbitk:;. :1i-' I t 1 l t i , 1I t-, i 
;tt f f- i '001 liido 111,1 WI Il t'( - utI to il1 vlti , L' Ili wt i i f - i0 Iid 

croliti (l'IOJlfli.), 1 97 1 . 
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3. 1. 3 Nit1. rolJ i-L U (ItltE,'UAs soc at i Co)1:;I 

A nptc i a "i; i tuL iotn IIi F t(jII 'ICO U,; OCC'Ill; Wh:oll ,(1III; It*', innter5 

C'op) . with 
 I t n 1-c1011;. j CdvdPta;iC ai , (1'x i ,,11 fI ili Aft ica: 
EVANS , 1960 ; ANI)II.EMS SC2111 1,IN';,, 1972; 1,63N'r'1;At1s ;1 1 978) are 
U.l il CIII t i n'tt,-pr1-t as i nte )l- .c 1(1iccoImput it iun i; comupI i
cat d 
 ',,1 t '. .'ILIot i Ilitro01 tl1 fi .'at ion .- th,:l ]01 1C;.; A; 1)oi fl

, llil, it)dlI'11Ii%I tR.tw ':, r , I d t; c q imU1e; Is c(ftOn 
I- (K1' FI ,I, tI'I'I I L)e I I I t I' .I,' I IOR-,1 Tit11( 1 i t- I .aIt 1e r'IC 

ficanL t trail f,,r ' f ilt. rI(co ll f I-ONI; I U ltmI:; to oM - IlI h,:; whi It' th' 
Sl i I ' ac'I I v I q'Jil t, all (, II,vit IIT I (I)IEIN'.E ,, and VA II S , 1)77). TuL s 

It Ln ' t 1W' II,_-:x t ) : Iln t( I L tti on wh ic~h tl-of it 11- /no 
1:; lITaI~ 

-. t I 
i<idtltl]1 0 ffCCt.< .;t~! a P11I*'Igr~LI!h . ) . 

Ill coit-1'1! t tI o th Il 11ldI 11(li ; (f l'l I ITANI:N tAUSEN (I ')i1)i<nd VCI an 
VIRTANIEIN , Vt11 IIAUSEN and ,AINI: ( 1 137) root ii0ulttll,,;10 not Xtc'-ete 
IIlF 1(090t,! 0 ' 'tit. lotst declo!poste. Howe0ver , al; in rlil ClI2e L1 1el-

II I . I; 11111 otl(f 100.:t; d 11e dl',' I fl t1e11 )wi TII SedSOR,
 

I ht'' 1 ; II W, ':; ul'o ; 
 I F0-9 ' IFt'last!l that. c2 11d 1W0 I iAkoP Up by 
11:;<-; t' ,) I,; h1-4'II lid', ) tI e:plai n Why in IIm lly' CdSCOFOCS I 
vI.'l, h .l .' h1iqti', - iss c idt oR wwic laltI If I(21.11,111 ill ('.!;(Il, LIpS 

LII W IE' I , 1978; DI:, 1080) (Table 1 ) 

kil,- I t,'tIlJ1I, c1op!; 'a(1I prof i 1: of COUL1SU li I O Itt;t l,)Il , I 
I ..; 'dwit L;hU-t. Il ItulI , L itL) lL t It t II,h t leoast, subs tant i al
 
,illoUnt. ; o* II Xt'( I t-O( 
 L,( i II~itll I ,I_li ot h ,ih N-dtomNaids 
of tilLe nll- lIfqitl(' clO)p);. 'pl111 It-i zl wi 1 profit- TOro Fm1 inter

rI ' 'II't.p'lPI( (Vji Il UIRSdit) ath n Fr l cowpeoa (AGBOOLA 
dill) 'AYl:%I I, 1)7) If fro La t 1' rII -;I. than from beas, (P. vul

'SI-l ) ( ilI:{;l*WAI, 1978) 
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Table 11: 	 Grain yield of maize and cciqpanion crops in
 
an intercropping system (DAS, S.K. and MATIRJR,
 
B.P., cited from DE, 1980)
 

Grain yield (kr/ha)
 
Croppinig system Maize Caiqanion LER
 

cr op
 

Maize 3130 - 1.00
 

Maize/groundnut 3150 440 1.15
 
MIaize/green qrcum 3570 260 1.22
 
(V. radiata var-. IurCus)
 
Maize/cowpea 3580 310 1.24
 

Maize/black gram 36090 480 j.33
(V. niun(io) 

C.D. (P=0.05)
 

Yield advantages of cereal/legume intercrops are usually higher 

with low soil fcrtility than with high soil fertility. In trials 

with tai:e/soya bean and maize/groundnut i.ntercrops 1,ERs of 1 .47

1.63 were obtained in unfert iIiZ'd nIots while IERs were reduced 
to 1.1-1 .2 when nitrogien was appl ied (SURYATNA and HARWOOD, 1976; 

hi BOON and HARWOOD, 1975; MUTSAEPS, 1978) . 

This in someL.I IIIS F t I ' It-I-Id to aIi I"I - ;A'iII(I ,f feet . When legumes 

aI:e sobeij )y n1on0 l- tt1 l 1< I, the s t pl,t t-i l, n e l,1i !i ie nitrogen 

is lililited, the reymaiinc ignn-I ';turuo should be able to take up 

lcrllieineral nitrl r plant than the, would in a pure stand 

(IENZELI. and VAI,,[S, 1977). This e-xplanation, hnwever, is some-

What doubtful. It- ii;more likel'y, that hERs ar, oecrean ing with i

creasing soi1 fO rti lit:, because the non-le(iumes (especially maize) 

become moie doti rant and suppress (iiOwth of the leglumes. 111 addi

tion, high nitroqen rates teiduct the!ohliut (7i I I~l f ixation. 

Nitroein fixat-ion by o guliues can toe ch considerable axnounlts. Cow

peas can fix between 6.4 ind 1ll kgN/ha/vear and soya beans between 

64 and 104 kg N/ha/year (ALEXANDER, 1961 in KANG, NANGJU and AYANA
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BA, 1977). These amounts of fixed nitroen may supply a major part 
or all of tle n~itroqetn needed by tihe crop. 

WhIn tii t re; iidnl ctst; of loqtwie crops, NNADI (1978) found 
hat t-:;ijdn ni to1tn in i ereroped p lot s (soya bean/lllaiz;o cow

)ottl/ulli ; ] ,t:. ;:i i ii stiL vyt lower than in !;010 C-Oppos leqlullt- ,
 
ilnd iC iti nl; t haiL fLi-nrit, r:; w illd q,_t i t t I. or no ho lof i t. ill 
 tormih.
 
of rett; i I ftnI[ ':o ii I n cOWiet) l ar1d 11ya -n , i rIlt C
lea I reilijt)j)e0
 
with 
 Ha I, (s , a I Pll ,ora ph 3. . hese.;, f indill; woUld s u port 

het, i 0 of i .li IO t N-i r tlet fQrot; 10111;; to noll-ieqitilIl-.. 

M the]'VtI I honh itiechdn ()f t"-ftiie r loTiItqniUle; to lon-le
qtli; ill Crotl) ISSioe a lonm i.; not complete It t tood t herteli
o is 
no LIoubt that the vield advontoqos of illtelrerop.e; Compared to ;olc,
 
coti)a; 
 at low fort ility levels is caused onaY imroved nitrogen
 

SuIj)iv of the non-lojume.S
 

3. 1.4 Plant Population and STatial Arrangement 

Interactions in intercroppinq systems are considerably influenced 
by the plant population and spatial arrangement. 

3.1.4.1 Plant Population
 

Plant population defines the number of plants per unit area, which 
dote rminon the size of the area available to the individual 1 p1lant. 
Spatial arr-gnqoment, on the other hand, defines the distribution 
pattrn o' plants over the qroud whic' deteriUine; tile shne 
of tuhe area available to ith, i vidnal plant. While this i:;inrid 
 -ela
t ivly ;lllpl er for a sole .cr-op, it bcI)trIsn citlp. ox ill ,n int rcrop 
situation wite1c,1 With regard to plant 

numbtir, both t(tal population 
and COtTIponon t P)p1ulation have to be di isqint cuis hCd. 
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The main problem is that, in terms of plant population pressure 
on resources, a single plant of one crop is seldom directly com

-to -paa.single-- plant of another crop (WILLEY and OSIRU, 1972). 
44 WILLEY (1979) proposes therefore to overcome this difficulty by 

regarding optimum plant populations of sole crops as comparable. 
If they are taken as 100, component populations can then be ex

;4pressed on a simple relative basis, for example a simple intercrop 
treatment having half the sole crop optimum of each of the two
 

components is expressed as a 50:50 component population.
 

From experiments in thb.last years it has emerged that the total 
population optiir"m sf intercrops may be higher than that of either 
sole crop. Expressed o a relative basis, optimum component popu
lations may be for example 60:70 (= 130). High total poulations are 
likf-ly to give yield advantages. WILLEY (179) explains this by 
means of two sets of data taken from studies in Uganda (WILLEY and 
OSIRU, 1972). The data were produced from "replacement series" at 
different total population levels (Fig. 17). Comparisons are faci
litated by presenting "%'h the yield and the population on the
 
relative basis mentioned above, i.e. optimum yield and optimum po
pulation for each sole crop are taken as 1 and 100 respectively.
 
The figures clearly show that the optimum total population for the
 
intercroppiny treatments was appreciably higher- than that for sole
 

crops.
 

The optimum population density can be increased in all intercrop
ping systems where the interference between neighbouring plants
 
is less than in sole crops, i.e. where intercrop competition is
 
less than intracrop competit.on. This has been shown by other re
searchers such as ANDREWS (1972); BAKER (1978, 1979); ICRISAT
 

(1977) and MUTSAERS (1978).
 

Population increases are most likely to cause increases in yield
 
where there are large temporal differences in growth patte
 
the components (see Paragraph 3.1.1). With mixtures of 75- and
 
85- day sorghum BAKER (1979) obtained yield increases owing to higher
 
yields per plant. Millet, for example, increased from 0.151 kg/
 
plant in sole millet to 0.218 kg/plant in a millet/maize intercrop
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Figure 17: Resxos of intercroppinq to total lXpulat ion 
(WII.LY, 1979) 

(a) 	 (b) 
Maize/beans Sorghum/beans
 

(WILLEY and OSIRU, 1972) (WILLEY and OSIRU, 1972)

1.4
 
1,2 b 
 Sb
 
1,0 b
 

L: 	0,8 13B 

0,6 M S
0.4

0,2
 
0 ' I T I T
 

0 100 
200 300 400 0 100 200 300 400 

Total population Total population 

(Sole crop optima: 100) 
M: Sole maize S: Sole sorghum 
B: Sole beans B: Sole beans
 

Intercrop proportions Intercrop proportions
 
Mb: 2:1 Maize/beans Sb: 2:1 Sorghum/beans 
mB: 1:2 Maize/beans sB: 1:2 Sorghum/beans 

and to 0. 314 k'/t aot in a ml 't/soIlhiIm/az, iitnercrop. There
fore, the overall gain can be increased by hi cher plant populations. 

Results of [nter-ropjinq trials in ndia with 80- to 90-day cereals.; 
and 150- to 180-d,: pi(jpon pea H CRISAT, 1977; FREY.MAN and V1NKA-
TESWARLU, 1977 and SHib:1,KI.:, 1 977 (itLed i WInI,[.:, 197') 0;(l(l0;t that 
the ont i nhitn I)] lnt t)ou) lafl n can(-n 1w I n'r t:;&cl i

I the oxt rtev, lip 

to full so],. cro optillir, ()f -V : c11op. 'lli. ; :; :;LI)0I r-td t)%'t] 
obtaii,---O ftcsl (A:a; ;.va/ [c urt(, intrcroppin,; tl-ital . t i CIAT (1,1:11NER, 
1982; ' (;:ndi'HUNCOC':, 1979). " ,h'balance e(, ma:: i !;iniq (;raintween 

le'(Trme yilds wli. lc min imizing cas;ava yielid reduction aglain appears 
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to be the use of those planting densities for association which 

approach the optimum in monocuture" (IENER, 1982). The total 

population in intercropping can reaclh therefore twicc that of 

either sole crop optimtsn (i.e. 100: 00 component poIulation). 

Becouse of these possible differecces iln population ) response 

calculations of yield advaLtais .';honldh made betiwtc- -intercrop1. 


and sole crop at the i r respctiv. opti;ium populations IlIUXI,EY and 

MAINGU, 1978). Only then it can be L'sce r t ai ned whet.her or not the 
farmer will benefit technical1 V from a mixt. r< oi- a Sole crop. 

Component populations maiilyII (]idt ,tn .e hnoW intiC-h OF the final, yield 

to coniri ut_td b,, each crop. ft is;, however, Imp oem i hie to predict 

yt tifor)Is C'hT Oii 111qCOlijolnolt 1:e1))i 1 11 1IM . , toC;"tI;oe t hie islnot

enouqh preci me iform t i on on t he comfet I I V1 -11)1 1 it i Os of c-oIs 

and LIhe fact.oJ-!; af oct n I)T,ti i t i %e abi I i t V i noL con-to-IIWt. 

stant and quint i fiible funct iol] 0)f I (JiVell Crop0), hlot (101)0(Id on 

the actual popsLat ion s;itoat ion. AIl componi. crops hocotme rela
ti.vely Illore c it if fo rill a larqler proportion of thetem pe iv T thee 

totaIl o101)ML ttionl; and TIoTllnant c-(q[)s become oven IIore (omiTin t: 

when the tot-all ppulat ion increases (W]I ,.Y and OSIRlI, 1972; WI I,EY, 

1979) (Fiq. 18) . 

3.1.4.2 Spatial arrangement 

In crop associations importance attacheq not only to the component 

populations but also to the distribution of the different species 
in the field, i.e. the planting pattern or spatial arrangenent. The 

efficiency with which solar radiat ion is utiLized by the coitiponent 

crops depends eSpc lall,l on the p lantinq pattern. 

It la S"ggested sol illW!;[htTa I l Tb i in betlfibeen OltT ITTOLXiTlltLlT t 

fromi any coIl.-eIomentary effects, crop:;dioliuId be associ ated as inti

mately as 1)ossible and sorT,, experiment,_ have ,;upportied this (AN-

DREWS, 1972). lowever, mixed interccroppin i disadvantageous from 

the practical point of view, especLally when planting is mecharizcd. 
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In addition, there are more examples where p]antinq in alternate 
or Multiple row- gives hiqher yields than mixed intorcropping 
(DALAL, 19"'4, 1977; SANCIIEZ , 1976). Especially whore the shorter 
CoIIon)()nCft crop is .u;ot I0 to Shad Iing, 5;01110 roupill(" Of the 
CrOpS iS cldv Lalit LIS IS it 0l:;0LeoS t hat t ho lower cumponont re
ce i ves a toaount of 1 i(Iht (WI I,,Y, 1 979).reasonabLe 

Figtire 18: 	 Population respornse of ilxKividual. OC1mr1nwt Crops 
in three intercropping experiments (W1IIEY, ](979) 

(a) Maize/beans (b)Sorghum/beans (c)Sunflower/fodder radish 
(WILLEY and OSIRU, 1' /21(WILLEY amiui6SIlRJ, 1972)(LAKHANI, 1976) 

5 5 
S le 

, 3 b 
S4o 

e, 3 ... 3 _- .s,, 

2t 2 - 2- 0 
1 d Maize 1 Sorghum 1 Sunflower 
0 0 2 0" 30 1 .10 20 30 	 .0 10 20 10 10 20 30 40 

2 Beans o 2 Beans 8 - Sole 

6 - Fodder radish 

b ° 'o b 2 , ," -o 
o , , 0b0 . .. .. 

0 10 20 30 0 10 20 30 0 10 2 30 40 

Plants/m2 

o----o M.S.B.F. - component sown as 2/3 -Aintercrop 

o-..-.-o m.s.b.t. 	 - component sown as 1/3 of intercrop 

Planting in alternate rows i s in i tse If a kind of groupi.ng. In tie 
case of comi fnat ions of tall c rops w i Lh low growin), shade sells:
tive crops, better results are obtained , howeve r, when the sp. ial 
arrangement is changed from a guaiadratic to a rectangular paf Oern, 
as this allows wider inter-row spacing. For example, plant.ng 

7,-1 

http:plant.ng
http:groupi.ng


cassava in a 2 in x 0.5 m spacing civcs the same -esul.ts as the
 
usual 1 in x 1 m spacing, the important fact being that the tot al
 
plant population is not. chanqed (CASTRO, in preso , cited firom
 
I&I tINER, 1982). llowever, the rect-anogular paLtol n al.low!; the inter

plant inq of 2-3 lines of lequme , i .e. , a much hi t1e- Ifequine popu

lat ion than would be Dosshible with the usual I iIIx I III arra,-emloent. 

At CIAT best resuo.s were obt ai ned with a cassava spacing of 1.8 11 

x 0.6 mi and inrt:e-pJantinc of 3 cows oi lofineMs (cowlp(a o1 qound

nut). The liiIthest cowneoa yields wcre obtained and almost complete 

balance between the two Speci 2 was achieved with this arrandenient
 

(T}IUNG, 1 178 Cit d l tfINER , (Fi(.
fIom 1, t 1982) 1 1). 

I io c, rI ,,i ia;,d it!I 
(.
,ropi) i :to ;t ud II-s in IIc i a been foundn i t has o 


thilt 1-t1W!;()f I to cI 1 co11a IIrou 1-11 can h"Ot, so clse lv

I 

! I nant CO' ed to

ot lie (,ii I' aliait lI0 If I t IhO ()pt i fl!iii popu aI icn ) to inc-ease the 
.yi( LI ()! t hW 1;f'ct I- I 't .'1 ' tIIfl, I y t o lol;;s in th cerealsl I!Ijt' i ti 

v il (IPl'W, I b ) (T ,hI- 12). ThI ; i oL:;twc0i a l ' i rimpi-tant when 

fit etcropp i IIi t ''1ldluI ,-;11 i1t i v toii 1; h I." !;'ns it yhadc and 

stiff'r hi qlh y iold, lo(;' .ho' oI,; tod al lt o Yw;, *i7n in r thl co

rlS-,I ; (11litIe, 1 o ) . l' ', doh I low.s of t Ie:;0i HiltIi, r I I ble core a] 

And t I1 I to quadCImopIeI-tU 10 Iu ln titit s i vs t he, f iqhVst ~t.ERiows 

,11nd a hllanctd vie10 d of th ,o-,al Iind 'litltdntit;. 

Table 12: Planti-nq geoiatr at constant plant population 
(180.000 p1./ha) on the qrain yield of sorghum 
(ka/ha) ) (WE, 1930) 

Flanting7 pat te-i Grain yield 

kit/ha 

Ullifon oT-s 4, ' 4,110 

Unifor-l rows uo c(- 11 rows' intercro) -1220
 

Pairid -v,'-;30-30-63- 10-30 cIm ( t intorcrop) 1370
 

Pai 1O '.1- M(1-060-30- M() Ii (2 ri t,.' int otcl-([) .1280
 

Paire tx..' 30-30-90-30-30 c3 (2 row int, cirop) 4340
 

1,A laqo 20 1q7.-1977.of 1.i17rirt'nts 
21 Soya tan. 
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Figure 19: 18vsponse of c :d yield (solc and interc-epxx e. ,Cx1a)
to three spatic a-n l',t t tIItee planting dens i-
Lies (rDNS'WA-, 1981, eited :icin iLiIiER, 1982) 

1600 0
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1400 
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I,-c 

0 

12000 
E00---------- - ---

1100 0------ -* 

80 110 
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0 

-
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Another possibility is to dcreas the pl.antinq distance, within 

the rows of cereals, thus; aillwinq wider i lt , t-ow maci lkc 

maintaining a plant pops lIlt i ol of 60,500 plalit at maoift,/ha in a 

tr al in I.1 ndi a (lDE, 1980) , no , i fFCi-0nc, ccrrLled '.Vh: t It t h rows 

were pilaced 60 cm or 120 c'm apa tt . li t h ilittl-v',n MI ;c'tLs of 

120 cm t hrL', rowIs of a ,Wa hean w,re planted wh i 1i1 1icreasel the 

LER by 54 per cent (Table I) . 

Table 13: 	 Se-d yield ard IIl.nd kl1uiva[ltit Paitio (hiM of 
itO] 70/ s.o,,a lxsit i ntocioppinq yste (DE, 1980) 

Ctoppinq sy.t, ,dll 	 "(;:q Ll-Sttj,, hal~tti oya 1to IAan 

,'iz ) 60 c:.l ruw's 2370 - 1.00 

Maize 120 (i rowaa 2410 - 1.02 

Maize 120 cmt towr; 
3 rcws of soya Wcan 2320 1310 1.54 

Soya LIHLu .15 cIn rows - 2340 1.00 

1) MaIiZe 	 lnt ixpulation 65,000 per hectare. 

3.2 Evaluation of Yield Advantaces 

The precedinq arattaph (iave Geasons for yield advantages in inter

croppin(gj systein:;. lii; iS; the appropriate point to explain how 

yie Ids C f int eIc: ol'; are compared to those of so 1o crops. As y i e Ids 

of dif f ferentt (tiottt-e lie. copaod dirtI with each other 

and t her-der: I adcd s;pecial havent; lvl t ogether , tim-thods to 

be used. Osit a number oI di fe reid met hodst hleV, hooe deoveloped 

ill the pas't, hit tho Ii!;lisl!.Sion teFI'e is I imit Od t lU; itC )ttT iples 

Lnd the cur'nit methods . toi ot a; t hi 1I t. i ti ddiiitte ('01)OIlettt 

yields with sale ''tell sf," c,'r i n Ltw nixtluretheLir ii[ itspI 

and acidd the rat ios tocetlie . An)l h-i o.;;i j1hi I it ; to comitparo 

the land area needed to obtain simil,-r c()IImn)Oloent vield s in solo 
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and intercrops. Evaluations can be made on the basis of constitu
ents such as calories, fat, crude proIcin, lysine, methionine 
(BEETS, 19771 , or on tihe basis of net income. All these possibili
ties have their advantIaqe a and disadvant aqes and the method to be 
used depends on tire o bjectives. 

3.2. 1 The Iand-t l.utvalent-Iatio (1,ER) 

Several different conctpts have heen developed to assess yields
 
of intercrops: the relative coefficient ( Ni', '3. 1 960)h, the con

petit ion index (DONAID, 1903) , the lat ive vit, d total (Yri
 
(DE WIT and VAN DEN [ER(.1, 
 196%) , the aoreas ivitv (McGIICIIRIST,
 
196%) the rl( ativO cc')]acement, ]t Fate (VAN DEN BERGII, 
 1968) and the 
cocpetiti.vu rat:i e (ilu ) (WIIIY and RAO, 1980) , but the use of the 
Land equlVa lent :atio (IlE) ([ERI , 1 97.1, 1 975) ha:; become common 

,lact C III llto'ci' cI n1i a-tutid icc;, btecause, i t i. a reI ative I
 
iclicle cnot . land rat ,- max'
eqt..a lout ah f)' l, i nhed as the
 

relative land are'al nder ;ole ,'O).; that 
 1; reqli it.hwt lc".l e
 
tihe vields lrhie,.iii by iit rc otcpinlc. It i IiI;Ia lx I IciIit 
 od
 
that the " Ilox"' I of icca tlucen; " mu:lt ho' tie c'.,Lu t cl lcit 'rcrc1- pi nql 
and o croiclin . UXII' arid MAINC;U (1978) i ,c 1)01 lit'dM it that 
intorcrop and tolctic hti,bt iit'it he i - )pt i'cuni twpulations, 
as diff'r,.onco. ill copclat icr l cIi;Yc .i re fle]:1 )1 . 

An im'or tan t conc,)t, it- l in t uius(- cn t ti lhe t .R:; t !jIc,wh atever
 
their 
 f,-oI.; 

t.ive and di retly ccompaiabIle 

type or Ivl of ", -ft, reInt ar-c pI aced on a rela

ba; i. Alth cough based on land areas, 
LEP also e-f l,ot" cc latIe ''ihIn (the relat ix'e 'e Id total is 
nu111erical tC IER) , i .ce. the IER can be taken as a measure of rela-
Live yield advantal, (IC!LSA' , 1978). The ratio is calculated in 

the fo Ilowi 1-1 way: 

YA + YB YN 
 N YN
LER :[A I'B +.".LN SA B S S 

A B iN N 
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where LA, LB .. LN are the I:ERs for the individual crop:, YA' Y1B 

" YN are the individual crop :i elde in i nIttcrio ppini,;, and 1;A' S, 

SN aic the ir yields ,;sohl croiv:;. A rat 10 1 0 ina t .i cldi 

advantaqe, and a ratio 1 v id di.eidvint, t, . 1A1 eXlll}) Ic, A iI:1 

of 1.2 i ndicat I I (,Id iivalnta of"ttlof li('I'cirop over the cole 

crop of 20 :, I.e. So lo C'rOt),;W(Jl d ',ti le .I20 "'1 moIO 1land to 

achieve the viei 0 tinied I' the incr'rop. 

IiItin way tilt, !iR relrecente tlie increased biological efficiercy 

achived b' cI-owi nq two cro s; t oqt Iie i n t lit spec i fi c e-nv ironient . 

',l0, 1;i coibi nedi'he ,1: eii ; 1,11 1 , applie-d to i iti II op yie Id, but 

i'd irl)'CaLn equ I 1',' I :1 1 1il to tie I lit \'i,'ld () eALCh comp;onent 

crop (1,. ' 1 (P,1)1 '-I:P l I il -x,mill (M(iTlAISi,-, 1978) should 

ho"I ! i n h' I t II I i i f " ! 1 i cmiCl o)pt ild i!; ) Of tile Iand 

,gui 'al nt l~tt I . (',' 1 L.A WAL; a l Iddition sterieL; cone ist inq of 

I. :;olere- linliiot (2")0,00() 1 i ./hi 100) 

2 . I ouIdnut li i :et 100 t 3)-3. 

,3. qioundiut ' iai :t ( 100 : 66.6) 

4. sole lmaie (41 ,66 pl./ha 7- 10 ) 

'The fol owIn vyieldt Were obtained. 

M. k/Ground L fl = LER 
kI/Ill, k i/ha m G 

Treatment 1: - 613.9 0 + 1.0 = 1.0 

Treatment 2: 769.5 417.0 0.56 + 0.68 = 1.24 

Treatment 3: 861.9 442.7 0.62 + 0.71 = 1.33 

Treatment 4: 1 ,380. 6 - 1.0 + 0 = 1 .0 

'Ph LERs for treatment 2 and 3 are calculated in the following 

way,: 

Treatment 2: LER = - 0.56 * 0.68 = 1.241,380.6 613.9 

Treatment 3: LER 861.9 442.7 0.62 4 0.71 = 1.33 
1,380.6 613.9
 

As the LER is a relative figure, it does not reflect the absoluto 
yields. large values can be obtained because of hih yields ii in

tercroppino but 51 :o becau,;lu of small yiIelds in cmresponiding sole 

crops. '['herofore absolute yild figures have to be iven tO(iethei 
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wi Lh t hu LERs T h is n et hod alone a 1lows CoIIparI .Ison of Clif fe en t 
I ite Ict[rop) , I itt 11 t i ens , 

E Ltl oxn tp 0t LISOd t h, i lit VFo 0 ) CLtonS iL!t,d on1(1 1 two c-os) . 
Yet i1ttL'F- t 0 f); Lo 1 f izne11' 1 -l'; i!; oll; i !;t ()Ietoll .t tl , " Fle 

.1llo ! .Th h no -. IIL I.'i TIl , I) I I (, u i ] I' ; II'II i tl idli(Its;;
w Ith1 t he, 11l~a,111 Fl' C I I it It
h 0 'W!l

I } i I;t fl ! irllrl 0i .1 ,-'-t liIi Il lt 

1),,r f 1: op!;. :, , i:N nd !HAPT (19 ')) oiw ] ,1 p,,, tI v,. I n,,,Ir t,-
Iat i ll;I I thl,.,t,,I, M,I ,Ill I It ,nI 111) " ol; Il, t,, " ( ',I. 20). 

H ('t 1*, 1Wj 0 : I. M tfI ,,i" 1n o lt, , t:!' a rtI v t I1101;%. IlitaCndF'1 1:; 

( I'l-II, ilt ,'i t h it I tw o t_) t ln'I' (-I 1 )1):;, .0%- 'V0F 1fr enlt't; t t-iOTI
 

11()t ,t h,, III! W rt Pi. ,PIIEN I1E (PTh18 ) etI I i I l t tlid I
I " )> l ( l1 N i LJi I I, lqq , ';t,; I rll' 'ic:
:!I tt 1( Y- 'i II: : H I ~ L{ tw l 

F1JUIIXO 2(0: [.1111 0 11-i%'I]llt t-,Iti,J a ni,.,llk-%,; 

nlbo III1
)'[ of Cri-x!J; di fforen'lt(21oI""
 
Jpinltl;\; t ;( L;(,1It '[TLI1FL
C! I l'i, 
Co:.;Lt- 197.1-78 CNIMl:,) id~Ricli, 

tbd;Itq', 1 LI9) 

3

2

0 

2 3
 

Number of crops 
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There are Si tuaLt ions whrer it isa nut advi sable, when ca IcnIat irn. 
the LER, to ISe' tlie sole crop viold of thio ;ame varietvy ts that 

)mployedil tAW :inLO icrop. Whte ii aL ud''i n ercit ' 

thoi I on i t-ll) it %' fo i ntlt -Ir- il- ii,1 the I lt 1 


q iit i I ' ;ult vIpA' for 

c'( i, 0i d ! houL Id
 
be colipared wi iti 
t li Crc vI I I lo I tt (las solete 1ei)it y pe 


copl) .
 

'lh- t ol lowinq exampko Iaken from MEAl) and WIMItlIY (1979) mav hel)
 
Ui) exl)aliin this;. 17 cLenot .'pt; 
0i pi e11) liea W e't intitc'rroppeld with 

I;OtIlhmllll. 1Il va tI';cIa I cti atI t Od i n er t p Vie I i! , uSi nIq l conI-

Ltal: aole 'i'ct-op i f l or ' 1111 lld !1)11' CIa l5 tie'r)l) Vi of 

appropriate lile n ' ;"
p ik;' no'At (I'ILlllliLi -t-), h!;ow that. luitt
 
l1a I)I[ se ILI
rqe 9c!'o 1 i; ( and thl:; eltlit-0 1I-a 0 total I ,I )oc irIR!; where 

-sole piqceon pea Yitlcd:;l air't iiai I1) (''l',(' 

T111:I<; 1 tl 111:1 pray iOdes a lI'1ioa of b [o oq i cl ,f f ci ncy
 
f-oi 'IelotJ'ili y'tle c(llbll nat Ion 
but it ia not always itlLtable for 
collla rIif I oil bi ii t i, I, . FuI't1w'll; is' 1 u rIt ofC' c i iipaI I r 11(1 ;t ci leno t ,pe 
coniihi na1,1ti e a1;; c i tl! above it la'.' liI S :;,n i t !;I, the, L;llilt 

,it Iilrtlli IIq f ' l')I" ch omlbc tic ; Ft i iiiiatiOll , !a tlat !; A'1 1 1i , ael,O 
I, Ifiit" I :i; Iill or "r vt tw" olemaxi ' l'I .;c crop vi c' l i I)i"1w t t,'It -

meIh'I : 
 hlt- '-t ellLiitIi mt L;. Ci)i Itl111; 7-) ia)1how (IL" II itI Oi 

thi:; w~i]'' 1; tli e' :1" lt' crop ' ,le <f i he ll), t qelotl 1JIs l ic'1Io

t t, hu; i nid I cIt i n co'ililhii oll:;I .i hichon l l i n l o t I y 1n1or. pro

icw t v's.i The lni' a1)1p) )I lI !h ' l W ,a' iil 
 t ii' lit i'aiiil in ci
 

li I rritt leillotyttL:; foI each 
 c'iou. h ,r tI:'jinti thli hiiliw, ;L over

1,i ':-i e i I II c ls in ILii , c(llL ri :;li L ; ill ilht lI ' Ill e wit II t lie hi II 

L't 'I '[cli T ,,no Lyo 'sI 1 u o 'ac'h Ci!). 

'ThIeI ITt hOcd Of :;t ai a il 1 I1t an -;hLoul I( he vatri ed accordi niq to the 

efoi;ti and ob ect.ivt, thi .- t-xpliiiint 
. A 9Olt exaiiiple, of wheni a 

single Iailarl1 
iz[nS !;tol( crup ouilwd l lehl a frltOnOllii cll v vallid 

is where tro ltllec'nL ec; iat of i fferent t) 1ilL! ! it It i uti; and 
spacings blctil' , i II):XI*I.' and MA! I 1l (1 )78J) hIvt ltl ,i, ',d , ! II 
intercrop ' 1. :l;hotl d 1)' calllied wiit h t lit' .1);1, crolpl at i t1; op

t oipu ii n 1atL in lld a ci ; n1< . PolL) I at i ll!; and ;l,' ninl; tF-o easi 1y 
and V ldch t 12; (it- I ea!; i t i tIeo rv) Iali]'' 
 u 1 nd int , t-rop ) inI should 

thle fo-re b(! cOIliilitred w i 1 h so Ie plots whi clh are at max1 tlli tIM-0,1ltC
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Table 14: Yield and LERs of 17 genotTes of pigeopnea intercrcpped with one of sorghum,
using constant sole crop yield for sorghum (3952 kg/ha) but (a) sole crop
yield of appropriate individual genotypes for pigeonpea, aid (b) sole cropyield of best pigeonpea genctvne (%.2_D and WILLEY, 1979) 

so:,. 
picewns 

Yield (kg/ha) 

.Intrre: 

S-rc:h-rnP 

(a) TER using a-propriace in.di
vidua! niocrnpea 

Sorahmz iczcnn-a Total 

(b) bE-USLna est 
pigc-npea genotype 

Cenz',-re1.-* ?ZuC. Sorhun /pigeon
cienixaa rlccsn- a rea total 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

1699 
1525 

3804 
3931 

850 
842 

0.96 
0.99 

0.0 
0.55 

1.47 
1.56 

1,.00 
0.90 

0.5 
0.50 

1.46 
1.49 

1428 
1407 

3640 
3630 

740 
815 

0.92 
0.92 

0.52 
0.58 

1.44 
1.50 

. 
0.83 

0.44 
0.48 

1.36 
1.40 

1389 3386 757 0.86 0.54 1.43 0.82 0.45 1.31 
1376 3344 885 0.rs 0.64 1.48 0.81 0.52 1.37 
1323 
1296 

3899 
3381 

799 
619 

0.99 
0.86 

0.60 
0.48 

1.62 
1.45 

0.75 
0.76 

0.47 
C.36 

1.46 
1.22 

1264 3973 585 1.01 0.46 1.44 0.74 0.34 1.35 
1226 3757 619 0.95 0.50 1.45 0.72 0.36 1.31 
1222 3232 512 0.82 0.42 1.24 0.72 0.30 1.12 
1185 3500 463 0.89 0.39 1.25 0.70 0.27 1.16 
1169 3323 503 0.84 0.43 1.27 0.69 0.30 1.14 
1148 
11L6 

3930 
3198 

661 
718 

0.99 
0.81 

0.58 
0.65 

1.58 
1.47 

0.68 
0.65 

0.39 
0.42 

1.38 
1.23 

1
0
o3 

1058 
3645 
3677 

530 
720 

0.92 
0.93 

O.50 
0.68 

1.42 
i.66 

0.63 
0.62 

0.31 
0.42 

1.23 
1.35 
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I. litt, rc 1 l l it IIIII'.; I qI %'L a1 CLI II V it 0 1 t 0o1 f tL "Ill l li 11" CI'1"o . 1 11d SOllie, 

'"hi ; :;i IllI I ,)II i :., pi'obl v] t-ti I Ils coli~oll m}it, iII <sinll IIoh I der 

,1,1 l CI t illi , I'V,-I I th1OuVIctIh -tI ' Ii (M I -'d 1i) the IW tCI-II< Ltir10 

TIllW I I lli I ' I"(,,tuII l~~it t:1; 1u 1 %i'I I( o f ai .< ~p,I cieprot) c 

I iI': l LI,IIV 1tI I I t 'I C:1'tlt'I; i I 1t0 lt'' ' i.!; '1111" V 1, 'lt o f <l .sh co llt 

1", e1 1 11 v11T I'" ( li a t I,L ro! . l 1 i ; lht I It ' ),,1 t , I Xdilj )I a aif' III7i 1( 

Itl I f';.'1 1ltl\ ':;1, t 111 F - W I{ t(l ll filt T it, tll l l , I I; It ill , Ik' 
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2. The combined intercrop yitoed must excod t.lho highuer sol., crop
Yield.
 

TPhi,; cr i torin hai; traditional Ily ben ut-d Co
tsono- Iiq yied 
CdV'ltlt .-Je ill qOrla s Lantd ITI XttL 'OS VAN DEN I EI(;I' , 1W68; )ONAID, 
T)63). It I ; ban ed on th ,IS ;ttll])t ion that t , ntintt % eId of 

o, t' h IompotItot t1 crop t0 i 1 11 y aCCO!pt able1 tot o oth 110 
t I rtcllwolth Lt1f) i t.1 la:11-XI I ' I'dIb] ' th ti I o L, ;-; t ho 

Cl0o0) f1"l 1 Wit oh it I; obt ol,1. lIt hi;; cri t, ion U;:;ut0;, 
too, tilat q tow In( oillv hI 1hq fhotl vI-t i I :olo crop is vaa 
Id a ttorliat ivo o tlowi o,1all of th ll. ltis i'; not , iotvck0tI 
the ca,1. o il :;onI I ho lhit farIna whol't' t horht' i a no'0d orI-L di f fo

o llt t .- L I L't1);)!" 
Til'l'h¢OIb !1h 11 1 fIt t'I-l'tl ) ','I k' ld [1I1.1;t UXCtOd Il ( )IIIb31110d S;(10 CI'OIJ
 

It'11:;t ott 0!! ; l.;tad ,oif Ltit I;-1i11) L ion I hM: a FtlLti1 I* tl ';1 I lV 
tIh d to'! (IW MO) h111(-' [to
I l Oil(" el0I) i lI or1dor , fl " Oxal/I t', to sa

tisIV diutl.tarv 1'0 ItllLo lt.;, ( i)t dt.o laJo1t1'" p0ako;, t0 qua'd 
a t tatkot i ;;k. ,io-; t I. ot C. I1t tiis ;tt1110 - In Vi. Id toIoi dVa 
00CCt Llt-; I I Ifit )17 0l0)))) llI ;ilt;:; it! ht V 01 ld:; tiall (01 IW lI lt0

~OMPt o1t211t
c u-)0; ;0 lra1l-01 . 'I'llI I; ,luito, I otmmo!lhn :;It1,1 I)o 

In -itt)]) lorlli t'1 Llt, ~ ,- I l Vt)il!O 00 Fqkio od.till t 
it laId t,tliv tOhI t Itt t, (I:R) t1110!t 'i:; t t10 .ui1t 11)L cott'opt 
or~l-a;O;0:; Vt) "'t l :Itlattkiltj itt oi;U,71 tnt ttth[ I)nti 


6),011l0 '1, h:ld; L.ieV of d i ffo I-) t ctoi))) aIet put lit Cl Olttm Iratll1 
1).0 1,0 

Ilf t , IlR Is takon I; ,lleas t-e of the availhis yiohd advartaq",
 
tOWt 
 V -Il, . It ts i n t Il tI:ttIRtI c t tott!.ptitoII i III Ild . 1,t t rTh 
t I 1..; t Io tilI In ha t -hE 
 afol t ion par 0T,(1 h' 1 t (flt. I c l; w h i.I m (I tito -di ';oa~ i.)tttutlar" di Ili'01t1!.q Owilot Cottlardlin It)l.1Eswitih cli ffsr'otnt 
7yt, lt nti2po)rt ) I lt , ii) "llt;O a ;;tr i ht o tparison t to' ; that 

hitr, vi. I (I I.()or t I on I I ; -.qtI 1 % accelpt at I]c(WitC i ;1 o t t it, 
caO T) 1) Ic ti 

What t i. ro)qui I-(1 iS d mtltltid for comparinq E.,l,;wihich takes account
of t hei r di If erentt yield proport ions and can relate these to far
Int.,C; requi rotbent S. Such a met hod has been developed by WILLEY (1979) 
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The "effective hER" cantakes into account the fact that a fariiec 

obtain a requirod pnqOuo ion of two cmap:s by qrowinq a cirtain t yne 
of intercrop on C)oe part of his field and A solec crop on the rost 

of the fihq&. This is in fact a strattoir', coImIolili]v lised iy famoers'. 

ii
In[ Camu 11, fo" eXalii!)I( 1 s Ft"J .i co r-r I I1ihIll{Ii I C i p1J)ro I tI: Ion atf 

i 1 O (1(L llU[; Ileimlaizt sez 11 1 it f(-" tI r"d I,'t that c m Id 11,11d Iy he obtaine 

byV tnt{er'croj)j) 111 1, beu~lltse thIt( IIh,hh.I-- ( ' S iti q I)IUL i1111-t; L 1t, F I tt 

oIV i Co rt I ai o Lll atof ij Itl It aIi :t uII Tie addit i o111a m :o 

L-tu I1led i culttivatoId 0 i tor Jas aIs lo Co ) Fi n 0t-he I COlbi 

nalt [oI-,s , s;uc'h aI Imatse/caIs;avs I ( I 1.;miva is s not aI r ady part of 

the ma izo/groundnut intocOx). 

As the land equivalent ratio is not always suitable for comparinq
 

yieds of different croppin systems, 
 other miethods are sometimes
 

used.
 

3.2.2 Yield AF essment on the Basis of Plani Constituents 

The Land equivalent ratio compar,.!s yields of different croppinq 

systems on the bas is of the land required. As different crops have 
a different !m7.'rtanct2 for hmuIIan nutrition, however, there are si

tuatioss whero it- is mIor e aipropriate to compare yields on the ba
s 0 it iLt LL!; C ro);, sucI as ca 1ori s, fat , ard crude(- f co n; of 

1)rot i. 11i. ; i ; o.seci I 11 y important far p-Otel 11, becaust2 cC)n

s ;npt il of aniBal 1)raOtUi n iS voerIy linlitod in rural areas and the 

mtli !)ioto n resource.-; -l'e )lUsos. I"Ot Oxainolo) , subtit ltion Of 

y'aIII 11LI i'ocaoyaii by ligler vielding cassava or the dis!lacomsent of 

q I-')ItIlUtL o, cOWlea by mal ;n , for wlha tevcr reasoil , I owrs t ihe a-

I ty of hLuimain nut r It i Oil i I to of i ncreased LERs . All t roni cal 

s;t,t:,-croj!; especial ly crops tubeirs1,. , root and s ch a!; cassava
 

;w(,-t po1antato- , nd cocoyam ar p1lantain prov i de a hi Ih y i Ld 
 in 

te rms, of cai. bohyd rates but on ly small quant i ties of Ir tI oil. 'Ih cre

f ooe i nte vcI"orrapi nq of r oot cO n d tIubor wi thIi]Iei I s ssLnf

tial it)provide a balanced diet. Tilcs is ossilil,., without a substan

tial roduction in the yield of the main cro, or in the yield of 

carbohydrates.
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In Latin America, for exampie (LEIIINER, 1982) , one hectare of tra
ditionally cultivated cassava Int.ercropped with black beans call
 
produce 10,000 kg of cassava 
 and 600 kg of bearfs. This corresponds 
to 1 3,,400 kcal and 168 kg oif protein. 'hius one hectare could supply 
enough food (balanced in tornlS of clloliOs ad pIrotein) for 4.6
 
persons 
 during one wear, lboavilna c,p3u- of anproximately 6 t of 

cassava for sale. The cassava yield in this example i_. not high
 
and culd be inIcreoased b', changes in the croolingl 
 svsten but these 
should not reduce the heart yie_1ld in fav.our of cassava. 

In the previous example only the crude protein yield was considered. 
In human nutrition, hwevrimportance altaches not to the abso
luto protein content 
 of the food but rather to the proportion of
 
essential 
 amino acids ;tuch as lysinc and me thionino. Thus maize
 
protein with a low propot ion 
of 1ysine (167 mlg/q N) can he much
 
better uti]Lzid when uwoi, cncurrnt l, c th pul.;es , 
 e.0T. clWpoa,
 
;'hich has -i much higher- 1y;i n( eoutit (4 7 vvI/q 
 N). Not only does
 
at malise/cowpoa i ntopcit) -o.lune ii 
 aprox ilate l, 10 1higher cride 
protein il than !;()I,- cropp'd lluin!k buat thi!; protei n can he also 
etter: uti Ii od in t l hi. IT n dit (AII.l D and ( UNASE NA, 1979) . Simi.

1.lar -esu I ts call heo obtali so12d w i tl ma i L'en osh./s;a i ntor,: ([1tBEPS, 
1977). A ai;ro'ce'.,a La 1 : 31) ) !(,I-"0 i nt e rcion, exarlle, gives a 
Sli ghlt lV rodc-d iel ialnd lwsi no .ield al; colpa rodLto solo crop

ped maitsLe or -a Ltanl but the fat, protein iand imthionine yield

is higlier comparod t,, ,,th :solo crops (I'iq. 21). 'Il i a examn le de
rions trates that. the maiz0e/:soa bean intoercrop provid.s a well-
balanced vieldi If nlist idtuutt a ad thius the hasis of 
 a balanced
 
diet.
 

3.2.3 Net Income of Intercropping Systems
 

Tile net income has served for a long time as the basis for comoar
ing different cropping systems. It has the advantage that it com
pares not only the biologic.ii efficiency of crolpinci systems but 
also takes into account the fact that inputs, mainly labour in this 
context, ire limited and have to be use] in different amounts for 
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different cromo)inq svstems. This results in qreatlv varv inq 1)re
duction costs. There are, however, sevoral disadvantaqes to this 
method and it is therefore beinq *eplaced more and more by the 
LER.
 

Figure 21: Yields of a 50:50 resp. 25:75 soya bean/imize
intercrop oioqxired with the sole crops in teris 
of enercy (kcal), fat, protein, lysine and nuthio
nine (I3EC'Y,, 1977) 

%
 

kcal Fat Protein I ysne Methionine50 


100 / 100
 

50 -: 50 Treatment E 

150 
0 -0
 

T50 -M reatment G50 

I Inlercrop (m/s) 

] Sole maize (m) 

Sole soya beans (s) 

The calculation of 
net income assumes that the 
farmer is producino 
for the market and can change his croppinq pattern with changinq
 
price reiations. But this is not always correct becajse the mul
tiple production qoal of snallholders, and this is the majority 
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of farmers (an-roxim It ly 90 ), is not only mi-iation of cash 
income, .0. tha,: n produce ma i l]v thta hnt 

firs t t ha-


do pt f AI market, aIt
 
,,, t 0a ,t thh ausjSi ;tj needs ot- th irI am iI i a.< t nca 


IN'C' T)t far yal t11 no0 ca:;h (.rpo s , oil a I is a1aI-( 
 ktd (SOL'
 

t-ha [opte -1). , a hoh - di4 iovatri m i' thait mar11k at 
rr-i 1-o2; Cha 1100 with 

t me and i 1 1 Man a 0 Ft a011 ijan. Thal (a f- , ht' !;C0 It II tt ''f ha ' 

armica l It lr i,m r l Ivw ; t ha, toem? 11-,;t r l of ' Ia in l S%\Ust.- ll on It' within
 

I Linlit ,(i mIt-A; ind a'ar [rci tad p r Ioda. 

na, iT ,.,, t 1coilua; d'rivod tram ifn1t1e1 rot pi ny S.v;amsLe , 11r0 natal,l'
 
hi Ilh-a than 
 that frlsl L;Ola! cor0t)s. InaIr'I'asOs repertd in the litera
ttIt,
o rat betwoatan 30 1 and : (WADE and SANCIIE/, 1 975; NORMAN,

" 1977 9AARAJAN and WILIEY, 1 980 a) . 'ti' lL' i ncomes increase With 
ha nUmber aI co rps in the mixtu re (NORMAN, 1977) 

3. 2.4 Yield Stability 

When a iscussing yield advanta:ses and explaining the concepts of
 
the LER, the it1npression may be givten that 
 the only advantanes of
 
intercroppinn are higher yields or 
 higher net incomes, and that
 
research on intorcroppin is only
q concerned with increastno y.'ields-

Apart from the ecological and socio-eccnomci c aspects, to be dis
cussed later, a major 
advantaio of mxed cropprinq is vieid astabiii
ty, i.e. rail able food produc tion over the yea-rs. 

When improvinq crontping systems and especiall' in areas with c1i
iuatic lazard:; such aa unpred tctahla rainfalls, it is not thie max
muNI yi a1.; under favourabltc conditACions but acceptable .!ields over 
a ntuitmbler of va-mm which ar. of interest. And in fact intercrot)inmt 
s."a tems mive me;-a stable vieldl than sole cropying syvstems. This 
Lntfla at tiat2main roamrons why,' fimnter; still prefer this system
 

(sot Chant)o -Pt
 

'' lwra <1.-covers l re0 asons why in iterc<orps give more stable yields 
Ctna soloa crops. Ona, basic principle of intercropping is compen
sation. When one component crotn suffers from drought, pests, or 
diseases, and does not develon properly, the los-
 of this crop is
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compensated at least partially by the other component crop(s), 
since there is now less competition for resources. No compensation 
could be obtained , on the contrar , if a falme1r had planted solo
 

crops. ::(e would obta in no yio ld m only a snal I 
 yild froim one 

field, whiLe the yields l Othl tps woult Iirt'Iail unchan(qeCd.the ot 

Similar.1 t e coot!; can also hobtained with Illi.Ixtures of Cult ivars,
 
as MIRCEP-QUAPSII , (1 '79) his inovod 
 with so jhot and AILARD 

(1961) with lben,;. 

Yield stah i t .,, can he furthe t increased wit staggered nonting.
 
I n nlorthot-n ;tlana , fot e':.anplt, whete farmers n I ant maize 
 and
 
(JrOtlldnUt II JLIIne and 20 dclr.s later sq(lutlti or mI letk and CowI)a
 

a mlld tie?; aI] h al i shAl)-t-,--y0' le i ;ti , a dt-oll(lht neriod 

iS 0IIttO)OLH tIod hVf f h' di fft At'o; iII o AI ffo'tnt. 0t;leS. Th LIS it 

litis Lil i ko, I: t hat a]1 t, IOIIS I.' l1e droughItIt, I t;t whten1 they 

at-c tl1o:; t Ott. it v, tO 1 -('I" t I'I ;Iiis Cs -moed by EVANS. -t confi 


(1960) who obt , , l lt i, lt 1-
 t: ti ,'thl ii -tOtttit lt ,Iand Ia ize 

t1-o lndlt i tlo whoii w 'althl t :Ollil t IM; %10-0e WOl ! e. t 

'iel d tabi lii-'' i.; also cas Iict-t)'.l aIy ;'iU'7t iOln 1tf !s';ts, diseases 

ard wOod; ill i lt( tct-oj)s b)elow tlie 1eV,- I O ptll ic;s ()r outbreaks 

(boo? 1 t11"a(Tdth i.) . Ptlottual cr-t i rttl-tea;e V lt]d ttLahi ii tv even 

relo-, . Thi; i oO itasotll 'l1,' -:a;,ial , whiti i. al-;tt drouqht resis-
Smtt , i !; I part of tliatt', orOpt)i tt't 5, 'OteIi 

Ther'e lrt vatt's statist t :11 1t lihd; to extO:-i, yield stabili ty of 

o p!) illq S ys tttil . A motliod , 'o::imot I Of;o.I , ts th, coefficient of 

var-i ation (C. V.).) in an -ams Ic t '.''(n I v MORENO and HART (1979) 

the C. V. i !; Irteduced b':. i 1)L I] Itott < p i 11 1 tw o!(o- , wIiei I thetit IIle

dluct ion o I tl i Id coinpo lit deto itt lOad 1 0 a f tl'tlCt- ' 1C t ionh( 

('laba l 15 , Fi I . 22) . 1yont hoiLh i t Catl 1 asW oUed l t Iat app-op r , ate 
alSSoCliat io' - Utt-oi '- iore crop;; at-c, tot-o- ;table that those of 
two coln)ponl~lnts oly , no examtpl] 0!; Call b fuo IInd i n t he I i t cature . 
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Table 15: Variability (coefficient of variability) registered in
 
different cropping systems during 3 years and three re
plicates each year, Turrialba, Costa Rica, 197,1-77
 
(WORENO and hARP, 1979)
 

Cropping systu Average Crop
sole crops association
 

Solo cossavL 39.93 -
Sole bean 18.78 -
Sole maize 13.46 -
Sole sweet potato1) 30.29 -
Sole sm-,et potato 65.78 
Cassava/bean2 ) 33.04 27.54 
Cassava/ma]ize 28.76 18.09 
Cassava/suet ' )tato 23.87 13.42 

)Cassava/sK~et potato 41.14 27.45
 
Cassava/iize/sceet potato) 31.05 21.44
 
Cassava/ smuct pot.to 4 cassava/ stet lotaLo26.91 23.79
 

Cassava/ben -a cassava/sm2t potato 3 35.34 28.51 

Cassava mize/ban 25.04 14.95 
Cassa,,a/maiJ.zc/ban -4 cass~va/sweet potato 27.57 13.25 

L I 

1) Swezet potato cultivated at the seo-jnd planting svason. 
2) Association of crops 
3) -4 = Sweet potato cultivated at the second planting season and 

intercropped in the cassava; IL, = saime crop. 

Using an analysis of variance, AILARD (1961) found that genetically 

diverse populations were :.-,,T!. hn. qenetically uniform 

populations and also that even the limited genetic diversity ob

tained by mixing two pure lines was nearI'.y as effective n stabi

lizing productivity as t)h ores umably much reater (enetic diver

sity in bulk population, i .- '. t he order of stabiIity of productition 

Was: bulks ;/ mi xtture / purt lines. 

MERCER-QUARSII[E (1979) used a regression cooFficient to analyse 

yisld stabi 1ity of mixtures of sorghum1 varieties in northern Ghana 

(,I locations, 3 years). 11e w,.! not able to find a clear relation 

between yield stability and number of varieties in the mixture, as 

in mixtures of 4 to 5 varieties one comnonent was always as stable 

or more stable than the mixture. However, there was a trend that, 
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as the mixtures became isom complex, the S (ean . rc-0nadeviation 
from reqression) approacik - a vailuo that weas not s;i gificantlyv di f
ferent from zero, su(Jqost n that comp I ex :Ilixt lr;;; Wel'(e Iore stable 
than simple ones (EB, :RHA[D and RIS3I'1I, (0q66) de f ned a .,table, Va

riety as one .iLh a Sd: of ero) ('lahle1 I(). 

Figure 22: va ofCoefficient of iabilit, (,,3sava, 
carlnon lun, Sweet .tato, uLl ImaLize 
in sole am- di fferent interct-ollimng 
systemi, ] (7-1-78 ( )RE, atid AMR,1979) 
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Table 16: Stability paairters, 1rclssion coefficient )
and mnn squu-( _Icviation f-om regression S 
of entries for yiold (MK13CE"-QUAIlII, 1979)d 

Dtries 1, 	 Mean ) for 
(titry', Ip Sdi. 

A 0.52 506 ***
 
B3 
 1.14 628 *C 0.42 0.794 454 * 
D 
 0.41 316 *** 
E 
 1.48 
 1005 *** 
A + B1 1.22 
 16 NS
 
A C 0.56 439 *** A E 
 1.06 
 187 ***
 
B + D 
 1.40 1.165 
 137 *
 
B + F 1.60 
 778 ***
 D + E 1.15 
 73 **
 
A + 13 4 1.33 
 55 ** 
A + C D 0.47 427 ** 
13 C 4 D 1.07 0.963 147 *
 
C 1 + E 
 0.98 
 31 *
 

A + B D 
 E 1.14 
 6 NS
 
A + B C + E 0.73 0.990 
 92 *
 A i C + D + ; 1.10 13 NS
 
A B + C + D E 1.18 1.180 14 nS 
A,B,C,D, urd E:dete ys MaLnkaraga' , Lwku-di1Witet , 

lariimI, ' aee' ,Und AA'226/ 3M respect ively.
*,** ** M * denote significantly different 
fromlZero at
 
p = 0.001, p (.01 un p = o.05 r , ct it 
ES denotes not siq ficant ly diffErent froil n:ro attP :
 
0.05.
 

Tho use of the r,Mression analye s to det., rm in(, yold stabi lity
 
of intercro )s i!;not 
olwavs saf fi;frctory. Stu t.,inq vie d 1.'ailit' 
O .(I'hllum/pi r((e)n plea i nt2c-'r-ps i n d i ffer,n t ,nvi onmer'' 5 of In

clia, PAO and Wl'l'I' (1980 h) alwa'.; e alculal,, 1I hiqller 'eqressiol 
coefficient for tho :ritoeropf; than for tin' !;olfe'*' ';. But tiny 
Cament to tl(' ,oIlI I1Li0n hlthatire I i fforont :m re e.-,. i'la, T ': 
to he des ired; et ra , 	 '' at i I I rot In,!i (eIt(' I 11 C('11510l miac
tical term,; what a ,tivn l'vel of ";tat i(;treal'" ;tahi lit,' mecsns 
to a farmor. On t i' a.;;nrniit ion that a Faim'' ; ma or concern is 
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to avoid a "dis s3ter" .tuat ion, they tried an approach which esti

mated tIle p robabi lity of each cropping system fa iI i n( to prov ide 
qgiV(311 "di F-i;Le!; O1 f- onetar-v 1urns. At an,-, i ivnI e ev, II 0(-)f1t9I re t 

of ll fl iriml inIu eIn , pro 1babi I t ' of fa i I irte W3-33; (iWO t01 I ))li:llIi/ 

1 ('0 11 (2.,1 i li , rcro;) I t 1 ll " i t he1 I-3 r, . II ti. , 3 ipXt" I I- (1,3 g to 

S130211 n10 Ii qi1I 2, ! 1;oe O{Iion I00 wI ) Uo fa i I. )< X )i u1' MLi I 1 Cl1'( 

iI fit vet ; i,'3 v{ I II; , '-I3 , o l. / lip 
1 l 331 , 13)1 , L itF,-Off11
 

I ct, i 11 < 1 Ih t !: t3311.j i 1 1 3 :;orgum ' 1/2 ha
133, '-

;
)te I'(.I 1 f" . I t 0 1,: 1) Il f t L1r :;I& I rl'i t I oo! 1 1 If ; l 1:I )1(2

Iii 31 lewc'da ii 3111 I vi. 11- d; L I ' 331( ) ) 11' .31 903 I.'t1(

913 rt - 't x ,a . I u.; iI I 1,S I 1ill ,I 1 ', , I I t. 
r , ; t !)I ' 11, 91 iorcrop

.i ll :;howe 1, a h I(OLW I - i .l. ';t'I'I t t h :1I 11Vl l 'I l i . ,1r 

it: rt't h11, { fihe i oT! 3" 1 11 1 L,' I0l 'Il( t'( 11; '111 1 l 'IIl . ol-

f op u I 1311(2 t Ill I '',I t ' i '.l, t or I,, I. iflct!33 " - i y 

it w ill b(i l' 1 'f I in -11' , , , "11ll, a l .1.3).
 

tIIft(393 f- -(2d!; ;I C II.sC
33103 h.3 313'.I AtI' 1 2'0 levelIs' fI IIC'l 

lFicrure Proo I Itv 2) : LLbi {>t- f-,11 111 E- for- ;I(11t1.11 Xil 1)0 -ltx,' ill 

1 )I''{ (M 11)j, .;j 1,1,I'y, 1980j) 

80 - Sole pigeon pea
 

-- o Sole 3orghum
 

- Shared sole
 

.20 - Intercrop
 

40 

20
 

0
250 1750 3250 

Disaster levels of income (Rs/ha) 
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3. 3 Adapti nq Var Ieti es to Lnt a-c rojit Svst amt; 

Crop val-ioj t es Lsied inV t-;lditt Cipni filln fl;u, tuLTia Oft e'tliIteple
sent yet s of natrll-a I s2e Ilet- i01 
 t-oI .;u vivi itIald :;,II. t i tit,
 

arille r tat I ''oc 
 and Iict Iati t pIcIitia T. 'lThou h hil' Ino I i Iat 1vtelI v low 
i lLI 1)'atant ll t owhen1 ; a '1,Td o i praIvoI C'11t i .l'i;tlfI'IWn II ;o, 

c lop; with hiqh te1ve I a te('hnolo1 I ',' , t t tad it InaI cl ti\,,I 

Idefi, al I copl, L w.e I I w ,t weed.s and at h0 1- a; S 1' O,t 'd sll(pCa'e ies,
 
at. tl, Iat 'te I'. te.i ;t nt t ta ji'avalant t ; ana Itti ,;5 a nd
.. pos ts 

a 1ihlevel at0'1tent te .I tiz i 1tiiI'i'%',l( c IL, te 


ciaI;e cea; a'IV I.
 

or l .- ais; in the 

At tmtt t i i l a;' the product i vi ty ot- ti roI I I nt I.;%'s;tattills
 
t)liltrtelt i i1,; i mpfr I)v 
 rtI aI i as have of'ton hte 11i ,IIsat. Ctt-;i t 


b It !t;,' t lie new valt 
at i es did not pml-otInt'e thti' eXpOcted hi ib11 y ied,. 
''liea.''.t'l'l ,,t et l,ha. hteetn dave loped t'o eattitnere a I f-at-ti nj. 'ITh ra-
f'O , , i tt 'lllt I'; f it(iItI wit It a low lavaC I a lOfLIMatqe'TaN't I It, iTlipt'o

vel,1'-'tt 1 1'; (cOItlId tot e,:tf)L toI. putue Itlc [t nt. i a hic'ileauat ('I low 

I it-t i It ,, compet it ion wi t t weeds, , e tc. tt , l i t ian, .he
 

%''II i,tI Wt; ;I' t r sale 


, I.ihv,' a 


wot, ted e'niinI inonlt t ianI ;. 'thi:;, thty 

Ili t,.. aiast - 1 1in l)i ll I nItfiutpho '' ind 't-owt It
 
C )Itl h ' tppr'sa t tWt 
 I of" S ited claps - thak i la tllm
 

,,:;:; .;lilt ao1le foi i fit t-l- Olpi l 1l(.
 

111 ea;es,%;ueto ho e''I',t-, the Lest enllt ivati's lot :; 1, croapp ingt lre!
 
IIsa he; f,!t intetc-opp in',. Tlis'w'.' 
 at Tni -itt rIAl folr Cassava,
 
tfitt tlt otip d wi 
thL beans , Wlet :l aIt t t.)I.sw,.tI il i tit ,,i(ot- aindl 

I itet rai c-lt.oi I ian il v. It i lie;; t '.' i a Ids 1t1 11, ,'i ,:; r; II I is
 
it t.'e :r ; (It I HtNER , 1 982). Bttt in Wtn A'Fri 
 ., %;h,i,tI' Cl.;:A '' i 

mai illy i l ,l o' Jt)iI wi Ih illhi I , oil I, '.'t''''' VI' I a:- vii t i v-Ia-; catll 
wi Iio%)m t (, %, Ih a;1-:aia( tated c-otp. Ulinlt' I ie;;' celei t i.ll ; , lt ' liet 

t?'p,! f-t :;oli' i p i nj ire not nt c'-!.'l' ii I'.' th", bs',t 1 11 ' rll' 
Il t1 .r-,,
e I iII .. I I] te ] ;t f l , . I t !;(,o,lml; !;-l) olt ol 't 1 11 . ;(, L' r 

,
Lie'<- :sp I(,l for aritit eC roppIni n .ot t 'aI and pet'llap!; al.;o f'or si
tuit itons of- low o med utii noil fart i Lity. 
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Yet, most crop improvelnent !)1-0,lamio nat Jl.1,1, as we11 as i nter
 

national one;, ar- :;t i I I Ihr('l inq I1l0 
 :;e toct il I onil I.v f :- !;tIt, crolp 
conldit ions. Sil,, t.b'1t vodev )pIllent of i i tt"ti ; :;olo l'crtlplir 

l i o iis r(j ar'ded 'u-, It pr r l [ther't 11,11"I IPl] 1Iy ll()t t.HIlinwi I'/llld:;
 

andt per!"1ollm ,] ,l'li 1,11) 1"' to !);"t UI. '! 
 St_; 'm Itl Ic op i lll-ol 'l nt'Iln pro't

(I r'alul e, . [In ,li i t lotl, h)i "odt II li 111 !,C.I Oc:t i oil !; ''Itec II1 , I illt. l
'o )pi [I(d '( t i ;mal rt Ic i h tnor,t (bell I i eil' 1I Id t i i oIlili n halt
 

1 Ii t I1 'i, i . ; l ,, r ' t IO]' t !II hr 'l' i nl i 1 o r 1 ' I () ,r ) i 1121 ('i on

dit ilo
 

ot i r 'c illt Iv f f ab(to 


vol ou t l'roli iii'ilo2; Wi . to I ' L)t' ,11 ;;d t1) 


' wt .e a 1ick of know l ilOit flocw !;ucli jliijIo

kceI ) ( : ' .1i t Lll ' 10o .
 

'le' 1U(est-ion hid teoll' ,ilw wi''i'od 1r. to wt hlr thor' wort !w i 
-

1; i r prc 11 i 1 n VI-iroi)p i 11, t i c w. 'I I'2 ' v l'r i lIo!1.1 nlt C, at litO) 
coulId ht,' !wo t etd or whe LhI, r v ar i t, t i !; lmd t.o h I .;(',t tOd ;p Clf-i 

1 ',2:h C'rec.,1 ' o crop CO: iiw ion. Atiot-hlr lil ,t I iflo i:; tlae li1ro ity 

u. 2l; lic lh i t-rII it :t . EVO 11 L hoU2 l 1i (1,1)i; 1i1 ll 1 1" li k lloW I'o ( 1' 

;f 2l- .ldvalcl(td 

f lit lit,o !. p''c b (-tedi 1,; tP oiilTT llle!; fir i lt ( -rcroi )i r ' Iy st m s . 

I i 1 s:-:i , i r"l- i fi1; f7a11"L' '.l:l tLl o irilliL t ho le ;i qIn 

[o ;iv a ! 2t. t, Ilinder:.; t alid i ll( I f" t'he probI olel, lenoypo by (cro[)

-Iill) Si':;t'l il t e-a t ion il be Ii.sculi.'d ah;; wel I ai pos.ibi li 

t 0.,'2 ()ifI'Oi"it i c i lp(roveilll t of ,i iIo i C; fOr1 i i1tr'clOCropp i nq s ysteml:;. 

1. 3. I (;__c.A % by _C oI.2tl)_L_i_ SjtymLs ni Ilteract ions 

W n id .;cuss,iinq (It, not y't, by .yst e1m inl 'Lacti on , t he cro pp iin(I
 

%'.;t tl i CO i1 i A 111
211 2 f 'I td i; i Ml1)0 1 ali1t pirt (If tf Ii L' 1V i I- llt(-nt of 

p1 ant .;. C ropp i n2 ( .i t 2l25.; hav(e a di Ie c t i 1fliotice oil t li' pe r for
rillnlce of eItllot ''-; ill ciii.;t C)ns5 idh ileh' in le a lichanq,!; the i v 

yl"IdI ; (f (ton t '5120:2 

llowjinl 122:1 :;cilulI 

c(llnOct ioil. [In Ecil 'idor,reli.'.iv e vield. of llino0 clillibinct I, all 

Tli f *':.:,eliii IV'Se al bet f'r llntl-;t andli (l of Lthe 

11, iodcult ivIT; w,, ,trmi pklint i.., With contrasl i t in(t normal and 
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brachyt ic mai zo. The data stmm-jiied in 'l ab I 17 ;how sni (Il ficant 
yield differences anionq the bean Va r i ti ,s tlstId. A ratI'i. ;(0
 
Of beau yi de il the two i Ilt rtictoppil t oli!; 'VI
- y!5;; 1Vti Od t1r0 si
ni f icallt cor claI at i olls fort " I ,iIld ( r 0..! ,) clhl lot iik ,rdol
 
I O.361). Soct.in OlO 
 owAll V\nio, v .I V;;.:tai would ot 

truoro Pl:vidl the hest ix-an for I di ftonl sI on. imi tar
 
vto qtt; wolto ahtaijted whoIn OVa1lu. illcl dit 
 I f i; ,,l { I'il:; . 
ll~i!o/a;l lhen t1totur ii tllaTl.nI:n1 (WRANCIS;, ! andaI1 IEMPI, 
197 t). 

Table 17: 	 Yields of ine ctbinq Xat' itil Ictns 5 ,1;isoc:iatul
 
with tvLb_ C0InttaLil 19 2


115i VS) ,;, ., Iiche, 'cludor 
(BUSTI'N, 1173, cited t:(.m IANO[;, I'1)0 slld IL'IPt ., 

11LIM 1 lk)2
 

CJ- ii:i.)ii:(] nt ~ W1axT] ~ 1 war {/(usi i% 
 rvi'u]l Itoizt' 

larnk Y IL t,,d Rank 
kgha 

1,tIlmi t;u I I, 343 a 780 iA21 
,1-.bLi-.12 1,02512 695 cd 

,:u ,i I I Silt 70 3 , 003 b 1,081 a 2 
P.,Ia do, I11,1:;t., 95,1 h 991 ab 1
(;L, I-.,I- 65b 5 938 1) 1,005 a 3 
N" ,Il-li) 6 882 Ix- 1,102 a 1 

- 11, 7 811 ix 669 cd 7II3A 


1' le,l- 111B 
 8 803 c 5-12 d 9 
89 708 c 600 cdAI asuical entes-67 

*Bean 'lds ill salui column foilcwcd by san-, ltter do not differ
 
siinlficantly (5;, level).
 

The only 	 siq. I ficant correlation between sole cropped and i nter
cropped at- fo-iltnnce tloni vat-i eLtes was found in a So)rqhum tIi a I 
raportod b'; BAKER (1974). Sol a crop yi! d:; wora :;i il I f icant 1y cor
r( tataId withii yieldi0 o1 saro'iOtlnO i ntatcrppad wi th ,mi I let ( I- 0.947, 
signi fi cant at 1 "s level) , aILthouqi, t1iCh I only 1 Va-Lti itoluIid 

Ill t i 0S . 
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While, in general, there is noc co rcloation between tih per fe rnion-

Ces of cultivars in soIe and intr c roIpI c;I yt r,!y;, co IrIl t ioeII 

11on. di f fer nt ilt ercro lc '; oce cIt q!hpI; c Io toic I ( IRANCI,';,
 

197 9) . T (t IxaIlII)]e iii Ial I , 18 i d i ",it !; ijl1 i i(.,olt I-vol IeIS f Ir
 
y Io I ( , 111Zi I - I Ii ir in11 .1 I .;ic all
I)( KIll w 2 -0 '.'t!;, Ccloi

1l:7ir)10 .t; tN'.7 ;. 'o !-t Lb iv
I Ic tIlhc .; i cc t I w c r ci" cllillitcI tcc I [Itt r
c IL-u I J 7 ' 'I T!L;i b:11 l fII ' LlI I c t 11i1111 1 W lS 'I
ltL7';7; I 1 ; Ccl
 

Allid 111 I 1it 1 :(. :,I1 1 ; '.; t 0111
 

,

TIl' d lti 1.1 ll II ! ;I.a t I Ica I a Itt inaLi 'e.,;f'o1r Vl L lldl tile
 

i cltllI tUcl(' jIIh1I li, t Lll't t Iti) jt'l!J) tVi)ti ' bV V'0;tt1111; 
 Iit,I ICt io1., 1;lCI
 

0 Lt I I I I III:; I II U k c I00 I 
 I I''r ccic II a00 Ibcc ll l amn(I 
I1I,, 1 97 3; VNcII,ANI), I F/-1) . Hit tli c Icciqui ,o; ,oco.!;s L the oriqi

laI aI cc (, wIc f<ii', cc-cccl t-,itI oll; ton l cl i tc t'l n lo ulhl Ica-

I c.r(li1t!c('I r ) f ; ', t'h I I' illch cc tlcce; c1h iti 11ie tci1t.t I:; if 

u ic jri lL:'i tI ttII, c'IP'I T c0O1to1l 

FRANC I5 t1 I 1undI l I y '.I 

I lt I;ltATic 7 iteicri")p t ril , 

) I hi i1 7tI folcot %'p, by; i clt crclcppi Ilc c' ;t.eiI 
I 'ito I','tIt c)c1'; :;i FLi :1:;. Ii co a. II TI lo l h 11 ti :;tl(l0q t I Iat 1ocot -

Li on fo ccc IICi f iC cc01O LoyI .; ;Ii ti 0 tCi 1.) .c 1,'S i l c'1C U d bI1A id i 1h 1I 


0it-t I 1;I t ' t 1 ct 111 cl (1111i h v c ; i i : arit onct',c by e yeterh, 


i it c l-mlc i toil.
 

I if Ie cI a IC,c-i i lpOhll cii ( '11 " Llu cll)i cc i 1101l o t- ccyv oIl l"c i ict t i a 

brolc ''c I iltc lco)1liicllcc -, oio. ic; Ficecd wi Lh t he ci i-culol palr l clc) 1nhc,

Ir-it I I Ic1.c' ccilcic 1oll clOit c C i1;1ltel'itcill llw ,W;yetitcl. Wi ' l 1tf ti l] 

cliicl I ll !cclti1 li p 1illant cln<i :t.i (, o r crcp) ii s Yci/; t;(1ic e0loct d 

11c1t''l i I Al I t I l I Of 1 FOclIIlJIiCcj llld('i- -cdci Ml!.c t-0y 11 Mi y 10 

q 


c" . ; i 

I(-ncje I ice7 I7vcr-101. It wi I I t heni be l000110.017.- to -c looCt oliicpA11ZSIn 

cuodit Ion;'' I.wRANCI SInc I f!I I i ' o , V,(11 :1,0 'l'l'!.ll,E , 1971)6 . 

theI; t-:;t. in,; of ill c cIill)ecI forI liI Z; ;itabi Iity t. o c(oeri'LtiaL 

01op!)10i q c'/.tcc;nu I1 0-. I ITI(Oiilto t{I1! , Wcmic1 vol f(); it- .1 h(cc iaoble i a 

p ntl t-0 WIcw t tiIrIbc k IIOW wh t i w r, 1.0 ik ncd o F lic rI'ci i t l', "IlI

tiLrcro)1)1c oI l'r icI ; c alicc," . cc he l ,- I t ,Ifr', c",)IIlc()cllIti woi Id ! IhlI 

th1w hlr(l !tT tu cii llco lic-'lit rat e m ;Il 'i !l . of i ol!; d, ) icl aind] 
-
C 10 1!1t. tc oillul wr of 0' 7 t:; , t', ch'cl cC !;:; h(ctI hai tl ,' ,'c-. hi 'ii t t

ill) Io 7:i c1 i .7 tI'i0(.1
tI ; 0Il1l t IcI- ici-i) . 1 IcILti-l; l, t cclcjicc t 0lc1

rIlcO wit tc ccc' m oon, SAYI) (;A I,AI,,III N1I , I IiPAII.I 7i1 t II,-IlI NNAIvY 
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Table 18: 
 Correlations of crop yi'lds between two intercropping systins.

Average yield (kg/ha) (FRANCIS, 1979)
 

Association 1 Association 2Crop 
 n (system) (systumz) ri.d rnk Rferen 
Maize 20 4681 (bush bean) 3479 (climbing bean) G.93** 0.89*- Francis et al.,1979 
Maize 20 578 (bush bean) 3836 (climbing nea..) 0.68** 0.58** Francis et al.,1979 
Bean, climbing 10 840 (maize H210) 847 (maize Suwan) t.67" 0.60 CIAT, 1978
 
Bean, climbing 
 10 840 (maize H210) 649 (maize LaPosta) 0.90** 0.84*- CIAT, 1978
 
Bean, climbing 10 -47 (maize SL.-4an) 649 (maize LaPosta) 0.89** 0.75** CIAT, 1978
 
Bean, climbing 9 941 (dwarf maize) 
 829 (normal maize) 
 0.26 0.36 Buestan, 1973
 
Soya ben 12 560 (maize) 650 (sorghum) 0.60* 
 0.39 Firlay, 1974
 
Soya bean 
 12 560 (maize) 280 (millet) 0.44 0.34 Finlay, i974
 
Soya Lean 12 650 (sorghLrn) 280 (millet) 0.69** 
 0.'0* Finla" , 1974
 

* and ** denote correlations sigpiificant at P = 0.05 and P = 0.01 resp.
 



(197.1) found vury high core !-at ons r - 0.9] -11.] 0.98 in 196;7 and 
1968 respfectivelv) bLwoen the I.iut tCroppi nI t tice of \'alietiott 
andt t tlrcoyspon(t nq Var t 5 h ' c It);t'; . TIhe nI ittlet_ 

t t It I i t ti cat ( i;' tol nioitI a It ent I Ii tt -cI (J , iIl t o1 lt ltCe . 
Ct i .;, 1" . ,'t~ T IOlt' 1i ,) i l" w'het. h1'l. a i: ,i l i l :!(l: l L oqtb]t!

l'alic', e t' :;t . I n] I li,' '. nt '"xt o i t il' " !O r 1,1!zi . til i i lm l ip ! I; -
I v lc x I d 	 t;). 'Il t I o I n, "'(1>lI!.1i I to It, r lt1 it "I' ' 

Mldl .t' VAIi ett 	 iI,!; c"!:: 'lo loh. ", -<;1 C,"I.;:4 L1 1y w1 h _,;o5v< boanl t otI IIqht. 
A: ,ompt 	 oFi-t ftt on ' , oni t lie t hr llid, Is t Ii' :;i o5 I! IIi t I 11, 

!i C t Ol I.1 ll tI int III , iltti L.e S, it wou Id ' h ftl a he-
Fldi l ' 1 I F " )'t, to t I 1-t aI l 1 i s f to t 'uI Iti tIW f ciuLIl
 

it O 1
C) L otC ' 0 .t(. 	 t r erlrl al;\' i t'1 l ' 1/lh, L . ', fi(r )oLindniut 
1i1td ,'wsI aC,in l''itcl I teI'Clio t , eLtc. 

3. 2 l3red 	 ite and Select.icn for I nterc nq t.-tsL}2po Sy_ 

' (, !-t, i s Li 	I I a cont -ovt,-s.y as t,, ,tictI o, or-)-no a s peci fic breed
l
-

lor ,ins r' t tot i rit ter1ctlt'0j)j n s; ' tics tort a 	 lttI tO0 j LIst i f i i .
 
FPact u I's whI c h s itolo l I h)e 
 CoIIs icLI td il oiludt] tile Inalnt Ilde atsl na
tLre ()f co tr1',tlat ionM- (.si ,1 f I canrce t>- n
, )f ot'pt, In)t" y sc tetit Int-


Ltra1ct Iol-) , .i;ti II I I' f , ca lt
t irIri 	 tot'tItt 11l 'tI t o btweetl h 	 n 

tI(e two oi lotrelji .(,(I I Ii'T " ., to II co s illde rat i n , oreIai v 

ill ')l r atal ic ! t he t. t " Ilol 1 111t t.IL l I C( l);) IMI , ;tIM; in t .0 
leg i on Into wh ii i : l . r'tve t 0 VI )(:; t (i I L -r(lalCe(i, lld
 

lie ro:;r,.arces ava i blhie f'ur t 
 ', 1 1 1it 	 velent oOranillle . 

. lL tedI te:;('It'tll( h fact 1I t ie-s and iu j.t . , howeLvCr, make i.t normal lv 
t r .1oCt i'nti t'tc,I on oth cr s0 foclu; oli 1)in1 ettll. In most casts 

Si, ctr j igl So t t ,l l ',l I YO , I1, f Ct rt , a1; i t Is F, t I1 be I i eved 

that th11.st ,I's; 	 v's t tillt .; I I I (11ataltl t I ti ilt s t nt c-tea ss n prod ct ion. 

Theo art, oly' few exallt.,e; of crop pitmr rovetnent pro('-oaltt; !ot I :i
t rr*it-; lto L'O;II . I n We:; t At - t (*t i ri, nat i ,naI a1 d tre, I lnaI 
It'reltiilt es (ouch as SAFCIRAD) atre l;eltct im; Cnowpoas foi t lt'i t soi ta
b I i L for i titer_'rop i no Wit ti !;ithuti or! ritt The SiII1te Wouitt he
 
,e c ,Lsarv for groundtutt, 
 bean and soiya heat, i n U(JuIPO/cCr(2a ii

turcoIropi nq syL;ttms and for imaieo anot cas sava in mai ze/cassava or 
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Inaize/cocoyaml systems. In Cameroon, where maize/cocoyam intercrop
ping is common practice in the humid areas of tie country, maize
 
is already bred 
 for iis suiLtabiitv to intrcropping with this
 
tuber crop in a Sm1 pr)oqraLmjie.
 

The Sel ect ti of 1 r;t 0 i-11-11 s e ofI'CsSs of two or more species
 
for thei r i lt': i qite ab i t v is 
 .n timbi tious vet-ore, to

tiiiI I nq11 1 .1 II Id M d iL 'er. L 'ffo 1 tS have tieln Ulnd I -tokt11 , thLre
fate, t a doVl' a X F-l:1nt
r a IwI os.1 wh i 'sh t t r e of-f 1ot 0
 
in lii ii.d latnieour un.. do01 deVi'o lo! I by IUM.l N, POWE 
1,1, 
and R1t:DD 1:N ( 1 )-7 ,' i tl , n h,, : t :;_ 1:':I I I IL' I-It 1o 11I , 11< 


1-l-01 )d, I t I I V dIl.I I I,!t If h ',;,I , : (At , . N o I l -lcoi kssI )C 


!Al~C I'';; 
 ; .. 1Wt.l 10! i~1'h1 i 1; 1 1111 COMt 1. 11 ll 

nt i t i I i " . ; I For-' I 'sl- 'onted.T' Nit '0!11i 1ii, t [Ott Coil1-t -S 
t. i fI. at I. i o' ;oitont I th, t mak ,.3 it )os.t; Ihl I t I I Ii %' 

lih m jolcwil! is;ollet-: n1 (Iii ,inlvi;; of variance: 

1" lr;,s I I t ; t te i I,OW I 

2 * roI-- of i-to I LeatoIspecies 

3. I nt u rac t ion 

r;t't h('It roeni iq if thII ; have been developed at CIAT (PRANCIS , 1979) 

Io 1 k'I e t L II for ilt 'rcroJ-i Iq sys tems specific oh j oct ives hdve 
tO i do i]1ted. 1:', hLt' t'olloW i nq , the it11St uIpo anIt cltaractriSti cs 
LI'; itabl for ntL''!orCeLOled :s)ecis are"o cit I Od . 

1)ho teou iI I s i;it io tetnet- iti t: 'I' t qo n , I iv I o I row a nd ma1,1, re
 

in -1 ] d
1lve n n1u1iler v ; t I . ' nion nI\ of l v tltiILIts, is a trait 

Oft . t ed.a'l Wt Iit S 1II ft; ton;l ' 5 -p 0 1 it ton i ve i ntercr-op

ji ni; a vs i ,ts (DAI-IYMMP l: , 1 I ) . itote ei1 o i t i :ns , I y i s , far 
"X't1t1 , - o1)f i ;)ih,;t itpllot) I t I ie , 5,; i t -.ri a I iir Cow'sa a. 
Ihis tit r l lowe 'i i ji I'a; - I Le t tntU coisv,1i-r 1 ,l ate,
wstith floWt -itt a ntl-' a:Ntarli t' cost -2,a.] ,d3' pI'norvtoI< randt tot, to tire<-

VA I itI t I t t'' al t i-i'i1; aind t )lo , toit'- to utei l Cult Iral 

'11"d 11,1t il-aa f t i I t ',-I t - 11t l. o t' :J 'I l -I eiitta sol ol tie 

01tt 0li F I-'dt' ; 11;1 iv v k' ortl ton i i t :tLaI tI;t' nt t in ene1 Cor)Oea

ith: t- t 15, t Itlt it: ; 11a or ro'.lt flowerinq and 1ii]1 ing 

period do net 0noitotIe with anothot'i comiponont with a diffoeront sea
sonal duration (FRANCIS, 1979).
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Appropriate crop maturity periods are imoortant characteristics
 

needed for specific cropping patterns, because the combination of
 
an early and a late maturing crop is generally desirable in order 
to exploit better the available growth factors at different times 

(see Paragraph 3. 1. . 

Plant morphology is a characteristic which directly i ntluences the 
growth of the component crop, mainly through the shade effect of 
the dominant plcnt. Medium or short cereal crop plants Frovide less 
competition to an understorsy legume or intercropped cereal of an
other species (ANDREWS, 1972). This effect is increased when the 
foliage of the variety is also reduced (PRAQUIN, 1980). 

In cereal mixtures gains in yied depend on differences in height 
and age of maturi ty. When coparins combinations of sorghum varie
ties, BAKER (1979) found that overyielding occurred if the heiJ1ht 
of the varieties ci3ffered by more than 59 cm (and age at maturity 
by more than 51 days) (sce Paraqraph 3. 1 . 1) . The leaf angle and 
form or width of leaves or leaf1,ts of the hiclher crop (u.q. maize 
or cassava) affects the amount (,, I ih ht transmritted to the lower 
components of a system and influoinci s distribution of light to dif
ferent levels of leaf are;i withi, t he canopy (TRENBATII and ANGUS, 
1975; WIEN and NANGJ U, 1976) (s,, Paragraph 3. 1 .2. 1) . For cowpea/ 

cereal intercrops er!,ct or ,omt-erect cwpea t apes are preferred 
which facilitate weedinq. On the other andi, crostrate cultivars 
are less affected by chadino tofntrr;prcd cOreals (WIEN and 

NANGJU, 1976) and provide better prot,oction ago in.t eros;ion. Cassa
va, used in mai e/cassava intfrcreps should he hiqh branching, 
while for some sole crop conditiors bushy types; which keep weeds 
d(vnand re,.sist lodging could be more suitable. 

Other characteristics that are of importance when breeding for in

tercroppi ng situati(ons a,2: 

Population density resnonsiveness: Componc.,t crops which respond 
to increased dlns it" 'ive greater flexibility in the design of 

cropping .-ystems aith varied proportions of each crop in a mixture 

(FRANCIS, FlOR, and 1978).aPA2ER,SANDERS, 

Vigorous early sedling growth or vigorous early growth of cuttings 

(e.g. with toot crops) leading to a rapid groundcover is highly 
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desirable to control weed growth. In 
addition it 
also increases
 
the competitive abilities of 
a crop as an inturcrop, which can be 
of imprtance for dominsted components. 

Resistance to pests jaloic djiie!ases: Even though this is not a spe
cific trait for interc r: s1;,beinq important for all cropping sys
tests, it is mentioned h_-e because resistance is most. important
 
for smallholdo,- cropping 
 s ,stems (in the absence of cormmerOCial 
inputs ) 

3. 4 Soil Fertility Manalement 

The trar; i Ion from traditional bush-fallow farming to intensive 
porinanon aqTitclqr lye .. SU1 1sualaccolmpagri(.Id by a rapid deLtCriola
tion ef 
 ;oi I toit I litv IIImst cases<;. This is especially true for
 
the huni id - where maintenance of 
 soil fertili.ty is even more
 
di. fficulL thas iln the se.i- sotd 
 tropics. 

The rapid dclin(, of -siI fort Llitv thein tropics is caused main
ly by the followinq faltors:
 

- a low inlerest orl-. l-itv of most soils (lci effective CEC, 
low pll, low inhotnt iutrient status) (KANG and JUO, 1 981) 

- a rapid d,0,1(mp~j:;t ion 
 orcar .c matter due to high tempe
ratur-es _n1 humiuiti tL''; 

- soil eIsion and loss of nutrents through leachinq favoured by 
hi(h ilntOnsI ty" r-ains. 

in tiho folowin paragraphs it will be analysed whether and to 
what extent , i tercroppincl systems contributecan to soil fertility 
ma it teri alice. 
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3.4.1 Soil Rela cd Ciate taint. ; to l'ooi Prdoletiol itt thrro ics 

Permlianelnt aqricu].ture il lh, t ropics leadds ill most cases to a rapid
 

loss of sail fe rtii lit%' in, il' at t- by dcreas inq yields. Iarqc-scale
 
' V:iocha7njsetd itttreL Ca ill pLatt e i1ca caUse heav 0 i () sOnQ 

and date riorat ion of t he soi s4trct Ur' (CerIeat io rt lrfacO ;el 

inq, etc. ) . 

Aliror;It lit, same¢ offect is, howeve r, obt.sinid Iv t rait toanal farming 

itl 't ,.' jrOp t 'd - a!, where1, land 11r-OSstlire l o a shorte-

I; ll' , - l itwu p ''as so that Sa0 1 fert Ilit ' n ti1' I(niter b te

in I 	 t IlkLl ;rlh; e Ceetos cd. '1h1,; 1ny ,Irt :; af At t-i c,. o[ it It r Of 

tale'd l, a ,] ate det r- i''l r rrevacblv 'e "' ' . 'l'ls is t rlue ot -

Pe it 	 I r hI '! I . 1t l. t !Ire IA'i-- rI tt I s, . We i 1 ' 1ie t e rti I 0.'r; a t 

t}, !~'[( t 1 11'. Caril"'F ,rli, !)Irt; el' A1111:1tbl'a 1 t te" 1 ,;ra tl1-eIa.;to '-rn 

aa , II' I , rI C'' e .1 litN tL t, IIL' IIC br I .A' - i 'ir1% 1 1)nitiarid pa rts 

I t a .; I P1 at ., I u iIt I Ite'! V atI. 

Ti . f f!cU I t e S a iii a t I 1) r 1 r11I frL( r i v l'" ir), l r rrtrnlll u t 

ai;t- CUI tiI r-e aL' 1l-t'r i''i I I t1-i', fratOM t lie fo 1 w1 1 t1 il1 1t,ict' r i ;t i c 

at tr-t))1calI aqjra-cctsy!t r: 

S t 1!r (t)1' t lit' hLI e t r t err are tListlal IV law i n1 1 lli'rtIlt fert i 

11 t ' as t t( fxr' ' ti ft 'Itrr,i fti')111 llat ('Ir 1 1 hat hda; beer, re

worke-d ni' ir ri''arC7:lrocI I'IIct. Iir l .) 'sI]. f ;ot-i oras ion and 

delpo.s I 'I h tnit ike I',.' li tii,' 1 . t. 0' 1wiri t in Itth 	 inlt ('itl EXCC 

are e. i tItrllw-' Iver Ia.;I v'i leantiC ricks, '. ti'I(. Iril.r ricI-ks; 

or- .11 r;1t ' i ni', sri! a! I I w., lIa Ii li'.' htho, -II i ris , wIIrhe e Liti' 

(eijet ( o i I Ir ! 't ' nitL' ni) t li' ;),11e2rt lri , I r -I 

P. 	 Orgqanic mattt hiF I'r' r '. !-,IIl i,)w t(e lt a t Irr, I 't nitanrt' 

or crcp r diu ;i - r u iIIX' dhcli'rpit s.i I,'.: t 11' act ivi t ii's of 

ini cro-c ['lair ri:-r , airL l t h i I I tI 'III ,*i 11 u : I111 1till I i 'V 

This is ilT,lr yI rtl i l humil tl<)pi but a Iso for tilt,pi' i f, ir a ( c! 

semi -arid tropics itll I art it, r i t.' , ;,.''Ln. TItTI n'rocor r i5s 

a.'ceierated iy I I 11II i', 'pseis I1' u1, 1 1it. 

c. 	 Tropi.cal I rI nrr ar ito t hll t-lrt ;nr It', t itiLt; r tir(-ea ', I (J so-1 

erosi on. Peak rainfall intt'nsit.' of 75 to 100 min/h is not un
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common and these rains are cha ract e yi :d hy 1Luge dWoTp si;zes. 
Soil exposur to the s hi qh i ntteni V ia; sjslts. illpi
q r o s ivC te" r i aI-Itjen I tl St;I tI' ;I I 1u 5, t. l e nisc ;us t 'tl;t lrnci 

and tL-ow I F luf;Itt I' I rii t,;. 1" 'l i II,"y o' n A.; l I, ,I , , IncrI-s thin 
5(0 F t I ' I t I a l I c r h1 t II r (ill-, . T f7t cInU'hI ;r;-o; 

- 5 ! I hii (111 e I [I) 11 eI !'1' . K w0 I \ 't' " 

t ,11'1 :, (It 1. r7)0 to 1 )) ;!' In,, I I \ l l,I ! t Ic ;lopies 
(1;- I (t) I;lFO ,ind l,A,, 1- (9). T'1 i; ;il Oftho:;,'iI rlo-

I ' S .11t i IS01 ra- s; I 1 A 1 '11. 

d , . ' tIpi 1 11 !;I h l i .od I'.rOM bal; IC F 'ek:; , I tC !;I It Wte therlln( 

ind 1( )li; I'/Iii1al I ae e ls ') I tilloft I " .It jot1;:;, thlus I'tesul

t : .1.att l i;c' ,al 1 t!;hIaI':Ilinl . IMio a lIll, 1t a , I;lI so1"'I I si%t: 
e. o';ful Con!rlLIi 'f t !OF cropC10): JIestI. Yet- ;;tt; :iuo { '( h-

I q of M0 kil NIha, 20 k; K.01 ') a an,! 1"'l) k1 (atlli J1W't-l, i rl-tl 

5kt I\'! "1 Illl <I)l<t ihel tCa(:; ti ] l"t~ liut 1.
amane- P] I .s si -:W'V,' 
f Ia . l1 t' 19,70 t 01 t e I: I -It .I-I I I )';11t ;.1'.;; 


qat1:10 I , ttllue;. O . L i. 1C 11t", 

it ( IeIwwl t ht' I t h n ir :; I P:;th I t 

-idat e o t l, '; t !; I o sr'lallc t, to ' I th,, e;o,;ala 'c 

i t r p, I ap- I o (b ) .;ali11 , [n,i v t - 1atl nd a 1h'i1t . Tih S tsI ,,in 
.:hort t-i y w o, !!ul;,,! only 7-10 dla,,s; 1',EPLt it rloll' ;tkl're strt'o,;.s
 

I tilt l 1 I 1n I 1 t t f;'Alrlt11 uct Ir]is I l tI 

I-. I t X ) ; a dt .i; I I ; t t - I '.s I n i t Io( ;!) ,C mlllXllIlj.l.;i I t otlli)t'-

I' it ; t f tIi t, '.ll r t it'h lr ti t 'l illi t' ' t ;llei -_ d -r-ea-

C i t ", ,:! 'S,I t lh , h'ip nttl1 s' 1mi t il, ; l fIr . n1a ti l i -; 
r';it i )n (1,1,I, , 1 i7-1 , ci t , l i n ) o t i ,, i wdn, !,Ald,, 1 17) .71Th1) 1 I vol 

elllt ,us)t a' ''a Ir air,:l;. .-tl hil;h ':;i 1 ',N/te isis 5;;lld~ [tl(! lel 115 
mrr' I ne It I It; i;ll -t, Wn ,I I':-;:; hi:;a ;ti l lli i ifrops i 

yield r'edunt J.ons;. 

All thl; -aeter l b;aom i ned I1eanl that fta)! r( ,dtl t lon does not Iln
cllast a- xp;n led in .<itre of th' ue lfm-tid('in atr icUltUnra] 

research and en;,see; a]l, i n slalnft bred i1. Yi i 10i stahillty is low 
On O; soi 1; and ft i I I :!:,r Use Ilf Icenc'' decreases w it h the 

dete r'i01-t ion'l of the Soi IS. 
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3.4.2 Maintenance of Soil Ferti litv Under TradiLional cro ))in 

Patterns
 

The traditional African .ystOcm of a rj tI.t Lltre, soutIi of t:he Saha

ra, iS ased on t-he practice of bustia -_faIlow .o_ tatijo n. Common prac

tices of tiit ; ttvt.t,'7 are: 

a. 	 Cleal ill,; of the lit urt l vIctLtat i tIn sllaiil V) b' It i nII tihe axe , 

cut [a.nss, and ft-1 . Tisl. ; plact, ice dt ! 110t a '. tearl to bare 

so 1 hecatusn a laVel Of ut-kiaI; fltt t,rr a trn to -over the 

1i-01und. St U1111)1;o t [LF - . ai11d 5Winlh .; lii-Itth II i I t iheII'Ill-.u , on1

abl. In1j a IiCk L.w t i I It)' It t..lt(it 11 it 11" t tt iValt :t-iod. 

'lhO S t tLLIJ lll] lhi IO00t :; :;t athi I i I I lit o; , t u)l; I ,?liu~tn mi olos i on 

dii:tiil.	 Mitht I k',l c It-ar i nI (tt t tat v on i t', I 1 t ,', -tI. ead s 

1 tOi ltt tl('tItOrt a l oat' i t A) t il, C' ft ('t1, t htt 

hl iez oi , I I. L I l I' w II h t I I, t I,,t at I It1 

.liIII t I \,Ia Ilo i1 li 1, ' ,a , 1 , Ind .;I t h ho" ',I l? ln i t q . tLick 

only It i; tt I: (I t I):; I Iit' I;ti ftl CO- ,n I . ':'ittLIS t he ,ljan ic rma t 

ti-i it t- ti I I 1 11Iv -; lw v j t' t l tt antd -'ros Ii Ita d I y 

oc u ltI .
1 

1 1i 1lt1.1i 11 I1 1 ltut I ids t o I df . t I i ra ti o 
o f t lit- :;,1 I I 't i-i' ll I,!/ i' ,l ! l, (' ,l t,..; 1 1 o f" () I" ]I ' Ic IILat -Id 

te ri7, I t111; i r I I iI1 1 'll . 

C. 	 I'lit t Iout . I 1 l: '' I i 1 ,tot' i aInd I I - t t (,. I I l t 

crtoppi it;j !)i tv Ata 1 I V %M I i lti!an; tI ('()'t I tILAS1)t'

ven it I ov t h ,lt It:l .f I iI ,- ; i I itl t td ict 1 iq I it from t ic, jl

tat;7 of t it, ratIn,:;. . ;o i I or,:; 1 )t i s t hero fo i- rat htr i mi toiL . 

A doi;( anti di e is I i i, I o it - .; tt.i": r('dtiCe l aChni n of IILl

t r I i n t . 

d. 	 A s-Iiort- rotrLt nj(I ci Ito (2- 3 v:i I antd Ji I OnlUj fal L)w por-tod 

aI lowI a otli lott ritl-t tkiiton of soi I fort-i it y , ovent in soi Is 

with low I nt!oh rent f. rtil i t.y. 

So cio-e "Cnom c,i1,1in j-a atit , part ici la 	 Cat )r SI-C 

on land ( a.; ri ,tt, i mel aI-, 1 er) do O l,iwF , -OdUr' th, tral it ional 

ftaI ow p rt iod, a I thImiqlt al I th, ot licr p-act Itic,: I novi 'v.d in Lhe 

bu; h-fall ow rotat itn rta itni ILt tle cianied . 'i'Thu ; , t t equiI ibri um 

between t it-escei.o-e.-o lcj i cal onv i ronment , vegetal ion and crops 

. it itc 	 re I %'dot-I i i t-e 
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which has boon empirically evolved and maintained by traditional 
farmers is destroyed and leads to a rogressive deqlrlatin on the fal
low vegetation and of the land resource; (MOUTAPPA, 1 )74) 

3. 4..3 Possihilities of Mintiaininti Sal i Fertility Under Condi

tions of Slnh lier Pa-minq 

MaintLnarnce of soi I forti Litv unde r permanent agricultLure has been 
a 2e!ei. eb oh (.ct i -tD-1ll'y ' 'ari;.As the protect ion of the soil 
throollih 21rlrmhIIent coo'- ii.; prnceni I lon, coicepts of elay-crop
ptd Tr at 1ti , Imlollt 1i2, 1 i i 11,1 MlIlC't 1tdllno-tio!I. h , laq(e hay, been 
dtl ]( c ,,. WhW Ic l 21II Wltt2... , I(t-iderl I he, I t;t' ,. . ed(IICO 

dt'!c t I"tIlt- iM (0 1 
 ti Ito t ' l i72 11t- 1 i t, t hey at> 11 tn stui todc 
to- t 1I, nmd i t Io n:11 ,t :I'lI lI l l :;. M111(<'111 1h1, OVOTI] t-i/l-(11h COllIII lllv% 

" mi~ o ' t d f( 1 ol t , < I ;l t ( , ]ti <,I )d : , o d II I od l c t f i) l a n d a -

Al -tr do 110t JIIt M I l2!:ht 01-11'1. .' I l . 1l ( 2 ,1111 l10tI t t)l idLI(t' 
) ( ! IA: :.II 'l - o [): I tlbs t olhdt I ! hlil!; I 1M, I It t(oeI ; lnt II

.fI t Id'tr i 1-t l TI III ' I r il t' . .t'I ol1 ve r- i t i ;
 
oil :;t ti 
 1.. - " I)1, 2 ,) 1 ; 17; l>i, p I int ; .oom.p2t2I- 2%fIt1, 

;tlt t I I 1 ,12 " III022 i , FA 1 1 W l;,Ch1i . )t x 1it Ih': :':ist 1 ti lta 12 170 d2'1"221.{l I Ile ]Lest 2- 1,] ] 122 ',ii 1211 0!,' .''~ 11 1121o t lls.,tI ')p t'; 'Ind tl f i, I III I -,,I -It 2 tlt I n I III 2 1 t 111 ,1 I ,J )i Cs o f 
Io t-ri .....i t . .. . I , rlu rtitlt hi) lhli' itpufI )f lrit i-y
;t NI-

cf kit:; ,U 112 21:' 2" 2tuoCost i nt i I c.t iV' 05 121)-tiI 2;: )ldo 1-0 

Th'ltl-; tht'I'o 1,t11hl1 :1: on y1 , ' } : i }-;Il~j tV' ,) IIIll. -liM[ 11int1 1-1 fIllOle Or
 

tl! )'"1Ll~ l !'~ ll 
 hO,'" Ill,,t I'l I lit I' c I-opp I ng.b.. 11("i , reO Iay-


cI'(Ip I 11(i ItIll It i -:( fl'' t 
 -,)11, 111 l ,/ d i IIIIlll 0 1"NIS o f 'tI( o- Tfo s t ry . 

f.) 7 11':;2 l '111(t ' IiI~b ,l {f f o t i "", as to- t i I ]dIqe or Illtl lch i "1l 

hil t 1 (:. 1 1", I I 't2 tII I W1I falr tit I; k1 tO rt LIIld (.in st i I I be 

i111) roved 

.vein re I at i i-oi i t c St, ' s it , n_t Irrc I !;t (1it; m i ze/cassava can 

al1evi ate t:Ie decrease of CI.C and pi a s weIll as the increase of 
Mn (Tab!,o 19). So iI lo;sses andI run-af f can a lso be reduced by 
I nte rcropp I nc; as ; town in1 Tab Ie 20. When crops are included which 
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provide a quick ground cover, such as many legumes, sweet potatues, 

or melon, interc )pping will be more effective, of course. 

Table 19: 	 Effects of three years of cultivatic 1 after fre-;st
 
clearing oilLC, p11 anl exchaleable cationL; unhe"
 
differ nt treatments (OKIG1U anid IAI,, 19-19)
 

Im/100 q
Effect ive Exchangealle Cations, 

MnTreatimnt pl1-I1,O CIC 
mlk'/100 g Ca Mq K ppX 

0.89 	 0.42 3Bush falic14 6.5 4.94 3.34 

Mai ce (wit ilat 
1-(esidue mulch) 5.3 3.95 3.01 0. 16 0.13 28 

M it,.e
(wit h 
0.68 11rosidl mulch) 6.0 6.38 4.58 0.92 

lai, cussava 6.2 5.24 3.92 0.67 0.39 10 

lSD (0.05) 0.36 1.03 1.03 0.31 0.21 7 

Table 20: 	 Soil-losses and run-off under sole cassava and 
cassava uwtercropxx1 with Iaize (OKIGM( and 
IAP, 1979) 

slope Soil losses (t/vi) RulM)ff 1 of ratinfall) 

Cassava Cassava i mai;e C,assava Can-,sava f maize 

1 3 3 18 24
 

5 87 50 43 33
 

10 125 86 20 18
 

15 221 137 30 19
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The i ntegrat ion of treeS I!t systclnls is f urr 

of ma i st t i nc soi 1. 1t rt i I i t, '. I had i nq , by prot ect n tho soil, 
aqal I!;t tHe i 11mpact oF- t" 1i, l-i 'itt 1' ;0 i I erosioll an lac lil( 
with h,) 1l o)ofl Itori ;'.'.t'tt , ii v "it ') s (L1" lut !i nl s to 
the a-,ur Face fromI v','.;,' A h 1-(i'ot ii ,ttlL:; Lt! anillia I crop;. 

tn tie !owlalld littLLIJ t F( Il L dA-i t t n is,',t, , , tal. low 
ii a I i tll;i l-l Ltr, - t_( I)],llt Wt ,1 wfi t't'i il 1 J, urillI the l .i iny 

:ea.T< I. Add it ij.nal ;I,id i 't, 'Tit o't , in Illld t 0 c( LL I ~l-h t0i0, 
dUILCt I oL i IL lit it-' Id.; )I ''o',:; L ;lli .'e , Cll I a'"l 10 1 it'r )Un dtlu t 

It,!; fiL 't L i 'iIIIT tie1 I' 'L -L 'II',ItlI "itL' t;il ''ItiljtI ' ('IibL ' 

; vU L .tiIL .' l hi i tL' If 01'L,, LL L I rL LLi sII' I .1 1ISLii l0LL t ii -

In t h d,'L i I, .liit -It oi[ L'. It h1'11ie Lie'Lit IL ' 

i gh, t i ,e ;i L t,' t), dI I 1+L(!I II . fft.'( on man", Lcro ps' by shad-IltJ , t}'I ' 'I e t , Le 1( '. L I t 1" II;D I I t I , , ndc of) c )tIIIst, hI prod) i- I cl+[ it 

1 11 t l.r~it t.'tt-il IL'LaLrII i t tI L I t ' rII.0.i( ;! ItVI"tl )I,ItLo lit, -it cI i tt '' i i I1n' r wiI Lo,l , prtL' Im;r I tt alti l iFt h e, 
f la, it I ['t I 'o I rit i",? 't ; 1 r] t lit'Lit' 1t ("U ; 1 1' 1 t 

rtim I ' C. ii 1 ti ; i 1' ho l''ii .w ttt i i '.' 1 It"1 l d , 'llAtia :''A , i u,(r1 I l 

.tc_' rn a' i' i Cl: vi'L i Ii' ' ! t t , 1r, I I ,'' [ir .t; I tel IL 
+ .L' i , i lt't t'. ''L:;t 1 l ' ii i 1%,nIv afP I r t t LI iL i 'o< !a i hI- L f A 

.. iC ,I.L It. :I.' t I 1 . 1"11 .0' 't. 'i' 'I 110 f 

l I iIiIall; ' ilti i d I'' I I' uorb eI; 

e i :1 1 tL', t Lc . Ic't sr 'I. 

Ciii IL,\,~ I1 L) 
). ' l .I t IIo II e f ictl oI' L tLhill,~ tt~td ori l' F. Ifr I. lit ;I A d jesro I)p Itl I ----tt th, l I'1 t it II re t I rl !If. it. I %'. , - il C t- 1c C I 'SL":3 a1;1l/1;h ht1; 1i11F11 1ttli ' I' It I I1 t7;' t 11 I ll I t hu.- nI ll IllI z i W I~ tihue 

, t',npi t . l i~ 111l 1.tl. 

An'lil,, I tI 't ,i l+'s uIt ' l-olnl 4(I I.t mI, reI A. <li .,~II In Stcno ja I (CHtARRE.AU 

, tlhI V IfDA ,, 1 9. 7,) in c'itci t I'>ll iia ea c 'Ka F i.rI it- l'ad[(,11 L f -oIT t he, 

t~ltt'c o v~-l d l b , o i~~l tl'~ d ]lt 71 t '() ,! th , k) 11 ft.I rl 1ot I't-) e 

,IvI tI lt)l, I d o ; h ., ,'XChaI I t' Ip l it Illt' c'I II 'ltm cat It'oll tXt' lll (;" cal
pa~c i t v (CI:"<) (+<Ttl1. ei 2. ~h2 ;'+1 ,f i II t I PtCl~'+1-1 i~~ b%: ileair I 

j 0 f,tIroill -,2 k ; t o 171) k<I l<,i/h I) a %c I I(I(, titI, I l ie, [lt e' l 1 c1 )1-+ tL nr 
'i Ill wd!; ro Itill t i1 c :'e of -r 'I 'abl , 2 1 . Thu. ieth , f foct of 
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A. albida is not limited to an increase in grain yield; grain
 

quality is also improved.
 

The integration of trees into cropping systems needs further study,
 

but this ij difficult because of the slow growth rate in the semi
arid tropics. A. albida, especially, is a very slow growing tree.
 

A further possibility of exploiting the soil improving potential 9 
of leguminous trees and shrubs in particular is "alley cropping"
 
(IiTA, 1979). This is a kind of systematic fallow where hedges are
 

planted at intervals of 4-6 m directly in the field. They are
 
pruned regularly during the grcowing period to prevent shading of
 
the crops and to provide mulching material, rich in nitrogen. From
 

the end of the growing season onwards, i.e. after harvest of the
 

*crop and throughout the dry season or fallow period, the hedges
 
are no longer pruned providing shade to the ground as well as pro

ducing firewood or the stakes required for yam cultivation. Addi

tional labour requirements for pruning in the rainy season are
 
balanced by reduced labour demand for weeding, as weed growth is
 
suppressed by the hedges (KANG, WILSON, and SIPKENS, 1981). Whether
 

the system is feasible unoer farmers' conditions, however, still
 

has to be studied.
 

Planted fallow, preferably with leguminous shrubs, is another
 
means of restoring soil fertility. This has been practiced £-adi

tionally by several ethnical groups, e.g. the Bamii6kb if Cameroon
 
(DONGMO, 1980), but the method needs to be improved in view of the
 

increasing land shortage which allows only short fallow periods,
 

if at all. _ 

One possibility for isemi-arid regions is, for example, relay or
 
intercropping of sorghum with pigeon pea. Pigeon pea remains in
 

the field during the dry season and perhaps another year, thus pro
tecting the soil against insolation and wind erosion and improving
 

soil fertility by symbiotic N-fixation..and by the effect of the 

deep rooting system (especially uptake of phosphate).
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Table 21: Yield reduction through shade of some major crops ii farrers' fields' ) 

(O1GBi and LAL, 1978) 

Crop No shade Shade Yield No shade Shade Yield
"o fertilizer No fertilizer reduction Fertilizer Fertilizer reduction
 

t/ha t/ha t/ha t/ha 

1-1aize o. o..4 2o.o 1.5 0.7 53.3 
Cassava 8.9 2.8 
 68.5 14.4 
 3.4 76.4
 
Yam 9.2 8.4 8.7 12.1 9.4 22.3 

1) Means of 3 villages in southern Nigeria. 
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Table 22: 	 Results (average) frau analyses of soil sanple
 
taken at three different sit-; near Ac,,cia albi
da trees (fr m CIPREAU an t VIDAI, 1965)
 

i;oas rket Iltt; 1PoIll ive n-sal ts 
Dete ninat ions A1 ) 	 (C, 100)B2 0 A Bt C 

p11 (water) 6.50 6.34 6.14 106 103 100
 

total carbon 9 0.53 0.48 0.33 162 146 
 100
 

tctl. nitrogen ; 0.06 0.05 0.03 194 168 100 
C/N ratio 8.9 9.2 10.6 84 87 100
 
exchangeable catlons
 
mc/100 q 

Ca 2.94 2.33 1.47 200 158 100 
Mg 1.12 1.00 0.63 178 158 100 
K 	 0.10 0.08 0.07 143 114 100
 

Na 0.12 0.13 0.09 133 144 100
 

total exchange
Capacity r0/100 1 41.13 3.69 2.25 1.17 131 100
 

P-05 ppM total 190 147 1',3 128 99 100
 

P205 pimn available 35 19 15 234 127 100
 

=1) A - near trunk. 2) B edge of canspy. 3) C = outside of canopy. 

Permanent cultivation is practiced traditionally in many regions 
of West Africa in compound farms. These arc a sort of garden where 
soil fertility is restored by household wastes. In most cases, how
ever, compound farms are of rat icr limited sa ;, and are primarily 
used for producin vt; Tet ablnS and .;Oices;, VIMn thouth a ll kinds of 
crops, tres incrichudel, can ho foutnd. In iareas w i th hi hi )optl It ion 
pressure lnd econse(qunt: 1' rniuid sres itoeund 

en larged and, in ext rome eaae;s , the int ire ar e.e mm a 

fa ott !i the farms al-c 

etnypound 

farlm (LA(EMA'l>lN, 1 977) . The T.)rcllot ion and irsta'viten 1 
9' ITUoundc o!-

farlS Could he a lman; of :ncroasini food otlue-Lion and vieIld 
stability in stl [hohite- aqricultu to. MMi de< interrl l noi in its 

broadest 	 sense, incorporation of arop residues and the use of manure 
are further possibilities of maintaining soil fertility of small 

holdings. 
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Table 23: Yiol.s' of :i] (-I -u1
si xslo: .Acajia albidc ,tr-ks.fc-,- :-

-r-. u 
t

I"lr~I e (if
I965) 

teren 

Locations pockets 
.huW<L. of 

e-as s-' 
aretpat.'esOc-lotica 

ig1 ,f 

t 

-..ains (a) 
r 

2tx tr 

Protein 
of (kg/h) 

cqrains th-eoretical 

A. near trunk 

B. edc of 
canopy 

C. outside of 
canc , 

1 

3.6 

4.2 

4 
4.0 

19.3 

17.5 

11.6 

5.4 

4.2 

2.9 

593 

413 

25t 

16;. 

98. 

G6.0 

29.8 

23. 3 

22.6 

1.666 

983 

660 

]10.63 

8.72 

8.10 

179.9 

84.2 

52.2 

1) ,cans of 6 resp. 7 sanples. 



3.5 Fertilizer Use in Intercropoing Systems 

While maintenance of soil fertility by good management practices
 
may perhaps 
 kee l) yields Stable n the long run, remarkable yield
 
increases 
, as reguired by the high rat e of population growth, can
 
hardly be obtainld wit hut fertilizers. is in fert i IIzer pri cos
 
and the limited availabilit,7 
of forti Ii:.ers in dv'eloping countries, 
howover, force the fa roers to use fort t eF as of icientlV as
 
possible. In Chapter 3. 1 t wa po i nlted out 
 that ir1te rcr')p)i no sys
tonsi in Joel ral mike mor1o officiont ute of limited natural, reso, 

coS. t W01ld he O it.' t() know whet her the Saml iS trtUe for 
er~t ii or_;. Ill addit io', thlie IWACtIC iole ] quest ie'ns of the quantity
 

aiid tin i sq o:f fort lI l p Icat lon 
is i trc opping 130ters hove
 
to be it iu e,d. ElKowleklog of fort 1;sinqi intetcroppin(i systems 
 with 
inorgani c : i itit t I ti di:,lont ory, as nearly all fertili-
F. r oxp, r iments have been "or ierd out i n sole crops. Therefore data 

obta inod lromii 3010 croipii S'1OnILteiMS a110 St i 1 sed ilin ntercropninq 

Mo t fertilizer studies in intercroppiinq Systems have been limited 

to i t rogen , because many crops respord rapid ly and signi ficant Iv 
to t lit -; iut ri 0 it a nld a . bca'US e n it roson plays an i.mp0 r t ant role 
in the como n IejLim!e/ r,on--I leume, Le rc-ops TOi . obt a in s ubst anti a 
y Iels , howev er, t lie S plp ,F t lie othe;- u Ioi nt., cannot be neg Ioc
t Od . ThiS is OS0pec i I Iay t.rueI of 1)110 Sp i 10 S, s i ince mos t rop 1ca 
soi ls are poor in avai lable phi horus . PotassI tim, on the other 
hand, is rarely a liniting factor. 

3.5. 1 Nutrient Requirements in Intercropping Systems 

a. Interactions between croppi no system and the requiremiots of 
individual crops 

The main problem of ferti Iizer use in intercropping systems is that 
tie component crops have di fferent nutritional needs and that the 
period of MaxiTmMI demand for one crop does not necessarily coincidc 

118 



with that of the associated crop(s) . It is therefore important to
 

know as much as possib]c about the nutritional requi rements and
 
growth characteristics 
 of the crops which are to be gqlown together
 

in a specifie ceopping pattern.
 

Mbi Zo, for Oxamp10, requfires high amounts of N for a good yield, 

followed by P and K. Ca. ava removes larcg amounts of N, P, and 

K from the soil , becau.se o7 hi l root. yields. It r(esi r !; , howevor, 
only I LLtIe fort iii ze r-P , even on seoiIs L hat are ver voor in ava 1 1

ahle phosplorUS, because cissava ol)-ts aLsorb phesphor u e ry 
effect iveIy (due to Imyorrhla) . G'ain legumes reglire I arge quan

tities o, . ' as they call satisfy most of the ir needs b. syllbio

tic nlitrogen tix-tion, tih- .:a' to Li up N irol the so I I on ]. 

1l"' astagefsi !I tnIho' r of diOveiopmIent.. Sweet pot ato, , on the other 

han111d rpod to high N rates with luxuri,ils g-owt h o)f aerial parts 

1utLedlced tolilratiol of swollol IOnL. . 

When ippin ftin--iirr to crop associ at ions, account has to be 

taken of the " i fferent fertilie r responses of the component crops, 

in order I a]. low an "ffi cient fertilizer use. ihe application of 

Ili t L JOl to a c (-es 1/lejgLmILe i ItorcroD , f"orI, Xdi) le wj I dec-eas eV 

the ust efficiency of nitrogen, as it suppresse.; symbiotic nitro-l

ge 1 fix it Ion of Iegtu( . The salle is; tr-uje for a1 na;o'weet Potato 

iItoeirCI- ), wh I-,,ir nit rue i e(gre s tile 1h()ot yiod. of sweet potato. 

Appl ict ioei of P to a isai e/cassava lnter'-op wi7 1 result In a low 

tir.e ef icreric.'y of phosiphor-us since caoss<lava haldlyli, spends; to P. 

s;o, fe-t i L;;e0-:!; have to be applied in sucvh a way that the nutrient 

ret!: rem,-tsl 
 of tie) one Comspone nt crov are tmo , without roduIcing 

yield:; of tho other coripolrent c-'.ri "r without wasting fertilizer 
by ,)i i i reat err 1o a notn-res'-perisf ive crTOp 

Il'et di tfel-lt reiiurements of currirrOmoent eropls, h 'wever, are not 

tie ei' pr-ohbloi when app l,,inq fort liz ,r to intert-cops. Growth 

pI~ttLerirs of clto)s -11a1111 wheon the crops-, ar-e griown Ii associ.
atiols. I,,r example), dr-, matter product ionrrby p(tton pea in a 

maize/pigeon yea ',ntercr-o ti was less than half that of sole cropped 

pigeoi pea d lr ng tio first: 16 weeks. O)nce, the salze milatured , how

ever, its competit ive influence was reduced and the growth of the 
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intorpl anted pI)on pea bet-we t ho 1 6th and 24th wOk was sIffi
cient to produce, 5s0d Vie lIeS C011,,1.1b] to the solo crop. Ihe pat
torn of nlt:i Jnt lcsiml; at ios see01m1d to pa ra1I1I, Iowth (DAI,AI,, 
1974) (TbI)lc, 2.) . Ti'is (.x, l lpt, c lea I-tI shows, thalt the nuitr iont 
reCtuIiles' II-; t1.dill t a1n0 901st li r) of crops difif[Cr Whl they l'ar2 

-
l.own i aIISOCilation) il-ot',IL o be iI I: COWl ill ple Stands. 

Table 24: 	 Yieilds of dry mtter, frain ull nntrelnts bV' sole al)i

inte~p) aZtedstands of sai,so al-
 pi oon ;xa (DAIAI, 
(1974) 

'I'teatlont: ,Ma; so 'Iotalt I ont.M'tiuptake 
q", n vie I, ih' ismatter K Ca 

taise 31 t0),C a a 50 .8 a 10.3 a 12.3 a 
I'igoon xii 822 ) 10. 1 b 6.2 b 2.5 b 
M l '11taH 202 5 1) .1225 (221) c 3 6.7(2. 1) c 9.8(1.8) a 8.9(0.9) c 
Altunoat',- s 2606 c 0,58(3.10) d 46.5(3.7) --1 Y.3(2.5) a 8.6(1.2) c 

ent>1ut c-i uttake 

MoeI 3130 a 6,108 a 66.2 a 13.2 a 
!"i.Hi 822i ea h 17.1 b 1 t ) 

.Mix:,staid 2025 b 1225-(.1) c .18. 3t3.7) c 9.2 (0.2) c 

Alt,rnat;o :rc's 2606 c 5058 3,10)d LI.3(5.7)11.2((0, 3) ACl 

>.ea w tai iii1 a l 0 11-tl not1 I-toI a, d I ' lott or;; t11 I ,It- t;i (11i f icant P.diffo- 'ni titI' = 0.05 aCcordjint to i)UiNsjj' moltiphI cane, tes:4t (1955) . I1 5F }IO ii ltJose ; f''rJYpi ]'On] [I'('. 1 ' .'. 

It (Ilh i[i'm !i tt ]y 	ll't tt')I)I IkitoWIt O f t10. act i , ti I I t o'rt deman1d!; of 

r'ot;; rowil] It.la5o(C at ion. '['htLforI I t Catl hir( 1's ho t;lmlod 
that 1cilit-; ll'e sOd '0oc- off;cotl' is i lit ,,'oslii. Palt it 
is at loast obv s t l lllti I ic''o-u;ol opt im:11nii psIlant li-is.;i t ito; 'ild 
I t rioas,'d to dllhit tOn -i t t i it; .;'-' ; ' -us; I',-. t ' ,t1 11te;-isel 

n[L](Lit (tl /LIta k(' all~d t Im ,; , 'I ' t ' t!'I I" : IISt 


(sot P'acamjclIh 3. 1.2 .2). 'Tho i t n nut i nt t kaoco';;

poilds to tlbs i Icoaso;( ill IIIs milt totc product totl. I s a li-ri it llet/ 
qIOLnd lLUt i t tI-Ct-o) , f()lI- fXatpl, , t lie t ,RaI Lito!; of lic uptake of 
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N, 1P ctnd K at final harvest were 1.25, 1.28 and 1.26, respectively,
 
correspondinc 
 to -In IER of 1 .28 for totl] dry nat to (RFtD' and
 
W IllEY, 1981). 'l' i . SI 0
Incre1( roIloV l 1 n t r I eltS iV I lteL-r'oppi nil 

systloils has to be cF fnl- h%' rllcret-tnotd fe rtiIi rot r,ate,0!; oth lerwi.Se 
,I det ioaLF t=oLoI t h1' o lot i lit" wtolt o .'Ol,i. 

I t ttUld1 ' P tone h i it pld re tre iL IpC l Ijation don!iities in
 

tradtiLjonal cro ppill-T ,'ttvo 
 illnOpC10 ;5O CiatLtiS, are rather 
low. T'lli; i.1 a wav oI avoidlnq d'c--,!,ilttion of tile soil.d< 


1. Ac ion of forti I''ll s- ' Cronp: aInd in inter -ops
 
'I I( I- L;A ) 
ll t ti ] i It I n o f it t 1 1 :C A; C''( )ZlI 1-2(1 LO) sol e
 

cI .o- -,11/I II I ) t m, i ,.,t ItIrI 1p I
" M ;1 I h 1 0I She' S ul dI i In c e ,ase
 

it h I 11 -r 't f tI I. F 
 I t , t' i :; 1;1 qll that tt,1 fe t i I i -

U: hil l "r 111 1 lit 'rcI ; tilI ll ti A i' Crop!;. 1n 
t 11 , '.1.11, 1 (i'c1 , I I 1)m' lrI ",I W)51 fort i orF et ri .i 


lIt , f l ii. v Ii I ,ll I 
 15l'o
- I 1 ) 1 i:; I21 p!;. 

LI , I ,ii'i mltlli I 1i . 0 Il1 C |-F i.l q flte 1- i I I r 

I t I Ii I lV A , 0. i ,'V:tt' i;i 'hi, I t.' a I hwd.e ; t )ht ti titeI
 

,:oepi'ih, t i
Ii hI it u i oA tiao i ri tle ilCI) ititt f ot i t 1i v ! I 

Iniv , l 5 l olI:;1 s Iii A1tCu 111(1 I) t 1 i1f-),O, i n t CTili I,t ti0 1 ioils . i 
'< ;pl:l l" t }It' V, I FIl t i L u:;e'd I 11; t t' tLri a I o f er t i i: c r-' als
 

h1 v <l% t o i w, 'Ilo w l ,/:; t h i : h a sI. l i nlf l tl n c o o n l i n ~ e r !;p e, i - c c o m p e)t_ 

t Vt .1t 

Dom i IlCIII '-10 .1;110t7 be 1CO110 file lli nilt1101 ' lllin dt' 11 


cro0p C(I:liI1't0e ly, . it. Illai ..


I llt dominated 

, It or" N appIliCat 1()n i11 a Iliii:o/q roind

nu1t in t-lI.- 1op . But the-e Ctrl CII I ,0 1o 0, whtre tile re lation het-weCll 

doliliil 1 t,111 1 ii~ 1111 t id li;lIn l 
 0 lycCltm1 pAt t revortso(. 

T1, I t <_,Iuct 1011 ! toIt I Int.,-; i oL t I Ihit Ill'liI l )pp IIlj patternt ;
i:o t(('n t:lh ~ l i '] ! . } l / i '1 fl'l,011 tillt! ]()( , l t(' I[IljI-0 L'O F IC 

t~ ':. \: he'l'. I I'l 'I , ; Id f l Ilf 

d %' 

r:1 T']I I) 11h1)1 , 1-0 ) n11( 

paCIt to l-l/n; (p'piull Ct i Al l oll:; i t 1 e:; alid :;pai7 nq-s ) ha'1'' l be ad jus ted 
to t 1" flew si t tllt Itlll; , It] ordt l" to r,'d uee i t1 erpti ct f i c compet i

t io1. thI scliwi fc rt i IlI s Cnt ho( tteil efFice ntly. Ferti liZer 
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trials that do not take t.his into account may give misleacinc re
sults. Trials carried ,ut at the North Carolina State Universit v 
(1976; and SANCIIEZ , 1 976) clearly show how th ZlEP nit jeln curve 

depends on spa.inq configuration. While LIE VaILuCs a:2 de1pt-essed 
in a maize/rice intercroi at a maize row spacinq (of I m, they re
mained almost constant at a maize row spacinq of 2 in (Fig. 24). 

Figure 24: Effects of' nitrqjen aplication arnJ Lall crop row 
spacing on the laI equivalent ratio of a maize/
rice intercrot) (frni North Carolina State Univer
sity, 1976) 

Maize/rice 

1,6 

C

, Maize row spacing 
Cr 

2m 

1 ,2 3 

1,0I I 
0 45 ga 180 

Nitrogen applied (kgN/ha) 

-n a maize/hean intercrop the LER nitrojen curve differed comple
tely between maize row spacinqs of 1 m and 2 m. Excent for the O-N 
]evel, the 1 m rows had hiqher LER v ilues (Fin. 25) 

122 



Figure 25: InfL lnce of nitrooen rate on era in \'i ald landand 
equivalent ratio of lloize/laln interci:r), 
Turrialba, Costa 1Ica (from dIE?, 1976) 

4 D 

Cu 1,6 
•#2 1,4= 


. - C1,2 

-J 1,0 
1 I I 

0 100 200 300 0 100 200 300 

Nitrogen applied (kgN/ha) 

0-----. Sole maize (1m rows) 
o- o Sole beans 

O----o Maize (1m rows)/bean intercrop 

-- Maize (2m rows)/bean inter.,rop 

While local varieties may give the best relative yields at 
a low
 
fertility level, improved varietis e respond better to higher fer
tility rates. This necessitates the use of different varieties for 
different fertility levels ian aqain an adaptation of clorpinq 
patterns to the vartot ies 

Thus some pubLihd d,t I ciate L'creain I E va I Ies with in
creasing ferti 1 :uLnr rattw ;, whii le others indicate increasinq values. 
The available data do not make it possible to perceive a qeneral 
trend in the offects of. fertilizers in itntercroips nor to give 
general recommendations for tile application of fertilizers. An 
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except ion is Lite response to ni trogon in Ictnq!tti/ non- 1',Ite itoe

crops. 11414 vsiuo:; of thiose ,s;s. ciat iols Ie 'tll 1v deoorLslo sn; tho 

N- rates i noI s , v [It ott .iL,]I d 1; f t h It n- IoU-O] O( itit,n "111 t 

r') S " 1; liti fIC1 11nt V . hut I Ij;;tn v' I t- . otro , ;t ;hnl 1 1 [hsIsn;e of 

it..i11C10 tiIil, d .;,i; to1 lo.' tho - 1ittIlt , ; IiI th, 'qatIII ' 

'I !.I t. 11 '3., o 1t I 11" I'I !I 

t, 1.d: i t . c ,, ,, ,.v , s ,, l v ,, A~ tha,a iq at -N 

I!V -.,,' 11 bt, 11''I n l .l ' Ill t n hI )li ll~ fo rr(!., t1111t ] lII os , 

o:ttrCpl , th,, IA:R .1 i ; t teI I -om I . .17 at )-N to .11 aIt 120 ko ,11 i. 

It I, oWi opt ,k i i caLt ; t hat Ao.',, :a n fixed about 125 kq N/ha 

1:t I lI1t Io t; Wi; ,idd A nri tlT),iiit a l icat ion of 60 k N/ha 

it oppcod t ho N - fi x it ott, rt; u It 1ng ir lower LER val ues (I, [BOON and 
IIA WOO1) , i 97-, IT 11)1, 2%) . 

it; i l i i tti; O , to n1it roeI- an1p icat ion art ire po todl l'cOl other 

c'otIt ri,:; (M I'S AI' PS , 1978; AHM:ED and IPJNASiENA , 1 97 ; SEAIAlll , CMWbt

1) N, :4i IhI)i'N ard NANCIE , 1 81; DI:, 11 0) ('lable 26) 

Iit ;tottt cato!;-'s LE! '.',tIho (Iiot ;harpl,' it Ilt, f-itirot N inocrmtlont 

fl'ont 0 to 10 t) (0 ktl N/ha, wit l th, , ii t'ilvt a -low d I-t)cr llt 

it hishe i -r stt; lii ; dritp; it 1.I,4 vxi l uos Is a cloil- indic t ionl 

of the qr'lt r '.i lat :dvan t Ilot 0:] intt-cr-otrippil t uldt ltw -, 

tilit:, lttanaO:l.ttt ctlnar d wi t hI; i IhI ff rt i I i L tmaisnn itt nt t. TII 

tit;lsl.lh i, th I I I tl fLI.t il ittore, for 1 0 I Ut tI 5 2lt iSt '
c r-oj)p 1 g urldotubt I 'd I 11,, t ahib I I I I 1I s tih 1!1( .u [lI- ( r( ) ;t O'1, ThI. 

does , Ilow,' v " , not 'it i Ii iltt Io i p))1) i ll S';t i ; Ilit- 1ito oht] t It 

low furL t - lowr p-odit I ()II :;it titItt-Itm ;. 'Ihues, ';y!.ttt;{ ll:; tin be in

t 2_nsi f i (ii(Ii u t.,;f 

El'ETS (1377) c ) (l il; i, foi t'-:arlt lo wit It appot) pr I It( cr ipi Tn( 

patternts (Wit. 26) inllii/l!; 'tl bean I nt-rcrop:t oven At a hiqh 

l 11, excettdinqfert IIity 1,v (170 1 1,,R values 1.2, with ah-

SO IteIf i01>1;; 2, .1 -/t ll/i je anti 2,1 t llhI; soya bean. 
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Table 25: Grain yield of maizj. (1,IR-2) and soya Wal 
(MultiVar 30) intercroIpnxl at Varing levels 
of initroge-n Lu currespiortinq I 2R values 
(frrnl Il ON ant I IXOMD, 1975) 

Crop comubination Maiize Soya ha l o LERSoya han 

Control
 

Mai ze 1.3 -- -


Soya bean - 2.0 - -

Maize + Soya ban 0.8 1.7 2.5 1.47
 

60 kg/ha N 

Mai ze 3.9 - -

Soya Lem - 2.0 -
Maizo + soya ean 2.0 1.3 3.3 1.16 

120 ksl/ha N 

MI ze 4.8 - * ;oya Wan - 2.2 --

Maize 4 soya bean 2.7 1.2 3.9 1.11 

180 kg/ha N 

'Maiez 5.0 - - 
i ;ova ham - 2. 3 - -

Mlai; e soya ean 2.9 1.3 4.2 1.15
 

240 kJ/a N 

1 I ,e 5.3 - -
W - anz 2.4 

.' + ;oya LWan 3.3 1.1 4.4 1.12 

1 ;Dl(5.) 0.7 ton btw en crop Ieans,, at ttW sane N level for 
lnauze grain yield. 

ISD (5,1 0.2 ton .tw1n crop :n ann at h, sain' N level for 
soya bW,an 'rain yield. 

'T'her ,r no ,,Xaipleo of i xtures of only no(n- ]elounii non crops, 

that could htI' ci ted her, . The i ncreased 1,ER values renolted for 

I nrcan N rat e; in , mai /rico intrcro!> (SANCIF Z, 1976) are 

Imhi in)' due to N rate:; above opt imtl for i crops;. In these,the onqle 

cae;s: jut ,ecloi; with a high<ler populat ion don!;ity IIkL better use 

of the high fertilizer rate. 
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Table 26: 	 Average relative yield totals for nuize/ 
c(roundnut intercrops (MUI'S.2v716, 1978) 

Treatnvnts Set). - Dec. 1975 Mar. - July 1976 
F P. F: FI 

F 
1 

gr'ounctnut/mklize 

(66: 33) 1.10 1.03 1.25 1.13 

(WoU11tut/fl [ ze 

(33:66) 1.06 1.03 1.17 1.09 

average 1.09 1.03 1.21* 1.11** 

SE 0.061 0.037 0.077 0.033 

Significantly different frcin 1.0 at the 95% 
probability level. 

** Significantly different fraci 1.0 at the 99% 
probd)ility level. 

F = rn fertilizer 

F1 = 110 kg/ha N (Urea) f 60 kg/ha 205 

Figure 26: 	 Relative yields for maize (,) ard soya bean (0) and 
relative yield totals (RYI') (A) plotted against 
tl-.e relative plamting fr'quencies ([EEI'S, 1977) 

_ 1,25 
' 1,00 
._ 0,75 
.,. 0,50 
C'- 0,25 

0,00 , 
Relative planting 0 0,25 0,50 0,75 1 Soya beans 
frequencies 1 0,75 0,50 0,25 	 0 Maize 
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As already mentionei, the response fu fortilizers from crops qrown 
in association ma'' be mcarked ly different from the response observed 

in sole crops. l'hiv i; demi;t bttedli thet e!1 lowi exiilemq - ev n 
though the rson;, t) t 1t it eII 71,V 11t he( i,- whoret .,t -

-lnd-lhentil I ti f t ~in(i; ie eio;ipori te, N, 11 and K )I c s;IVa 
;reiiOd I1}s]-o Ii' riet l: cem)l/} l% tI i e,1 ir-eu)I ted eI'i..'aV~ slie 

loun (111IINER, 1982) . In a ( (three 'eld !;h wod a1 
jio ttik<,res'Oponse to N and F ii .. t icII n1'. p $( the fir-st Jin-

CtIlle [ cthd d4c 1 i hnucI0 hi(lh l s Oveof t.:i e two elements (ij. 

27, 28) . 

Fiq. 27: 	 Pos~i'" of easava and cxw'o a yieids to band-app]iod 
N ii a. s ;.1 0o1' as cripar-d to olte crops (IlF.IINR, 
1982). Ki|dly noti(, th, hiho yield level of solo cassava) 

40 	 3000 

3a5 -

M 	 / 2000 
o 'LIoT 

2525 

20 1000 

0 50 100 150 300 

N level (kgha) 

M- 1 Sole cassava 

*- Sole cowpea 

D---0I Cassava inassociation 

0-- --0 	 Cowpea in association 
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Figure 28: 	 The rosixlvme of cassava u l v'm2a yiOILdS to bam)
appliced K i n a;0ociat ion J ou )an l to solec (ol)s 

(hki:,1 R, 1082) 

35 

30-	 3000 

25

20 	 2000 -, 

o 

15 

C-T

10 	 1000 

II 	 I 

0 42 	 84 126 252 

K levels (kg/ha) 

H-- Sole cassava 

E-1 Cassava inassociation 

- £oie cowpea 

O-O Cowpea inassociation 

In contrast, cassava i lterec ropped With COWpea showed a positive 

root yield response up to the highest. N and K rates. Cowpeaa, on 

the other hand, showed no difference in res ponso to N anl K when 

grown as a sol, c-rop or tntercropped with cassava. 
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---- 

On hiqhly P-lefi e nt and P-fixiunI soi is 1o)th crops rospond(( 
poTii.ve tL% i Ionto 1-01Ill1-) t l - . Se lPa-01)1 th ;l- ln 
11o S t l i y'(' 11Y sn; t ( 1 11p1i o It e yhe t 1P 1ove' I (wh i Ch i !; tln-
US Ila L) , II i 10 i0 t rcrop od C, I L; ,1 I' -S,)1pO. t l dO n1y Lt3 t1) t h(-, f i F;t 
inmerement 5of P ( Ft q. .,1). Plxihdi;A v he dciorsnd for P wo; reduced 

becaLse Of the, lower Vi Idlevel 

Fi-ure 29: The reo;simnse of a'ssava and CmX)a yields to hand-appl i edP in association as crvqxo-ed i to solo crops (I.III 0,1182).
(Kindly notice the yield level of cassava, h inq mtoh lowor 
Lhcan in fiqures 27 and 28). 
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2000 E 
15 / "  -

E!T10 

Uv 100 
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/ /.C CU 
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0 22 44 66 132 
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I---U Sole cassava 

Cassava in associalion 

*-0 Sole cowpea 

o----o9 Cowpea in associalion 
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From this CxaMpI." it can at least be conclIuded that, iln order to 

ensure an adequate .Id economic supply of nuLti tnt: for iterCroIn

)) t -int 5 teo;t , it iS im a.rtant t-o TIow th lt e nn , tto the2!e lllt-

I ient-; o- eaclh Crop il1 asi;ociat iol. ''hi r; rte!r rOIl( 1 n lr)ime itil(;; 

ha h;ve ! n i n i !;"I crop 11n ;l i atthet, 110 in"ecy .e' t hti " a (1 u; ioin
 

huIt em hI ca ; s F t1).0 c1 1 !! i if i t 1%' 11 i f 10,1-en1t
(it w , e l-11 por; t i1, 'i 

I( s i i t 1, 1>siutn, 0 P utd F 1alp I i cat i o! t o ,.; ic rnd W',iwp: . 

T[ I me 11!l; 11 i III; t) 1 't1t i;:-t ll Il Iclo'thi ctl ]qiw 1Ott , I 1 I f t p
i; :;:.;t.'l; {. i l ie-'.,.le ti 'd t ;.lei '1.: n-'er; illitor;'lat iton o)r the' oi I'i1-

Ii :01 lt. it' Co !ret; ini~ to;O];t' Ito c r t'it n nutl t l'rit itel t;,>i " 

i", ll . , 'I I 1 1lit l i i it i i t L'l T'lrt~iili'I!t' t IIt m, it '.!1 all'.I I I : t lit -t "i: r't I 11. u trr vi t tit t to1'11

t ,-) I I r I ; Itti t ;.t he I 1t ito 'l e v '' r I ,r t. I ,- i I I0 ll i) 11 

tejn) t i aPot il at I I 1ri-t o1f I " t h ', I t ) , w a t i i II I c t t lat

at t ' tt 11 c ra0 it i I-OpIII ItI I t11 hl t,),J pa Irtjt Ir~ a ti t t r 

i orv ,It , t r thtIt. I ,tI )1111i ii Io 1ilttitw titt- 1 1 t i'< tt1tia , 

c tllql ( w lier i r ; I f i t'L Th1i; ion ; r always anII ot d.!i . lrlul-fc w i t 

at o 0, 1 i 11 onth1,','', t ) r il 11 t' Lolr offo il](T I~atL 0 r 11 w it I eIc feiti 

toir - n cre.-a nte u r l Iott,,t to t L r dv - o fI-- tf ti of L It, iin di f., e; 
Iti t ' 'x i pampito t-l, 11 I 11 !t , Iithe.(Itl'; lept t7 I )n a.n isf 1 1t] ){t i a ' ' 1Iv libi: 1 t. he ('f crlo!tttI 11'- ;oo..o I l "it~tieit. ri'rp-t 

C. F Iti "ed 1-'lr'( , rl ntllinaoI an r"ro le . l , ate11 for1ea ii mple,'l i ah 

to af rotatie tscop it 
1 1 thIl, +,x-ii1p [{, ofi gc, 1n ;b t t 110 i t I' ?I-ct I', LI1( '1110r- :l.; 111d ( tL ) 11S .,t 'S 

t ) f.r -it; anrssoI -op:; ,Intop .c I la -Lti i iI o n ,I i i wet e talways I 

lytd from olle al ysejnon (',. IS (ItoW.; 10e , a wn Ctl , 111)W 

I colon St i- ;oa n olt the rtl i tttia 1 xclih at l(21 C o f ;()i t,oini i; id 1 
Inmo/-c-opso intercrot wqn- te -,-th f offct:; of ,p l I i,r

hi.,jhet l r t, r" a ptll-1, ].o m llv', cIr t )  thal llll aft v: Il ] 'll~ ' <,F 'l I III t, I' 

(,rO p ( ;-; , P a -r qa! h -1. 1 . 4 ) . It is; thI i, It, f ,r,, l ,, ;;Il I,,' t' (.( 1,1 Ir ,, 
#enIt i.I'ro c-) ) rovt at.,ionqs 0 IC) c Opp lI t tu n ?t ; ' t 11 Ili ,r-cl { , I ,l, 

s ys t e Ill!; . 

D~ata fromn soil1 analyses, (SFEARIE, COM1!1D(]M, SilEIDEN alnd NANCEf., 1 981 

(1('111011St ,T, t hat the r-esidual_ ec halmpq();bi .;oii I t I-mitll (," 1 I('

gjume/coroa] intercrop was beotweeon thalt (or a :;,)I(, Cereal{i ltl,.)('lo t )  

and that of a sole legume cro) (Iiroundnut ir sw' bean) ('lab o 27 
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This amount was still substantial and corresponded to the resi
dual nitrogen of a solo mdize crop whichto 100 kg/ha N had been 

applied (Fig. 30). 

'Table 27: Effect of prior creppil j ',attern (all without 
aIed fort . i izOr nit Rx1e1) on ]te idual Oxch *n

gOLiNe soil nit: rvven at 0 and at 119weoks after 
sc.:ing .snd ,oltakc of I;k lino 
crop (.EAI et al., 1)81) 

uuit ro bl: ofI whiat 

E.x:ch'i11.1[..1in It ,_ Nit Ioi uptake 
(I'!l/) Nl/ha)l (kql 

CI.(1)pJ ug system 
1 ) 2 

0 we: s 1 ,, 19 weeks ) 

Maize 9.0 c 13.1 c 12 d 
Sova txan 29.9 a 23. 1 a 46 b 
Grounldnut 32.7 a 23.4 a 5A a 
Maize + soya Luanl b16.7 14.8 bc 19 c 
Maiz.:e + grourklnut 15. 3 1) 17.9 ab 19 c 

Vi ures in the sue aLn,w)ohllulu 
 ot sgni ficantl different at the5 level if fol lc'o I In the&s,r;e letter acordinq to DUNCAN's 
wult iple ra ge tot 

1) at s winq. .1) at anth'sj.a. 

by a 

"'he lower amount of rLesidua] 1 I t rogen afte r a legumie/non-le
(jume int' crop compa red to a )Ilroe L'(11um1e cr01) is lainly cIuLsed 
by lower population densitie; of l, unifes in inlt.-co)s anld 
re'du'd de'. loploiut )Of legume:; dLh Co:m.et.i t ion from the compa

ii clr rl- ;. In :;.;" ca;e.:; theto miiht ho alo:e a di-(ct N-transfer 
t II)h' ll[:, ; r L'i 'ii ; (5;'" 1~'ara r-,l; 3. 1 •. ) 

Thu';', fI 1 t11'' r: 1,11dl'' ro.E;Ui in ,rcre't; t 
 1pi i1i :;hows few ct'.Vant ia es 
i.n ;'lt l t 0 t,I tr iul;' i -i, c 11 I I i',r ;f IId In;yo ; ,f 0i lIvlog ic 
fixed itr'oofe 11 , . : i nt-'2'C i,i n ;'i.Fit;'iO1.1;1"'('' with crop ro
tat i on!; or c ropp i n (F kwnnos. Soln' tvnt i t; in i l uIt de r ive, how
eveIr, from reduced N-losses due to run-otff and leaching (see Para

grapi 3. 4) 
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Figure 30: Effect of fer:ilizer nitrogen and 
cropping systm on nitrocin uptake by 
wheat at ant!,esis -o maize/groundnut, 
* maize/soya Lean, A sole maize crop
ping patterns (SEARILE et al., 1981) 
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3.5.2 	 Fertilizer practices - rates, timinq and placement 

of fertilizers 

As mentioned in the preceding paragraphs, our knowledge of the 

nutrient reruirements of intercropping systems is still rather 

limited. Therefore, no specific recommendations for fertilizer 

applicatior to intorcrops can be given in this repc,.t. Only gene

ral remarks can bt made, as the actual demands depend too much 

on soils, climate, varieties, rotations, etc.
 

1 32 



mal-ks canl be m1ad1 , i-, t I' act ua1 demandls; clepeiJ t oo much on soi is 
cI ialliate, varie ti es, rotat illIS , (It . 

Pe Li i :er apl Iciia'l. I ow )i , h , ei, t im.,d 'Ind p.liacld if) Such a Way 

th ,-It n t Ilt i ll )ly i:; ,i FI)Ib at e' i nd; of expeC11i) ltilu lti lltl- ie 

t i'd, hit l it l . tflii ,' . h.' 'Iwlo , I 1. t i t t l'Cl, HIllID 'l,s;y t lllo; tI lt till

t I I t l J , jtll' tl d :; t t it' ' u'ii 'li0I d I ! I I 1 1 11i 1 1 " , lllt i t y 
, Il '. i,' .v i l l !,, ,li t!I .l lt I t ll,! I i * lo t mIuI, -l iaL ! ,I-I I itl ot :; t ll -' ;t, ?*t"i lll ,l t T lw:; 'kIlL ;O " ''! ll l :',A t t IIl ; ( t I ll

itIIt'''1t1 ) . Iiii ict ;t I I 11'i i iii'jll i I t 'lii) (wi- i ; ,I) t .(: i--

I .ll lll tI i, Ili( ti hlil ',11i t1- l.iii " ;Ill, I l 11 t t li d -

Alit ill! i il .'wil I it., I , I:;lc it F; C l (;f PI I ll li F. i i),'l FI'lM,il/t il 

111lit ) i i ]d i i L -aIt t i Iht ,, (cvll,,litp' nt F'I lt . ( it :;,,I %,I t il t
 
llt i l I tit, , ! P- fi -%ItI ii l :i ; 
 1ti { obi,fl plit) 'I I )(',ili 'I' .F liIF ,Ill 1W
 

ii,) i1'dt I 
 ll )iF l ' 1 It i l" Lit, Fhe FIllIOW I It lii i ii )Itil
'id i[, , ; i~t' , , h loltw {tl th o ee uI(w k]- t ! ; ill muix '- ilit"' c t 1 ,! I Il, I. 

I' ! ,,uil ; tt' ll"llI (I'l,"Ic li;ite)d - l'o k llho,;phll~t,, w, I I c I 

,iv i i , in :tl i I d W,, ; t AFi call ount t r ,-i, i;. Thl ici ; tiicI' l lII v 
t" ' ' Iilt fI I ,- 1"1 i .' W I t 1h 1 11l 1lIl( )%V'111 ' 1 d1 :; It'licl 'I I 1 ( ,I ii t', . A ll 

Ilit , l I till .I', Ii( IlIt, I I 1h1,,t i pp ill,etI i ,1' , )IIiiI t it I I In'I

I',tf i ' l I I I ' i tI- (' o f l . lh, I c h-i tq II) iI t ,I'ndII! t )Ilril1 I

( i I :I , I1;I1,1:; M <c t)0I.I, ,'.I andlc KA N,(; I l t I . 

I, Wt,I I .I~ c I) I w o(lll t | I !; n t , 1)i)%I~', lI ~ 'It I Iit, 11I ovt11 ',7 1 ti I/ -('lF(ot)

pi)111i t:itu 1t I il. Tlho, (INX tcy iL, intI ; CIHANC, CtANC; anld I K) ( 1 909, cI

tr )li!1 .A N I'III: X , w i II I I 1 IloICd 1 1 d K .l;h' wAll ts1 1 9)7(1 h I1, 1 1 :; t

ini F' ,Itu1o'/( 1"J ttl itlt i ;tt LT t lit' nLit'i (IIll( UI lC I 1it_' CI '- )tll11]
1111t J; I (i Ilt! [l V ,l t lit' S.i, ci ', , a o r 1) 1 lit; n?d flr )ll ibs f l It lt(,.qt s ! t r 

uis i t<.tto li !' Fltt Iir 'lf t I t l i hit t i ' r hall'! , iiI [ ;im i 1 1 ,-\I' 1't 
111, lit %qi t II ;tl, 1,1F 111, a i<.';w(,et ) t-at .o t tit' crl'op) ttn r w I I I h t hw f ('l-3t I I I ; t I %,, I! z I , I', al l .; I t ,l' I -!;i't1 i Ci.,IlltI I ilifl( ' i 110' 111t 1 1 

O Wll:; "' ' - I I,,, Ic'l I ,I l I I -I t.I'llIlt 11L IV t'111,1) C' f V I I l It- 11 1't i I i ' in
, -WIl, I' ! 11I 1 1" (, V~l, i i ( ) ,1n10 t 110 1 Whlt'n l~t , () )t t ' ~ Iill 1't0 lto
 

)111lllt I t Iv,,-. 13BIt tht ;ill I " t .hoC)( I I ; not !.i -,1 ly 
 h% tlltI w( ) I-k il ol ik '(ro 

i. l,I , t, ) Ill;0 eoff i c I.itl t I . fe~l-t i I i1 ti 1) lC( 11 d i I IOC~t Iy ' ndof10 thlk
 

I i I lin olit cI--[I (S ANC II EZ , 1976).
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Recommended inrcl 1un fertilizer application rates in leqme/cercal
 

intercrops in West Africa are a basic dres!-,.ing of 30-40 kg P 0,.
 

(as single or double superplio.nphate) and 20-30 ko K,) (as turiate 

of potash) - if ,O i.z given at all - pli.n; 30-10 kg 4/hd as star

t-elr nitr.oOen. The cereals ieee i a tuT d01o'1; ;ii ; Of iIothohr 30-40 

N as urea (dependil i oI the :;ianaglemlni nt Jvi l') cinproxi natelv 6 

weeks after p lan':itno. The to ) d1; ;iniq ot lli trogeln c;oe to the 

cC reaIs does not 'i fect the prod ct i vit% of the legume crop. 

j.5.3 Economics of -'rtilizer Use 

As already 1ICnt. ioned earlier (Paragraph 3.5.1) , LrtilizOr use 

efficiency cannot he marurod solely it. biological terlls (LER) but 

aIISo nCOd ; to h(, tl03S), ;Sa ti in ( CO1nOIic te rllo;° 

The faI Ite r ha; to know whother it i a; inure prof i table t o apply for

tiL -i 1 e to ) iltcii) s i- to ;) Il,, C1-Ono . 'iiS 1. WlndS;, of COuI,' 

p1vicc t t breoll the 1. i ,; of !!( (i I f-el'tll t Ci O I 1011100,, fOrF >XXal i] 0 

are nor m IV1', l- l013ll'un-eilt Ive tian , i i . A hi 3h ' Lind teq3uily 

Vo Iellt loIt 10 dIL3 ' 11 013103133iitl,,do ' 1inii c -i I vie (-Ia 

lio33 31i t; - 1iee -:-lli (I1t'Lltel mi 3t Intll-ls (see'olsi h1'31,'13 i''n li' 

Chipte r 4.). o)l, mei,thod of cumparini tho pr13it iltv of ferti li

201- u10 i1 5;o1. crops wi t h1 t hat i ni lit,oFc0i ; i ; t lie va IIle : cost 

ra t Io ('.'CR) . 

Figures puibliIl3d by the FAO Fel. i iZir iemonstilt ion Proqrariie 

i.n IlltOeau Stot , Niceria (1979) , show that th vall, : cost ratios 

are generll ly ver-v 1hih (Table 28) . Thi:; moan; that -I farmer i S 

better oft when ht i is fer-tiIi '0 111 ill '1-03313. It is in

tO-rei- t i ln to not- iIi i this colnte'xt thla t 11"l VCR for " !-,II'1t) 1'0; , plac

ti ce fot i i I.'' al o eon hi qIlr than t li-ire for ".11] inlpoved 

pract I ce0 t feit ii : 3' 1 0'". ThiT ; I .; rlhat tile - why.Lur,1iIIes a- ;I 

a1re ve r'. I nt eres- -d i1n fert i i e rs but are reluctant to accept 

the other "improved practices". 
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Table 28: Value : cxst ratios of fert i lizers applicd to 
sole crops -Il intercrxvppi1 syste1 ill thn 
Savana zone of Niqcria (FAO, 1979) 

Yiel ds I ncr-c;lcos Not 
Crap Plot in of yie hld profits VCR 

kq/hal in kq/sa Ila 

Millet ["P 350 - -
FP 
AlP 

F 
- 2 

7'720 
500 

)70 
150 

115.3 
51.0 

9.1 
35.0 

AlP I" 940 590 183.7 9.1 
Sorghun rVP 12 5 - - -

!1P + F 3.5 200 65.8 5.6 
A]P - F 150 25 4.7 1.9 
AlP + 1' 800 675 2,43.4 10.2 

Maize/sorqhlmn VP 605 -.. 

"I' F 1 907 1 302 309. 35 20.2 
AlP - 1 1 021 416 98.7 19.6 
AL1) F 2 693 2 088 192.4 17.6 

Yans/ni,, F.P 8 5 10 - - -
Fl' s F 11 640 3 130 617.9 77.3 
NIP F 14 336 5 826 1 117.8 24.5 

MizFP 267 - - -
FP F 875 608 50.6 4.1 
AlP - F 408 141 29.95 6.7 
AIP F 1 707 1 4-10 330.4 12.2 

Maize/mw1a I') 295 
vP F 373 78 3.35 1.2 
A l P P' 254 -41 -19.05 <1 
All 1. 590 295 40.65 2.2 

SOrqhun/ccx.' a F' 561 - - -
FP F 1 0,11 178 177.0 13.5 
All - 1' 654 91 27.6 4.1 
AlP1 I" 1 193 630 221.9 8.4 

F Ferti 1Ii; 1'1P I'LrI s' pract ice ; At P All improve'd Prac
tices. 
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3. 6 Pest and Wcd nqeo__ jJntn to c Iroii,i__S 2sytoitis 

Troad i iaonal croptnqo tome * inso,fr an they ,re not ,leqradcd , are
 
in an t(0olwoq j',l balance wi t.h thoi ,n l-Clmllelt . Yet, thi's halenc
 
is low- lovOe ' ;it too
a " oqui Pl111.1 leo inciL'Ce1C er0t'le
tioel low, hut vi d!1 ' .1l lW. 
 '' int olUCt ion Of 71tW C'0:1

ping~:t m : (, <. <;t~ (:,!T: ] .!IJ di , ) 1: :r ti, n i \arictviI itu; has 

i 1nvl '." 'eo !i11),lI',: , ,',11 ,,- i i''l' And Ihl.u ]htuleIowoiw d
 
;tlhilit v (includin ,i li 
 th lily,' rttt hecau.e of inctca

1',, !.t. l 00000. '',',-''1100 tti/ nl 7-ovor.1t; full o~x'o ei tohi t, nc . 

II tIItot 101')t'Lee 01 lI ult1111 1O~oit' itt ';elt CN1C0 

t~l tltht,It '.; l- ta.;k of ,1j-ese~Tt| It,<(al-clh t~o q a ~ i 

VIo Ide .it I hih;Il' bVoC1. 'Thi.s he hbeen acht ovod h.'pert jal Iv byllwa 

o1 chetilxicll pl-Ant l'otect ,ion which has1 l:ocualt X't' ofy to in ?ill-

P'l'atU0 1 llltattt 
; 1an(d Ln S0711? clo' pi 11(1 0 s tL_om1.<;01 1 , t I Y'tt101)7'10. 

the i-i;k that', ho lust; antyhedq" o r ,ttncesovel imltohtoml; - A Ir,,tdy 
1I 1 i ll1 :l11) 'l . ci "ttdtl'.;- o'.' hi i tl i !e -lilto tot na 1:; n el- ill tho ' 

e1 incI'7"'00c0t nuTltolt' - 11 t10' t)of tot- l '1. In i',h i t t ,i )lo;t 

ll'l!; ill tile tropic; a O 1ot abh to tool::)- ltnitt ',0; ti'h lI:; It*,tit 


lick Of illft'oastt'uctU'k I he i 10i1tt't1t , a0 ,ilh1ility, '\t on:; t ,,1
 
v i ("',) alnd tilt? p'val nt cl-oIp inlc ({~ {l; (h '- Hy<ttii;I:!-l~ .). 


111 the e 01101)11' i IIoI-t h t'bo lla ilI"I Ih ) ;t to rI in ll OO'l)t) Ijt l't ,10

t tale-. .1o as to al low !110 (ffi (. i t !)11 cat () I '0 i ('ido., ilt 

11 , f fr t II 0 '-t'.elo ltit , I'tS ' aI lId, for I h,_, ; (I. ;('Wt ;t'td ill tll' 11l''Ot

(Itnj )I)I-11Tollt h1: 11 Chel t T' 4. Reosistanlt vet-'ieoti(o (I''vlopcd fo 

.)o71o 000_-).s )o,Iat 1 7,1 e.lnd i n tte'-na t ional crop .a1l )o'i? ('lt it t'O llltllS 

h)Vt 1;t1ff 'eol ll1ll(' 0I l1 ss tinh' saltto fate. Aparit i1-t1 di;t1'i i on101) 

I):w WO n(t 


all1;10' tIh''y did hot fit Iilto the pi'vo ilont cl-oppi, 1q .;y. tln.1 (di ft.

pl-')
1
l r!; , t 11 , v,ltliot i_<; fO i rI-o tico )t ) r bo ho-

I'tInIt J) 1 .... 1- in t.tui tvy I )I Co~~.s ( aISt (,,vv 1pI " o l' o(d s ) o7 a ( c IuaIi ty 

('01 11 , tO'tl,.',5to a I i ty , ,'to.) 1d Inot sat Lsfy cl)nlst lero' de1

,
So it seems c'pdient to try to exploit Lire iol c(lical factors in

ho rent in tiadi tiona]. cropping pattei-rns and to dvelop a cropping 

systell .taj Ii zcd , plhaps , at a lteodi urn yield level. ThM.s rmoclirels 
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the introduction of method's of integrated pest management, based
 
o~n-the assumption that it is possible reduce cto yield losses ~iil. 
to pests, diseases, nematodes and weeds by the right match 6f crops 
species and cultivars, and by appropriate timing and spacing of
 
each cultivar.
 

Several studies have been carried out in temperate as well as in
 
tropical climates to examine the influence of the plant species'
 
diversity and planting patterns on the population dynamics of 
in
sects. The fundamental question that has 
tot be answered is whether
 
species diversity increases stability by preventing insect popu
lation outbreaks. Species in this context i1
',iude plant (crops
 
and weeds) and insect species. Pest outbreaks are considered a
 
symptom of a disturbed habitat. Ecologists (e.g. 11OLRIDGE, 1959;
 
IGBOZURIKE, 1971; and DICKINSON, 1972) believe that the most ra
tional agricultural system for the tropics is that which most
 
closely simulates natural tropical ecosystems, these being the most
 
stable ecosystems due to a high degree of diversity.
 

Agro-ecosystems must, however,' be much simpler than natural eco
systems and therefore systems should be designed which minimize
 

- pest damage while their agronomic characteristics remain acceptable
 
for local conditions (PERRIN, 1977). The question as to whether
 
species diversity increases stability, cannot be answered directly,
 
but it can be ,said that diversity per se does not lead to stability
 
(WAY, 1977b). On the contrary, most pestsifproliferate because there 
is too much diversity in the form of alternate food and refuges
 
that are essential at some stages in their life cycle (WAY, 1977b).
 
It is also doubtful whether the question is actually relevant, be
cause even in stable ecosystems populations of certain pests may
 
constantly remain at such high levels as 
to cause unacceptable
 
yield losses. This is due to the 
fact that yield losses do not de
pend on the absolute number of pests individuals but on the damage
 
,caused by each individual. There are many low density pests which
 
maintain relatively stable populations'but cause serious damage,
 
for example the rhinoceros beetle (Oryctss .), the coconut bug
 
(Pseudothera2tuswai) and various other insect pests of tropical
 

trees.
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Exam)]pes of st able S0 croppinq as well as stable i nte rcroplpi1 q 
sy.AstlSmado exist. Pest pobleinls ii one tal ieteIll to be Imlo;t ,L*tit' 

at the i nt, fre between two kind!; )t htillitatta whe.a-t ti ,.sit i 

(1-Oat tO;t 1111( wie, liei' el t a > 1 b0th halitIt. al-, 0\1ey le ted. 

ii'utt otlli ousll :;'iiIi!;; -i ,Iist' liili :ivanla l el,}t .>l:aii.a'le,},;tu; t) 


1 
it 11, 1 1i ! j 1 

llti 1h' IK 1iiit,; t I ta I :IaxI', 5111Th' ti sd. t0 I t ;

Ij~lUti LIl, ,L;III 1 1 V 11i ' - 1 I It hII , ), th11, ' 1d t I 

a" it I t'i i e 
[ t " !l~ j ,(' 1 1 )11,;h11 lh 1 '' i,, I, I, thII o utll t ! I'lihch If tlilt, 

I I art iIhp it i ca< iV -tt a lei!iit'h tit het'; I, t IWt 0! 1A t.Iit . i 

t ll wh i eat i 1,robt i I I Iitill t, 1 :1 t ht iil en,I t ttexems 1- a 

1 i , (, ' 'III, 1 t1 I I i I II 11 1 1, t ti 

ab 1' 111 1vi1e1, 1111111 1 that liI v r It tv,h t h i It( a ,r i i d 

0! 1[ * .; e ' t s ' I't 
, 

Ittt Ii''' I1t, t I'a,'' it t li c l r 'v , i't I 

tI Ih ,lt eemto e1.t . I II I i l IetI ' I crea-t.1 lie)! e w i tIa r eel (.qi I 

, 

t II'I h1 ,<akdoWll {I !I I I -,I I hnat II r ? I :,IIx " a r~t, IT1 I I -,o llot-Ilh o l, et-

I-I ,II:;. Fut Iit, r I111[ 1 I ica;t l I o L I/ I' l t O LIM t , I ) I't F. 111c)1 1 

i I II'hI 1 11i , , t (1 lit,,,t roem't i.. s o pa and Ithe ) t (I Il i iL; ; 111 a %V lilt)lelt: t 

Otd ll,/, (WAYt 1977' ) . d , 

pIrte o In evIlt lv 11it isV ' t hit11 le10-W(ILe that I iv 1 t; t /t; tI I Sli: 

ll . flvenc that o Pa vitell1liet; d]ivcrr- the ilat rioqion orDynamics 
( C(t L 0.]O(2tTli prI- 'V IIt- I W S t 1)1-01)1 lowt; ; ('] I lit, cotnItr" " , i tI t(21111; 

llK l'!ltc l ;e.2111.s; to Cre- t o[( theilll. Y 't WI t hI [I Sillh'l ]Ilo " (o!(),l ICa I 

1.1111 L.; -%uch 1-; f-all-nM0CO!;VSt('I ; , I lIt I i ("ItC 1l' Itlt,101!llh 11t; (.,111 h( ON

1),-CtLed t0O V V(2c ,-o1 t. isi It thi.!; l1I e el th atI ( ive I-;Itv/ !;ta')iIi ty 

rul,-tt ionshi lis and thei I- imlp I i~t, iol!! for [pest alnd (Iisoa:;e problc~lms 

nIL.-d to0 b(- ('Xai ne11d (WAY , 1 9)77 b) . 

3.6.1 Influence of 1Inte-cropin on the Population Dynam ics" 


of Posts 

The great number of intert-roppinq -ystems enables the farmer to 

spre ad the risk of crop losse, luo to insect attack even better 
than the risk of drought. Thus by crop managemen t methods the 
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farmer can influence the attract ivenless oF t he crops and can cre
ate an 1na;Ust ahic hate i at ftr o=-! s. tind a favouralhl ,on, i rontrint 
fot pretr ol'er ; 11, call I'lote ct th l-Eiiin C-rep y:I nsllll (i diversio

nalV',' ; t Ad beuli up bt, i.s,' t() the di;i lItrr It I !;tn; (NOR-


T, I 977) . ' 1 i' .
 itl,, I, 'i In t hoh e n;;oci at ional ro!-ti t ance 

0)t" ci 115)1.a i s t '<. h, Iix t two haraO -a'ph Out 1 n on otneOf thes 

pa11111 111 t*'Ottt. 5 tarld intic(Ut' how they may he t eta't h t as 

c)m n,.,nttt of I tttcr1ateod pest nIlaqOie fit . 

3. 	6. 1 . I Mechaniss of Pest Control in lleterogenous Plant Popu-


I at ions
 

The no ulat ion dynamics in most species call be simply renlresent-d 

as in Fiq. 31 in order to highlight critical times at which con
trol i moan;tIre.n tlay 1o, adopted. Mixed croppingj may particularly af
fect CO01.) colonIi nat ,n as well as subsoquent population develop

ri'nt ant 	 sutrvival. 

fr,, 00r o ni ,,atC ionl 
Vislet' offtct a: a mixture of crop types nay affect tilte visual 

:;I nIho at. t ract pest-s their sui table host plants|mu I 	 .h t nseet to 

.ti,1 , 1t- ('a { I011e ' a;('!; , 0110 C rep becolnes total ly calliouf Ia(ed tov 

.ini , tiwr to I I ytln; i -tsect:;,tia rti y ;n lIant in rtelaye t )lIc a a 

y t,. o.,r tih;t Iannal cle tilti number of oxogenoi ts i t;ct ; In-

V, li I:I ,It t lie h2t; nniIln of the ut-ewi n - nason, oithtr fi(ti adt la

:.'l; l fcut[vatlt t ' aI 01 -,l pt-oat d i 	 t l n,' i; a vital factor 

i 1 1 1" t-.'lin;il the fi l lo'st abtndance (SOU'I'MWOOIi ant WAY, 1 970) 

A !;. tt t t tietltn ; -i)tndt el a.- to ho le,. ; il t riot I%' to cot'.ain 
pes;ts; Illti a f{l 1 ape/ealt-I ti centrta,.t, i.0. widolti :;taii-,(1 i'lsps 

(rt~lt';R I , 11}77; Ot{N::' ORG;I', net ;netiea CO 1:11niratilln) . ili't; tiai;'t inl 

at co/pt-~e! nad'tit~t it rttp i; _ aLt,ticked by itaice 1ol't (O£

tl[itt i ut-n-iI~.a1 iTciL LC 21) b'CatinO teh hcle t iuoth';t tn tr, f a 

btaikc(pr itd with a brownth huLe to a so[t Ld pren backqroiund (IRAROS, 
1 97 3). 

Olf'actor_ effects: Host plant orientation in insects often involves 
olfactory mechanisms and it is claimed that these are disturbed 
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by the presence of aromatic p lants such as onions , parlic (AI YI!, 

1919) and lemon qra!;s (cvmLboL o n- iatiis). andt TAVA!.NA[NI. 

ROOTS (1972) recorded roduced e l eni:at i en and ;lllio1uent rple

duct oo of Phvlotota cruci lua hv int 0-plint inT ,l d; with 

tomato and tL acco , le'lilt in; ill oy11 SI 11,11it l()I t l d'i-

Illa( f1ound i n pL 1;tAlld!; . 

Figure 31 	 Stages in i'a t.; pulation Iin-i ei; which may bxe 
affectWd Ui,intoLrc Irp jv!. INssi bLi effects of 
interecroi'vlnq no shln th,, vi it (PERRINi 1 

ad.i Pitt ii? PS, 178) 

: SRUTflCN CF OF AXI. RYi 
IESPA SI 

".P LIsq
SF:':"G 7 UC % 

2.5 : r: 5t:?:'5 

1. CR - : 
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Table 29: Influence of f'Ocd hue on stem boreroviposition ir,-sole maize and a maize/, 
S r grour nut inrcrop (RARDS, 1973) 

Cays after seeding
system 29 35 42 51 

No cover 
Sole maize 13 16 58 42
Maize/groundnut 
 6 2 26 42

% reduction 53.8 87.5 55.2 0 

Brown cover on soil and/or groundnut 
Sole maize 14 4427 38
Maize/groundnut 5 3821 30 
% reduction 64.3 22.2 13.6 21.0 

Green-brown cover on soil and/or groundnut 
Sole maize 11 27 49 50

Maize/groundnut 6 22 43 51
%reduction 45.4 18.5 12.2 0 

Green cover on soil and/or qroundnut 
Sole maize 8 46 46 51

Maize/grourdnut 6 1 9 42 45
% reduction 25.0 9.558.7 11.8
 

1) Planted June 11. Values are stem borer egg masses per 100 plants based on observation of 50 plants 
per 60 m2 treatment plots, average of 2 repli
cations. 

In other cases polyphagous insects may be especially attracted by
 
mixed odours and thrive in a habitat providing two or more essen
tial host plants in close proximity, as with the coreid bug _Acan
 
thomia s2. which appearE to be attracted to other legumes in high
 
numbers by interplanted pigeon pea (KAYUMBO, 1976). 
Pigeon oea is
 
also highly attractive tc thrips (Meqaluro-thri2ssjoestedti), 
a
 
major cowpea pest. Thrips damage to cowpea is therefore increased
 
in the vicinity of pigeon pea (ROSINGH, 1980).
 

Divisionary hosts: 
 Pests sometimes colonize one particular crop
 
in a mixture which thus serves as a divisionary host protecting
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other, ,,rhaps more uacept ib in 0" FC( IOlilliica 1l v taluahib crops 

f rOm evere Oktra ,; I a i I.; Lf LI I a rydlilai(IC. w'.;;no to i ivi oo c lop 

flou I- [nI bee L to;, Peda i rtI I _!; )) , ICk 1 O t- ton. Th e 'I 

of ,erat a Ill l 1yjipl ltOI l; I ! I "t nt'l I; may he 1) to nxplai1i why 

C:( -)l IJ O 1 -i I I'!;; LiIt)j C t t 1l0 .; t , ill j W h e ll iiIti.'t C I )Iil ;d W i t h 

suro'tJ il lla !,,, thih1,1 0l 1'il iOptu . 

The ,lt I iui lirn t 11I :t~lq),:; ,,l;' ti o; ' ,(;;,ut it tlhe t IttM of 

n'u , t n wh;,thtr lnot l l inll 

tlit, lila n Oc-t(p wi 1 occIl. Tlhl; , 1!1o1 t ' n cot toll from I1. 

the post invaio 1 dCto:Tnll 'ior l to fr'om 

",Ill puot ect 

arll- i L'r l1 It t ack 1 co1 t n itnot itn;;, e in o ol S it leadsl - =. I't wil 

to no to i.not o_ mi; of not t I i (PEIPRIN, 1977) 

The iisporl l o! bott'l ht thI aiduf I a I i I .ua mL's of i n. ct ple; ts 

mah-y he' illlpodte'it %'hol-tc hlI,;t ,llltd 1]oll-hi!;:t arlt, (Ir'owil"I LO'lt eo . Tthc 

nnl- hoi- I) I ant; 0]l'1bi'll~t d vP ; appeaO/l!s tt ll: - 0 Iifp~'.-{] i 

ho t r nlt for 1n; o Ilco ll0,l , w1, - s'e no is i tt ro )pt w It -.-

It.oi !;. "oF- ' .ipl1 , he thl Itt oin I;1; d 1+'p ; tck cowIptl l'JCii v i1

n t Iin ) ''hhd ini ' t i ' tlt<.bI ote Is ;I, . n oe of YI',1t :i', -

I i 1 ; -; l 

whe ll Wlwta i i ; lit. l a-. "I1I lt . i ht i-cit ' i,l 1,1 , hxt' ;1

t)at'chr o ,.t lhat v'lil i w,,:tpn ,l jl !1 ll'osi. ' , ,( 

iptl nIAI iti-t;T il) ' l's!;u, i Iff,CftI71l'- , Th0 u th 't0 lct ct 
, 

theat neon ot ; ll. lt 'nI l 1 aiy o t t uli i , ; 1 


be alc o f ;; :il t h o; I . ftt- a w t h t aw' 


t i(n a; h; 'n'IInii ilC j) i it lt'ti c. 11tle 

ra t It f 't himnl; t id Il, l -ll 

1)(i (t.ol)tIll 1 , 1 t i I tIll l-Aaellt laid ;'U cll an1I sI ntIif; 

I ItL,' pl ant ed )t h ':t pll,inlt:; "xet,:: rlt ,I "fl- y-!p,'l"e tf!( ctl" (TI'R EN 

l wB)ATHt, 1970) ta; ; i nqt i loiv; ,, f the, I 1Ild I V.;ing anIivhtu i (h1 

he' n I o)! tIle c I:Vv-'ll theso; ttL leo lI] 'Cll[+ 11(.h lt t intl. + - i t 

searct'th foi- I !;tul t ,Ihs~t h<)l!;f I ; ( m+t I nuod't afte21 - whl I t , t lit, mnorta1

l it- , of L ti p o' t I !; 1 n1('r+, a_-; (1 1 11 to i-V U O i n11ft'!; t at IoIl fad dCtQI 

host p lont:; (PFAL-I:-VOG' , 1980t . 

Merely ,i, )'iltl " qttasIl-tow" of ai itlily prefer red cop (trap crop)
 

may prevent widesp1)re ald Ii; p; F:ll;,aI1 " cf Iaw Ilg9 i s ('cts wili ch invade
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from a-dtjavn0Ict-,Liu u 1 lVOtL!C I c n; . For o;xaIIcI , in a n-oya bean/ 
piqnool ea ipeia ore lp all outer row :)f th eo rferred s;oy'i bean mal' 

beCl jjll;ieLt ; klffi :c .1nt c; a b irl," i o Iiilt ial r ca te pi Il rs; 

(Ami';l.. a L . ) A; a11 It-fi I lfd t roen (1 (FRAN'T,: , VI RMANI , AN(,l and 
P Ao , 1 7 b). 

'T'hii,,wt , t bol -II-:; an III,tci tO0; P;i ''t dI '' ;l o '1-e.JardelI 
bl" ',X', ( l /', , c i t l rI Pr:,1I N, 11177) i,; ain ")t ;t andi l and ILltnn-
I'mli t1 '1lol- Il irt o1- ili; I('t poc;t )11 ro I" .. ",i1l,'xlllml'I o f real I 

h l, - tiv,' I ': t'A.l i'l, (1')7,) 1'bh) e;i-',l ini M 11k.1".,'i that the 
o 1iit 'ic q 1 'I I l ; h' . l; tIr,t 'o , I i !;I)('e rn i ni 

t i It I,,tI ) Il _I> , iti:i,, I % iweuI i';)ldI I 'I. u A;,! e.I.v,,Iicc t ill' ro!ott 0 

v ii- ; , I / I . , t 1 ! I , i t'i' ,' . o tt t . 'i e1 

I ri It t.. l~ )lld I . I tl i k I, ' 'Il l l ,C<' t -, %, Il c c o p llq , t~ e 1 111 

' 

b,'l".;d l rll~<lt: ! 'l~/+V'; 1 t" lltittll'l llavl 1,u' i l''le. -;()tt pIStCHt 

17)) r, c I:i;iI . cc';;!lo II , to<ro<ased ('IiM l'l'IgI,,1 0) 1 ) . ie 
I-It ; odeL 1 ,' " ,Il d) Il-''wolf )1 1'c it a Ia i :,0/e qIf tnd liti Ilito cr" 

i h,- I i 1)1ppi Ile!; no, rtIo dLhi1 in ' c p ipp,-lI ia (ihA , ;, 1)7 3), wbhiclh 
t it Io,i ( 11 i i bn .') to Lio cent el )f the' !;t cm Ix ) i'hiII ve )db 

ItI .; llI (): Elcl;ot 111 tb n ci on ;'crol C t ab e) 

Wil i I ic;; I i n;,c l;ti ( alllf;t ocolnleli c !i (Ion;;e;v I))ol whln 

itl t oItIs rl)Ichi I 
 blt;; e'; ; ttI 1r a I :1011' low hemlsi ty 

)ea;t" llW ',' even a few i nM 'iitJl ean;;e e'n;iti'lle dtit'(, 
In t a t ';t,', b ii eli< a, Iti.; tt cent1- 1 Ie cllI If 'itt; o't It' Ito acl 1eve 
biut c'1ll I'.' r I bleI a I ''Con t';i!; IF. f 1W l'F l ' I n ' 'enor ntfii 

' 1;'e Ii' :_ '.'. ) even 1.5 b !; pt, r t II , I :;t t lk it I t

['0 ' l t i''; ;; 'lilt (0l-,'()L)It.-1 _ Ic_.=T;: Ii,.i ) 0, ill c' i I - l the 

, al.)O11o(1 t, i I- 1' .l. lI';;1 1't, fI at'', v , 111 e l, _t c,, a . b: o_' i 

Oec! lfl.v II lI,,t I:,I1!1t <0"d ) t 11"r lhit ,I ,'~..I t l )ilt,fl Hl I (. wL11 

"((' T[hll:; If it h(I lOl, 1 i ,~tl [1 ; 1 , nd Z 111. i 1)<1! 'l CY(!.Vl WASfT ) 


llllJ l~('] 1! l( l' (f 11111 t 15(!i Lt ] 'J !-: 't Ci'.' II 101/1() 1i t 11" (CO 1O1tt b U j
U


(O'COXN(O)I, 1950 and WAY', I% cited fIomi VAN DE)N t'CH andt , TEl,-


I'Oki.I), .1
19 ) 
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Nat.ural enoi 0n;l; ma'',e b, no of the major has a -ds to which dioper

nqq a r rpe:;t s I Ilcl- c i l; ',' exio s(1 Ina ii ttte rcrol . But in11 !t toaI

t lr ili; wri I" , I 1,;orlX t . t I-l '?ii II t' lyd nIt - [u IeI; ;'; iport nt 
t 11":1 oneil, ) t wo : ,( i C- c !I ll i t 1 !1,]11,1,ll ;Ot I et- , I Ili orcronI' pi l,j may 

oii ind 

('n1,my hl I ,H' ,, (I I:kI "',19 1 ,I I'lll I M PS , ; )'; .
 

I ,!;,u lI ttili ur i Ilnt ,rf, l, a.' , AI, uu) t on oIinoleet]li, /inlt u i'I 

[rollt u Fr ; an~d p I- 1 1t e ; , 1 I:o L th. itI[ ." , l t I- ]I t;tinll', I -, o t} iI1) t 

l~([ -ll, I ;I I I so 'ad allpes>t'. LL fult(llO I ,' I t o incroase~d Ilnoir d t I " 

ut ;t Iito h1L . enunI 'I1n, IFal I, Lti f rtn hi hi lI t iv. hit Il 

t ieI; beleath dLInI ;' fiul i II (.,Ilhpu '.;I II t hiI; Il'i-)bablI exoI, : I1 t W' 

I IiIuli .' 


(,nat Ith i imna i I IL (KIIAII;P I ic! AN'I'THON' , 190n8, cit,'o t-'m
 

r I1t tle . c tai,l cIr (,Ica itit (A. cat 'clilI) i )wn 

II. PR IN, 1Y77). 

As!;;) II, 'ul, t i ; iF;t anc 

All factori; which lower post i ncidonce in an intercrop) operate ii 

(")111t)i oat Iln) I s ,,''as;a c) i t e le!; it. atIncI" (RO OT, 1 97 3, ci ted(I from 

PItI n I llPI IIIPS, 1 978; AI,'TI1:? 1, FI'ANC IS, VAN SCIHOtiNIIOV.N and 

t) l,h, L978) . Th-,r, i 0 oh i 0uS st i 11I ii, II iII' ,, ,,, !ri 1'i ;;' , -

It ,. I , i ;;.liiicu iii i Otu'int r p; and t li '!; o ' , !h',t d fir pe:;t i

.It ! . S11 I'h{ ic hit d' ; r lI ,'aI I 11 t v , it I ,In) t I ll i'O 

tint ill tu1e factor;; leliorl tol "''etocitd it ii tauncc" andlc to 
eTike fill I II:;(ie of tt ; 1i i lit ,'irc tr j till ;ltlEII:;i 

'Tlih ,I - i i)f cfll. 0 it)l ii) ii;;; onl he I t in Iuat ion dl jIc1;; tIe;; tIS(ynaml of 

cII;i hi LllllIu 1"I-I. ) t IL; i nt Ii 1. 12. I t hIis hew r e t iphal ; i e( t hat itial', 

11 ifI f.'1 n IIC' a1 fLI1"i' I "Ji'Li co of crops and cr )pil n1 pi I t elt -1;, 

bht whw 1. a r I II:; l ie;t Is l ulail-y alnli rt , 1iil i lit rcroipi nq 

Ia rIIIaI'I a; t ly l In l 'uont I I ,l;; )pIItati v h I ueeIri , lrt uitl 

t ; clel - I' ,xi I"t lit !;ov(eral I t a q I; t o It(' i t :;Ii' I 'e;;;fUl I e-;t. ali

li;timiant and rapid i ncreI;, ot t he( pus;t pa 1at.ion). Iln thei fol lo

wi ng paraira h ;alttl exllples of t)os i Lve ' ef f,(lc t s If intillcroiuo ir 

on letuc t daIi'l{je arc ivii. 
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Figure 32: Features of the topdation dynallucs of r-2stsjr 
affecte by, cCeIp)inq pcittert.q (PEWItIN, 1977) 

FEMrUTES OF PELSTBIOCI5iY 
e.g. Folyphacy., ibility 

re.-Fcnse t.o vimoW. an-3 
r n ;ri ,nolfctcr.' ,RESISITVF PATIIN.N OF M,lIXIN' 

CCCFPI cE CF Pi', 

3.6.1.2 Effects of Intercropling on Pest Damaqe 

There aire glite ai number of Oxcain);l S, whre1 i ntorcroppinq reduces 
pe I;t: dar a(t., E.ven t houch thinI can nevor he as e f-fect ive as chiimi
cii sprai.s or re!; i :;t aint ,a r i et i e;, t I-,ducedre yi,0 Id loe; ; 'call 
cit i 1 1- ire, It aint fo a :;rna 11 f rmer for x, ''. rm ei t ht- c im i ca Is 
it r,"-;is ; t m t .,,I iet , ; 1i' lV,. i 1i'b1]ic. 

When i int ii J' i nW mii ith c('(ecIt)( in itouth-wen term Ni ti l 
'lAYIOR (1977) dJmori;*r att (Chat !;tenl borei P o;;, dca fu;(a id
 
en. ciI -,1 II II I I .; uI 
Ir,, tm, :mt ; i,; s I1 a:; MarcIca (M. te st l ii i s) da!in

1cC to tir IW de cowireci 

Iy . I t wd ; 170,t;:-, 1 !) t o redr e' , t iTe Illt,"F of 1i;t I Ci !* DIl 

ll )0d!; I coIrtl he r'ducl .iIni. ficant

1t I cat i(Ior;; 
frirIr 7-8i to 2. 11 t i,; t ri l, llixc, I tit rcr )ppirr lint ri-row mix

ig) iecc"ultI d 1i 1,:1 J-';,; l,d,! h,111 FiO.c i 
 r . With te ,1vi
-i tty " I t'-ibrown",' it tproved o,;n;i l' , r tooil ' f 11. Mcrlr11[- iliilte 

to node t-ir 1). 4 I) ill nO.e o,(W to',lt 91.1 Ir i nit 'icrop!ied cowpea, 

and rai:o cittri hor,r damale from 16.2 1, to 8.2 (Ticle 30). 
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Table 30: Dry seed yield (kg/ha) of sole maize ard sole ccwpx-a 0grtared with two forms
of intercropping under minrm-ur insecticide application (TAYLOR, 1977) 

Sole and Total s Mean. peroentage ean percentage M¢ean percentage 

Soend 
mi-xed crop--

Maeze
Maize TotplC aMaruca 

Cowpoa yield per ha borer damage_
(maze) 

damaae 
(ccwiea)

lIwers Pods-

Laspeyresia
danaoe 

(ocwpea pods) 

A. Sole maize 2158.3 c - 2158.3 15.6 a - -
.aize/cowpea 

(inter-rcws) 
2666.6 b 800.0 b 3466.6 10.2 b 18.8 a 16.4 a 17.3 b 

Maize/ccwpea
(intra-rows) 30)1.6 a 1200.0 a 4291.6 8.5 b 10.3 b 17.5 a 24.0 a 

Sole cowpea - 1250.0 a 1250.0 - 15.2 a 18.6 a 13.3 b 

B. S~le maize 2631.0 b - 263.1 16.2 a - - -

tw
(itai e/cowea 
Mite/cawpsa 

2625.0 c 

2675.0 a 

135.0 b 

155.0 a 

.66.0 

233.0 

10.1 b 
8.2 b 

15.0 a 
8.3 b 

14.2 b 
9.9 c 

11.3 a 
11.0 a 

Sole covea - 85.0 8.5 - 15.9 a 19., a 11.0 a 

A. = Cc ,pea cultivar TVT 4557; P. = CyApea cultivar "Ife Broun". 

*Iq\o applications of 0.1% monocrotophos at 400 g ai/ha. 
** Figures followed by the same letters are not significantly different (P = 0.05) accordino toDUNCLN's multiple ranuc (Test) 



Similar results for r'aize were obtained in India (CHANir, 
SHARMA, 1977) where by intercroppi ng wit h various leguimies, it 
was possible to reduce stk i boreltr (Chi1 rtelus) incidence 

sigjificantly (Table 31). 

Table 31: Effect of omspaniun crops 01niiiaize stil borer incidence 
(Arcsin/i .rc-ntavje) (ClIANI) ad SILAR,%tA,1977) 

Crop associations 
Sloan I-vrCent-110 of pl-ats sl<inc 

Ist year 2n vem-
30 IAS, 6)10DIV 30 13X5 60 DAS 

bettoerattack 
'l\qi"'ears data 
30 D[%S 60 DAS 

So Ii,.rtze 14.6 1).2 7.3 20.0 16.6 19.6 

.Mai*e/soya b.an 
(6.8) 
11.9 

(11.1) 

1.1.2 
(1.4) 

11.2 
(12.6) 

15.3 
(8.1) 
11.5 

(11.9) 
1,1.8 

(4.9) (6.8) (1.9) (7.4) (4.9) (7.1) 
Maize/black crali1 11.5 111.8 )3.1 16.0 2.3 15.4 

'aize/velvet ixan 

(4.71 

13.0 

(8.1) 

14., 

(,.2) 

1.., 

(8.6) 

1,1.1 

(5.5) 

11.7 

(8.,4) 

1.1.5 
(5.8) (6. ) (5.1) (6.6) (5.5) (6.8) 

C.D. 5 N.S. .. 5.2 3.5 3.90 2.92 

1) DAS = Days after scwing . Ficurass J)e-t lti i Irate oi qinal valhk s. 

In a maize/bean intercrop in Colombia (ALTIERI , FRANCIS , VAN SClIOON
([OVEN and DOLL, 1 9/8) tile adult p0pulations of the iost important 
pests of beans, EmHoacaa __kraemeri, a loaf hopper, and Diabrotica 
balteata, a polyphagous insect, reduced b,, 26 Y and 45were 1 res
pectively (Fig. 33) . Sodotera fruiLerda incidence as cutworms 
in mail e was -educed by 144. Also, intercrops had 23 3 less infes
tation of fal.l army worms (S.__fruqLterda) as whorl feeder. These 
reductions in pest populations were obv Ious IV' caused by an i rcreased 
predator population, as the occurence of natural predators was sig
nificantly higher in tile intercrop after -40 days fromi planting. 

Planting dates of maize and beans have an influence Gii tile popula
tion dynamics of pests. Advanced planting of maize (30 days) e
duced bean pests significantly and advanced planting of beans (30 
days) reduced maize pesLs significantly. Unfortunately, no data are 
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available on the actual crop losses.
 

Fiq. 33: E. kraerri (a) und D. balteata (b) adult population 
dynamics in sole and htercropped Leans (with maize) 
(ALTIDI et al., 1978) 

80 (a) 

= 60 
c 4 

7B .0 20 

C,, 
o I l I I 

z 20 40 60 

Days after planting o-----o Sole beans 

(b) Intercropped beans 

.= 10 

6
 
C,,,,0

60 

z 	 20 40 60 

Days after planting 

When comparing the insect fauna of 80-day old plots of sole and 

intercropped maize and sweet potato in Costa Rica, RISCH (1979) 

found 15 % more total species in the intercrop than in either
 

sole crop, 	but approximately the same total number of incividuals.
 

There were 75 % more species and nearly 100 % more individuals of
 

parasitic lIynuLn:_ tera in the intercrop than in sole crops. The pro

portion of phytophagous individuals was lowest in the intercrop
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and highast in sole cropped sweet potato (Table 32). The differen
ces in the nurtarer of species between the -,Ole crops and the inter
crop can mostly be attributed to the much ]darler number of para
sitic Hyji{eootera in the jntLoit-op. It seems that the intcrrop 
presents a more suitable habitat for man ue, cie s of !arasi tic
 

ymenOtera 
 and that it i u I lt t to :),1-ct lar I uieect hot but the 
habitat ((2. 1. cc ctar 1t11esen llle Iireui red as food hvaidC 

adult LI:P Lnooteriu, tPaI-r.ph 3. 6. 1. 3) which attracts these spe
cies and increases the probabi I it,, of their remaininq in the en
vi ronnmien1t. 

Table 32: Prxia(-ous, p'1-0 tic arti hytophagoP adtult 
ilsect species (un.a al inividals (iryl.
taken in 600 sweeps of male ai sweet otato 
sole- and intercrop (RtSClI, 1079) 

Sole Sole intercrop
naile uweet [ rotateIIal.eze/sweet 

potato
S). i.i sI . 101. Op. ind. 

HymenoDtera 
predaceous and parasi tic 
parasitic only 
Formicidae 

46 
42 
36 
2 

189 
137 
127 

15 

42 
39 
26 

1 

60 
53 
50 

4 

67 
63 
62 
3 

251 
226 
225 

tlcuiptera 
;rtmnxceous 
Sh'ttcplhCgotm 

18 
1 

17 

54 
2 

52 

12 
1 

11 

25 
1 

24 

2 
0 
2 

5 
0 
5 

Coleoptera 
e-niaceous 
uhyticijpagous 

52 
8 

29 

242 
35 
165 

35 
6 

25 

503 
9 

482 

60 
10 
24 

401 
32 

287 
Ikmptera 
Out ptter' 
Lepidoptera 
Neuroptera 
Trichoptera 
Deniptera 

17 
2 
7 
2 
0 
3 

569 
2 
9 
9 
0 
5 

31 
9 

11 
0 
3 
0 

306 
69 
19 
0 
3 
0 

20 
4 
7 
1 
1 
3 

379 
5 

11 
17 
2 
9 

Total predaceous 
Total iiredaCLOLS and 

17 56 10 13 11 50 

parasit ic 
Total phytep au 

53 
72 

183 
797 

46 
87 

63 
900 

74 
57 

275 
687 

Total 
 142 1.036 143 
 976 145 1.012
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IntoItcropingi does not nflcessalrii1V faviour only predators; there 

ore 1nSo exii'iii ci: whie 1I t- faouei'r Itles. 'lh' att ack niicot ton ih\ 
the Am ,r-ican R~olI 1 Wocin (Ilel iothii:; ,foilc;-) { o axlIM}), ill ill-

C -_L:c' ' r il 1111ti r'k, ..it t tt ii. wAi; 


0 1,; clI 'od '[; l,I t II , I I t 1' t I, II , V It IW I1 1 t , 1 


. i' l 1At c 'lhi !- ooieu; LtIv 
I IIfT l J I t , 1 1 t I 1-1111 %1 11; -I 


IIa c',I h\. Ina ' iII t hi' rkt I Ii wi ii'jrI (R Dl ) 'IL' ' t 

'Ct; ii I ln!1 'it 1w0,rrii I 1 ),Fi' , , hI .1'1t i iV ! frII I 'I I 11 'I li at U 

'ind !1i11%.' i'Ii)-; I t I, it hrl ' ith1:i I a idi- iiI !t F( r ci. ; T':,' 

I ) rllll !', .Iii I r; I A; 11:co Ft llt., , . t 11r2 rrI'LISO1'iC t01' ill Irr; t III .L1 

d
lio.i lik'ri 11l" ' , Ii ii I i -i f I I I )ni I 1 I Iii) a, l\ "I'i ll 1 PII X' t'i 1)t ;t JIi 

t )I*!; a :1,1 1 1 lit I !; I cti~l,lhLiI I (I n o t I : t t 1,)1 '1tl1at i"lls.. Ilia. 11~t] 

litI r' ;t; t ) ,i1.'r0cnii a I mI ;)!; h vt' 11 1Illi ldt e 'Il llc'I t o dl i ''saI 

a l~d l! It I ve' IatI- w ith1 com:p Ik lt')I.2, I C l, .dc pol II n1;, tIll,, I IxlI t ho II xb 


l 'iIa']'ll" iCl 1711)1Ir i , I l II, nIIr'j t lraI tti::. Ir t I i II It I t I )i 

hir; dii ,! :itu l I 

r t 11 n i'1t ,lk ' nt tC I;;L' ll ! 1 11i; .* rc ic 1 1 1 1i.1 i (]1ionII 

L:,k¢:Iir,';;ilv rl',lt: .'h'i ;irnlrni;',iI nun

t O i I ' t , : I , It I Ik I .. ' mI c7k Il ' C; Ii T i', 111I't ' tiv I I;i I I i t ' v t 

1i- i i i iI c i , hrn.'ryrla iu; h I I I l n II jo ; I) Il 11 1 I t ot, 

(.OUTI 1Ool and 1A1)70)i . I ii il i-I II t,, lhuiirni ' ht; I it1 :1 c 

solucLhev ;ii I l'ni.t . i .'m iLli:h l;t l t I h,I lintl jilIrin1;rtir I hi IiI h l, 

I liv tirit .l- ;iIt I]ju l ; i :liit> l c ,ii I Is Ire I'Oii ,: 'di i ih , i I 

r ii i jA I (I, of ctLi ~ rj.; i" h uIt iiuir' i It ir ij o ciin 
whi('h::; tw d h t d)-I-v " I'Lnnu;I I1i-, ? t un1it ! t. x ct i i it. 

'4 1U. 11 ; 1i t. o I 1.l' '. il r , . 1 i1 . l't' l. 1( mI.;n 'r; t I r It iI> :
 
Ak 1r.'it ti In: ii; I, tii tIll 11t inb; Iit, I id iicti I 'I c I P ;inI I'Mv F rv; d: 1 i t.ii:';,'xli-iW ;' i't " Ii '!tI ,r}i (rl t l I' : iilt ljlutnW: ", 1 171)U CrCt!hi Ud1 ) 1 cot InC niI I 1,t., I nt hil iIec; utofaI. ay tv ,t 'tbtnqlltrll 

11h, IT/ll )] I, 11,I , I I t 111wt k~ t I ; O i1 I T'll t 11ll Ill II-,t l I 1 w it h ,, ]t 
'l'i in. irf l ,'ti;.I 'ti -~IC)abi l'it i '[l;nr u thl l~ 'la lr;;';Lrvrt[':h','irI Il; , ii li IIo 

tl. 1e I,v'h 11. 1t I ' T[I'~I:I. lit ' q [ i lI(I I-' S<t' t l Il 1 / I t. t };,I!1, ( q I F 
ifl]I('1~ , ho'.,'n1 I' t(i}ii dlovr 'I; lilt tit'(:I iur'!tic ':ir I ' t i I.' lv.i

i' wt; to l'rllvt jitiLj u Lo ipl forI I.'lo tI Iwe i ''l-01, II I It t' 

hii ' ' i I-four; th thWA ,1 )7 m))..'t Il 'L: i 'X 1 t e , f I r oh ind 

A d t ai;, In Iih':,I,;t pulmU ,]t loll do-"; III ll, , IW, I CtId 
to0 a ll f'Iltliv a ],-'!t I, d uc t I()11 1 ( '; 1 A't'It:;I)h%'t . , 111itll;l l I;' 


insevc ts ,- I I.ill o l 1.,av :, do riot in fItw ,-, I I Ihhat a I I . .'I 

u ;..a m 1) 1 '. ,..I - 11. !i., I IIll] I -; II i I l t- UPlI, , ;I. ]l I I I- I '" .' I' I I t IlIi 

tIlI2 I llod {i-ov., Icicon,iit i(in!-,. So I u-;Illi IIS t b 'I-g(]( ; o()fIA', I la 

Ihi, IA] tIdown to . )t i nit . 1 IlI/t s als.o f-orc) llI (:all comll~ste lossesf

,
 
a I't , . (11t-n TIhe I-t., F t It I I C)vi t1hito) cI I . f - , S h ou t L lie f inal I ill 
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of integrated pest management is to reduce the loss of crop yield
 
and quality rather than the number of pests (PERRIN, 1977) (Table 

33).
 

3.6.1.3 Effects of Weeds on Insect Populations 

When discussing the influence of croppinq patterns on the "opula
tion dynamic3 of pent n, the impression may be 
 (3ivon that cropping 
patterrns are dfiniid an1%li arab e crC'ps and phrilaps tree crops.
 
Yet weeds a1L 1"nlut a! every crloppinq pattern 
 and both the quantity
 
and the jl[11it' o f tii;..' a( o)latanio, are at lean;t parti ally
 
cond it anmd bi tht il n 
 i n-i tattarn. Tthul weeds in the
 
fao!d 11nd, ta ' I) ' ':tI ant 
 i'11d an 

t ha in:; a !inlIit io i;, ''et 


n t [ ahW 1lVa intI ueliCC on 
tpI,-< i Uo 


mainly c1n!;id i d il; h at 


,i- t r predator;. Wh ile weeds are 

tor ilnuct ane-ts (more thian 400 pest
 
tiaattins are cauii,,d h wI.L, (VAN EMDEN, 1903)) 
 , certain weed spe

-:; a ant rOleLi,:m irt 
 i the bialogy af many beneficial in-

Weada ar-, fnnt .. only, the sr urck of flowers (polien and no©ctar) 
which iavi tal for iia.intaininq high populations of beneficial in

a;':; at ira-,acon; v;t amal:;(VA' IKMDEl;N , 1965). Although insect prey 
in 

pray idea the diet !ol- m ont ip'tiiiah'ii')u; spacie,;, tt resrlts of 
n;verl ;La i; i mibl Ito alt add ti' hai nee<td fIr amilloacids lnld
 
calhhdlra t te 
fat:; planot :;. Pact nonreen lrl)poar to have a role i n 
al-i;it :;ui'.i',al lartLI -'i, of Iw ,r hont de'sity (ALTIERI 

:Iit;I Wttl It',t, t)7()). W.''tn , l t hli lo fr(.)r prey.;; al tornate 
,
N tI-i, t i I' ( l a i ,,a -i. i ,.i;y a; i "a ; rvc' hW'ti ' 'lv as -osts 

fol ant ii ;:; t ;-
 t ha ; i i va I.and repro
duct ion o! holi!l<'i ll lnz;,ct :; i t lit, -'ciinyntiti (VAN EMIDEN, 
1977; A1,TI'IR I atni .d lT'd O-I' 11)79). At t lie mo1ient , however , there 
is aI i:;to 1hi)w the Pl'tallte of ;pee fic weeda ack ala Iiiow 

species C'ii ha encoiutll'J ill a field fo the tiurpose of increasing 

antotOlia~ltleaiit; li ect popalat i )s. 

151 



Tab]e 33: Exampicl of successful pest con'.ro] by intercropping 

(adaptod frm ALTIERI et al. , 1 978) 

Intercropping systemh Pest regulatl Factor involved Ieference 

1. 	 Cotton/forae Antlurinus Population increase of WMaralitch, 
cowwa qranis parasitoids (Eurytcena sp.) 1935 

2. 	Cotton alfalfa - L'gna h'u-ruS Prevention (If miliTration Van den WBsch 
strip cropill<11 ul L,. elisitn aril synchrony in the rela- arn Stern, 

tiop luta{uen pests anl na- 1969 
toLral eneies 

3. 	 Strip roppinq of Heliotlus :e a Increased aburlance of Delo)ach,
 
cotton and alfalfa arxi pr dators (rius insidi- 1970
 
on one side an] Tr )l1u ; il el OSLOs, Iippi lan ia cosrver
maize an] soya 'len-s a] oxheeniegilla
 
lxran on the other maculata)
 

4. Cotton/sorghun or 1Dliothis sea lncreasuxl la F'ye, 1972;aL1[LbX1 of 
maize 	 predators (fl ppdmnia sp. , Burleigh, 

Nabis sp. , Chr,sopa sp. 1973 
an] Cohlops s]. ) Iu to 
the presence of alterna
tive preys (Mhupalusiphtrn 
maid is -] Schi zaphis 
graminim) 

5. 	 Tanato arxi Phy[lotreta Feedtng inlibition by Talhvanainen 
tobacco/cabbage cruci forac odors fan mon-lus!;t i)lants amd Root,1972 

6. 	Tanato/cabbage Plutella Chanical ruolxlency or Pares, 1973
 
xylostei la maki nq
 

7. 	 (rouLtnnut/maiZe Ostrinta Alundance of prcxlatory Rares, 1973
 
furnacalis eelders (Lyosa sp. )
 

8. 	 Sorghlnrmarwi-g,1 Maruca test- Nct I01ert(If Rahzja, 1973 
la]is an] 
others 

9. Sesarl2/sol]-hun Antigostra sp. Shl inq l%. the taller bitsinger an] 
ccupani on crop Mocxly, 1975 

10. 	 Maize/bean tiispaassca krae- Increaseki abunylance of Altieri et al., 
meri anil Dia- paras.itoiIs ary. prcdators 1978 
brotica bate- (AnagrkL; sp. ,Conlylostylos 
ata on tx-an, sp. and 	 ;(vi 2 Ilucniptera -* E. 
;uod Sicxdoptera kraemori ; 'letx)u sp. -9 
fru iperda on S. frucipt rda) 
maize 

11. 	 Maize/cova Maruca testu- Pot reported Taylor, 1977 
lalis on ci.
]x~a ari] BtLu;.e
oea fuLsca an] 
Sesal-i n1 ca 1il-
ltis On Ize 

12. Maize/sweet Diabrotica 	 tal- Increased abundance of Risch, 1979 
potato 	 teata ar D. parasitic Hymnoptera
 

z[slpha
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ALTIERI, VAN SCHOONHOVEN and DOLL (1977) carried out some field 
trials to detormino the major crop-weed-insercl i '--'" . i 
bean cropping system in Colombia. Adult and nymph populations of 

mEoasca kraeme i, a major be.n pe-st, were s igyni ficant ly higher
in weed-free than in weed-infested bean cultures. 'I,,population 
of Diabrotica_balteat,- (another maIjor bean pest) , however, ini
creased in weed-infested plots, wh il the? pre-tdator I)opulat iOn was 
not affected by habitat diversity (Table 3-1). The Overa I bern

iciaial effect of weeds in reduc in( peat is c iden-cr, we.;, ho 

mostly offset by the 
 elat iVe 'ffect of wUd compLIt ion. 

The results are not surprii;ini is VAN I:MDEN (1970) had already 
stated that "any small beneficial cont r ibuti on weeds may make to 
pest control is far outweiqhed by! their ha rmislI off( ct and the ad
vant ages to croe qgrowth ,)f their removal (see al;o VAN EMDEN and 
WILlidAMS, 1974) 

Table 341: Incidence of psts and predatols in 	 different 
haan- wee svstems ( LLIIR1, VAN SCIlk)NimOVh 
and DOLL, ]'77) 

% ... ... C 
o %2 W 	 22 4 1) ;0
 98 
 141 

V51 , 138, ANfiH 	 O 21), 10 6 7 0 CO 2 60 CO 
.1 i , t, o j5 3 31)

4 5 0 H? 1 ;0 
100 3t0I 

1) 	 Ficones follo'w l 1y tlm sum, letter are not
 
-3ifnific.jtlydifferent 
 at 	P - 0.05. 

When testing the effects of weed diversity on the dynamics of Spo_
-d°tera_frtiE rda and its associated predators on aize in Flori
da, ALTIEI (11)80) found sionificantly higher pred-tor populations 
and significant[l- lower damage to mai ze plants in the weed- in fested 
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plots. Since, however, no yield fig(ures ii presented, it is 

doubtful whether reduction in plant lamqt, 1eally led to yield in
creases .	 Neverth eIs; , wh(n di .; Cu111 nq it', IrtLd 1,.0 ;t control for 
snalhoder ljr(i culturc, hoetci cil efte oOfldweeds; should not 
bt Ji'llOiLI (,;Ce alo30 Pal' -i h 3. I , ro i.4i ceintlio ) and mi ains of 

eXI) loit i nq them slhould he iiv,.st iqdated. 

3.6.2 	 Influenc, of intercropjijnq on Epidemics of Plant 

Diseases 

Cropping systems influence not only the population dynamics of in

sect pests but also epidemics of p[[ant (liseases;. In the, following 

two paraqraphs mechanisim of disase control are discussed and
 

some e(lallIll leo qiven.
 

3. 	 0.2. I Mechanisns of [ieseist, Jontrol in Ileteroc enous Plant
 

PopuL at ions
 

With a few exceptions intercrops suffer lts di;ease than pureO 

Cro(,n; withi tle J;Lllllt iV ral ] dens it ' '. roi t in) mo' iedU ill d se
 
tidy 00t.': 1W[b 'c ;to' Xd otItlI.iu (dcotal I (I Jt or It) te-t ion of
 

plant ; with ;i t 1120 to ;ons I thI, tthtill 1 ; lt. l- ten, 

liowiv_, i, l cve 1 , ii tl :,d -;tt . Of ;ea l m l iia less than that 

wii clI W1ll[ b" prCdicted fl-o a ;ilpie 7 21 et l l og l 01f diSeaSe 

rate il pure ;tand,; of the, zolttiont scee i es (I tItDON, 1978). 

Th'o rtdi s1vo 2ch1ia !a ;iihswnrlty distse eLtductions are achie
ved in i :: d it ad! 11 'robabi V the' foir most i mportant ones are 

(BURDON, 	 1978): 

l. 	 1n11 a )ure, Staind of p lantzs wi ti titun; forst .;us;ceptal Ii ty to a 

pa rt icu la Isitho(12n the Aiio t a, I-C 1 1(- )n of prop r t ion of 

these p aiit. L b' e' ; itStnt 	 ijel](!; Y'ducU.S t he aTllIOlnt Of ti Stle 

which IX '.' becolite iufected and i is in tUrn reduces tile 

a0110 nt of tnoc [uI V i a lable for subsequent di spersa wi th

ir 	 tile stand. 
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b. Replacement of susceptible plants by resistant ones results 
in a decline in the denl;t',' of thm L'n111iIM susceptible 
plants and t:hus; an i ncrt,"Ie In the aveIaqo, dLst,nc that 
inoculit; hal to :rv between min, . u.scoptib It plant and 
another; increcaused distatnce i ; of tein as!oci atoed with fac-
Lors which iedu e t ho ;;pr'ad of illcn-Chim. 

c. Rosstint pl-mnts m'iv .ntto'ftro w.'ti tile passaqe inoculumth of 

between smsceptibhc plants. 

d . Cross-protect ion plitnomena may n lay some part. 

Clearly these four techdnis of di ;o control are utmost- cf
 
importance when the viajo-it v of the, IaLt hoet ns present 
 are host spe
ci fic, because it el" tid'er hoe ci -CUmlSt LcOS t hL t_th( deve
lopoont of each patl li i , ;e'plr t.'.r 1) nted one the1 1 I o of 


cutom nonllto of t l mixt itre. 
 Alt hounli , '.. ; t tlIdie; have CIL'arIy
 
;hewnl l rotl i on IIi 
 C'tel io1 j-teto i Ii lit i.d ; :alid; , whell comn

Vi'rod with :Ut-,_t;taInds (IIt NHibA , 19 9 ; IURI ON antl CIII IVERS , 1975,
 
1 976) , I I t t le at t etmpt is booin radet to the lt
det ermi itn r. ive Con
t hIbut tIlI i t
I W h ,!; t-IIu faictoitt; metak, t )Walrdl; reducilI n discase. 

The I", I, I I Xe Ittl)itanc" of the_, reduled dens I tyv of tuscept i )le p ant!; 
It hls.l i: ! :n t i and ) and the ros it;t ant pI)] a which a ct as 
b.) iI ,r1;.i;t; t I-'t h o i of Ineen Ifact- l Is I 5CO1it1 -I -do-; t h I re

t!ltit lo ofll di.;,; 1t I t,,11,; t Ito it )lltlt , 
 h1' do tt'lili nod by Cum

1"llII'llthe t'ff-ct oIt i Ilfect I'mt I lt '; wht, ;uli!;c;i )ti1 )l nltti aret c 

I0h: )1122d h' It , OIh li "hi ha ld:; t til I- 'd I t; oI Ilttv ret ciIn 
dh ),It.,I. uf s c, ,tibl ifr,. t 1!I'l c 1ll, r 11 11- o~ltI illwhi ch 

l~l Di-
cro t/o 'Iit)m c'llll,_e)t ,cc-u'i , 10:PD()'J , i C-7 IA7l P PSJ, ( 1 1)7! 11 ;(cl 

ti, ti att,)aeht 1. tttoi ;t I it o it ot th, ?-,It i1Iioiea;s 1!o I ,1 i, 1 t 1
h u v' l if,, i 1 ' ; ,I , I, 1t ," d tt ' I l , - , ,t :I , : 
 11',' Lit I . tI 

o I :us C.,: 1 , I 11 nll1)t 1,1In t , i n".1I .l; iI-"m i :.turo?. j I , ,:, i-I a air

1 r ne .;'.'s toil (10 Wb;iJ[,11 1d i , I,:, I ;Vi) , I, 0I 1ti' I l tlClt li il 
i B I-, (-)It T-, t ,; w a l; :litt 1 h~u tl l , I(!w ]I )%qtv, l lI; t I c , ,I 

t '.' , I;kl: 

u 1 1 d11ltl.; : l I ho u'lli 1 !11l xt: l , I I l !I 111 1 )lIt )Illi tblIll h : 1 L O f

r'(' -;i 1 t al11t 1) an thII, I, t, ; ,,i, -I'o ': ; I'll thO,; I , I I Il ; us 

cep ti ble iptre s taria of ltivl-)IvIl t t lo it . ii ..' lit.ercept I'mi o t 
oiirht-lrne nocnIim wattijs- found t:o lhave, I Isl(IIiil]i offect on 
diseas, iatol; when tIhe 1lO rSt ion :' A tote I! i 1il ;I;wo iiioll 
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but the results suggested that this factor would make an increa
singly significant contribution to disease control as the proor
tion of resistant plants rose (BURDON, 11)78).
 

The final factor (d) to be discussed bere, cross-protection, has 
been demons trated in controlled conditions by many insearchers 
but its occurrence in inter. rops in the field bos tot ,reallybeen
 

proved.
 

When the proportion of Lesistant plants in a mixture is low, the
 
density of susceptible plants 
does not differ greatly from that
 
of a pure stand. In such circtlstances infection 
rates will remain
 
hitil becallso (a) there is an1 aiLlndnI1cO of Sucoptible tissue for
 
mlt t i pI i jart. c f tie 
 patlio(eln ; (h) t fho di.stances between suscep
tible l t a o , l l111ilt (c) ,, Ic >noonl i!;
Iilt; lost lue to impac
tion ol thet I- ye 1: low t;st jut irud ivid is 
 pI're!;ent, and (d) 
the Opotsr. it ie:; for Cross-piotoct lon are limitetd. Converselv, 
when the proportion (.):eistant plants ill a Mixed stan1d is high, 
inf;ction rates will bo low. Thu relative effectL of these factors 

in) reciluo in infoction i-a tes (BUmON, 178) , and final lv yield losses 
(FieI. 3,1) there i i-c depends spot; the filc.nov ot Lts i!;tant plants. 

The Most effective' mi.xtUre of cLos frel; tleW point of view of di;
t i vease cont rol depen0d; o n 11tela e r(;istance of each crop spe

ci o;; and oni the prevalent Whien;;os;.When al 1 Icrop spe(cies; ae! 

equally ';us cent ilb~l iln ti Citain !n. i rcnitent , thei thbe boSt di.s'ease 
control ;tiratoLy i; to ko,tp ail compl|onnt- ,ops in roulqhly equal 
proporttiols. The ttore ctops,rstihle shold1. , howver, be planted 
it; sinIallt- roHot-tion; tut thli; islt; ly of VaI]lo O the assumtition 
that thle tal oi;IIt ion drtnit , of RLtxtuLres do not differ from 
t hose;( of s;ole'c,)t 

Most t i; lie t ct al Sons it of0 ie t 1 tops isr,1:ow'vI plant 

hichlr that tlist ci tiet r soloe top.,i Thas tnduse; a blianq(T of 
I;tl oliltle, o;p ci a l ', Ale to ]0w-1oW1.0 CItc-o,.; 11t i ntorp lanted 
between tall ; 1i ,; ';i.,1te tot cf t In11. -any C's the relative 

h1li1(it, 1' 1(eo r.ioas d I a-iraph 3.1.2), i.e. the Inicr,climate 
becoele ;: rOit , I v u u! 1) 15)0I- fat itlI,It aIld bcte risl di:ease s. The SIs
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ceptibility of the crop species, primarily the dominated ones, 
might also increase due to reduced insolation. 

Figure 34: Disease progress in a crop mixture with increasing 
frequencies (f 
= 0.125 - 1.05) of susceptible plants

in the mixture. (The lines represent logit lines in
 
the exponential phase of the epidemic)
 
(frcm ZADOKS and SCUP1IN, 1979)
 

0,3 1,0
 

0,5 

0) 0,25 
o 0,2 

C 
o0 0,125 
'C 0,1 

0 

0 time 1 
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3.6.2.2 Effects of Intercroji nq on 1lant D; eas ,.a 

Beneficial effects of iit ocrppinn'q n I)]ant d 'C;; are st
 

likely to occur wit I;oi ; -beti, dita;, asj. I it II(!; orit(e
t !o i I- di
eases , such a:; es t -[''%tet'jt1 d-1'i-n"--of ,xtnaad t' Ict i_ 
disease rallsli;:;siolo i.; educeI(,(d at lnp Iwi It'IU;I t I I and t ha:; 
dinea-e ;ti'.'an ., is w (lwod ,own. Al; ti11 dtill it ,' ilotede d :' It,',' 
si t1intf a cIIlla ' s 1; like l to b( mua h low r, t th t tpta I 'ii lir.d
 
tI 0 I Ot t ,i PIll i' at;;t ito Li '. . ! I; a
tt ttl lin, d '1ust011, lt(II 

' ; i 'tr;t tI! liM tI W,I I , r; a1 i ii1t(,tll ;Ip:; it with di' r aitit!Ire 
f h,.rt i t tlllt;.. I vcI I I t J.;ctlI An 'sI.l'it IlI thr lt, wI ott; 


rowtt, on;aI i ia n dt 
 - f u(eIImIl i'lit Jit('p lla t;i (i:; t h 

vsit ' oi; itt, aoh; "'toilby a ltW c n o a i I Jtl.;1Iat tt Iuf hi' :; t eouI It It 

Th'it thi.; 
Ctn Itsl vatattabic pract Lco was ;ih(wn by texperimtents with 

12 1LI ;, 

1 iOt111 1 r ar lu nr, I sit (a I't' 

l.C it Itiin (;ardtln c-s ) asuscept i ble i.o damp i nt;-o ff by 
a j ' and Vol t'i'ii(ttIU ttrasaF ) re ; : ;tait I. 

LII pat Ioqlt (IUIiDON and CIIiiI ,ER,, IU (,). It th1w. t'xpel lllt''iti (witi 
ti ', (i ffe1ent seed in i Io plat In!; I .,ia,<inl in tt ct tot; ratt's 

Iit t t:huIIII<t.uiI'; 'onitai' n ci tO ; st ant titni : wat -;tb:;tant i I I]'I" 
lea, tihan those in ;;i , cr-op; of tth" :;' erFn I io'l s (t it.Wit 


35) . 

At both densities teat'ed in mixtures Llie apparent infection rate 
dec1ined as the proportion of re-sistant p lants increased and that 

of suscepti ble t<ant:t docreased (Fiq. 3f). 

Even with :;o l-lorn' ,li!;eastse , howevcr, iftt i-cri pinq i.qnot al

ways tho optinr- I ;osl ut ion. Rt}ot- rot if Ioco',ai; (XanthItloSMa_ Lr). 

in Camooon, catsolI b,.' ,vt hin tori t vIu:, was -,voutet, by lilt,l
croppinlt llia;e (,I- ca.;t tv;i-ta iLrictedi; t t trit'Iy ltvt

co t:; i 

tit( d.;;eas;' (ST'iNER, 1981). 

loi ment- tI the os') an :;., !Iliki; ii t:(t t (, t; 00 itt i bb ( to 
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Fiqlre 35: Al(era nt inpfu, jun rate; (I-) in 30: 0 xi:;turs capl-ed 
With t!:- In il lll ad-; of slsuul j le 1 ants p1 anjtWat th, ;;u:b, VI a du'n ;ities. (a) (hI, 	 ,r arat, ,- ,
rinkntal r-u: 0 , ;;)lu stand; of st;:;1Vit iih. '1 11t.
6 nrc:tl
30 :( "1: ,; (IplIiUN and ClIII.I'PS, 17) 

(a) 	 (b) 

1,6 

1,2 

0,8 

0,4 

0r0 	 r
-r1 

a 900 1800 2700 3600 
0 1800 3600 5400 7200 

Overall seedling density (planls/m?; 

Fiqrlro 
36: 	 The effect of chanqinq tLh proj-'rtions of two species
in a mixture on apparent infection rates (r). Overall
densities of (a) 1800 plants/m , (b) 3.600 plants/m
(results _ 	 lmrnmit;a)f t' xir rus, 0 and 01 (BUPDSN 

and CIIII I.k;, 1976) 

(a) (b) 

1,2
 

0,8
 

0,4 

0,0 

0 50 T

100 0 50 100 
Resisteni species in mixture (%) 
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Intercropping also affects epidemics of airborno diseases. A sig

nificant reduction of cassava bacterial blight (Xanthomonas mnani 

hotis) by Lntercropping cassava with maize, molon or other crops 

is reported from Ni Lria (ARENE, 1976; ENE, 1977) his is pro

bably due to the earlier and better soil cover pro ;ded by the in

tercrops, whLch, at least to some extent, prevented the splashing 

of bacteria from the soil onto cassava leaves (Table 35) 

Table 35: Effect of a cassava/maize/smlon 
association on cassava bacterial
 
blight (Xanthmoxnas manihotis)in
cidence in Untrlike, Nigeria
( LNF., 1977) 

Cropping system Average incidence 

Cassava 20.3 a 

Cassava/mLize 16.9 b 

Cassava/melon 18.9 b 

Cassava/miize/wm lon 14.1 b 

1) 	 Fi(ynres folow:d by the sane letter are 
not significantly different at P = 0.05. 

As only few data from West Africa are available in this respect,
 

data from diseases in intercropping systems with cassava in Central
 

America (MORENO, 1979) are presented in the following. While the
 

apparent infection rate of cassava mildew (Oidium manihotis) is
 

increased by interplanting maize, it is reduced by interplanting
 

a low crop such as beans (Table 36). This is a surprising result,
 

since one would assume that maize acted as a barrier, and reduced
 

the spread of inoculum. At the same time, angular leaf spot (Isa-


EioLsisqriseola) infection was reduced on intercropped beans.
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Table 36: Apparent infection rates (r) of cassava mildew 
(Oidiwul mani__tis) in different cropinq sys
tcis, Turriji, Costa Rica (cited frci DRENO, 
1979) 

Cropping systml Infection rate 1) Maxiki'c.i severity, % 

Cassava 0.066 
 17.65
 
Cassava/sweet potato 0.055 
 12.50
 
Cassava/maize 0.071 
 27.34
 
Cassava/beans 0.038 10.20
 
Cassava/aize/beans 
 0.071 19.27 

I) Units per day (r of Van der Plank (1963)) 

Intercropping cassava with maize significantly delays the onset of
 
the cassava scab (SDaceloma sp:) epidemic. But, once the maize
 
plants reached maturity and were doubled-over, the epidemic spread
rapidly. There was 
less rust (Uromycesranihotis) on cassava culti
vated in association with maize and common beans. Modification of
 
the microclimate by intercropping has an influence or, 
 the develop
ment 
 of Darluca s 2 2 _ parasitizing rust uredospores earlier and 
more intensively. 

No statistical 
differences 
in either the severity or incidence of
 
Cercospora leaf spots were 
found between different cropping systems. 
This accords with findings from West Africa. Cassava die-back
 
(Glomerella_cinjulata), on 
the other hand, always caused more los
ses 
under low management, regardless of the cropping pattern 
(Fig.
 
37).
 

As 
for the diseases of crops associated with cassava, beans 
grow
ing between rows of either 
cassava or 
sweet potato were not 
as
 
affected by I.__riseola as 
beans grown as sole crops or in crooping
 
patterns including maize. Common bean rust 
(U. 2haseoli), on the 
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other hand, was lowest in crol:ping patterns involving maize. Du

ring the green ,od stage of development, beans associe _.dwith 

cassava and with sweet potato had the hiqhest severity values. 

Figure 37: intensity of cassava dieLack (Glcierella cingulata) 
daniage urter low anid high level of inputs in diffe
rent crop)ing systems, Tuirriallx, Costa Rica, 1977 
(MORE1O, 1979). 

------o Cassava low management 

- Cassava high management 
S Cassava/maize/beans low management 

Cassava/maizeibeans high management 
20 - Cassava/sweet potato low management 

Cassava/sweet poialo high management 

E 

10 Days 

280 298 314 333 

Days after
planting 

As for co, as, incidence of cowpea mosaic virus (MV) -nd cowpea 

chlorotic virus (CCMV) was not affected by associating cowpea with 

maize or cassava. Infection was lowest, however, in intercrops with 

plantain, due to the reduced actiVitY of the vectors (Diabrotica 

balteata and (1,2rotoma -rufficornis) . While i ntercroppi nq had no ef

fect on the f rcLoueacy or overt., of ColSco.eIova leaf spots (C. cru

onta) , intercropping with plantain, cassava and maize significantly 
reduced the severity of Ascochyiti leafspots (A. _LhascoloruLm) 
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These examples dc:..ot;rat how in teecroppilI influonces the fre
quency and severitv, ,as',coo. it of 'I his p)tent-ial ho ,dbe used
 
when dew'l]opint *o!lp ln: :;vot,,I:; -, .;ti llholdeo
 

he 1''i'As thI' ItfIn f1011 'n'l, Of l'11g ;I t0.0 11110 0 i ( f d s(asoes
 
d ICL; tol II, tl' 
 ;, :llllutI i -' h' pre icted. 'ihere forc 
''x Ill IIetit0 wi }1 .i t'cl'r, It L') ,h; 1 , toil1; have to he cll ried

(lilt ,dliI ;tijpl'oj tlit l' c ,p n'Pi lit .2rns have Lot - developed for
 
d i ff1 It 
 i IiI OU (jai sone-s. 

3.6.3 
 Effect of Intercroojinq 
on Nematodos 

Plant parasitic nomatodsLare' of ninor importance 
in traditional
 
croppli.ng syscems bocu, 
of the short 
duration of cultivation and
 
the lonq fallow perled. A' the longt-h of 
the cultivat ion period 
an the croppinq iItei 
 t y icrease, however, large populations 
-aln devlop, causinq com11ideiablo darniqe . One mean; of kt-epi no tito 

IX))LI I Mt iOl OWn1 is t O o t ; SCe ti.h 1l w L r2I stant crops. 

So 
fa- IIL l e fnformlat Io)i 1 Iava 11 th I'I tahe L' C ('COlll (I fect of 
i nt,_,croppiII ; 1; 1171 .1; on noil todO Jpop Iu.iti on)7 1)1 It aIn hW asSUlld 

t tLho
h.li hUi ](I-tLl1{1 F lI1-At ion; I. S l 'ttt' Ir'.' s lit ail e crop
 
Si el:, at ion:; (!;ll, Pi . 34 ) . Wh i'ri ih't; I t 1lit. rcroppi nq .is; tellUs, 
C2011 01;11 hed t.Ik'e th t no (etlpo)I)! ate 5151(1)1'1 0 whichI'l-(, (lo, (I
floto; lot: 11110 0;11 lltl'llatoh() !;It-i(e And,;. (f c(l-iI;e , when inttercrop
pill! ;I l-'-0.1< , A. rop rotiat ion h .- L) lo 1) Lact soed - at least 
;ilIlll~tl l'idqeo - Itel-hltiie Noel[. 15 i tll 511C200 s('r12 I 1ion 


)f s-Itit 'l 


pll'a t density 

iso 1:t1 I .1,; e1l lo'. 

The fol lowing Ilost ('I atI 37) of sui table and poor hosts of some 
roijor plant paroisitic nellatodes in cult ivated soilIs should provide
 
guidiance when intercroppi ng systeIts art planned. 
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Table 37: Crop reaction to p lant parLLtic nt utodes (CAn.NI*:M; (1967)
 

arl COD (1972), citLed firm ANUSU, 1977)
 

Crop Reaction 

1h.(XX)! or lun- m -- 5 1 m 
5 04 m D. ,2ro-...... i 0 o o 0u]
 

.,;tiamt 
0 0UE-IA 

3. (jn urtheiv- . ,- 0 0 . . , .2Icpib& > U,orC''pMe '-4 . a 3.hczx iuh ", -.0 .:" " .. c -i . 

__lvstis. . .. .. . .. . ... ... ... ........
. . . ... . .... ... .. . .


CotLon 2 1 - 3 3 1 3 2 2 3 2 2 2 2 
Maize 2 1 - 3 3 2 2 3 3 1 2 3 2 3 
Rtc(, 2 - 3 2 1 2 2 3 - 2 2 

let 2 3 3 3;rMin 1 - 2 2 3 3 3 3 
rainSorghun 2 1 - 2 3 2 2 2 3 1 3 3 3 

G rnlt 3 1 - 2 1 3 1 1 2 1 2 1 1 1 
Soya Bean 2 3 - 3 3 3 3 3 3 - 2 2 3 
CcyIea 2 2 - 3 3 3 3 3 2 3 2 2 2 3 
"iqcon Pea - - 3 2 2 3 2 3 2 2 1 
Velvet Bean - 1 - 2 - 2 2 2 2 2 - 2 --
Limah3ean 3 1 - 2 3 3 3 3 3 3 - 3 3 3 
Ymi 2 - 1 1 1 2 2 2 2 2 3 1 - 1 
Cassava 2 - 1 - 2 2 2 3 2 2 - - 2 
Potato 2 1 - 2 3 3 3 3 3 3 2 2 3 3 
Sweet Potato 2 1 - 1 3 1 1 3 3 3 2 2 3 3 
Tobacco 2 1 - 2 3 3 3 3 3 - 2 2 1 
Tomato 2 1 - 3 3 3 3 3 3 3 1 3 2 3 
Pepper 2 1 - 2 3 3 3 1 3 1 2 2 1 3 
Okra 2 1 - 1 3 3 3 3 3 2 2 2 2 2 
Mlelon - - 2 2 2 2 
Ecq Plant - - - 2 - 3 3 3 2 1 - - -
Onion - - - 2------ 1 - - 
;riaranthus spp. - - - 3 1 - 2 2 1 2 - - -
Celosia argentea - - - 3 3 3 1 - 2 - - -
P Lneapple 2 - - 1 3 - 3 
Sugarcare 2 1 3 3 3 3 3 3 3 1 2 3 3 3 
anana - - - 3 2 - 3 - 3 - 2 - 2 -

Plantain - 3------ - - - 
Sunf].ower 11 33 3 3 3 2 1 
Marigolds 2 1 - 1 1 1 1 1 1 1 - 1 1 1 
Baliagrass 2 1 - 2 3 2 2 2 2 - 2 2 2 
etmnulagrass 2 1 - 2 3 1 2 2 2 2 3 2 2 

Suqarwoeds 1 1 - 1 1 1 1 2 - 2 2 2 
Crotalaria 2 1 - 2 1 1 1 1 3 1 2 1 1 1 
lairy [rtligo 2 2 - 3 2 2 2 2 2 3 - 2 2 2 
Pangolagrass - 1 - 2 - 2 1 2 - 3 - 
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3. 6. 4 Effect of Intorcro.,iin_ oil the Growth of Wods 

Yield losS,.S duo to woods ,rc con; i dorobl, in tho t ropi - and can 
:.'cc i ( ( . WOL'od ;I1;ntl ltil) inor, o;.; with ti rio from cloarance 

onwards 11111 fteri t hr L, 's t.; flrlltn ; ,rc o f.tn forcd to abandon 
fi1 lt It ( 'IL! I- ,d1 1.-', To c-,I t 1, n 1t I d,o for WOd 1 11( 

i ,I tiI t t',:-rhe t Li1t,neec'dedt Cor cle anI nq for ;est, I bu .<;t. 

he :It spe nI), woodji.; ho, 1_'t on II ii; IF patll I 1 ii L 11 tn ctoI-I lS I'ao 
;t n- t hl ' i I I',ot_ 1 1 Ii I t IIt-I-I'!0 -(, '.wtd' l1 r o t" 1i ; a 

jor nioita n-0. In ' ieq r;LawL itn;t,\ t IOlea!; t of a f I-t'a
worK ltl t I 1ill' I,; 1 t i w)osIp ; n (tt)I)L' 1 and1,1) the11 ; t L;L, 

Imlarto; 
 i I. o t hotrho f lto 11iL o 0 1o 101 1 c i(2,; , 5(
 
iF-o ii11,t 10 maI I 
ofl,) t lo,II-riI 11 ; laVa; l ; It ',
 

t F 1 11 ri 0 , tI . h 
 I II ttotipt 111tI!;-Ih it; t Illho C, 1i I;IiI- to 

rn:;!; wood 
 'w l t with hqI Uit, LI It I ''attIIl lI act Ic- ; and roIp-
Ii, ),att io"t S-11-.2rl at , 't,1i t - a1 1i- tht I n tolcI oJppI TI, r Idc "seIC 


t t;i noedod or*)l(iW tli (a,-,twoe,! ii tT'.;l;Ot,-- "4). 

lo:;t s-I-0jcm bi oat Lon!4 s;tp rL,:.;Wt'2,d 1-02o.0hi by" illO'.''ld I1(ln 11; lVLtI 
l t ) till!toC I", )mt, ho il l t non Iati o 1 Is , f CIoI IlattLdwi tc; 

,I1',,' 0 tto1 conI; ib'It-,11 reI du1cd, thl; !; st:ll I:,I(- t-han Woods;
 
'uld illdtc;, 
in th1 i c lac,, (VA) , 197 1 

I1 
:;ov Iil; r-c - ) I:; i% tatot;; I eT (in oin' M2 ,leed 1nq Iis requi red to pro-
I ,- , t;iti11lwl i,1t,; ,i :; loot ,, o II O i"-th Lci so10 crops 0.
Of tt,
 

tilt1 '41c 
inI i 0 MI1b1noI wiit It o Iant i anoth.111 1 ntCrcrop,, thu.
 
-uI- t ul
I ( 'LIC' n th; , tIt- nl' roqui ro'IL( wood jt A
SO I t.c I lvor) i . c'ttllmi0 
'aCt I (,, i ii CiL'N I ia, Io-" O.X,11111) , t I ;owI(' I S cowpta Lint() eS t a)l 1;hOCd 

I-tl i i I lt:, or IiaI utlili one 
-j wOO, ion bou()t LO IlontIt af1 i tLt( 
woo ; tt aIt-I' (2 ! c dtL oI -aI II-I t I in a nd w od i t1; IaI'( dono a t
 

i i ;a ttl t m itIt tIl, oi i (I t,
l c I;; c )ptoT -; l' w tefei v'o't 

WoLi, aakllij; aito1 1in'0 woo- T; unneot-sa Si-.t ini I a tmethods rcL' 
comto n i n Ino.;t ro i on ; I ii We;L Af ricI 
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In Asia crop associations of tta i e and ('IulildnUt , ),-1h11uqbai or 
sweCt potato are OxceIl ent 101 I-edllCi i1( weedI 1-wt h , vt (i I lodn;.es; 

1n wed i Iiij t. bilte. In mia io/;;weot ;)(,t at o 'and rlla i ;e/q rutllldont (r.ll

lre';ll wedbi lati Wi 'or o w It ]t '-:; it i it :;olo pod ( i nultv; t (e- nI-1lld ol" 

.;wee t uotate but hille! t hail it 0;10 lahj .'e (,M(m'DY , 19V (TIb Ie
 

18)
 

'l'ble 38: Ef]'f ct On WeedA tr(,.zit11 ()1 VLriot; 
(I's"'l olkeCrO1 f.I a ' or ill atle;i;(.ia-

Uti (1-L'; 1IIIAN aTl)I bItAT~X'l) ci
ted fr >.IY,A. 1977) 

Cripinq .;tt ot WLee] wt 
kqi ha) 

lai.:e 1065 
Wung [x"n 1172 

Sweet potato 1793 
Grounldnh1 ut 2354 
Maize/ tltuq [ioul 617 

WLize/sw(Aet it ato 1107 

1362 

Intercroppinq ca.,-;sava wit:h boans pi ovetd to )e an efficient itean:S 
of red ei n,, wet A r()wt h i r. Centt ra I Amrica (CLAT . .rtquTetnt ,wed
1n(1 of pure cjssava wt in more tf fie(-int in we()d o*"tl than 
t olt e 1-7'0o0 nit ea sava 'wl t 1h l at; . It 'a I O' It ()'qt h t aqt'; th(e 

nl t' - ) t 1 1 I -'-- w it i)Lit 1,H ti etI)!hll I l t; .p;I ].; au 1!; 1 -

C I o I it t ;tll'i w ee d IIt f i a;:t I C) ,I: , , ,i'- I, ' -,-ti' ,1 ''I hi ('
 
Il ;Oo I ( -. I':; .; I, I . I r, 11- :; A ', ) l tI ) 11::;'t'.',l W ' ,c A1 ;~ ' ~ : I
1 I/ l '. :Oho w ' t 

,14 , I I(-troii;' it tii. 1w i- iiiput l ,' (.: ;t ,''-d1 nt I(,l) whlen ('a1;

. 1'.'1 Wa' t eI ('ri;!.'., i iit ll t'll:; ':;t '''i'd f)f 1 1t a l ' It!il erlI- tl)lw 

I'; i. 38). on the otIlr hand, with wee)] (.,)t:;iv'ecii),il, diffe
ion;.'I; betw"een v l ld1; o-rt intol-crei),t a.lli tro 1e ('ril)Itd CaSSaVa 

we ,resmaI ( LEII INE.R, 1 '179) 
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Figure 38: The effect of different inputs on yield of sole a]intercroppxi cztssava. SotUwoa: C;sSaV CUltural. prac
ri(x2s proqram, CIP 1978 (cittx fnxm IElINER, 197)) 

High inputs Low inputs 

28 - Sole cassava 
Cassava/bean intercrop 

24 

J= 20
 

• 16 

12 

CU 8 
C-) 

4

0 
Preemergent herbicide Na weed control 

and hand weeding 

[he0 SUCCOSu Of nntrrcupp nq -- t in 5 I) e iIlWeedl c;row tih 
(1o0n, ()f course-;(, ()pn~:;ai I fort i IitU:n a', cli iat as well 
Suppress ion is often hi jhlor with low feort i ity than with high fer
t ii t,,, (I \T , 1 975) and the same i s va i for low aind high rain
fall. 
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The preceding paraqraph; clearly show that tnt cr roppi n(I can serve 

as an input in i nteqrat td plant protect ion, t oIte her wit Ih rosistant 

varieties. The use of t Iii combinat in() c n)I aO r Ie ;I Io Cotlt 


lustrateil in Fig. 39 . ('h, leIft s 1lo of t hi I
figure 'XCtIplIfi tes
 

predator activity which ai &I o , xtI- an c()inocim cot l] of pest
 

numbers on a S UscOptIbL plant. Th.e I lit{ Id. s;how!s t he i;ae de
gree of predator act iv1ty whi ch ex,,ct ; -cnII[ I C cost ro I f the
 
pe ;t on a p ant incorpora t 1 nq semi measure of r stance. Ilhe re

sistance alone is insufftcL, It to provide control). 

Figure 39: 	 The infhuxnc- of aI love )f plant resistance 
to pXOst attack on the ffeect i%'OeW)sS Of natural 
enenies. A. Sno.Lxcpt ibhI plant (1h(j . 1 a;t mult i
plication rate : 2.25); I. PeSisftant plant (hlx;. 
pest inutiplicat con rate : 2.00); ), wit hut c<I
datoen ; 9, witi, pinitir.; (V'1.N 1I' >I':Nar) WE. (IN;, 
1965) 

Economic 
damage level 

CL 

I I I 

Time A 	 Time B 

Yet it also becomes evident that ittle is known about the best 

means of exploiting the inherent capacities of traditional crop

ping systems. lardly any research has been done in this respect 

in West Africa, exceot the work at the Institute of Agricultural 

Research and Training of the University of Ife (see TAYLOR, 1977). 
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It seems therefore to be important to intensify research on this 
aspect of intercropping.
 

3.7 Exe-imntalfDesil~n for Intrcropinq Systems 

The following material is taken mainly from the paper pub

lished by MEIAD and S'IVIN (1980). 

Experimentse with intercropping systems are more complicated than 
those with ;lLo, crops. This is true for the experimental design as 
wcll 1 ; fon th,.. fit al ;tati!jtical asalysis. Probably, this has 

abe1n I 61jor lreasO Why n ;eet-ch l:; halv' heen hes itLant to 

,x;,,01 hit o1 ,:w w 11:;lThcr i sq s t1 m;. 

tut L o10lhJtlI;I .I;t ltIt aI II '::iia-tIir t LiI raIlllhS oIcropsi ngx )poq Of i.nst 

rleeat- h hav., b!,es l ed thLin ]l!t
uttat w th1 decadd , litt e
 
Iho qlUl :Ien;e L(.I have I)tIen 'I fr- t
si ven] r'o 1l;)1te o; f des i(n i nq 

oXe' II:;1 t -; epecii fca I,' t,, ilv- t, iat i n 0 -o'ropp nq. M os t re
I-t;arh.! r!; )J:.p-ar to h t' Ilte,;v u I-, ;;ii OX1w ' tI ale LI[ dee iq!1 ; 

,aL II ]I [ C t I( eU t hey} lkat Ltav pel-ed I to I onocd s IOl!; y roll e xtlI I -

Iests; . h,' ;L t t [ icall a nq Oftd(It r'oInlxp tal dbe 1; Ill'! 
th I'aVI lahi I i t y of complIt i lac t 1 i t ie0s have , howeverI , qreatly
 
I 111)p IVvv I,t ; tice ieoll(ct'l))i 1 , 
 -t'; CtyI-I waL; at I Ito !;t al(it wh Ic h I nter-
C r()!)) 11 lta;ea.-ch has Ct L o ly l'Chld01 1 , aLd a mud widet 
of" e>x: -imenLw aI d itliqns tO thIt, fot-> avai labe 

WI ranqe 
to titO reseatcher. 

ul' ,teo whv the ratle of experimetaL 1 de i tn-; should be broader
 
Is t hatL th nvo lvernett 
 of two or more cros if) an i nto7crop means 
that ItIe !;et o f I)o;tI tle xpetr itIl:;- u.l trteatients is fat- larger 
thors for a coit'respondi sq nInOtItO1o) experi mont . Tlis point can he 
i 1lust rattd i ' n Oxameisol of tWO of thewe.Sets monocrop exptriments, 

objective of the t-.;t heing to chos).e the best spatial arrange
tent. 'rite ;;election of the beet Ijettotv!),,IleIa, of coutrse depend on 
the spatial ar rangement, s;o t haL it wotu1ll be impsrL tant to inc1ude(1 
some experimtents that investigiate both factors at the satlle time. 
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In 	the corresponding intercropping experiment with two crops,
 
there will be two sets of genotypes from which the optimal combi
nation must be sought. Five factors need to be considered when
 
studying the spatial arrangements of intercrops; the population
 
density (plants/unit area) of each crop; the spatial arrangement
 

within and between rows; and the intimacy, or relative arrange

ment of the two crops. To illustrate the complexity of the situa
tion, Figure 40 shows how the two spatial arrangement and intimacy
 
factors can be varied separately while keeping the overall densi
ties of the two crops constant. The six arrangements are shown in
 
pairs in which (a), (c), and (e) show more intimate arrngements
 
(plants of different crops closer to each other) than (b), (d),
 
and If), which have the same spatial patterns of individual crops
 

but arranged less intimately. Note that it is possible to con
struct an even more intimate arrangement for (a) but not for (c)
 

or (e). In (a) and (b) the spatial pattern for each separate crop
 
is approximately square, within-row and between-row distances are
 

greater. In (e) and f) one crop has the squarer pattern and t:hv:
 
other crop the less squpre pattern.
 

Although investigations of both genotype and spatial arrangements
 
are more complex in the intercropping situation, it remains just
 
as important to investigate the combined effects of varying both
 
genotypes and spatial arrangements simultaneously, which will in
evitabl.y involve experiments with a larger ,iumber of factors.
 

Among the particular aspects of intercropping experimentation
 

which require thought are
 

1. the need to define the objectives of an,experimental pro
gramme precisely, and to attempt to satisfy these objectives
 

through a sequence of specific experiments;
 

2. 	the extent to which intercropping experiments should In
volve monocrop plots; 

3. 	the need to investigate the effects of many factors and
 
their interactions at an early stage of an experimental
 

programme;
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4. the larcv s.? of many i nt(ercroppinq OXI)01 i mentLs, which 
ther-efore re'laire efficient l te of ,dvai I diii , space and 
careful control of (:<IQrimtontal er-ror; dnd 

5. pro)lems of Oalipnq within ,xtOl iIt'tlital p)lots;, part icu-

Lar Iy in experimelit s exdli ninq t ihe dttai led (rowth patterns 

of i lterc ropi. 

SowL' of t 11211 owi 11 b thedoct disc.;s ed on followinq pages. 

Fiqoiro 40: 	 Variation of intiimicy and spatial arrangement of 
cach crop Ftoir a two crop mixture (M-)D ai SI'ERN, 
1980) 

* . .	 . . . . . * . 0 ,0 0 * * 

* * * * * * o* * e * * * 0 0 , 

Iii 	 • •• 	 •,
 

: : •
i.. 	 0, 0 
* . . . • . 

I. 	 •. .! 0•
 

LI- • • -I 
(b. 

:
 

* .	 . 0* . .0* 	 *. 0 

*.0. .. . . 
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Until thlere i; a bLt.t t or ti i :tticici;,it ,! t le i tit'ta 't i t o cet 
ring bettween th di fit, rnt !dcto!'. it i itci'ctr)Jili cit utii onII,;
 
Citurpret a Icti , ;IIit.t I 1 , j I itic,, I t I ,
I o t heI ' 

citic'1 , ccca' ,.clc gi I t ct cc:tit~, ctl, dc': , l ic'\tc'in '';,t v I i t l (i. inI Iti i : tI' i i I ] 1 ','t,c I h t~t . I ,I, 'A'ttc 1ic c t tlt 

itt ;cII 4 C , ' h I . cItPtd I !0 'Z t 'ic ; t t11Utjl t': 'tt tV I i It I 11"I' I I C 
.tt Ih' t- b i'cc ' it ! ic I '-1:' ,i i ' icct ti icc" cc' cIc' i cc'~i tti, 'l W'l 1lt 

i ccti t 11 t!i:c l t cII i] t,i 'I .' i ' It I '' t ci' ci t III I' I I l ' ItIt t I I Ic t lilt i i 

I Icitcii IItI Ii , r I ki c tyii i , c i - inx ti' tI i,! (lt t t, l i 

Wicc i tt'c1,c ) 'iti\' ' iiici. ) c.t ,] t ct ittlt l,, cc i i ti cit, ,I.~ ,t c, i c , .,i(C ii 

I'cic 'cttP hI . tW,t I t I tt I t Ict:;i ti I t I t 11mc bt ' ft Irti i ii 
t IoI I c' It i II v ltaii IiiccI: 1)11 t t1 t1 1 [ 

1 
t ITI I III'X\ccI CVt - I') I 

it ttit iin c i I t I I c'It II iIt F OVt- ' tliti ' t l tth' i tc , I 1 (t0 1 :1
 

Vci Y C(IIIi t X IcIt ; I t I 
 t Ibt t UhI-t t'cciiiIdi ictt(iot.;I I,'l om lt 
tktCeaPrc)o, t !* I l{t (,In '' -.- lmc ,I mid r o raillqJ{ of p)]lnt pol~l ik t I om; 

11c1 1,IatI-L cu Ic tii'.I' ii cotn ;olllti-it31 t ((_cc;Ii U and IqI IA. Y, 1 ) 72), 
W it't ' I!; t I I ; t 11,1; c 1 ciA t I iii ti th * , itt I I %ca ; Ia 1 - ix-:p,,ri iiw rt Ii , h 

d ic! lid ' t I. Iaii pop I ia ) ;I iiwhe tl, (I' Ic; 1 c, t . ic,LitI II t 1 I c:Ic ; 

'P I:: t ,t 0:1I i v; It k L v to C0 11 L17UJ ' tlIIl] ':;!; ;()" l d I 
t ! )11\l"'I;i10 1 ' 

m . I.'ItI c ty-t; C, c11)P Ii L II'ttic 0i17 toc b ;twit iiI A I A I )wt 

11,IT1Ilhd I m!;lI Ic' t I v,.hR owh I' } ll h dt~v},ec T( wh rII ~a t , 

t 1"h {l 1 )w t. 11 1 m It,{ tII , ait (-)118 I.t' [ c ) t : II'lI, Il II}" , l s I 'o m (-li}}]{ 1:: I 

Intd,11d -I'r'p phy. I h ql c I II't h{}d0 g h(1 w411h 1ic )o I IV} LD;1 U t .'I* 


h, , Clt{c' c- pl att topultiLt ons a 
 ; pot -;i b . . S"'.t!t iti. i c t;iciti oct 
qi;lJtlc;,II A I. b I I tty iii tnth i I '; s p ct but dati a 'v' I niti, Imay 

h-,) ti ,,- dIt.li fmtci 

3.7. 1 Effects of Plant Population and Spati al ArI-anqiemnt 

A change of plant popu ati lonof t i involves a clianly of the Spa r i al 
arrangemnt teu. The i nd i v 1itiaI ef fects of these two iEacLors have 
ticldom been tis cit i ngu ited1IbCIUi!oi thee has been i 1n u f fi ci e n t i den
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tLificat Lon of illevarious relation:; invoLved anid Iittle develOp-

IlIlt o f t he tX)01)rIllenlt l2Id.'i (I to t'2OC jiIlO t h1.
 

1 n t,'1 C1 1'22) 1 lilt 2)~tll 191 i,I ' 1C22 beI (1efi 1d S nu .)F1 22t22 I 

plar.t 22; unipoi- I i'n , and .;pnl.il arradn2 jewleont is tiho dit lbut ioil 

of- 1Il222t 22 22 ' " tII .I i ntertcroppi n(l, 1. lit p, I l)pt [i.n Ila!; 
) be 2 .'! ill.' 1-11 11 O22t,If t t.2l 1jo[ult2 (1). :lt2CL,).;; the t j('12 ' 


C1ll)bi ,',d) , , 1 (2)'W 1,.22112' t 2) 2 
 t'
u.1 1(2 :1 ((.20 h: cii', 129. I2 Iv,') 
i 11
in!, 1[,lt 111,111,1,Tloti lla:- to) in1co lp )r,ltt, [t , ;]~ (t 11 ]lot'It Ion1 

)f tih,' t,., ' , } : rt iv(t h, ltlt ;I 11 '1, li it 1111ly'1. lCt , , 'dci
 
cllp .1:22I;dl.2..')' l.t.ll 2)'2. t t ian ( 12 , 
 .
 ( I. ' 2 I,. ) .22 

i Il i
' y t t I Wl ehtf f 'c : ! I 1 t[,I I I'T ,; llt ,LI[ II,; I nd 
'F''l 'pal all ll ( 21 l'i'a,' ihe 0 ,' 1119 t.'. 122, . L'.'! IL'.2, I I 1 ti 'n l 

)III .22 I . I I)oIt i , . h1v1 22'h .'I I11i b00.,122 l II l b . V I- III I'' I2. I lil2),l"2O2f 

It()w; o2 f , ' 2' l a122t c2olll.;t llt ''2 'I 11 
2 wi tlhi 11-1t w 2 1.T '; ,1!; hooll
 

t i ll', Wl 1 h 1 '221, ir ,l)'Oilo2 0FI OS-' .C ;.ih,';
l 
t St' L w ich h11,1vt.' Xi

r~lin'-,d Ili lll' I r!l!l~~- o (lo l ,I l; im, () twc) p ij;It c'olm1t iint iot~III p 
. t2.11 t i o n . Ap)f 2 I I*' )III I L, L0' 1Id2l21 1 t I f 'fI'I2, 2I2 tI I! 9tI1i)n '!;h Ctl 


ho t21) 22,1 t he I I I-t', t ''tol-!; t IIl Will I I I'
0111- , - I C' c!; '2t'F ' ' i t 

I '2 , 1 '2ll 1o2l.I'at li e tf22t t t t: (',III he ' t)Ill 2 t 1illIII Li 2I 2 t II, 

(I I :;III2Iv,
II 1 'c ' 

1
tl; d ht-.' 'F t h, I2 'wI

:1 2! 2Iitt I (22 ) L op IIw ; .;l ,1!.; tI 21 22 112'h,22 121 222, t ON II, I A'.
i t li:21hh M II)'1C2 0 I I .' VI' 

It,'lt
C'.;i121 l~l , 1 2I It I r'a22 k I ll ) rE a; I 't221 I' '22!2 i a It ''.2I2I,, 2. 2t 

h. 1;t2 I.22d at t1ho,,2lito21,, 1 (111,1 1.1 UZ).'; 11C1, 'll IhII:;;I tI I ,, F 

ti, 1uyi 1 -. i (7L2T I I I CR' ATC' ) WI ' I,II'N9mc: RN12o, ) ' ,'2 ,1I I 

d 1 112, , 1 I I)I I )I 1 i 't .2n; 2 22.11)' 2 I.22 )r.'I i 2 ' I 2I tt 'w i'n ' dIli 


I Ill" I ' cI tt .)'! 1 I2_2,22 I IzI,. A II I ' I
)t. -i tin 2 n I 2I2 I'
 
I2 X,1111 lt'd 
 ; ' I r1- 1 .2.2 (11 


o!';) ,'i , 


I It I , I2' l t ; ( lw11II ( 1) ! '2 ) I l''>I AI '

t IN Iot '2 
.2 2 ,1 ' , 1 i 1 - f' lt>. )IIt1 I)'2y V Il It IIt2

1, ' 2 W ',I' 1,IcI . T h 2I A I i li I o ' 2'.i2 . 1 uC2 I t f2' L :, r I'li l I .c'-


I l 1 .21
.i2 laIILit It'lI; i1'.' I 1 'i.;2110 I ,L f t -I'
2 1 1 I. aC II]C.

1 1 L 212 0 ljo C' I 2I11 1 ll1'2! 1 1 2,n1( ' ,, 1t2l'lI 
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3.7.2 Use of Sole Crop Plots in intercroppnot.periments 

Most of the intercrop experiments 'eported in the iLerature have 
included a large proportion of self crop p Lote, often up to 50 % 
of the total exp, L.iment and sometimes even no1re. Tih 1 usionnc 
of many sole crop plots is probably sotl dtu to force of habit 
and the extent to which solo crop piot.;atshoeld bt ilnoucled in an 
experliment is perhaps one of the major uest ions to be considered 
by a research worker when dee;iqnini hi:; experiment. 

In consideri-nq 1-his ,-uet ion it isq 11eoui; ,'sry to be very clear
 
about-
 the aims of the xpori, eit . It- tho primarv aim is to assess 
the bonefits of qc-owinq mixed crops a-; Colparod with sole crops,
 
under: a ranqi 
 of condi t ions, thoe it, may ht apropiriate to have
 
as many solec crop as 
 intorcrp p lot:;. If, however-, the 1ain ob
jective is to discover how hest Lii- ow intercrops then the re

,lii -eriielt fr so ' cr1op in foli- ati(n Is !;imply Lo provide a (lood 
e;t ilmate of soIJ crop o',lLdsh;, to ;c i antanilda -di:!inq the inter
cro; Vields (MEAD sri WIaInId, 1980). I'le situaLt ion is s1a]oqous 
to tlisat O o t ri,1' tm nta in i;oei cl-op xper imeollts, where 
tO iiocd u tt le lace a ro I ii In iot aa rnt-t lh (ca be eom[pared 

star i ti all, witl. the ot-hr- -yi:rin:-iei It icatreta (which are 
kno"'m'i a poro-i l I i I llf l thie (c nt , h1-1(im rol) tlt -, eir! lo hlave
 

in o- inI)Lt 
 ai i ntI t i ll- k-i 0 andl v',1 of vi 1, I i I tie tlrect. .l- ts 

a r, app I I. I r i e1t.,-r roa- in( tcXP' ,'rrlt ; t iwh1 saidl ti have infor

mati on on ! TiL,- 4i tlsitrit t int(entl' ,cr , i iin of maki nq formal 

s taLtsti; cal r t i:-on it siocrc anl int,-orm (- 1otds, gives 
the r-eseaii:chwr Ii:,,!alI, flo , i Iii t-% in th rl e and position
irl el L 'tohI nil 'to1 I-:t xampIL,' 1'u, it 

:ia he tol , 

,l a. t , ' x;, Ic(eXie i*1 rimn-eta 

u; th"Fio sol cror in flower It iti" eat aIrolnd 

or alonj-ide Ili- ,xe tim ltal intorcrl-l rplots. 'hi '..ouLd; provide 
(jood ef-(tmatis ol:; 'i Fori}! et o hi a1tn1j ar iii iem the, interOr-op 

yield, whil itlown; the blocks within which lie intircrop treat
Il(ents to he Coitpared are igrown to be sna11ller ard therefore triore 

homoge neous. 
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It is also worthwhile to examine which sole crop treatments are 
required. For example, in a genotype and spacing trial it may be 
sufficient to have sole crop plots for only one or two genotypes 
at the spacing recommended for sole crops. 

3.7.3 Factorial Lxi,',riments 

The orea of experimenta] design which d isplays the greatest dis
crepancy ht.ween ,statistical theory and experimental practice is 
that of tactorial triatment Stt cttCore. The advantages of facto
1a I I Oxpes-im 
 nit have ben I a ajor component of the ;tatistical
 
theory of x is"iiITlenta1 dtgniqn 
 for over forty years; they have been 

)plT![ teitt a; :;uch )it t andalId tcxts su;ch a:; COChRAN and COX (1957) 
slnd .were ;UOilifl~IiZ(![ oncisel', by COX (D.R.) (1 958) who said that 
'fact l, 1IieXjpr i nll t. halVe-, Comparedv i th tle one factor at a 

poach , the l'dvant(, of (ivi nq greater preci sion for esti
mht i n; overt I facto r e-ffects, of 
 enablinq the interacti ens bet-

Ween d i ffl-rut factor'; to be exploi ted, 
and of a] lowinq tle' range 
oft validity of the conclusions to be extended by the insertion of
 
;ill i i. a l11!;f0t1 ' .
 

Ill c.rt 1">1S{t, hios;t of thel Current experimentation on intercropping 
involv cc; o!.l, rlilellt !; wit . ol y a :;d1aI I numllber nif t reatmonts . Solo/ 

lilt :ed co-),; p1 Ili; Iot suIallIty a true factor, inI the accepted sense, 
becatuL;( 'it.lir .;ole crop yi elus , are included to provide standardi
zati.oLn of mixud cropping yields or, if the aim is to estimate the 

Iit ercropp inqidv,int-aqe for different: treitciont combinat ions, then 
the yield variable!; ()f interest are e;sentially ratios of mixed 

to solo crop iehiolds. 

Severa :;opara to 'xperilll(lnt!; ,-(re often cal-7ied out 5LLu1111taneoLs ly, 
difforing )111y inl tie h-vol of what coulld have been ones factor 
in a singl oexpe rimnt . The fil lure to ue explerilnlrlts with seve
ral factors is oivioilSl, i major weaknes,;s, particularly at the 
early stagesq of an intercropping research progralliuile when it is 
desi rable to con-;ider the effects of many different factors and 
to obtain some idLea of t:, i Iportance of interactions. 

175 



Replacement series (see Paragraph 3.7. 1) , for example which are 

often used in experimntation on int orc repp insq have c eely Lrectie 
clisadvantage that- they fores :h1e oxpcI irsiLt into a pa rticul11Ia- and 
I i mi It ed f ralmiework. 'I'bh i s; t ype o f 0X)0 I- fiI'a,[s be (aI Ir ied out
iil .'y iIt convent i onmiI r ndoiii i zed ) 1lock wit II a I iI t od number of 

t)Iant pojItIlol re WhilI a l101i, is eeri eSi-abl did i; dVAIItIqe, bCcause 

bh t h C-Os 'aiIIb illa i e ri ari d p nit I )ssuI at iOjt'n; a rs'',' i a1ioe- bet 

wen which there is; ever', r', on to expect a hilsh ordLer of inter

actioll. This t rsc' of expeior i est at iol doS 110t aMIlow the a t udy of 

the i ndividual e feet.s in i lte ract iols of t he matI is factors lTo
fininq an inte icrop i nq :;I triM I SirI, C5VI5)DOlleit PoistlsIat ions (crop 

A, It, ... N) , tost a I no l at 1 n ms qat iil at ra tc:; 1eme nt. 

The fol owi sq , l it 5v'e :' .;mal II 'xam slo,, pr'-ssvided by as I CRI SA'!A 

expcrim(ent (NATARAJAN and WI I , 1180) is; Iint,,n(hsd to help to 

i('illConi't I t Llh 1in;', (if t110t la t () i 11 1 iOMsIl lnt :l; ti -c '. The 

0'I)L 'il'IWslt S 10551v'S d tw 5) Ll)tiis; [;OftI}Cs t i ) ci,'li-i; t i's; iStI 180,000 

and S 2 120, 0 0 )lailt: ,/ha), tI ic's ti5'oi) hae I I f0ltionI (In.S it Lie 

(P 1 401 0 500.0 -) 120,000., pl lilt.s;/ha) and two rcow 
p(S i i-t iorh (A, • toi 1 [.,i 5)5jhr ; a nd A,, 1 s;S rs;i i s s tL 

1 pi5 oon poa) . .Larqc lSs s w.1 i ' 'eeh(h i fol" t h' ss Iost ion )fbr)thi 
(tLowth ,aned %'ieId dat a, and honse the A X S i lit,-act ion wi c()iss

slisdod w t1 is Ilock!;, Slivii;1(i i;x trcatilslist bil n l olls p 11,; t.Ioco i i 1t;; 
( 7l; Il Ist !; IS 180,0 1) p lant s/ha and P .4 , (1l0 sl ant s/Ira)e-op 

isI 'ach slock of 8 i) ot:;. ';ur isi(os'ks; w rts' Sih,(i , comit iI 1 1 t wo 

comp let e, Letsl i Cat ens of 0 Iss t, w' I|w l -tori a I col?(rI) i isa i on; , anid the 

ai rs-nqeeti it cD one is' p]icats' (two blocks- ) is; ss1lown i -s Pi q. 41 . ''e( 
oisiisa l plan foI th sis xiwri e,,nt included thir'e cotupleto repli

cates of a e;ubset of thu trecatsm'nt. shswn i n Iiq. 41 , which would 

have i'oducs'sd the 'fficillCy osf sIsarly of tio iajor t Lratsscrrt coipa

ri sons D,' factor!: of 1/2 o o'vsen 2. 

Ti2i-e are two pr-ii-i ieo asdvantage!'s; si factorial O'x-rr-irrente with 

at lesast t hreet factcor!;. Ors' is; that t ie oxpoli rrsslntssr is als ' to 
examine tLh' '-;xLent to which the L-Sospmi;trs' So cn' factor is affected 

iy difforent level;s of a sseond factor (intcra'Lstion) . In the sor

gIsum/piqeon pea experimesc'nt the yieldIsr'ponse for tile tisree pigeon 

pea denes joe c sanbe ass!;(i0,d for this two so rqlui(llons i t: i es , and 
also fr tihe two row arrangements, whereas neither of tihose inter
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actions could have been assessed from the original non-factorial
 
experiment because of its 
hidden replication. In the 
sorghum/pi
goon pea experiment the average comparison of two pigeon pea den
sities is based on a 
total of 8 plots per density whereas, with
 
the original non-factorial design, 
a compa:ison between two 
pi
geon pea densities would have been based on only 
6 plots (two
 

from each replicate). 

Figure 41: One replicate of a 3x2x2 factorial ox
periment with two sole crop treatments, 
arranged in two blocks of 8 plots (MAD 
and STERN, 1980) 

SP2A, S2PAZ 
 S2PA, SP 3A2
 

SP 3A2 S P SPA 2
 

P SIPA, SP 
2A,
2A2 SAP


S2P2 A2 SP3A, 
 S2P3A, S
 

COCHRAN and COX (1957) is still the best reference book for help
ing to select an appropriate design if no statistician is avail
able for advice, though the designs have to be ecapted slightly 
if sole c:.op treatments are to be included. if there are only a 
few sole crop treatments it may be sensible to include them :i 
each block, as in the sorghum/pigeon pea experiment. It 
is impor
tant to realize that in a 
factorial cxperiment with a lar a number
 
of combinations of different 
factor levels it is not necessary
 

,77
 



to have any replication in the sense of plots t1:eateid icd ly.i dentiCa 
Indeed for a large number of factors it is per feCtY p a hbth to 

draw sensible conclusion,, from in expe 7i sent. having only i pro

portion of ai11 the pane i bin coisbi llti hn; of fctar lace i;. 'Ifho; 

ideas (aI of which appear in COCRIIAN and COX) are vi'.' w,.i-en

tabli ;hed ald ark, in no 1;.a ne n].w Or 'ad en . T cWnet'ho I p it , 

which neeLi [I nlo(t o tnIl " - -c'I tt b %' Fbed; I I H I F!. n; t have ! I dt' Iv app i i 

is tha the, i t! tu,t Iee oI ha1i,, {, :11r, InI l L atenat ei.vn 

o I I I.t,'tI, I Iil',i ',I t I !.'a, n t n r lodin.t Ii nt a It 

' T10 1!, t Fi t'e F 111 1 1i ;II'I e I ( it "a n a iil''n,;' ( 11 -t Oln It-l; I. 

I ai1e in 'l o' ,ltttt itu t? l :; Uri 1, 1.,!;t it 1 i t it ll !;, i ro t I l"I t I 

OfIIIi itta ti t I I n' t Is'tiit crttI' p Il i I:n '.:IkI ll pu ''c' t ti)E
f plots u i I ch a li I I lk, i t o chav i h ) l i n0uii ;ttI itL, J)t' tOe thar 

,1)l1ock P, i , y 1cr ha,,lVo ,i- , i ItI,aI I t 

k row Ie ,d, aholit t 1, , I,A I 11 , ldc l 1''" I IIT11 i int( o llc o ~ 
i n a . I ,, ; F y ;<M (I t t o li<; 7 

1a~ 11i 

1 1
blo ck"; if Itihl I ; 1 .7 " 1'. at!; I i I i' F tt It l I j Lt'II hI ti'I c k a tr ome o i1 lie r 

lea i qn ll whit l t1tit- .na .; It ,! II I(lilt f'l iwnil d A ; Cot) LIt-t'r
 

?l()rIlI o I I I~9 t i 111 lI .' ![Itl r )IIlp
Iv I"( %v/l 1d)' 1,t ,I I<I { c( II

-i I !i'; nt t t;Iit; l, at d li:; I. i 1 al'r , II t I thtli I n ltt r of 

piI t; i 1:i)tonil al t11 I nt a,hioi- e.q nI0ILt) r ,'it i't;I or- ' ii 

t t1t t le 1ntLIt I rLo-F 0_ 1I at:; lon t tIe tin- it t It i ( '-nti h b) h to k 

Most I ft rcropplinvat ''xi't--I liit :; I inf tloducn ted i 1 t ho t ropi C; 

u s JrmcJ lind "li Ch ha:; 0n V recent ,lv b ,nd Idhlpto'd for experiillentll 

wok and whi cht may not thclrefore bt a; homoq(,n'u:; as i n t ie we I I

eatabl i shed m l imatos.te er-h i nil i itt;e i n toLntmratt' c Consequent-

II, it wi I I often t di tf it ttt pick out of equal andcul artaa 

suffici(enLt ! ;I tn -;'r,.', I.;-; blocks III a i lld ,It iz'tt block 'xpLri

mort. R cognniti lt hot h the nq 'fodvcint,eit i', intriV(' cottInl)u

tin:j faci li t inn5, ndt tthe c ii;tl lit ! il )oe d it', t i' avdi lnilb!' ax

perimenta lan,, Mi;AID .nt ;TERN ]-180) .iilptnat whi In carefulIn that 

identificdt io ,)I tIronpa; 'of plt 't I ike'I' to be homoT(lit l'oi; shiouild 

be the c r iIt ,I'lit 11 imIla'lieit , t hereeveriidiil sid(,id aion i l i Oitexle 

is now liCh . leani''t.rictint on tho ;t ,tand shape of tht blocks 
than ha:t previu t; ly ,-en issumed. 
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Many LL11t1ntox ' o;Li,nntiienitrcrt iippgwI ch inc I.lude two O
 
more factor;; u i l; t-p lot s i (in, )uIt t ho .e a r t' , at i vo Iy
 

Ftiw o 'i ion].:; When ;llch a '1ti;i(ll 1:;
 

rel't';l Itc
l;;y l ;ei l t t; it t .; t)h o t ts Lictntln s i)n. t'ill 


, . L I ', tit I '' t liI,I i t Ii '; )]1 t ;I w lt l't 1 ' S It ILI I it t' ill : o) t 
lt :-t., IV , It~1;I ,2 I A-hb t I t~ 11"l 1 1 1 t 'I"'; 1 l1:; :I11 , o f Itt1 

i),.' 1 tl1'; it ,! i ! 1lIii I '. ii I ll 'Iit i ll I it t'Ii - c 1 Ir ('1t mt t 

Ifli~itit ]i ; i I );
' ' t I: t 

I Ik' it a' hI iil r l' rlt''I;; li 'o: t t ti;! I I iLISi-
[: lttII; )]tW,". , !l71, I tlt t. 11, 1 1itl Il t , 'tc I ; on ofit [l 


t .,di b ecin IOl wht lae h tI 'i e c'c!j iI; t nilt ,twita thiXE 
aIt I; 713 ) r 1),.(Ie;tl 1 v,i %, n, t a tit tha i;I i tan L()cl if rtnt 

!1h111 1 t '. )I ,Illd I I <.;o , t 110 O l' 1111 i 1-)1 t) ( ' 1 t 1)0 t IIl" O \,'. ] 1tt'
0 1 I11 f f c L ; 1i 1 l(lI/t ' d J)"' t lt! s.it, ,1- Io ;orll(11 1ev (! ( f' the com

teat
3.7. 4 Syso icDsg 

A spoc i f ic (f- L'x1 ImonLt" 0r  t ILldes io n i n wh ichII to~reIhas recent. y 
h)t'tl' i 1121_ 1t 1;( - 'l-Wd 0 t'",lt 
 t~h Ws ;''q 

mohnlt o ll t 11" !;[),It i '11 11! lIh Ft 


I ; 110 O f '11t IicC' 11t; ltIns Iit 1 ) ":r~ 

s'h ,) f- i o rc rI ):;. TIki t funtI.ment,aI 

i~tl( O ! ; :Iki! l "! It ll thdlt Itl;it,: (oqt;
I i; ,r, I i soa t ialI
 

,I F F I W i t[11 11 ) 
 :;I 'Ill IF' I tlt l t i Ilh; -l()l '! W 
 ,w, r,u%v w ) ; a 1)]1
 

l tt ' ,I'.,'1 
 ' itt '' i h :; I fi't 7 hI' 1:; !;1111 1 ; l . o5'l (;u I ( r
 

[tH.:11,
• " il Ill",.' ll I 1 t I 't':; 11' t I:;'! l 1 lI It'11' t K rl lt I 1 Jl.qc aflllh e, 

t'lt:ll 'F 't. ';l It(' + tl U ''L).w i ; ;tll'rrm int,h -d( hy: , t I w I. itk no a L t oe 

it' 1wl~ 11't:;l ' t hot ul.; ! 1 . 1) t1l,1 1 ll; l't' f-t) I d'1I L1 (11 11 1 ; C, ( t-dI-0CI:; 7t it 


r!+t ld I', i 
 'Il1. )( ',Ivl'h I . T 11 1 ; ro<d lct I'm 11/ tllatld arIo a] IllaKe"; 

1.11'. ta 

t 


r i 1 l t 1qlt 

rla {7 (lolt;l 111 'l 1,i II % i [711),) r-t ll t t L) int o -,rc)p i r.,j ''XpO

o t i(t1, 
 i[w 1i ,t ,I i ]yI t I~l'_ ,." I r, t -I c+Hmsi (, a 

W itt -Ill~ t O f ;} t tl l' t ltllH t !; (")IIrlll 
it"I t! lctto t'I 1 .] w ith%I t m lly, 

Ii ao t.h t, tt~ -; T hil!; !;1"'.s'iHII t i ,' L;p'lc i 11(i dt'u;1 (111; tt't O:; I)f'C ia yl LISC 

f( I i 1) tlit iit I I 
 o f 1-.
lI ;t it, I I a l;ic r ;p)11!;(, p~it fo1-11; .
 

SCvUc alI d i -O~ nt AO;.l ll;I, h i ve bt ,II t1 ,iedinthle 1astL years . HIUXLEY 
and MA[INGU (1978) , FO I-t'X 11<1n Ias',"sma1,tIC', uIsed ic 'fan ' des ign i n 
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-------------

Inaizo/cowpoa titerol ) i t o exam ine t he , ff te s of total popl
lation ati ConI.;t anL () : propOit ton!; ()- the tl,! '( pW(, by rn

(jing thet in nat, ii; tel ;v:t ,lit i' !el1'''iijl (1calt letlh 
wee(ll-1l, I t !;p)t< lic I I I )I I 1 11l , rl id I . A [!tio 'i - comp 1. x 1' i d Lt'e ;i qn 

w as 11."d ' ., WAIN',% 'Ind '11 1,lJ1, k 1: 7 { wh, 111,-I lit Il i ,wd ,I (%)11.;t ,l11tL 

po 1 ; l. t I f oI II Ii I Ih w, 1t';i , t.l; 	 l m of 

t 11: h,, I Iq ,mt) Wtiti,>. IJ ) . , ev, , I I iaIt i n III 
(10 !;i1 111; I :; t I I l 11,1 1 '',t t ' ; 1b 1 ': ' , i ' '1 it I ,, ;t1 - I d 

1,I(V'llt t Ali ! ) '1< h.,' l~ t:llhi!- c' [IIM 1"' 1, 1}d t icultll" o~rob

] !Zil ill iInt, 'lr p)l) tIl' i h ! lli !; , ]t ','lt.hht I' IJ "4 : I 	 c (orlponn nt 

I:; 	 e.st illiaited fIl-olli onl,.,' I !~ l ,, t h!1 l i". ': It 	 a; I v l. 

FicitUir .12; 	 WNMIUA',; iiii MIIJU N"t; !xi de".;i(11, 11101ifitld f'lIUI 

N:IDI:R (cit t1 ft-o[T; M'::?D aIllI STEFLN 1980) 

* 	 * 0 Sorghum
 

- Sorghum border plants
 

..........
Soya beans 

00"0"" <i0 -•~ .0 
000 



M1'AD and STERN ( 1Q80) i 11 iamp ofi, k t I, a row IIIl)d t i Ck t i oil (f tle 
fan do.;i qn which :iII 1ht, I,, (,!C 'on ; il~ iI.t i ote t i I iln intercrop
pini t X o ri ,nt A. '[h I.k, :i in.11 o1l t t
io it i to.,i 1:!!i tii ;I

t-;s I I to1 IJ t a'li iia l t l ,.; ld"it1,hn ,Ia : dh Wi iii i 

,,l i4 . 1 t ha L u ii it I. t , IIt intol-.;-,;ij q c'ar
rt !; alnd ()It I 'fl.;. .','vh I 
 d;l
, I t 11,I ; h(' liIt;adltltl/~ t lot' - I I 

hjm Vt!; I ,- ,:; 

In i "hi k ./ ! Ii , I mi:lt:t dea.cr I bid y WI lIY mnd RA,)
 
(%., ; i'C. (Ti xi 
I ; vtV c 0itne 3'I Ii I II(q I a ral, I ow .Io

wh ch
i oil i i I i .. I' rlnjIt It L, a (tldH I Ptp. i rI,'( II td hbai

: :11. ,,.it l1, i, .J 1 ' I IIno- tI i (It 'titii 111 1x; ! i1 1"' Latillk 
I' I Ill'a ; i I it 1: 1 a2x1 t1 a- t Il k )t nI ft I t l hill tI- I t t lt' ; 

, ~ 'A )11 ", rI Xj1-,t,, ; .~ llt1 I u n, lctIf 10, h(2() 11 
r, II I t %,iwsa rt a)I oo lir c l o -Ie v, i- I at- tI 

, "1, 1 1{t ) F t'VO , 1 1 it ! 

toinitilc I c rajliii ,n 

a . (lI q. 44), 

Pi orI'e 43: 'I\o-Way syS to taPTIc SipHCinpI< f ,) CrtpsdeS ijpn two 
(:.-: at c) with den:; it it ai i nqI I tIv rer-lon

dicul ar di rcCt ion (MEN) andI STPE101, 1Q0} 

i 0 0 0 0 0 0 

Is S S 0• 0 0 0 0 0 * 0 0 0 

S " •' ,0 

* 0 • S 0 •S 0 0 * • 0 

0O " 0 0S 0 , O 0 
0 0 0 0 0 0 0 1 

aOS 0 0 0 

2 
0 
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Fiqure 44: 	 Layout of two replicates sly-Wing cii.ckixva and 
rc--araiigntL stripFs, soi t ioll of sole plots, 
arIA direction of sa,!;tl1,lt: ic clialnce ill safflower 
jXipulat ion (Wt I tA ald RAL), 1981) 

Sole chickpea Replicale Ill Sole salflower leplicale IV Sole chickpea
I l ircrops-- -- - I. . .. J 

, -
s, s,.--- s, s , 

- S,,,-----s , 

, ,,- S,,s,- -S, / S, ,, s,, ... S. a 
, c, c, s s , C. , 

S, c , - I,S,c- S l c , 

---,- . ---- ,-- - - , --1I - - ,,2:1 	 II - -- -4-' - 2 1 

Row-arrangemenl strips 

To demonstrate the greater efficiency of land use (Ln terms of har
vested area) by systematic desiqn stwo alternative designs are i I

lustrated for invostlqating the effects of chan i lq the deosity of 

one component crop. Fiq. '15 (a) sl- )w a I ,ndomi.sed dsi n with four 

densit ies and Pi q. 4F (h) i -;%,teat i0 (h0s i'n wIth twelve densities. 

Tht harv '(t1l il-,a i,1ii cat_(,d fIor each des i (n i :; ba;(sed on t.pical 

is1r(nl) I lUt (I jlte11Si ofS f 9 1lret 1o- with 145 cii row widths, 

and the (Ir, -atr land Lse, efficency of tht .yst erat Ic design is 

WhOn U!! iI 1( it )IttL1l i U des i qlus , i t is] im)ortan t to chock that the 
e Xp)er I m,, 11 1; v iable, t (, to; c(i)a the P lot th i of q 1/ain L'.'atilmelts 

Mai n plot:; wi t hi n which I spatial factor is ; varied nystemt ically 

will he i ,i than tvpi c pt i I ; I a1 c nvi t Ional I1randelii ;ed block 

deiO' (, usuall d bout four t i m; a; Iarm (as i di %ated ill I-io. 15) 

Any tr end act,; :: i a;'s tmc at i c , ,t wi I I Ii a; t h e a(,.;timat ion of thie 

-s!u)on;eLa' ii Fo1"tiTI plot , Ina ki ri t lie for di ffet t Iiereby curv(es 

r-(nt re 1l i cites less cons;istent ,, I i 1sparti cLlarly inportant to 

avoid stch t: rends. Var ia tion betwe(n mai n plots t "error variation" 
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in the usuoal randomizudl experiment sense, and within b)lock hotuo
qgnelity is desirable exactly a- it wouhl be for the rather .are 
nUmber of smailer l.otj;a in a fuily raclomi z xlilllent. 

FLiu-e 4'5: Caxvpari con of t oq 0:0, C; fe r itlli 
aidT -%Syt'natic ktn i na (blTi ) uil S'lN, ](180) 

... .. : : : . . . . .:.1" . 

• : i!:ii
 

I *tI *~ " " " " : :: 

. . . . ....~ 
" : . 

W!'1; tI~td si(n mWill 10 

i 
11t 

:..... 
~ lt 

....... 
a e a o t n• .p, inac i i r r p i1-111t lp rtalt , th1ore0Xj....
.3 '"...,1l....a..• ..!Li.".',l...-",';".sp...a-..te-. lS . : . . S 

:• • • . . • . . • . • . * 

Ill'i~i1t11 i' t il,'1 .'lp . : ot.•1 .I ad t 0t 110dt. L L S 

Wh 1 le t lit re I ; no systematic n1 anloh~ut that (leat ma ave imlpor-tant 
1


}) acO In itnl 't 
I rlt, c i mpop~'(oJ ii e lt~ I. i II[Or't anIt IO r-el ize thait 

at ;e new iii;. whil c}l innl;[t oft hey t-l o ' I Ii Cel> tc-; o t In I: [lie Con'lteXt 

theib (olnilt~et '.l~ 2hci . ev.llIl lit1 \VII , tt~i(li it a1 cpa0 ei IIt 'l'ypl ('illy, 

ttial l~lcntoi Wi ] i)c '.'lile oi' ' a x' i iiill~lwhi ch ci Icettlllt~llit i' 


in; hal tl! beJtlt fi.l~It i? i rto- ; (al intll!llA, 7110t1 ' tIDliet apI edic[t 

whoho c; :t ,catl e 01 A. 'l'hi,, lr mont thuii.; ie;,in l I;, t.l lit-let 

dec iqn wit tc sptt iiil t I,.i honto a1:; .;,cstomit ic s.pi t -plot tl~t*tlie~tnts 

whii 1.1h, htl t a{tmecnt rant oiland c ted oit thleto r- are I,.ldotli ii I rep I) cc 

mcli Itt p lot A; I1II ti nitl.hl Waly. 
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Regarding the analysis of sye;tematic des igns; it fu.LI obvione ly be 
recognized that the dlata have diffcFrnt PrOnr ic'; than for ran
doillizd dOs;ens. '11w oiia I ,inyive o0 vfoi-itar op lithonOlveCnt 

plot de; i gele i ; ie iproprl Ite" for I, iO iIi n th1Wilch d1(t1t , : bt

weein y I tid!; for dL ffleltnt epI)ar I nj:; )eCMIe o I'f the lack o f landolli

,It io l '1 Ii oo hecao t he ilI hII'pothe:; , of l'v valV ai tlion 

o."Vi di t i i nt lac n !; t:I; ei ,I I-I V 01' 110 jit e'le;t .iIC' It i:; clear-I 

L' unt rue. In (-,) ;a ; where t 1w'. do )IIi 1want eantrc F o-0! l r)v i,ii It ion 

1:; l I,,aaI )I I tVIt 1'L! I-dl ;Ilit- I t i;I of vaii lrancItIt i . 1 'v ,la I 

I I' I Iv :0llme V 'I I 1' 1 V.; 1 iM tI ti- ) V f p) I l tot 1S o VL-

I aIt IIon. 

'' liW 1110 ()f , I I '1 ' IW 0 do !:; I t I o:; t"s t it I L r1aeje'' 1-11111011 1 t I 1 )l; S 

1 11-t e(ro:; t ii lilt IIil ' '. ,el t o j.ant it ta tVO ;eldia TIn fL.

tore 
r .,Ild I it, i1 1ilI- idt I I [1i a1 -;v ;etIc at I I S in 1i 1;h u I l 

illa I':Ix 01 at ic';t'Xll 51 nj the le r lditiol_ li p of yield to denl tI 
(or os therI a rt '1 i1t ) ,.( 'i lS loh1ut ir'.1;tI'ci s , ,OMi '1.0il 1 , 

fl )I wed . ' !I t t 1 !1 I i re ))o:I t Ioll .t I i i 'i I' I n th a ,tlct or t hIaL 

Va l''I ; Il Iili :;-'... '' t 1 plt1) . t ):;', t l l1l1.1l1 ':;l ; I I Ii tolve" 

CO Illll 1 ; ll f t hi !l'. /;!; t ll 'tl: lI t h1, d lI1- 1 ro it [rI,lI 1 l ]11 t I, r, |[I I I o ! k 

Ill t !; I '1 W halt I ; o n t I I I '". a ll 171, 1 ' ;j v, II I ,l tI , )T r"o ;f~ ~l:1 ". I 

C I ( 'T; II , r'. I ItI t[ I o t ]l o t Ihit" 'It r 1-; 1)1 v I d t :; I lt',I 'm a t I, 11 

on lilt' i)ii:;0 i.!1;t, ncv o f tit ,I i'.iI i cll-vt'; i t)o i pal tn llIli " inl-, ,s ) 

1
 
',, t re ILmet lit ini theh ;lciltii w a t lit: re p II cat I()It 111 i ;t aIIdalard deo

1;i qn )-ov i d(' thI st andarird error:I- ; c)f t I-cti tit t alie 
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4. SOCIO-ECONOMIC ASPECTS OF INTERCROPPING
 

In the previous chapter the impression may have been given that
 
farmers 
 in the tropics practice int e rcroppino mainly because of
 
higher prod uction per7 unit 
 area. Ther[e are, however, many itta
tions wh.re intercroppi nq is advanta.o/l: s for the 
 farier -vo if 
the land CquiVlInt rat ion (IER) does havenot exceed unit. Ia risers 

various reasons; for pr.act i 1torCroppi nq. li (her yield is on1 o; 


ly ilme of tie IIiei n rea;oI.s 
 beause farmer al'- qeet-t'ral l rIore
 
inteorested in ;tahl 
 than iil maximum yielde. It should also be re
membered t-hat duo to ;a li !fit li 1;i:e and low viold levels yield
 
increments 
 of 20 or1ven .10 '1ar relatively smal 1 in absolute 

to rins. 

For the farmer who often hs to rely on hired l abou., at least for 
the peak seasons, the noti.rturn per man-hour is more important
 
than the ret urn per 
 unit art. lhis means; that improvement of crop
ping systems has to aim p0i man.ly at increasinq L.aboiii- productivi
t y. Al example fitren (lianaR
IUCI , 19390) 'ielps t,) expli n this. The 
iltrovmed p[ract ice' fi:I snrow i nsT ma0zi [.cemlll inIlded by t lhe (i-a il; and 
LeIii- -; D'Vt lt i 'd t iclOpmli 13, !o,. Nor.t herin einid tocialh vie I
 

i [tu ll of
ro tl; 100 OV. !I ' im i T i-act cte;i ( . 3 t (1,ai ist 0. -45
 
t / ha) . 'Ihe l1 t I i 11i. na - i. , 
 liwevi- , reduc,d from 48 to
 
47 Ccdis , lie ,htl l I a 1 it
itacau.;t, of , ii '111a i:; not iiU r)i
s i I( that far ers dO 
 hlot accept tlie ie[. :otlnlsuLlthi l - il 1 ,fip plite 

high il IcI ; buti t 
 i pr- ei- t !W I I I .a II t i 'rl I prlact Ie, wl i ci not 
oily li.v';v a nle , l-eI'" li-a I ret ull 1iit le invet Od I aliour" it ovOet
all requi tmuch 1,,; I ai )Lll" 126 a(2ainI;t 193 hliur;sI (Tabl, 39) 

Tl'hl e f- r, whl it r ino to IIllprove cropi hg a-sM:'.te lllS, Ox i ;t i nC tIa
d i Lonal s st (21!;m ald Il' III- vat ions of the fa rier a-; have to be st u
dieud first. NO RMAN (197 4, 1977) , wIIi studied traditional c ropp In 
systol ie ill northern Nigeria, tocame lth COnCILuS iOn that farmlllers 
behave absolutc, lv rattonealiv when ii i inte ronpinq 

In tihe following :naraou-aph rea.ons qiven by farriers for intercrop
ping are presented and d iscusseld in brief. 
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Table 39: EsthintOs of roturlS to lalnour for traditional 
and rCXUlenldL maXie pract i ,U;- la lo , tnorth
erti Charim I (w , Iwo1) 

TrditLioia I 
....._pratt i ct, 

Pol) (C1le"Io 
,srd t ifls 

Yield (ton/lu) 0.45 1.8 

Gross r'V(Le ('/ha) 1,350 5,400 

Cost of fertili er (0/ha) - 400 
Gross i ncui, 1, 350 5,000 

Cost of cai tal on purasl - 200 
inuit!; (0/ha200 

ROtL ,FL;to 1lalour 11.LInLI 1,350 4,800 

Cost of larl itNntal (/hA) - -

P't tllls to IAlur (!/11,I) 1,350 4,800 
Tut a] la ur i il[tt (lI)'s/ ha) 28 103 

Rletu-ns; to 1ALOur (V!/N) 48 47 

4. 1 Farmers' otivations for Intercroppil9 

tn the past , lost extension prqlrmllli; !-started i nt roduci nq iew 

cropping systiems without real Ly knowinq what- they were tryinq to 

replace. Only whon i t hecais oh iotlu t hlt I 'r tfa wonI-Lc'ont 
to accept. i nnovat ion; aid adher-ed t) thi1- r ltdl t 0d1 ;ie.i;h, ilid 
ro!sarchers; !;tartL t,) ;tuiy tarlWe;- IiM) i )111 f( ir ,-et nq|l t onst I ci et' r

nq !; ie w . dN (197 1, 1971,ta i CrolJp i !; t ems ine ( t if - s; W A 
1976) who i!; ,,irly u; in the lat 1),60 h 1n ti( I r() Ilfi s l ;u,.t c%, p1 

| 

sys tkrlu; I ii tiet z Ir aI ill - t a.I .111 t to r ii n.;o ! 1 'l Niil r i'l Mn the 

who le and I I11i; int o ac-count l(ocal vri ation; In la , ti clhno

l t),liI a cia- c c ldni t I ti)m;, hi: i nld.I !lot v. ito he(: aridl i ,,fnilli 

Africa. 


Jract i civi'l i nitercro: )i n l(lahlt, 40) llld, as!; ht' wIs 1ile to t)rVo'
 

l if to1 <i] 0)f I.t Flul v; v11rious; IISO h; far 

li:L i NIiPMAN , 11)77 th y atce act i 1 livo ltitu I y rat i oa I when con

t i nlui n q tI Itr t ra t itia cro 1) inq ;y s totnl; (.,e IlarliIaph -1. 2 and 

4.3).
 

186 



Table 40. 	 Reasns qlivon by Fmoucrn in northern NiqJeria 
(Sokoto) for the. nractio., of JI.(A'iti croil 
in mixtues (IlNUMN, 1976) 

RLLSOL'; ; I;ivoL Li'' LV t Portctint ollif -ule1. rl
 

Prillrv, reisoti; St'c.c
)rt lVLrcin 

1. Tr,IL t io1 32.20 21.21 
2. 	 litl(Ir ()tAIltL 28.82 27.27 

3. Slhmia e of haid 15.25 24.24 

4. 	 Mor ' e-fi ciont use of
 
hlbir 10.17 9.09
 

e.w 2lctatl n ot "'t.ild 1.69 9.09 
6. 	 '.:tWl\' to q('tccIOn)s 

ii 	 6.79 3.03 

7. Other reas-oi; 5.08 6.06 

S i ct tIlk' 5tO-Ve\ IpS ii I I a It Lh c close-s ttied zot1 ' around So
kot o , shot oje . o lfnd i o hoio r reason q iven by fa rmie ro . Int this 
rospeict-, however, th' reu Iti; i(. hard lv representative )f West
 
A t 111 1-,''' '41h,' Ondld f
aric, ,1i 1':.:t ,1-tS CO S IiII poII )tn l t ioni d 0 n
;it y , !1t ill In.) iiI I,to0 I tt'd part,; of the lerit,.( o . 'TIIis Is 
t c, n' , 	 tI" '::xi'.xli)I', ijl ;),iit -; i t-!;out hl-t ee Ntioei fotern at where 
lcI':; 11' O' 'tlav ' I anrd ;itllIt I i"a 1:; 1 lt, pI"Iti71a ry re ,ll;o)i to r I it' (Ircrop
1)i,j (I1,A(;I'IA,NN , '9() .
 

w,,-'W ,I I :;nF ', l .. I ii N)IO'.IA,N ".'t he boIhO.. .iviI. .Fp oct of titercrot
pin' tp4II'ittit- .. ') -ttk; ilt't-" low amonq the rasons ,i ven by 
It 
 t' 'tk; i1:;t i nt i-veyn c'ondtctt'd severo L years 
I it I ii11 )thol" 'I' t i which %, ,- ill:; ; re oblbly tifi I ueced by i(it-rot ion 
to urh nItii a:; V I', .) 	 .111 

; a:li, hThe et nin , ' withli I't,.iit Ia oht I i n d by the attt hoI
 
(STEINIEP and ''SCtttt.;-: 'tI, knilnll iSihtd) 
ilt tltl ' I hb it ro io tlOfi south

w t~ztNi goi' a, thI, 'l'',tli,.i Iripton of 1torIl en G1t101tl the ItOithka _ IC-
Ill n !- IOVft ' (-Xii; i he %I1o:; i P aIIti'atu o.f t)ppel VoIto. Only ill 
tli li' !;(' p Il~t Ilnl; which at'Ittl l it , if Coeroo;I wol char'acterized 

bv al 
tsolI it 0 !lttqw, i- lflarl,, farior I; nteirvi ewed by the author 
paVe 1a-IK 	 :;laIndtt iq ' as a pr imtIairy reason. 
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Table 41: Reasons given b famers for groiing crops 
in ixtures (OlNO9, 1976) 

Reasons given by famers Niilbxi Total ntudaLw 
___ _ntrv(meod 

Percent 
total 

of 

1. More efficient
I~-)L-,t-i,&]lalrtU-, time 

UIAI10-yenerlgy 17 2f21 81 

2. ore 
foxxl 

output, return Lind
fC(-iWn t r i14iwor unit airea 21 67 

3. More certain 
yield 

of scl83 
8 21 38 

4. Pr~iition 6 21 29 

5. Pest way to make us3e of 
fecti h, ilul throuqrlYAt 
the vezu

5 21 24 

6. Do2fcial effect of one 
crop on the othcr, e.g. 
protection 

3 21 14 

Although agro-ecological conditions differ widely between these 
regions, a remarkably high proportion of farmers interviewed in 
each of the f i-t four regions gave lack of 1abour as the main rea

sol for i "tecroppinq. Even in the raire cas whtere land sia Vi'., 

was mentioned as a rason lie real constia i ontta n)t I and ava i I

abl i ty as sucii but t l ab :er-IvaaI oI I-dtri n tletoak pe rI 'Is 
of f at i vi tiesfrisq 
 wil ch deto in I' 1 lie IaIiloit i- l andf a rner-nIi-
can cultivate. Given t he const rai lt ,! Iil u ed 'b: t Ihe I mi teil :;uoplv 
of faimi I r lhired labo tl t a aoveOrcoi:m(' I ,Ibour hot t I lencks , fa rmi:;c 
coI:si icr i ftircroppi nq a )rat i(c, 'nab1 irn t 1:1 to bta in hi qhcr 
ret urn:; hoth; p-cr unit of I ind aind por ini t of laboUr. 

SoL1 preparation i lud insir land cleai-ing and weeinsg arc th' two 

labour peaks in -ad it- ona] a1 ioU I toreL, fo I owed Iby, harves t ng 
So tile farllers; try to :ilak,' a; -'ffircint u.se;u as po:s i bk 

, 
o the, 

I imi t ,d area of ld th_'' Call C l(,Io;, ('sIe)c ialI ' i n f.rest tr.r
 
They cons i clv;- it a was te f i'lald to Ilant on1') lit,cros wlI icih,
 
ino reove r , octcu i (,;a t le 1 ,nd only for- a i ted r i od . 'The it;
iit: s, samo 


true for weeding, the main labour hottleneck in a hLiu and semi

pe rmianent aqr c tLtiir. Farmors tIi nk it a waste of t-iio to weed a 
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field for one crop only. t'Inrthermnore, they know that they can keep 
weeds more effectively down by interc roppinq (see I':.-agraph 3.5). 
The time needod f(r weedinq siucl1 be fui I tL- i'educed by plant ilinj 
crops in rows and mi xing e t1er within orI betwOUn Iow;;. But farmers 
are rel ctant to ;pe n too much tii no on plait inq silice tli.Ls act i
vi d l-' IVIC-cl t Ihe1 ] t
u Ol iailil I elm 1. p ru't'i, there
tore, V)n t l!'"('tO al a) tI a does not!m halve" t) beov io' 


dol '"i tin;11 a1 t 
 Vi" t ime. ,0t; mo)>: fatmers 1Ingage hired Ilaboulr 
fa tait d taring and we-lin;, an tdpl reason gJivell for ,tol-

cIoppi ni 0. that te Ii" do not have tit means to hi re more labour .
 

A l I t i I e r:; lit itv i ,w,,d b.T tl ,lant her were a-are of the fact
 
that t 110 'ilth )f Ln i'v'iduVit co ; weIre depressed by intercron
pi nil, mlit tle' mai nitai ned tliat they wouIl plant sole crops if they 
hatl uiOi>,' and F l siIilt rll") l aC';ii lat)I , 

) Iul IV - oo (med Paira(raph 1..1) throughout t: he' year 
a nothor i import a nt r'oaao;g , at I a:t in the utmoiid tropi.cs. Theo-

I-t i I,I I'', th1i would also ),, acht;cie ed by s ole cropping o n s mall 
tit ;. ktint, aqa in, becast, e o indt ofandland sho-tag , frI;-e rs 
w, Iil d not c Ioa land - ;p'c i.at1V fo(ir .<,c,)ndrl'y CrOps. Iland clearing 

; 'ii'll, W)- ard ofl 'l l1 ; 1) lant "'thir" own c(iops, a s y am in tte: 

1),It, t,1111 on e new'' cltared !-i ,ta . Women cain onlV interplant 

Iw i r" creop;; tin'lieaanuraI-;h ' hi s t;ee 4.2). The contiin '; 


nil;)t;;,; i(eI ;ufpl This
i!y;.. ; i n!' bht iinot b' stat gerod plantinq. 


lii'l: th aitlcntIg fmiw th ; fii ;he that the 
 land ha'; to be prepared 

ont 1 once and that in m;ov-lt cla es ht, can coibino weeding -ind 

pltanti ngj Append i ', 12).Table A 

The mot ive of ri;k insurance (Paraniraph 4.3) , i.e. stable yields, 

is rare ly 1tent toned by farmers e-ven though it is commonly I-ferrod 
to in the literatarn on traditional cropping systems. Tt is cer

taini, of mnine ump, rtance in the hurid tropics and the t ropical 
highlands. tr the ri k of dtouqht or insect calamities is Low 
and thlie far;;;:' r inIt ' vi owed by t he author never Ileont ioned this tie

tive, ,'vu'i whon asked dir'ct Iy. On tiv. )tHier hand, intercroop!ing 

it; ttOol-t pronounced nlberaf r ;pecies, inulti- stoey croppi ig) in 

t:hl,-s areas than in savanna areas with unpre.ictable rainfall. Risk 
nsura'ice is ulntoubteCl'. a motive in the Northern Guinea and Sudan 

SataVnia where farmers cultivate per year. Andl- can only one crop 
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here it was also cited as a reason in the auLhor's interviews. Risk 
in this context is almost entirely tIle natural risk (cro)p falilure) 
and rarely the economi c risk (coi lapso of prices) (se, Paragraph 
4.3). Though risk isnsurance is corLtainly ina cleal advantage of 

tarcroppi ngq, i t does not SCUm tCa 
 be a primary cancers In the far
mern_ conII--idoerat ions. 

Tradition is a reason frequently given by farmers but is hardly 
a primary motive. It is assumed by the authoI that tradition
 
("];arned from my father"; "it was always done ill this way" ) is
 
mainly ci c(d as a reason by those 
 farmers who cannot (exa)'ass them
so I%, s e %(] I eInoulh It.) I dltI i fy t h mo'e fLnd,iIe I tLa 1 1 asons behi rid 
t:hei r at t i t]d, t ow a iIs i n te( rtI , il. "' rad it i o'" w o ft a 1 1 nd i 

ated as l roa:;anl by "'O1111j fa 1-1 W FS-. Ti i I . art a i1 a Cel CanaiSOt(IL 


of the ruo-os'555 t rpla)1 I ( c I 1 1haile i 1s1 ural whe-wia, by m11uch 

of th old knowledace i!; lost. Younqer pooplie often l '.' cc,'t jlu 
with cartaili practic o witaiit knewli n the ori jisal pu'po;c. 

Tradition by iseif, be0wave r , i s certainly not a reason for farmers 
to contisue :u:7h practices;. This; 
Ls often believed by extension
 
worke!rs who complain that 
 farmers are too traditional to respond
 
to innovations It:
. tmust b assuiled that in these cases the fatlaiers
 
are convinced 
 tnat thei own practices are more rational under the
 
prevai ing condtit ion:s.
 

in the following pa'agraphs farmers' motivations will be analyzed 
in more detail to examine the economic rationality of intercrop

ping. 

4.2 Maximisinq Returns to the Most Limiting Factor 

As mentioned above, 
farmers frequently face labour and, to a lesser 
degree, land problems. The fact thait the system of intercropp ing 
has eve)%vd under conditions whore labour ,atlerland has beenr han 

the main constraint to farming clearly Indicates that intercropping 
is consistent with a strategy which aims at maximising returns from 
labour as the most limiting factor. Even where farmers cite land 
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shortage as the mal n reson for in tercrop) jng, it is not a Iways 
land avai.labi It y as such but rat her t h, labour needed to culti-
VaLe moro Jand which i's t he real const rai t . The,-e are, however, 
sit uat ions Whlere, dl to hi. h )opulat i on presureC , aCe( (se to farm
la d XLre ly I t and jr these eaes,.C fa I1ers ail atItMaxi
mising returns per land unit. (See Paragraph 2.2). 

4.2. 1 Returns to Land 

The more officient use of land by intercroppinig has been analyzed 
a] ready in 'aragr,-iph 3. I . This is the case when the land equiva
lent ratio (I,FR) exceeds 1 LER 
 , 1) . Farme rs respond to land
 
shortage with an intens ification of eroppi nq systelms which, at
 
least. in areas with periodic rainfall and rai nfed agricult ue, 
means intercroppi: 7. Intercropping implies savings in Land since
 
farms can be smaller than those 
 needed for sole cropping. In a
 
study of land use 
 systems in thte Southern Guinea Savanna of Nige
ria it was found (DIEIL, 1981) that the Arta Equivalent Ratio (AER) 
was lowest in the stratum with the most pressing land availability
 
problems. Here the tER had 
 a value of 0.86 which means that with
 
intercropping 14 % less 
 land was needCd than when the same crops
 
were grown in pure stands. Thus the land 
use intensity of cropping 
patterns reflects the land availability situation and it demon
strates that farmers react to land shortage by simply planting more 
crops in their fields, thereby increasing the complexity of their
 
cropping patterns. While 
 in the cited study the planting densi.ty of 
individual crops did not chanoci with increasing land shortage, this 
does often occur, as reported from south-eastern Nigeria (LACEMANN, 
1977) and southern Cameroon ([RAT, 1977) (see Paragraph 2. 3) . 

In the humid tropi.cs and the t rcpi cal hi uthlands i ltensi ftcat ion is 
often obtained by mult i-storey c ropping . In desel , p( pulated areas 
tho i ncome from troes can exceed the i ncome obtai ned from a rahible 
crops (LAGEMANN, 1977; AY, 1980). Further intensi ficatLon is achie
ved by extendilngj the compound fr rac (characterized by tiOleuse of 
manure and a high species diversity). In extreme cases, where the 
average farm siso is below 0.4 ha, as in parts of south-eastern 
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Nigeria, the entire farm Is a compound farm with a large number 
of different plant species (IAGEMANN, 1977) (see- Paragravh 2.). 

The mote e fftc ient use of land can be expressed by the gross and 
not retutrnLs on i etercrops comtlpared to sole crops. When study ing 
cropping systems in the SOPI-tl-'id prts Of noithlern Ni eria, NOR-

MAN (1977) found that the average gross -turn per acre was 62 
higher from crop mixtures than from sole crops. The gross return 

per acre increas-! .'ith the number of crops and was higihest for 
a four-crop Mlixtuci, (Table 42). 

Table 42: 	 Averace gross and net returns from sole crops
andl crop mixtures (in shillines) (NO1WRN,1977) 

Crop mixtures 
Variable Sole Two Three Four All 

crops crops crops crops mixtures Overall 

Cross return per acre 153.6 	 240.6 229.8 340.9 248.3 228.5 
+22 .19 ,30 +80 .16 13 

Net return 	per acre 
Izabour: 

Not costed 1,18.9 220.3235.7 322.9 240.8 221.6 
Ili
reLdosted 135.2 213.6 199.1 297.4 218.6 201.2 
June-Jul' Cr)sted 133.7 204.7 189.0 276.8 208.2 190.2 
itl o sted 74.1 115.5 105.3 184.6 119.8 110.1 

Note: 	 June-July is a bottLneck poeri(xl when hlan preparation, planting 
arl weeding are takJing place siuultaneoL ly. 

Net return per acre increased at nearly the same rate. Profitabili
ty was q- . ilyl , , hi ghe r for crop mixtures than for sole crops. 
The net return per acre i mcreased with the number of crops i n the 
mixtures. NORMlAN came to tie conclus ion that (rowi nJ crop.sF in m;x
tor(s is cons istent with the ioal of i ncome maximi zat ion. 'This was 
subsequent ly a upportcci by ABAIU and i'SIVA 1980) . The find InIs 

of NORMAN and ABAILL and D'SILVA are supported by experimental re
stilts of 	 BAKER (1980) who tested di fPfe ront (rounidnut-based crop 
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associ at ions in t h Sudan Savanna of Ni, i . 'n no czIs wan 
there any 1; i t i cant retutt ion in rturn.; duO to intercropp i ng 
but many t:<ampl) so fc on.;id,.,rLtbIt( ,a
 

SilIt i t i' ; Uit; 
 'a, ott tin It, ' an1! ma Iv'; i; of 11i1t;O/b -L1 i'nter
t'F)jti il l it in A rt . t-'LAX It l rd l;AN[JI;ItS, 1 )78 . ProdtI titon
 
0 .;L; Kt I Mti.'/ I L at i 
 I r lt I t fhan I -f s toe ropi
 
will It, 1 Iw0:1" ,.1:; W . I n
,arI ;Ilh1wr ItiI it L;tantja-l ,hvi at Lnion income 
'. t1 .,. 'Iim;; "'i I ti ri I or; tlhat. I'll Im,r! ha1vt' chosien to 

i ILit IIit hi; t ra It i m '.;;V!tL'M -1dL'- a. Ctllat; of condi t ions"
 

UI! ot-t til, It 
( , int ct"! '-I. lt dat 1r- a. I libl for cropping sys
t ( l<--so F th11, hum idc t Iop i Cs 

4 . 2. R turns to tabour 

'T'hlt i It (' rI--opt;) ln it prac t i, t d bt,'cauiuLIS 01f 1aboutr sh0rt aIjf? SttOOTlt
 
to Nbi contr'l, I i ctor . it, i<; 
 ; I i I frt n I i,1 '2VId thlt the - It I.S Lilrl

t
t1t' t-. I I :':!t- t i1 I to'ta I all l a nd hat ItLnt lahout- i ,; tt cor1. no 

r, ,0I I, ' d0 t f) I Ih, ln(Ic, cm t Io,,.pi l'-t, 1 t I ,- ) ) pti i 
o ft ,t r1 ' t':1 t,,rl ,, i 1 .;<II i 'i-t (, 1t t I it i It i 1 thi ; ,'.'Kj l ct. I/hi le 
t ill h t rut. oI ir : c11 id t', t , ' t p IlI, ,I fai '111I l 1' -0 i n1 

F-" I I Ih, o iai it In i , t i o t f t,p I cti ] A fri i- ,, -ire 
i ,I-, . 'I t'f.I I !] 1-,- 1 D t 1 . o f I,'DI),n itl I 111] 1 rl I tIre a(!; 

hI t t clit li-' Ott < 'i attu -tI o I rm in~ l, 1i;t1) aiI JoCUaIta I 'iCnI te 
II t i t r ti ) i, rio ps i o n r - ft. i pu e n 

ate Ik 

W i lo ill ;11,)!;t cast.;e, Ill! ,'Iclo ~ l l CI_0,I;-Ol t, 1,11)01,1- inlt.tlt ItC't" killi 

la a i t r'd Ic'nI to ces't -1IIt' about-r iti-t: t 1(d1 nl oho 1i t 1itco -
Vt utI) Ut is obtaj nod f 1"o111 a :;ama I llt- aroa. 'iii s llsttu tni Lt ot-n 

labo I i .IItt lircid l ioi- I anii t rIanc1 ' I ;oi 1, prepai-at ion and woeoding. 

In 11i<; St, LidV of the ":,aria to jolt;e NORIM AN ( I ()7 t) ft utd t hat crot tmi x
turos rOw'ir'c. on av wot 02 tl , 1 1ti ti ititt Toti ac't no o c-ops.
Bt.1; duIl-In n Il Jtine-,JI ii . Iour hott I, ,I-- (wit 50 : of t ?hetotal 
]abor,s dettand) iti in; rtu',-,t to 2.) ' (Table 13). T'hat moans that 
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intercroppinq leads to a more even distribution of labour demand 

throughout the season and prevents the bui ld-up of labour 1)eaks. 

Thus int Crcroppin! se'Iorves the fcaruners' management objectiv - of 

achieving an L n itiibut of retui remelits t hroughoutev 1, Ilabout 

the year (RUTHiENBilP(;, 197o) 

Table 4 3: 	 1iraur itipis tt rtt illnlsof ) Ie 'Uld Ini.XmL\ctopS 
I)at f ftl-n se in t rv nor thernt htue vilI OS t ,;w igon, 

Nigeria lfNlRMIN, 1971) 

-1n-I-ut - ... .. .. i tt tin 

irmoot i r acre 
"I Nt-,iLeo,f crrjx... v r oacre, Idollars) 

In I 1 
Annua 1 

J InI 
U, 

lo 
:,t 

All 
IaLtOL-

Ju uy 
IaItxur 

Avazrae(, nolo crop (a) 146.6 49.5 20.18 10.1 18.7 

'\ .o-crop mixture (b) 235.6 60.7 13.1) 11.2 28.7 

I-l. c crop mixture (c) 225.3 61.1 30.83 141.7 26.5L
tour co tniXtiu-o (C) 271 . 1 90.3 45 .2 . .. 8. 38.8 

Ave raqe-m ix, 237.3 63.1 33.7 16.1B 2.1 

(a) .ltic :o;or11loi, g o,.iitlnu1hlkt at1Y CI ttoln. 
im )orqhlll .ull;lt st 0q4ton/c(b) incltit 	 s Illet/ , 'ttolOUltil t Lpas. 

(c) inchitl('LIPS Mi /sotSOYr(ht1,ihtln//gt-otmiintts in i let / o t n.I-a5 aittV/
co~t tonl/a.,p),:e~lsweel iptatix -;. 

(d) incl olst l ti/ot- hun/gtouYInut / si i.s-s ,<e 

When st udyi ng.j val-baLood cropping svs tows in the Southern Guinea 

Savanna of %i<,r i a DI11111, (1981) was able to show that farmers 

spread tlieir laour re irttiements 1), pract i ci ng different mi xed 

crop ent trpri-,,:4 16).(i.'iT. 

Tho 0 Loative- ba I anced character of the labour prof i i in Fi (110 

-16 dJeinotst at-C <i0 very isis 'r ;.;i ve I ,' tic, coml llinltar i ty r tile thlroe 

-mixod crop etitriri , icul arlIv ro5;Jsct th(, :;oi ore;; tpart with to I 

parat ion and harveast n at t vvi ties. "A closer look at these liarves

ting act iv it te; reveals how ski I Ifitl lv -armern hlave .<tacoleed the 

plant ing of di fferent crops . In tn weeks 21 ani 22 96 1 of the 

harvestinq hours are devoted to cowpea. In the fol lowing two weeks 
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cowpoas then again occupy 53 %ifollowed b vam with 29 of the 
ha rvestin labour. The sequence is then cont i nued with groundnuts 
and yan for which the malJor ha rve Liln period starts in September/ 

October" (DIEIII,, 1981). 

Fiure ,46: Average ldaxur inmut over time' per activity
an] entertprisoe in Osaca village of the South
ern Guinea Savanna, 1977/78 (ada ted frou 
DIEi1,, 1181) 

70 

60 

50 

0 
 X XH~ 

20 

U AUUG SEP'14if~sljo 8 2 22 4 2 2030 3 34136OCT 38NOV4n 42iUE44[I 6 4 50 5P JAN. _ MhB-MOBj APH MAYI JUN JUlL o_ AnJN JI FIRij nh 

(clemq and n oIPI' n I eslng'n p a'alt 11aFdl[n.1rv 

Weedingpnlfeil.nq ,thelvies 

c 'I'jotn llyWh e n n h'oW p a' ; -I ll, ')s'n'c 1ia ipe e i --lo a I 2ed o nes ' are 
i n t r ld u c d , 1.10 ' 1 b o t '- ; l \ ' lnqa ;p' c' t ' i n e r c ro p f)pi . cl ld i t s 
eq aualizinq of feet eu llb ,ll- I -L'iWi ,,',tcntS th t-Olouu the ye,car ar'e 
oi t- t, i t n e r ! . ' h i .; t ;L h i jh l a b o u r o a ka a m n farn los uF.mof te n 
cannloit 'er t e 'do ; -,I bar'.: 'ow i', ioo too requi red t ioe. Phi . 
i s, 1I ttl rra t t b '.' .n )0 or - ' T1,l1' f l on ho' t v o r'oora I - o a s t (S o u t h 
ern Guinea Savanna) wero soii- otori ,odblock field- were intro

d uced by a dove ]IL'oelnt aqonc.' (F1 g. 47). 
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Ficjure 47: LIVbur wrofile of .I seuti-nntort:'ed block field.,; 
ai'1 tralitional ' ields in t he central rej(ion of 
the ivory Co;t *fr luu131(Zr1', 1980) 

f 30. .. . .. ....... ....-.. ...... ...... .. .... 30 

S25- -25 
/': /, 4 

E- -n 

15 15) 

--ABi JUN--]ULf AUG sEP OiNOV-,IOE-IAN- FEBA 

E leduciion oflabour A Planting yani 

B Weed:nu of upland rice Principal activifies 

Increase of labour: C Harvest of upland rice in he periods A.BRC.D 

D Harvest of cotton 

Traditional holdings 75 ares acltive member 

200 daysyearactive member 

.- 0 Holdings with block fields 120 ares active member 

216 days yearactlive member 

10i le NORMAN (1 974) observed an i nr.' , fa;otur i tntut w' r tin it 

area in nor th rn Ni q r iz. (s e )I 1bov,1t I11, (1 981) w cWa;tin;l 1 , o 
f i nl i cn i fi cant, (dif fe-ttic; in I:tOtl i ntlot; s Ic-crtc.IotwOn 

an tI ttcip :' I I f1fo1{is-; nIJltl 1-!I ; Wi it -t t 1- (10 0 511 ; l rt-lt l 

a. Tl i1 Wa:; ()I)i' Vto ( ,t ,nl I. mtsl;; t I I 'i 1h i ott l a 1;
f r" ;;inc.llo ait .ivitio; ,anil ovn f, 1 r hi qicl cttso)-515)j( c a.(ot' i, is,. 
t, h a; n I ta ino r I ha rtc; Vt n;t. l 1,,1lth, t h rt i s u r i is itt 


iAt c!n le (:. I it ' ho . f Al tat several arc icr010; antrd i-

I'> '2. '' 1h 
multtanoto1; 1.Y .:sItt .ieI- hd; ate mi l e ore12 1lant inq, ' ma i.ze/ 
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cowpea or Mi lct/ owpea, or are placed in the same pocket. "There
fore, pl t illI two clops does; not molan twi ;:e the labour input re
(uI red to plant In e cro!)." ( I.:I!., i81 ). 

Wh,1 .(0l )1 1 If 1, '; l I ibm- it; di i'l-tulit, Croppiliq1 sysitOlmS 
SO1MA N I 1 .11) und t ha t hi-, I%,! :1,,0rettU t per llan-hour is 15 %

I P'..;"' I 1,, I I-,. :hutleu , ; I litr the nlet return is 25 % hi qher 
,1111'1 ll hf ' kl 11" t':l;;nl Iin J ,ll'-,July. 

Thu.: it edi he conc I uh ,I that, in general, labour is used more
 
of icitlat 1.'IVn nt rl-epp ng titan in sole 
cropping systems. 

• . 1 Ri k;'tj." i ni at ion 

A!; polit ed out- above , faUrmers aIre lore interested i n Ftable (sus
tai Illd) than in maxi mflit yield;d. In Paraqraph 3.2. 1 i t was shown 
IhaL ilite rcropp il;,l i lnCr1, la ;. '..'i Id S tab lit''. 'llIh!; 1a1NOCt I ilI US 

I i I t altytll ; t1.t h 1t1i all ' l i 11(l-t ip )elfd I ct 1i1 lt, Iad Llit,I tr; 
II ;k II I I: 1 1 ca l a ril I t ie.; i Uerlrl ,' !; . I i l I i I i t 'IX(ll--l , IlUt tr-


CFIp) 1 ) ,t ; ll,1i t:l i nant in I low' rI *liUf 
 l/lih, k lulcIlh; t{1)II 1A 
1976) . 

In it"';I Afrr cal i Main I l pUf'lt' i e t i I I t ', Il:; !, t Ji l-'ct Iv I Litoc to 
L lb, It J1 iLIMl(O llt 0 f FA i T',f at T'I I]I. I:, i I]t I ho ;( tlt hit-l'ri (;Ili nua'g Sa]{v,11l11a 

(tht, ',a.m b1 ' It) rI'i I 1 I i; !'l u l lrtr0i Ct0 hi;0 t i I U I the Not- t Ie rill 
(P1 ilIk'' I I Ild ;llll lkitlV l 11a 111(11 C 1( Ie,; t (i0 

O tll,)ilqlt i ; ,1at' C0111)1on 

10 71 1It, o. r ,Lot ii! 101ii; 

ll1 (Wi . 48, T'altI, .1' 1). 

Il thet I, iIit le. :;t id' e1 D t1, ( 1981 t i ,9 It holn (;ti lie'el Savanna 
of i l IjI , , )i, i ' .34 l cItroe(eOp fai I tIur-; Wal; Catlm 'd bi' 

; t 1;I .1r t"' , b tack o. S t 1r (Ia, !hi lV t lie vi,i oli t )f 26 Wa.; ite 
t IlW ' f FI5 it. l, hi i .r,11110.; ('ll S !, l t lPIlint 1 :11 S,1te.:; f the o' 1 
!;tt of t ', l I lW; d 1y fI)( I t ; - ,9 l I a i I aw'.I t In t I I ; t o tr 
we'!k.; ftI r it,Ft ant 1I I l t, _I Ii Ihb;i;1 ,t, 9 ;t 'let;;. 
call )e' I-d u,'lut' on]y by mii xI n, I (.'1I-, wit t i I I 1>1t0lt SilOtld lt ltsi s-
I i Uco!; . ''h !; C )wi11 l yall, tlet 10hnO11I , b) nt l j !; e d ,iI ' I a;;s i f ied bv' 
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farmurs in southern Nigeri a (Dl]IFI, 1 9811 as the most risky crops 

while maize and groundnit ar IC S; of ten le'ported to have failed 

because of lack of Irain. 

A typical oxal"n leo (,t a stab]le cIo) Iixtt nrC i the' ma i C/sorqhtI 

I nitercia;) ii the Nolt horn (,v ;ea Savanna whi t, in the Sudan Savan

nal s;O qh1tts;I/li I 1ot int'lrclo1;s aIre LlU;(id to I'odIUC,' the 'ie k 

Ficgure .18: 	 P'rot__bi lit' ,! tI, ll, <IlI Ic( Of I 1.U 111" tXaylrIo 

with tian :!r,. I lla i I 1 t1 , ;Ottl l,1a';' I 
XGlIa,', S ivI;;; i Ihe' I V Cl'1,1.';t (hxSl on1 St

dtho'-; ofi (;I(1T!, l .{ ,~ tt, 1t7 

60 -

50 

40 

30 " 

UUoj 

20 

- JNII~M!AI!~1 U JUL AUG SEP' Ad 

Mo',Ihs 

L.oF (IP1980) a( dist inct ion this roseslct between "mi iedmiakes i n 

croppi nqj" and " cent i nrgoncy illi " I n'I" n11 t he f ir st canue , who rt tlic, 

weather La i airl , aa) It, fanisoro; texpt-ct L iarve IlIl o'to :t cropsn the 

illi xture, whi 1(lo a the s;econld caorn wi t 11 ext 1nm')''l orl~lt I c aInd anpre

li c t alil) Ie a n If111frm~lr; wvant to, bt ;a o ;t !h;IitI( ; [t InIIcall t 

h;arvca;t. An exwi: OIt I;-I it' I It t t I a:u;' I !; t lit c I at I on (Iof ma, i 7e 

and :;orqhhum i t': Sudan Si' na(IJrVot).''remin'fJiIis 

comlLolyl ': 1 ma;;ny'.elr 
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Table 44: Rainfall d-,f t croes in te "r q67- 1 9 7 4 in tls Southaern i S var-_a of lvor-, Coast
l!z (from BI(GT, 1977) 

1967 ,8 
-

69 1970 
-

1971 
-

1972 
-1 

1973 1974 Means 
973-74 

Rairfall 
March-April ('i) 
Mav-Jun (214) 
July-August (im) 
Septr-.,er ( m) 
O-oo2r (1n) 

58 
2 
135 
215 
24 

''78 
5 
3;3 
]67 
'97 

213 
65 

173 
106 
19 

156 
150 
328 
308 

40 

I 11 
419 
132 
284 
116 

258 
265 

74 
112 
89 

130 
231 
217 
222 
76 

247 
147 
268 
205 
158 

238 
293 
204 
213 
138 

Mean yields (kc/ha) 

ize 
Jotton 

1niandrice 

n.a. 
997 
40i 
37 

1. '70 
2. 40 

28 
1.-96 

11.330 
0 

932 
0 

18.925 
1.89? 
270 

1.745 

13.86e 
2.445 

863 
1.051 

5.740 
3.350 
690 
428 

12. 60 
2.270 

597 
n.a.1 } 

13.700 
2.196 

704 
2.020 

-
-
-
-

1) n.a. = not available. 



There are, however, also examp les where drought sensitive crops
 
are mixed, e.g. the maisc/rice rtlay' cron in the Southern Gu inka
 
Savanna oft the Ivorv Coast where 
 ho thL crops may fai.1 in the same
 

year.
 

h1 in eve atI II aLta coll c ted h%, NO RMAN, AliALU (1077) surmises
 

that lt least in theL NOrtihem GunL':Lind Sutdan Savantna farmers use
 
CrOp iXlLi It F (? s A1 i iVe 
-s I f I I trat-cIe ' aS a p CaI ltjion1
 

,aii nst bil C 1 i I Li O'C011011 I C (l'CtLL UL . A S thLr i ; ai I ked
'd es 


sea scna[ 1..Llldistil L o rL ji 1i F in iete 
 qion, thL, diversifica
tion strate.' I;; t t::,dd to 1)1  cued L11r C) i'ntec r atherttmoul ropIn1( 


than thr(ciih .eh ierit Ia I '1, '.' ,'le pIn .
 

lomic 10 l) t1Lco) : ('clrltic ; : i-[ L 'il ', ill in prilarily hat 
>lit) ;,I ,u-Wciri 1iLt,tLl ned !0r ML11'k t 1i1 t ppoi' ide till( t't Sarv 

c l.;h il 't)! . i, 'i,:,,i i 5; S e ti a cc) lapse' of )I' ices are-- of
 

iI ;t llO tLIo llt) I ILe c - l This iJ
()l li,'F-;. 15s -exaI nil ill part 

h"' ti1e l)doiLLLlt .;1Stellee orl'liat ton ILt al]so hL the sll I1" . 

tI lm;p I eeLLc'/ , I ::I2' rk -ts to !-am-ILl, s, wiLv CaLI hb ,iM Li1ed Ol I%'b%' tie 

F') C -1, aI hic ved in th last few rs1't7 ul ti i r rte';p ct ye vi l!i e 
ma eI~t[ (g1;11 .;l11, , 1 1) 8 1 ) . 

Another as.pect of intereropping is the fact that a great proportion 

of (s ometimes hired) labotLr input is beneficial for a number of 

crop)s iilnltlltalnotl9',' and is therefore l1ss1; likely to ihave beon 

fruit l,;s. 

Lre di rent 

cropps witO t 11.1t of sole 

ThI r .2 111MLIods for coillpa rinIg tht s ta bi ICy of inter

crops (soc Paragraph 3 . 2 . 4) . One approach 
S gleqe't I'd ilA i .LnI 1',1,iJY (1 00) is to coilsider, tile priobalbi It '. 

('f 'r iin ; I 1. : t''.iv il'i S oiL'ir l- t !.'T1Ll l LOLL0 flh I spec ILit'd 

"di sa!t,, ' 1 ' c i I .r_ '. ' u i:; m th Iii s a pproach HAK tP (1 (30) 

tII'l(Ir 'l' dtld1.',- e i l Ir L I:L.:t soleit, 11 'L' st .; oveL' r cri !;. In l'];. 

4') t )l ', iI I. -ir':; Li>' hAF11 L rImL'I I rtL f I:u III IL llidi-1r-; i 

crop:;, thl t t'1- I-''11- '1) ' 'c d :ro:11 !;olt cr ; 0 of tiL' tirlo . 

In icl di" .o:ttirI' 5Lh w erliO.l. !L; il h ~l' l il it'' <c a rc'o..urn 

be low tLI ;,) 1 ,1 mt12lne n, t1 '1 tl ,ir2 , -i, i GL intiesi ba'.'anna ill i;

tlrts 5il;)I'e' a 11) h rdductd r' ;k fa l I ill he low that1)f bT I C''eI 
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I us, in ihe sense thut proobabi Iity of foi lure is l(es, , mixtures
 
in those t r j l!s lust: bu con.i, i -ed :no re s t ., th n so o crop
 

( ['otlI(II IS ts.
 

Pigure '19: 	 Prohubi litv (') of ONLThtlino thli;ole Urop 
tltlian r'turn (BAKE{R, 1 980) 

Sudan zone Northern Guinea Savannah Soulhern Guinea Savannah 

400-

I -. ---- / -S300

too - "" =1 	 -- *--- ''

20 40 6020 40 6020 40 60 
Probability ("/, 

Sole groundnut - Grundnulmaize millet 

Groundnutnmilletsorghuin -.. Groundnul,'maizesorghum.
 

------.---
Groundnut/maize Groundnut maize millet,'sorghum 

FOiS.I t Wower )btli nll lb% O n1o0lti(" 

I titoI CrCtps; , t.11e 1100. Sotl11)on crop ISSOC M1 lO i n t n Amltol .1 I. 

O.:; I 	 un L11' Iltvs i O It1ee/ heunJ 

1 i FRAN-

Cl ; ild SANI)ER,,;, oil )1978 . At it-i ce I-tio betwe n 1aizeZ and o,n;; 

- 1 :8) ti l tlibl ii t y o r chi vin; o pt; I ,,o net Iticoillt, wi!; 
SI , 0th1 l, O-e: Hi t l thLin )I- et h ;er " (slron, (Ii )0).1 . 

At t 	 lti ie,Am,l,- vl of- [ltint.'eto o . .tite Ifit I-;:,rh )rit, 

,1 ih n 1tcoie t 11eo~l1h i tet- t ,l ;t I('tl0'1e'. I( j i nloli,i it II i I 

l twe" :toori t o )s. rsThlt;-o s;;ee1 il it e l'I. i ),lh itt ;ole 

bheco sI :o;1 1 - i'1";; il()tIll I T- ; to lj l ti rtpet ll fo Its 	 tioll t " 

tolt i 5 1 1Wi lF 'iil . t t ; I thW ( '11i'1_01tt ltTI 'oe t ;itt -tI (1. 
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Figure 50: 	 Probability of jy-t ncomnes at two levels in three 
cropping systemns at several baa/maie price ra
tios. Each point represents tl' pua)L ]biliLy of 
receiving at least a net inim', of :er (XB, 0 
XM, or of (-I$ w0.00o (.N1, .1 ,10 )
(F.VW[S ani 1ND)[ps,S 978) 

1,0 
Xb o
Xb.O 
Xe. 
XBM.10 

0,8 

XM.O 
0,6-

X' 0,4
, 

*-.- Sole beans (B,)
&-- Maize/bean intercrop(BM,)

0,2 /-0 Sole maize (M,) 

0-0XM.1O 

2 3 	 4 5 6 7 8 

Price ratio (bean/maize) 
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A further strategy employed by farmers to a SLIre at. Least some in
cone is a mixtluC oof food crops and cash cros. While in the humid 
tropics cash crop; ar' Ii ainl [ernnleant crop; such as coffee and 
cocoa, in seslni-arid t rop iC s cash cr'on)- ate cotton, grountlnuts , and 
recent Il also maio. u tlhe pr-iCe love] for cOs C rops1,Even, thoUh 

r tL 

-ash incomle. 

is usually LOw, Latroots ,cogniz,advant-100 of a quaranteed 

4.4 Continuous and Diversi fied Food Sui)ly 

tIne reason for intercropp ng cited by the miajori ty of farmers is 
s divers [ fi,!d and continuouIs food supnlv over a pro longed period 
(.ee Pata raph 4.21 . Ths t an Itirpor-tant asi)ect, at least- for 
tie lid pon, because.o tLor-a o* harvoles od ploducts is diffi

cul I in t h I op i r t rid r'st -hit-tves t I ;i are hiqli (tlUTENIBERG, 
1 )7 8) . I thel humi t ropic: with lorln na .owil!sO>sot I 9 nonths) 

1i. 1;lh l at e"l I 1 a1 a 1 Iamid hIV'e'Id 1y the V(a- round an1d 

hal'VtlIt d I) latito1 a re t. t n nlIaced i 1rMCd i att'I. 

(;etra]IvI I;pck i tilli vers if icat ion is hi ghest on the collltound farms 

,Io-a 1,iai 2 3) wle]',' uIte a iuiber of vegetables and spices 
a to gr!n-!' s o that they lel)Fl te a ,l'1 tet i than1 a i C0Id. 'Thet 
,mIre intay to; iOn howt.ve , w re coirimlouid tSf I o nt t iSt and 

who, l I Inot crops :Ire a is cll v te dU it lie efh l IL';hUSh farlilS 

'I' h' llt )o itattoo eO Ic)t if ; pt)sct i C'0 I S ll t i !:We; i .iioted When i IltoLns i -

it. L ont r) 1- irse s are'ga i nit rIod.'Odn t (e i nIt-o'0:10 food pioduct iOn. 

fOr (l,; wa; c I t , f, lx'ar:11l iI the, centI olct ) o( tire, ivo ry 
Cart whL Ia d ' ) Poi1itc t o-,wncv !iill IItt md iecd )lc fl. I i eldI for 

Ir,11 Iit
5 e , ri ce a tnd c ,ton . [:%eil1 t rIolI t i I Ild; of vai ewt,r 

Il tier- on tie llo k filds, fins; con inued to cllt tvate, thot
t ltadiLiens) vmrf- Ii o who to '',i;; VI.Io iois'MNt] With sIIe cas aIVa, aid 
II ifotrtt ve-m 1,ahis ard rrpi c's. Whlo ald for tl,, leon, hle 
falmoto thlrt thltied. I all the diVIs-, cirns . ;ilcowreplied, 

th, i a rot cons i do i it wet- t lli Ihi ceat Lil e 
theC, -iop, tie on - lt-nat rye waV 1o clet,- a f d0 for"- Vall 

(-" a fml Iapec ' f i 

an1d 
in:t-oPlATt til van1 wit h the other cror . The block fields wore 

or-1 nlouslOcted in favour of thoase I t Li oton fields. 
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Intorcropping also he .ps to bridge tlthe time bet we,,n p1ant inq and 
the new ha-vest, the "hunry season". Earty-viaturinq crop s ar-e' 

ofMen p1anted at a low ckciity and inta'pla utt with a long-cy t, 

crop. or, as in the central Ilvoiy c()ast, alicis itacijlant yail 

with soli cC;ava as a .o-caI' "CUltMe do c;inLdul',''i. li' cassa

va, which is i nL1po"c nt m in the second year wi th ma : anl I co,, 

is hacolst-ed only 'hen thece is an actual shetaN! l, Ot 10i01't 

4.5 SeLxJl Division of Labour 

As already munt i nold i n Paragraph 2.4.2, one reason tor i ntearcrop

pNq is the divis ion of lcihaur between saxs. Wile heavy work 

stc. I au; laNd clarance is always cn)I]( l men, pesp iti liiI ' ft

liedIif teont. fa rminq p( .'-at ions and di ,',r,e c-ops dej)ped; upon 

th ' (social , otlnic, rel iiols ) and ('coo qical el,ci,-cco'ci 

VL-oiMs'llt . '[!4tic In tie,' forest a_-; of loroo food crops' ac' nolr

mah.I ' t "n ' vi t' I WhI I, al,111a t ] I "' it i 11(f perlcl' l St- Ic¢ic 11 

c ps , I TiicI li i ps talit a Il (T It,1, . I ctop , which .'.i: a I!c(c 

he fc d crops, h .: 'a ., AI d , a t cI. I t ivat ad bv 1li.1, 

[hst Ixarts of t-.usI Africa "'am a m,'a lop, uLt ivated ,xclnisva

l ' hy i511. WI ve', t(i cx':ch crops de'tc ' Is'li, 1l5Ie c I''.'' i ' ,l-eI each
 

-espoliL sih' frr c(art a n crsO . In 
 tipper Vol t-, :-(,I oxallinle cereals 

ar( Cult ivateod byx 11ell whi lc' women have their c'siratc fi, Id.i; faC 

pr1ounkdnluts. Ok,l a, I-osel. .13, OtC. (Table 4t) . 

This speci Ili clat ion by' xes is often a -trasOn for vli(c croppiO n(, 
' because 'a 1.;' plant "thaifr ' crops in their husbands' fields. 

This is, fccc *,:arcple,, the Caset wiLIt the yac fit, ls in the Ivory 

Coast (s;I 1 
'iti t -4.,4) whor-e women plant veapetablos and spic.; 

between tho, '.c,, )I- withi a Itlal ti,'ht .c; I nI l'tclc, Volta, whocI, WOiltlc'n 

interplant- ils anti ct-,,. '. 'thu ilnte hljlant. Ip Of ' i-fc' witht1foo 

c; , lltt' t iCci .'l l cOI-,'c I I n 1' alltl'1 () 11Iti lllall I;, isc ac:i o 1CIait 1' ( ust'd 

I-""this ' ffl lahtilr. As; m itin ha'.', adLtit it)ial ,)ff-farm 

"fill)]lavc.ct , Weiccen ',','; t h I"re hcl cbanil 'c coff','. '1's 1iada t hil': : 'k 

ciaOr c prof i Iablt', thi,.' fnte2p 1 ant var_i sLiS food ci ocs :cucli a; co '-'.'amll, 

grouidnults, ,.ans, ccai.c.eand pottatcs. +In this way thcy- aio bone
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fit from the fertili zer ap;,1 jod to thie coffe. ve oq ild 
(if those food Crops arceev d~p res!-e I- the domi nat ing co f

fee, t [i pract 1(70 is st 1 1 rat i(01101 i()I t.11he woeliti 

dI;io, of I :ilVai l111d I.c;a i nit) I Ic (,t i wis 1It vc 

Ot' I nII !' C I' ILq ('-- th.i - lvovv Kciitm 1 Io fa 

1)1 1( k; wst* in:t ittucod, 1:act thatB ''a,; :0 1 1 lad~ to pio
'llk C- i -;i ti(C . i. i Wa s %,(: [olt'~iot 0 Ptt Inito 

MI" example wher-e eC'ount 17,11'11Of-
tiho ex on iln ro; Iamie ofI Lhe co ffee (71.00 rat i vet; (!'CC AO) in thle 
InjI;1 Is ot Came1k He Ott III xc;) anld 

haS b0011 c Itt'SCet pracI(t I Ott L., 

r-oll. , 'ropp i nq i !; nlow pr-omotedl 
tI11 .'i (I h It tol r ((i Ittj syIstemis aOt 0 01( OLIt 1 11 CO0(0 OaZjt i.0 11 

tih the aIJI-itilt Liral resear-ch in,;titateo (IPA) 
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Table 45: 	 Percentage of fuamers reporting division of labour in farm operations for tha 
production of ftDo crops (ATDYI and K'IPSCI"R, 1980) 

Mai ze 7roDundnut Plantain Cassaz. Cooyam MelonFarm 

operations , F X M 1-' X M F X M F X M F X M F X 

pr:,araton 0.5 20.4 20.4 0.5 50.9 19.0n 0.5 8.8 18.1 u.5 17.1 13.0 - - - 17.3 9.3 

Planting - 41.7 45.8 0.5 62.0 35.6 4.6 41.7 32.4 0.9 54.6 18.1 0.5 31.5 11.6 0.5 31.9 29.6 

Wet-iinc 3.7 42.6 19.4 6.0 35.2 12.0 5.6 34.3 20.4 6.0 45.4 10.6 - - - 1.9 31.9 11.6 

Ridging - - - - - 0.9 4.2 6.9 - 14.4 6.0 - - - - - -

Harvesting - 81.0 4.6 - 78.2 18.1 0.5 46.3 27.8 - 67.1 6.9 - 3E.0 5.1 - 45.4 '..7 

1 = Male only F : Female only X = Mi xod 



Table 46: 	 Division of fields by crops and sex of the 
main users (MATION and BONIaAN, 1980) 

0 ercentage of fields Total ntlnL-er 
of each crop of fields 
cultivated 	by of each crop
 

Sole crops 

Pearl nulleL 
Redl sorqhm, 
White sorghmis 

86 
100 
69 

14 
-

31 

14 
11 
10 

Maize 100 - 29 
Groundnut 
Bombara nuts 
(cmpea 

40 
19 
84 

60 
81 
16 

184 
106 

6 
Okra 
Pose] le 
Ot htrs (1) 

2 
2 

100 

98 
98 
-

96 
44 
16 

Pearl mi t et/oqna 76 24 63 
Pearl millet/rosel le 68 32 37
RMx)SorthjIn/", a 87 13 31 
RoX.aomlarn/ccxa/rose].e 79 21 5 
Whi teose, ILIII/CY_ 100 1-ea 
 25
Otlors (2) 	 58 42 44 

Tot-I]. 	 47 53 
 721
 

(1) Not all sole cops tiokn into cons.id, rat ion. 
(2) Not all intercous taken into oonsideration. 
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4.6 Influence of Markets on linterropplq SvStcIns 

In qnC1n0 I, the_, in ItlCnC (t mrkets O11 i nt Orcroppillq i si low. Ex

col t t hsI, ,I I Lit, Ia etI nea r 1I-rbIan ccnt I-I I s LD I I III I rO ads , fa*IeItaIl'-, a I0 

haa i V mInaike t-o1 i Illt ,It te o'C{l ' (I f t I I 1ow I o) p) ()iILDIt I 1'.1

ce.5s). il1ci..' } ro its'e 1)'i Ij IA I v i " t i Lr OIuc ll~LL'L is 11 Il Iv d1.I I 

aIlllL- ,. Tl i r,,i Iii , 'ht I '. to ,1 i ;; l[ a;t Mt1hl t 

l 1.h I Ilt 1 0.. 0 th1.0 11 ; S(I I t I I l !I;l Md]t ' ~ Fll~l< 11lv /III: 1 t lit' 

CaillX1 iiI I v Os Ii II!ian PjL 1iii [I.; t 1tC CC1leIll 1S 11, 

l )Tit I aI tIll i 1I111, ,Ii '1 . "2 ll r lit I lV Vl tD'. l lt l nt1i 1 1 1'i 11. 

c,) I d I! 'llI .: I,;t I -i I wayIh-d L ''wo l Iid pi antA tica w I. iat 
y

/'ll )fI ImL . ; I k- I, 'p i f Ilia r ke I ) ii eu hadi ii . ti / I n th e:'. i 

),1n1 t'iIedSY lli) l is i10Ill Ill i10 - t0 lilii 10lid,z e''l klw 

,fltiu c o ,<; li iy Il!.,ad~ I) , I cIhII ll ilt I r i lI) t~lO ~ n L1-,)i,I. r;' c o 1, 11 IVOUI" 

n~" " I , crlo')pi liq . ITIi: i; t I,, .'1i, il n ; o na, parllt o ; r) I;olt lie, I N i ltll-, I11,I!;n a t ;, ILithk. 11 1;(,11 i11 (10t h I i
sIIt hI ' ii' ,litI. ltIt ' t I I -'I1.151 k",e t li ti lt, Iet li 1 1 !l t ll 1; l 

nl'ut h/( t i"l I I i t I I ); ' I1 I rl l I. -t Ih.1i nI , ill I I , I ll !;, t I . I I

! [t ie r I I Iii I Iit Ia ll ,I t Ii.'Jt 11] '[ pl t an t t l '_!; , 111 t . 1 11 t)(1 l~l p1 ' ol Il IlIr I l Iti f -I\I' ] 1 " I I tI~ l , ( 1.: IIII ., Il i~ tT ti'll! l Ie 

I hllI./olIV :7,1 1) ZL C t I I I I l 't / I I i liii il :I l F

(We IOII I1I L roI CIL f oCtIVlti il P. I I ' l , tIt l Il lt ll' II" I ta I It e It ll-

e"I!; i l ea Mat'aIina are n r l ret ade c Ii a I( 1 11 11 rt. 1/ll Th."1 ut hty 

ern~i'tl~G i lc ',-.a ti~t']no maIl;i( ly re :; cSavanna .trd2 I c r-!> ps.n ',ll-s ,tlie:

artw I 1n,pt o thI rad i li l rppi nq plant I Il rie ! pll Nt( 

,IS Leuro- crops on s a rate f I Liu-. However, wher rice and cotton 
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are traditional crops, they are intrcropped. Sole cronpin of 
these crops is therefore not the result Onof marMket influences. 

the contrary, where marketing 
 hoards pay low prices, farmers J.n
tercrop maize and cotton too. 

4.7 Flexibility of Intercl-oinq Systems 

'I"'le" ih bn;i dif H renee hetween th,- sole cropping systems of
 
maret-orI .tdted holins 
 and che intercropping systems of predo
minaiitIy k;llJi cf e;t--ol-i ltatIt , In [[hold inqn . While thel former is 
a "fitd" -'t which ia; plannod ii advanct and where the crops
 
a' pllntot tl i lt,'v wi Iln , lin 
 period, li at tLer S 1 

I, ":i1)Ic" !;y,;eml. 'TI1 ; lao C1i; t hit t tie t lIw dlo :; na)t know exact 
v wh it 1, i I 1 , 1r; tI II I :ii i I , 1 ,a tht, nd o f-It lit' ;t {[ 0 1 l i I )[11 )" t.1 [) Iliq p),it t 1 11 , rid)t:; )11 Ill ' t I(11 heitb tt e ll 

t1w t ) 11l,{ t I I iii O it t t111 ,1 d t 1 1 ant inj, hI-, 11 ll ttl; tor 
nI ix ;tti i '1 , til0 Il fIt %'Tli nI 1 Lilitt I I I> l II oI, tihe iv i 1 -

I, t 1I t V ' l : 

- [t t hit i i nI:; ' ,lito , i it or i ( rItn 'i t I tIt ' plant 
a il cfor ; ,;i If ahlto, tor :rvlt, (! tolur, (.q. photo-

At 't t; {;e 'tc; t (ir; I Jotli e It; 1 1(;1,h 1 li i n alc o. vpaIn ntit to .i)l 

t h )p!; th hl !,11dh , , l, ot; in 1')uqhi t in t-i adapt1hli't to he re

-i '' il : il Ii I.l l tl,,] 12 oo .i'- 1 Ua. nI ] !1 O l l 11S0,r l n l CIa rlShi.the n u 
b t tl rnI" i oeth 10111, 'l,;t.hi [l iti '' .I '1[ ,I' toilei planting ho-
I I(XI, it 1h10,iltL1 1 ip ,f an i fai ly t1 t he moneys avaoif 
1 l i hi I i apl boa u r. i e n 7e i 

AI 1110tl:,L;, c (11o--,,<,~t L' [t -i1 111 .t ~ 111Ill' I C ro)pI)I) 11( )1 [10-t ITl.
 
' 1 , t t Ct~ll 1 1 ; "fILt':-: 11 t " , wh '11 Ili, .,llw; i t ca{ll] he ;aa t to t c thIl
 

pI otva'IlI]I ll f illl11.I i'.. ind]{ !;oc 71 ,)-tecoloi) ! c( 'oDtld t 1,ills. 'P r: ro )Ili Til 

I) t t r n ; c 'hiinu , fv )m . I.',t , I' r l,I d1 .; 1) t t, , . 1t1 i nd i v i d uIa l h0o 
clint ill, n 1I )7 7, I t, XLIIJ)O]1 ' l 1111i!; iglly1 1h fih l1C~l0l I il] o f So ]Ic 
cl-op!; (VlalIs ) w4i ; pla n ted inr southIl n :Ni (1,ci a ( ilt'O IJOX , 197 9) . 'Ihi s 

ho expl iaI ned hy tht, ono.;.t of t-li, 'a n,ican 
t that vea r which came 
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f • ! , . . . r a r 

too late for the early crops (DIEHL, 1981).
 

Summarizing the socio-economic aspects of intercropping it can be
 

concluded that intercropping systems are well-adapted to the socio

economic situation of smallholdings which account for the majority
 

of farms in the tropics. Intercropping systems give farmers a
 
" greater return to their limited resources (land, labuur, capital), 

they guarantee stable yields and thus stable incomes under uncer

tain climatic'conditions, and they provide households with a secure
 

diversified food supply over a prolonged period. On the whole, in

tercropping systems are consistent with the tieoretical concept of
 

traditional agriculture which assumes that traditional small far

mers have reached an economic equilibrium characterized by alloca

tive efficiency but low productivity (SCHULTZ, 1964). By practising
 

intercropping, farmers allocate their resources in a way which en

ables them to achieve the ,oals of both profit maximization and
 

security. Under the prevailing technolgical, economic and social 

conditions there is little opportunity for small farmers to in

crease/agricultural productivity and income by reallocating their ,
 

resources.
 

Since current'levels of technology in traditional farming hardly
 

permit more productive use of the limited resources available to
 

small farmers, technological change is the major precondition for
 

increased agricultural productivity. However, any changes in agri

cultural practices and inputs must be closely adapted to the re

source constraints and socio-economic situation of the small far

mer. Research and extension efforts to develop and introduce new
 

technologies should therefore aim at improving rather than replac

ing intercropping systems. In particular, technical innovations
 

should not cnly be more profitable but also take into account far

mers' reluctance to accept additional risks.
 

Relationships between input prices and product prices can hardly
 

be expected to change dramatically in favour of small farmers in
 
the foreseeable future. This requires careful examination of the
 

economics of the introduction of new or' improved inputs which make
 

farmers become more dependent on external sources of supply. Even
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though the improvement of intercropping systems is likely to be
 
slow and difficult process, it appears to be a promising approach
 

towaru h o development of sma~lholder agriculture in developing 

countries.
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5. CONCLUSIONS AND RECOMMENDATIONS
 

The review of research results in the previous chapters has re

vea led that there LL; all'read,' a -ensiderable knowledge of intercrop

ping systems, even though research has startu-d only recently on a 

larqer scale. There 're manyrlOsu] s that could already he usL1d in 

exteriion ,roorafues . As int'oI'ropp ins systems obviously have rl-lny 

advantaict foeIo- aiillholdinqs, and as thi ere are os.ih ilit is of1
 

improvint thi t.iditional intercropping systems, rural development
 

roqrammes; iII t Is t -op ics should no tateLto promote in

. , L . -. ree nt te ofot Research nn 1 ntercroppincl 

Even though the report is geographically limited to West Africa, 

it was not possiible to restrict the review to findirtis obtained 

exclusively the re. As will he discus (d h(eow, esee rc1 on int or

c oppi sq in West Africa is Lrestrictel I ( Vela ively few Inst itI

t ion;:. 'Ihtrlo ,c , mrn.. data1 I-Ion Its;as or Ame- I Can11 researchers 

hav't so ht-e L11(' tIdled . However , lsCO the. ha'Isic pri ncipit s of in

torcropp in .ir ve';oly wal Id, tI(' ,iriqin ! the dat a does not 

mat t- . I I I,; on V wht 1>e soci o-eeoI;Ot 1" aspe t;S have bel d iscussed 

that- in ; e.clus;ively from Afl-Wan r-;sa-''h inst itut1 t; 111c 

kec's refrr(d to. 

5. 1. I Summary of Research FindingIs 

The analysis of Lntercr pping in the previous chapters has revealed 

that this cropping system is generally well adapted to the condi

tions of smallholder farming prevailing in the trop.cs. 
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There are only re],l-tivet; few aqgo-ecological zones where inter

cropping is i-,ut uproT)L- I Ie. 'I110 ar firstly t he se-asona I ly
 

flooded owirnds, w",ich are ttr auitLed tor the cu]tivat on of
 
swamp rice, and, .;tecondly, Ii. (;t'mi -)Iaid regions Wit gI-owing
 

periods of I .;: than 1 dvII.
 

Even t huq we I I ad1atad t cand I t, ion Ct I li ted nat nraI resUrces 

and es L 1-1.Ct-.,d c LI!ei - .a- I inptLts , inlterci-roppini systems cannot be 
' ,clalssi fnc as .. !l-at-I.. ...... 'lv." systL s. It rroapp nq sys

tns ci-;? 1 ' lib- i'!iid anreceaaf-l arid stillI their adlv tiiritain 

I evo chrt o iith {o)lcrIr mer-cial)v tar;LiraLa 1l ,r; iv<ni ri t' iidit jia; 


i Ii l U ; . h I :1 I;' ajI tea!a that ea toieaana inlcr I 'cIboir pio
o


ductivit, th . 1, i -itl.ia , I'r naot lliT)r'ded I),-inte rcrt pp inq. 

In , 1;a At i C xailp Iae, I a L1,') I L'a d1I;lht Iri :La an even('1 LCactorFs aI-0 

i, iLn lv i - 1 1 lds 1)1'(rlc'fl oIl. Pii L mII(, We (ditIaaId hll-V('st lll 

ar at ; I! chi; hI'. a, l ,v'n sawilq Lnd weeding, the other la

hXon1UI!10 Lt ln(.k S , cc(UId oeasily b( iiichani Z(d in intercropping sys-

Lenia;. Appro)p -i.ile ilrm ilae'ntl(lt]lS fur Lhese operations have -ilrea

dy ,i-c n d - lo -d. 

Advantaqes Of cnamo[ pina ys ins 

There irke many advanta tes of intercroppinj for amalI hold inira and 

t his iL ohv La0 y I reason why farl't rs have not abandoned their 

tracit inaI systems in spite of the efforts of extension services 

to introducc soh(. cr-oppin(i. 

The main advantale S of intercroppinq can be summari;'ed as follows: 

- hetter use ofi liitd re;;unce. (HIqht, water, nirtlients) 

resInlt in; iln hiThi'I .ia,ds per uni t area and uni.t of time. 

- increased ,i(,il stih li ty ald re-dnced proablitty of incomes 

falling below the subsisterr:ee level; 

- reduced crop Io;.ses due to weeds, pe.l. and diseases; 

- contrihuLLon towards soil fertiii tv waintenance th1rrioqh
 

reduced erosion and nutrien t leachimi;
 

- more balanced ditsrib,ition of labour requirements throughout 

the season, as !aicur peak-; for land preparation and weeding 

are reduced. 
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H!ihJ h. YL1ields _J _ iClit <Irea: Irntercroppi-nq system-, produce
 
hth, or yie1Ldsper 1 nit aItCa compa red to soloe croro, (xpressed in
 

torilll.; cf lI ) Yield earai rntaqesanjo Irolil 20 o 1)0 ., dupen
dii ln on t h-' Cjcpnl Soc;la] ic-ecoI colIC' md.
1111cyteslld :onets 


(It to_1 ic ' ilie0 i 1 I lil2'i h cw ,'OI t 1!i t i,1 :XiIlkl/ 1,1'2s! LII'L, oftel
 

oli t iin d I',l l 1 - I'op It 1 t): h lt do 1.et cm i i 11*11('lllI; i'e

i 1!',I(it si[ lo I)TI C i:I do 1uct 0<'!mpi't 1' f'lI r 2N.iLt tile came ok'era 11
 

,Io wthP 1wt -,I ; 'iliJ thlt 11n 'i 1' pe'v 1111)0 it:Iti101 IS the C' oe-0 1OWer
 

t 1,ii LIP I, I ''1111 t ITl. I I SUCCtC.1' ' U'1l LIltt'I plI) lq 01st :I0.;
 

.10 1II I u I ;. ' I i t oll1) 1'iIlL' e aI-;iIn(I the spat tial and
 
t t'.1111mr,] 1dt1 I t ' l''; tt 4 'I t 1wt }tlII[ c'l~L-op)[s. Plu s le'aL.; to
 

a_ more _) f L en ___tc _c01 SJLWt';I'tlr<-,1 5' , w<ateL' andsu 1 ILht 

filt i l'iCt- , wh ich ;pI ecia 1il1 S1 C)if; oI t I . _iiII.c UL11 t (JflS o f low in

lt,'0nit l001 I I I I I V Iest, I cL',d Ival labi I iLyI'I -l of c iri'iIerc ial
 
[I I IU t ll i~ l: I I i ::tI ) .
11, 1 11 [to r-t 

l '),-,i iiri I h_i 0 I Ih tet I- 1 'lictcd s u'ccs s ItI Iv us inq et itherI 

app'op I-to, Is (:'iic C''ta in VaIl-('it'' coInhjnatlolons andt spatial 

all-I ticlj . Ii i interc iopp inq sCisterms i cicll t I' opitI iIl Itilit TlCi00.;1 

lo("I i I rea in ': (tAI) tIstt - tIl haastr so oin ciL 1s , h1v,' a 1hi(lht, r I ilt: 

iltC'rI clpt ion , mak' l,,u o ' f I c htnt :;') - I IIit dtLit) to I lii'jeir 

pl o olct i I;;urfi ' u (tI r tl ,01 nrI Il'I !1 ClI VtI'S , SL'V('I'II !; Otit" 'S, 

U't . 1 , C I lit- I I .' h 1 ilit t I0 ai I n t Ii" I atlsI I t I i d till iiqh 

tle aIOL Cii tt_ 1i o ill',' a nd lIlIt, rilttu 'iI l 'I.op '. 

11t 0erCop l i ' I h 'WitL 'u:;( i IC (WUI:)C lI ';A tter - .f 'ney thIan sC10 CI'ops. 

TI .," Is of : LpC'I I Iiipot.-inc' foa r ll ! Ifi-ari cl Lropics, where wa

ter ieII II 1ma I I im (ti lIact C I . ( In1 It01.,0)1 1- th,_, i ncro a!;' ' WlLth-

iS tile wI r,d rI't( k-',I iCt c t C 1 low- 'Iov'' I' I cl i)I):l il-l'' I'llt o pIll t('d 
w ithI t a II- : <,. L oiT(?.<{ lti I( to l uc (,d I'/lJlI n ; 1)ll l i oI IT. Ad); :: 

jusLinq 1 , 1 aint pljL)U I at I ionlS t o t i I I., I Il,, h ' ;o1 I 1 loiSt uI,,, I .1'. <I 

low lOpul'it i120 It tile' 'n ,t of tI Ii' i Ill, 10'1111h 1pt],l0 i I I t I 
h ull11i'd pht ) C)llf! t 1'. !3 ]t( ;,_,n] all,,! ,1.1_l In a 1 !1v;', p l l til 11 tm " ,I! t. 11,' 1''i 
( l l i l c1 ) S111t I ' I l ' 'f ,- 1! t h I .I1 1 1 m I' t'II S (o n , 1 a i !i ; 1 11 'I;o h i r- II ' 1 t 'lal 

of using t~h. aviilail ' soil I lli itLI( 111rC0 C'ffiCi'InLI\, by intotrcrop
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Under conditions of low soil fertility Ilimited supply of nu
trients) intercropping - due to high root densities and differing 
root patterns - leads to a better extraction of nutrients. Compo
nent crops with differing growth patterns do not have their peak 
requirements at the same time, thus reducing competition and en
abling the subsequent delivery of mobile nutrients. Crops may also
 
benefit from the better disintegration abilities of the associated
 
crops for some nutrients, especially phosphorus.
 

Increased Yield stability: The increased yield stability of in
tercropping systems is obviously of more importance to smallhol

\, 	 ders than absolute yields. Especially in areas with uncertain rain
fall, such as tihic.--Southern Guinea Savanna, but also in the North
ern Guinea and the Sudan savannas, yields of sole crops vary con
siderably from one year to another and certain crops may fail com
pletely in some years.
 

Thereforc, intercropping combined with staggered planting can be
 
looked upon as a farmers' strategy to increase yield stability4-j
 
The probability of incomes falling below the subsistence level is
 
significantly lower in intercropping- than in sole cropping sys

tems.
 

The improved yield stability in intercropping systems'-originates 
frcm'a distribution of maximum demands for growth factors over a 
prolonged period and from a compensation effect. For example, if 
one crop fails because of drought or pest outbreaks, the associated 
crop, being at another growth stage and/or more resistant to the 
pest, will suffer less andbecause of reduced competition, will be 
able to compensate the loss of the susceptible crop later,on, at 
lcaA,partially. 

The reduction of pyeld losses caused by 2estsL diseases and weeds
 
contributes further to yield stability. In many intercropping syS
tems the association of susceptible and resistant crops or varie
ties can 
prevent or at least postpone the ,outbreak of 2etso
 
diseases.
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It is assumed that thu "associated" resistance of i ntercloppirnq
 
systems was a solection criterion of tra icional croppigiq 
 svs-ems. 
introduction of now crops into, troditional systle s, for ,.x mp'e 

the replacement of sor'Ilitim bi lito, eon CeversC thC si tuation a'Id 
cauIse inc7roased pest ond di seoase insiC ne. fTe redctios of yield 
Iosses t.1ouqh i t oe tcO)i Cnon1cnnot , of course, be comtnared to the 
eff mrto- Ibtiinid t! the us0L C) io,:; t i c ides. A!, Il vat:ifi l'easons 

,II ,,! I it ii ,lt ppi i,.cltien 'stiitLi deS i; dif f icUlt to Lj'hiCve, 

in siL 1 lC) I de ood l-oduct ion, advanto- should aIt ,ast be taken 

of the Iotont io( pest; I1 of ';i Cl Cent Io. 

As to we,_ds, , is no doutt lhot appropriatc crop associations 

can coll tpeto this L ma in I y to earl y iround ' t to so to (ops , ue an 

cov I T '.;i Z' oft I IIttio importnce in o I1o diLr f,1r1i ng, sinceost S1 t 

weed i rv - espe iii. t" in the, humid t lp icLs - is the maKjor laboUr 

botrl estliIctUltL, inlo the si:'' of hold[mIs. Although in crop 

as s o iat ioins tli y10 Ido of the ,onat ed crops are sometimes con

Si.e ro rtdUneed, rhtty still vi0ld Il lere thall if weeds were to 

(0 i ') Ti t t1 i I a9 c . 

So I ort. i lit,%, maitntenalce: In to r:r-ppi n centr i butes to soil fer

ti lity mA innt-nInee tereby furlthr iincrCLIsin4 v i(Id stability). 
TheW c V raIoniu 00d t achieoVd b' intel cronp[)ino(j )rLotects the soil 

1Itl 7)tp LItt to. s o li [ng and runf-rnor t i t Of - ald ov(,rheato i Sutrlao 

Of-- I-ositLtin;t ill Shl 0 r O nioll nIl-d isreisedt watl-e r(tuclition all 

L' rldeoUCd si;ni f csntI' Lv Lipprhprihst crop as.ociaLtions. NLItl-ient 

lootsh, rol l i Oilli h mi di i to can ti islitd itlnt_. Ier t ilt species 

with (cel) rp i i 100t st.ems (stth oc pL11on pea or trees). 

Thos, specieto cin at so "pump up" nitrients fircm beyond the root 

s/steltts of a crops, taokinq thm ava i lable alain aftertt( 2 ;ociated 

the decomposition f I I,, leaves or plunings. Plantert fallows, 

(e.o. of pigeon poa) establ ished as relay crops, con protect the 

soil after tit he vst of the tilli c-ofons) anld restore soil C rti

lity 	 in Li shorter period of tile tuhan the traditional butsh fal low. 
.*t,_itiil-_Ill 1ows- titch ai al Iy crnpilnt wit lu-teaeni other 

i n)I- I o- shlltbS ii to'' Itst )1 ' 'ottstlidtelod itt this 

21t6 1. :- . 
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The advantages of i ntercropping in smalhoider agriculture are not 
restricted mrerely 
to plant prodsction. Farmers prefer intercropping 
mainly because it is well adatpted to the socio-econLnmic conditions 
of smalclhdings. 

1iliehrr-eturns to land and laa : intercropping is an intensifi
cation stratgy used by ta-i:-.rs to incorase the production Vrom a 
Iimitedi amount of land. Farm siZsOS in traditiolnalq IgrniclI-ure are
 
Iimi ted (1-2 ha) either because of land shortage or, as in most
 
cases in W2st lAfrie2sLl, becau;e a, (s;ea.;sonal ) l Sbonr
shortage. 

While" lahour - ements per unit area 1re hiih1 r in intorcrops 
CORI)a rod to o-Ie CrpS , regu i rmoIntWIlts Ipel )-rIUct u it, ind! oven
tual Iy for the entire holdilng, 
 are1 lOWe)V swillI to eh('incroased
 
en'Odtset ionl. t returns 
 to land and to labour ire consequently 

hiher.
 

As interviews with farmers showed , the 1ahour saving aspect is
 
theiL: Ir-incifp1O reason for )raectisil in torcroppi rig.
 

i)ist-r th -ol oflabour egu-l'l.I orrent1s: Intt'rcropI.Lno, iin addition,
 
leds(.; to aL >t0r di-;-il.rbuttori of !labour-, i. e. labour poaks, Main
1y for Ini l)rept.i-rat.lrn and weed iring, are less likely to occur than
 
In ole crops. Th i s rcu; 
 fart1 i , ly from eLduc(d labour roqulro
r. s [hot a I ;o f rons spiCadLtri itilie i r emont; throlgh stagr-ed 

ncoms r Ai Iit' In ;ral Ihold trios, producirrg primari ly to meet 
ech st needs-Ii22d and sO iI I ig onl I '.' Stirpl.U(S, income stability is 
closel rclatedtrCi cld stabilit,. As point,d out above, the in
creatlsed Viola St il iL., of int rel-rops reduced the probability of 
cieolst Illinro he or- t i ns I ;t'nclc v l1 . 

h i V01%r si Ited 1os6 _upstl': Ane tler jdvantale of intercropping is the 
cOnt imloul; arid di vers if lOd foo is tire s fam i ly. This!ulvI , to farmer' 
is spec i-i lII, ,ipronounced i n t Ihehumid t ropics , w..,here high ly diver
si tier) comu1r id farir; exist l)redirc in staple food, vegetables, spi
ces and frsuits throuolrout tiltyear. 
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The above summary shows that there are many advantages of inter

cropping in tropical smallholder agricul ture. Therefore, as stated 

by NORMAN, farmers are acting hi an ob);olutelv raitiuna I way when continuing 

their traditional inte r croppinq 5,st'TIo. 

Possibilities of improving traditional intercroina systems 

When discuIssing the advantaCes of (traditional) intercroppinq sys

tems, the impression might be gained Lhat these systems are al ready 

luite perfcc t. and do not need any further improvements. This, of 

course, is not currect since the productivity of traditional crop

ping systems is low. Yields are ;table h t on a low level. To 

met. the iicreatsin: id.cmand for food o)f a rapidly irowinT population, 

the prod,cotivit of t radit.ional crootping sy;tems best increasedhe 

sign:I icint ly, ut: t h,.ir advantaLecc , especially the stabi lity, 

shol d pIte tlc Ihlaily 1 ntailned. 

nd1
Chaptcl2 rs I cit, a nrior of possibilities of increasing 

Ihe product ivittv 1nt crc-oenn systems, snch as: 

- opt imi: od spatial and t elporI arrangements
 

- optimal crop c-mhinations
 

sp;cf ic1breed ng and SCleo tion icr intOecropping systems 
-fortl i I cer applicat ion 

mochan izat ion 

integ altion of trees, systema t ic fallows 

continuous qrourcd cover as a protection against soil erosion 

crop combinations with a greater potential to reduce pests, 

citseasos, and weeds. 

In addit:ion to thes, measures specific to intercropping systems, 

of coI.!;e, aI1I the other mliethods generally enmployed in smallholder 

cagrlcultUrC fat maintaininq soil fertility a,:d increasing food 

production sholildII]a-o he used. 

a-a t i a I adItILI t emtr a ranemen cs: To meake full. advantage of the 

poteintial of intercroppi ng systems, the spatial and temporal 

arrangements of the component crops have to be optimized. This 

implies an inccease of tie pltnt populations, which , however, resutlts 
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in an accelerated depletion of nutrients and thus the need of
 
fertilization. Thu optimal crop arrangements are 
very n itLo speci
fic and have to be adapted to ohantots in Sois and climate. 

Crop combinations: 11 1%any cases iL is possible to increase the 

I)roductlviLy of tradit ional intercropitg syst ems by introducinq 
another comp)onent ctop or- variot is diiffor[nj Ln morpholoqy, ma

tu tity p) iod, rot, sil;tance, etc. 

_roodklpt dt sol c-t ion t-t into rcroppinsl svstc ms: The improved
 
VIr''I ip' ] illtile past were !;0lected tor solo crop con
d(t tL()tt ILAS; I1111t)ti ()It that t hL'se imIIIproved varieties would be
'I'lt 


up lt al 1 crotpitnt systtms ,;as not correct. [or the intensi

l j t I' 0.1 [ilntit 
S
':'stOoS t o o , Variot iCs At Io

qu/lil,ai t Irt 1 1 sap ted to() specific crop combinations pl-1i1i1
tt I, Iv.ll )'t t, pl jilt >trtorthoI t' , plant dettio ty, responsiveness, 

am!n vi. artoll!;,t y'l-h ''i] i i[t 5(l Ith. 

!-;' " tIllo inltO* to po t :;,o :s , it 10 Of utlott t inltor

alnce ticlt t th to,l'Ct iOtt i5 ct-ti,,d cUlt at I t rt i1 ity level re

lo-efti a l .',of ttritors' f ields. Thi; is norIal 1, tttuch below the 
to t tt it v I vol of- x k timenta]I att I f i, tds. 

t",rt i.IIc r!;: 'Tho appi lcst,)n of miieral fortil Vetrs is a relative

t'; w'a to iitros so I)r'odtct ion. As nLntioied above, incercrop
pilo dto,t; not proseict an ol1stac!k1 to fortti zer appl ication. Owing 
to) chantoc; ill qro)wth patternis caused by. i tt-t ropecific cotpetit ion, 

f i--i I Zor o ilroilentS Of olltpOent ctopstt dif for ftrom those of 

t!l,, olI- tecottstotri(ttins hartidly ox it; t it to date are'poci-ic 

cOtto--e{ttItt l'. tgc iro.d tor tile Vs ti tto crOp associations. 

Titeva lab I s rl rc elts Ot not r'tvea Iany dit forence; in 
the forti II;'r toe of ficioncy betweel ifntolrcro)s and sol(' crops. 
Losses of fort i1 i;ctrs due, to leaching, run-off or sheet erosion 

con,Ihowever, be reduced by ilL or toli ii. 

Economic evaluations of fort i I i:sr use in int(orcrops, expressed in 

value:cost ratios, show that farmers are generally better off when 

applying fertil izer to intercrops than to sole crops. 
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Mechanization. .,The low labour productivity in traditional farming
 

is an obst, le to increased food producti:)n. Therefore, at least 
seed-bed,-preparation and weeding should be mechanized.' In this 

respect, intercroppino'is not an obstacle as mentioned at the be
9inning of this paragraph , provided the crops are planted in rows.
 

Integration of trees, systematic fallows: Another possibilityPof
 
intensifyinq traditional intercropping systems is the integration
 

*of (fruit bearing) rees. This contributes to soil fertility main

tenance as well as to the stabilization of incomes.
 

In this context, "alley-cropping" should be mentioned, although,
 

strictly speaking, this is not intercropping, but an attempt to
 
systematize the bush fallow. For this purpose4, hedges of legumi

nous shrubs (e.g. LeucaenasL2.) are planted in the fields at regu
lar intervals (2-6 m). They are pruned during the growing season
 

to reduce competition to growth factors with the interplanted food
 

crops and to provide nitrogen-rich mulches. The fast regrowth of
 
0D the hedges after the harvest of the food crops provides an effi

cient bush fallow that can be cleared easily for a new cropping
 

period.
 

Continuous ground cover against soil erosion: When intensifying%
 

intercropping systms,.major emphasis is placed on sustained and
 
not on maximum yields. This presupposes maintenance of soil ferti
lity. As mentioned above, intercrops contribute directly to this
 

by providing an early ground cover. Increasing the proportion of
 
'iegumes and using fast growing species o,Ikwgrowing component
 

crops can still improve the impact on soil fertility maintenance.
 

Biological pest control: To improve intercropping systems not
 

only a higher productivity but also a reduction of crop losses
 
due to pests, diseases, and weeds must be aimed at. Higher plant
 

S 	 populations and an early ground cover contribute directly to weed
 
control. The reduction of pests and diseases, however, depends
 

much more on the species and varieties in the associations, crop
 
ratios, relative planting time and also on the agro-ecologic i
 
zone. Not enough is known yet to make full use of the potential of
 

intercrops in this respect. But there is no doubt that the reduc
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tion of yield I os.oes wilt be .' Iy stmal and not, coparab le to 

those achieved by moans of chemical crop protectioll. 

In li e el thio,_, lirit t ioll:;, thn potent ial ot intercrops for
 

11( ',,'i(Id I 1W':; ttl l.t rita I
d d 1u; 0111' o tli mha int advan
at,':: o; Llwsn (-'l('ppit 1li ':;ti:;; in (I}.I t ic . l 'Ir, bi caus. Chettli 'a 

i tIr' ) It , II ca I aII It na t i ev in ama I I l (. Idc' food produc

t I (n. 

StfImi.r I j i iir Itt' he lad'I:tA'jes; ol intercrOpp inl and the possibil iti s 

ot i it t!; i fi cl. onL it calt; sa i ( tha t t hese crOppillI Systems are 
.,1 I ,diptel o tLhe "ecot tII I and soc o-ocOllortlic condlit ion; of 

t ('Il it-I 
,I' II I t thaihrl they can be intensi f i ed to meet the 

i tll.' l i III it.11itnd -tl food . 

t.t'; rc on titrci- inp i n West Africa 

It;:''
I r on; CVicLapt :; 1have out Ilned thO importance of intercrop
pintlq 1t" te{l pl'ctictliol in WI-t Afrlt.ca as well as the a(tnmi', 

1(,1 itt.: ;ocil-oculJ mittC adva1nta'jo f thin. cr'ppi.c ;y!;t 

lit ,-,Ii ; It toitl-t [11 O1t c-ontrast ,,i import ance, ata trlih 

it!I I t' '- )1 lietl in ',I 'lI- tI tii . I 'i1.,11t1iih and ' x I t.I1 l ic 

mIdk' rI ;t i I c.)tlI n; d tt t ptroblI nt'11 verco't thin i ': h e O e 

,.i 1 , l I [),,I i i 1It l t I I I i .'I u tL t i "..;itt tI I,'t1et' ta ,' 

e';. fll' I I ri lrlv every W"';tA ; i r aicn ,'ii lt : ' lel 'lla pe I icy i:; 
t t'-it:n ')od prodtlCt lon- .'* l tl: l'.' onl the hasi;; s oft It c ree

tit , :I i I tI'1h itlh hih y'I IIditti ','aIrit i !L; and (- )tItIe Iri. l inputs 

.;ih t ti IS, p'.i ijCi and llttchani .it 1Oll. I nicroasint'I 
it1111 * I; -;: l tU fatil Itt ' meclhaniz"Ia ton and ensur'. a hi'jl"r 

I'l-t-i'ilcy: olf ilplt! . 

General IyI;j;ln'ki lat, however., t his poI icy 1ha:; alhioved only poer 

renls ItIl s. A I a f: of u'c --- f rill ie In ylltl t a7d -ap it! toiv I at t n ( wthi 
h lve Itd to dee'l'taLsin I fIaIrm ; i-es i n man' retIono. P'iice i nci oases 

'l- itlpolrted I opolLto htave mtade them sea ulCO and often npre fitalb1 e 
for food loct(h)lIi ol . IerFoer sta l faIImer t h1101tC r conotietlelt I %' 

hardlv any a Iternat iven ',o thei r t rid it iona I cropping systems. 
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This makes many research workers rather dubious about continuing 

work on sole croppinil, hecause the resSults aire irrelCevant to the 

majority o farmer;. 

As i .iscusocd in Chltpter 3 hoWOC 1r, rsea i-rch o intcrcrop7 i sq 

tht' I I tOL-1at1,i - is 1uch IsMo- co l I otI a 11d di f fics I t I all
 

vo,:;,arch on ;otI Totip isq. C'h is/is c'-ps is mle Liv moretcriop 


addinq lnothr clup tpeCis!; )iIt 1:,toldul.W -s a curl I eli Iy lW (illill

;I o l. h'll i;I Oe I '5)V ue M,11 Wh-%s.h w,rkts1:tli'I.' ts Il' Iht'''1;rIl 


hIIlVt :;0 t',it t f, lu'i~t l n<I t~h lI t t cit i (m. to i litle 1*' o{ p[ill'.
 

hNo ;t l', t , I [it I 1 35Ll1,7 I , AI 1111 ;ll PS I tlCI , 111 17A F.1
 

Ci I l. 1',i I F, A 1 C! P ' !1 t . i ; t t l i,s i ! ]! -1- nst-,ls I I onaI 

l11, tt IIAI I '-'!I U-)I l Illl , It l ' .1 ;;;cll'; 1 I TT:. I p,II ;AT. h'ho 

lIu s sOt a 1 0 - ' Ir dli 1t5 hinAl P I m,; ' ii 7tII.;, I ID 1.1 ,tit hand,,1 W 


L101--; :)O t ctl]]OW l }<, _h to !tW lt:[lt l ' 'd .IIL', IlI- 1'1' tO d' l _ll lictd i
 

asi.[3-ctl';;, DsPl sec-'I<;.it at-s: .1 I f~l,iI 71 .;ys't -in; ,alppt.. -h 11 is re earch. 

'Tl re 0 iuitiL' 1 I jr:f -opIi-u 1 -if1I1is feti'tl1 (le ,, I i-ancophose 

count-i is; ,1 e; ald ; 1r-, 5s1-I l; , l Ilt - - [n ll 1 Frtncuphone re. l 

,1-rchleir. ; hlVt col in,,t tlWse: ' 1 ,'- tu ,1 Iescr ipt!on of traditional
 
c epi.LnZ sy:;te',; i ;I:.' It1 IiVect IIy to
ttti wor]7 diusI- r1lated in

torct7 )ppin
1

. Iilt ti ;Ithlt 1 1721 5 w clni(l ; nq . 

N i (; rt 1 a i : h il'%;'; A! t-<il _' l r wherl- intereroppingj re

.,-; clWiV hal:; '1:1llhuij li l I ;-;pou-tdirii-.-. .11l1 t ' . 1 n1tltlieir of res(archers
 
tt NIq'I i1n11 1llivOIrSit ie!; and sat iusn1l, it stittt, al' workinl on
 

i1.t-'rciI)[}jli'i . Iht!it;t~iindiii in thi :-; ;resptct 1is th' Institut-, uf 

Aqricult-ui sta i I tl.-,s;;archl cit ttrijhll , /ai is, '.lh i' rese2arch hald aleaty 

isft)d 1tio' la-t' 19}00s and wiWI-, the soc io-.,ssll i r aspects of 
ir tsic l-<p1 ; f'IJ acet 711 50 nvesu ijat t. 

The- atticheid !ist P ; {, App. Ial-i' A 1 .} which (!{i},s not ( li to 1)he 

CI-41I)LtL , . le n'Jiises, in i j w iiliportant w rk (l;i-s tif i s ,'lecre 

int(,er-ro[p1iq ,- bc-les or i I s;I i II 1 i done. hlt'i-e ri-se rc h wIis 

mainly conilic ted by a si1 ile t7telt, t1111 11,111WOf- t!1' ri'searchei

and the ;uhbject of 17i1 work a-, also indicated. 
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So far, research on intercroppin has produced practical results 
in only a few cases. 'his is m in lv for two reasons. Frstlv,, re

sclarch on inftercropp mg i I, r di I J -It thin l- oti on sole
 

crops s ince more factorL; IIti 
 IIv() I vted. I hi ii-;irel; the deve lop-

Iles t 0I 0a 5 Wll ttiodo t fill't ,1inI w i o, n tL I dohI it lo 'tt 1 (11t;. 

I,ack Of yotei titl ; -)Ih101 ttit v' ;()tlo; why I ;ll t1 :
 

t)i)t,li, ll'd I t, I titht- 0t ',11IIO{ 11' t n lir(d di f-
I I 1 !j ol;uI P 1i t t to 


I-ek'lt eIvi i t illS. 1 w1 )1 
 )t' t Ol ,p,!! tion1 :pI'il htIlts4 hav'.e 

i,'l!(*' 1,1n1,I to the Ilnlitt 1on ot tiddit on ] cr101p)lis t ,ei-ns.t 1. 

I1 t i ll otnct of -,:perLIC -t, ds it t- i dls w ' of tell1lCtgVt(dtJ nto 


Atit r iimply, i d otl IPi
:; o I yt to s ci i M i nd or- popl I ati on don

;lit I( !;. 

TIii ()thwr ltas;on tor the slow ,dvatice i. n terlcroppitl"i teo.ccirlli
 

i11 t i- !;I cUI trL II
iCttltr r,;FicIt Ldra 1 U ii -St SO I .I n illis C I SLS, 

r; 1arch1 )n i litoreoplng iqS cartI i ed oct ho ri;o IL' FIi; Who te 

nl !ub 


the i r re L;i vt org(Ia I,.na fI1011 . tihI,, t- on I-. IiL -sc a (Coe O-1
 

i : tt es td i. Iw jI)ec, ut ale ion ol I y I imit t e. suppol t ho 

Ill(mi0'1111t Ioi b' 1weeri of: s e a r c tt wrs k i fliq Oil iL I Ited s l[ij'Cts in
 

ll i 1 h(lir i ; coitl tLri i o 1t 'VO1 -e' it ii L ;ii MC1 Co ttIt t F'y.
111, 0i 1)l 

In 1idI jt111 , Mlcst r sgL r,- v.)rlkers have Ii ntitecd Ic Cs: to proff 

slonlc I joutnrlI s. As r seo in or, intercro 1il ; r lat ivo y 11ew,1(1Fl 

It s:; t''iiitic eXChion(10 Of ideas and information woul I no necessor',Y 

to increa;se tile - ffitcioncy of the work. WithL e(I're d to the illitOli

tance of ]nt ,,rcrcppini for food product ion iin t'ost Africd, l11eth(1d.; 

n,,ed to he d,,voloped to improve the I low of in folT-plt ifil and to 

facti i tit ' co:mllnJccit ion between researchers. Thlc proposed fainminq 

syste1lis r'es;t"IrCii n,.,twork coulId be iseftil ill tiii s rtspect. 

D);pi ti th li Ii icul ti 's described above, consi.,te rable knowledge 

on i s-te rCropp i 11; a1 rtado been accumuIlated . The exist ing know:I 

ledqe wotild ,it I -,ct ilSow ; ioIOftllaIt1C i(! t C -OrlUIl Ce )tl 

liisayA I ot-t,'iL ::i 1 o fFOt-0t I.Oniei; I-li) tpel L ntat iolt.nfll I'dt-:L!t;ioil
 

ltrvy c i ,;l -t', h,owe't rT, 5Olll(0 L 
 1es re l1o .Lant to dept tfow l ro; ilcII 

and in lin' case; they aru not show ingi any inteest cL all in pro

pagatiflg iritcl-croppi11. 
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5.2 Recommendations for Aqr icultu1n Ra and Ex ton.sionIe;earch 

Analys;-s for t-rad i tJoeni crijip inj ayetqn;; and field trials have 

r''Ve'd led the' tIdVancaqeS of !te[oLtI' -l plni tropical nIll hdor 

,1I Jc .t 'I ' -ItS1i t k. i t n Cc;;try to rea;;n sS the,L LIat ivo 

limtl ortaiice iltre-crop)ill I II t lral anda! i a(IiCl 111':t2extension. 

t'his; tio',s; [ot. So; cmcern i nat.tonl1 pol icy makers but atl;o Inter

i, t ionaI thvetI oupiil ,n Jq(,lc iots I olvI in I ra a andved at;r il L lt-Se et1 

Iiia I eo'. 1opll -Il . 

' h wijent ty i1t,dei L(c'r'aSt ;II fI()(l(! pedu tion can hiidI '.e' IA 

aehivid ;o CI '.1' by pI-ovidinj ImeOL.; (maillyv coille ] inplit !;) tol-re 


III: 101- ity Os LriiierS t hin iiItn ty )r ion.) enab1in to-o i thi- tit 

lobl cIm l l s;olved II I I I lolls;() Is;nstTh, I ood w be on tie ri I h(i

.ict'; i.;1 I 'C1d;k thl ir production. The ' ic' I- eilk, tl!.t IIle; 

hown tthatl t ill.;cannot be Achjived by intraduscin, cmplot. -, ri,' w 

crpplnj ;y ;tein;. Th.erefore, a ine 0o 'a(l i;t ! s;esV;LplI'misL; i'' 

t0 b Ih stte w i :;t' iti:ssrovoinnt of tradit iona| cirou p i1;11,1 teis: 

Tl'i ; lpIrloach is;, of course, much moret2 difficult than s t10 ,I I'I)-

Mont, of ";oUle cr11)) entLerprises. 

WItla i s needed is an int-rdisciplinary approach compr i s n in cr Ioy' 
,IIol r.l and k-conoanics , i.c., a farmi ng systems apl)proach . oI I 

Fr illiq systenms resear ch I ] i I s W ie'11 i s;S ts lS I po;.; lt Im1ak [ e)1 

the dtvo I opnmel t of ext'ens ion packaes; acceptalAe to0 ftaners . A 

ta-t ii this; directiOn ha been under; iken b iteiliternat. i(na I 

restearch In;ti tut:tion; in West Africa, i.e. by I I';'A and IC':ISA'T. 

a it,;Irchtatioliat Inst:it t es wi It prc)at;] y) t11ow: in the near fU

ntlr'
ttLs . ilnj A I'L Ct'lt iol aLn i!;lt iil: , the( Crops! I ts;; lir';I Wli titt 
Of tGhan a, to1 -'-im I , fl1 (-c t ed 1a [t il iq sy'st ol se; ,[ I t montL 

conipr i; insiaiJolisOlls , so I oc i'(-e, agro-moteoroioqy aid (cOn(cll'ic;. 

Th;is department is in c o se c onltact wit ti t lie ex tes ion so rv ici,, 
as this is t te ont y way to ensure a continuous fced-back and re

orientation of research progra;nmes. 
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When discussing the improvement of intercropping systems, it 
Must always be kept in mind that intercroppin is only one element 
of improved smallholder farminq systemS, even though an essential 
one.
 

5.2.1 
 Research Priorities
 

Research -n intercroppinq, if it is to serve the small farmer
 
h11:i to he orilanized alonj lines different 
 from the approach used
 
in t .- past. Besides investiga ting 
has ic quest ions I ike competition
f7,*r growth factors, more importance must be at t achted to adapt ive
 
r,,suat .
 Prom i i; cropping systIIos hcVeO to be adaCted to the
 
pec fir a ;ro-cco looic-s 
 I:ones and economic and soc o-culturaL 

.conditions. Thlis c not ht, done entirely on stit i ions, but requires
 
o1n-Jt arm e.pe'r imc vt n. ', 
 f i, sheud parti[ipate activs ly 

it-,tar.,,f 0+ -rt i1me O nyp1ainn in Onnlooncn! contact
 
wtti tn i'r 
 %..,ill taulwi tit ti- methodts developed are, accop
ted by th mi. -rit, of+ lmcrs 
 in th1 "lid. On-farm ':<petimt'itat i n 
pal;; thi,) Th iten pha ;s l; with ,,nt irnicl ani inq pa ticipat ion
 
Of th ei 
 lie'K tI'0il ,<-i-s het il a -S t,: r 


t Ii- l ',tiii~lt-

_o dar_ h t i . , tthiroigh

t-' 'Hm r t es' * tedO, In ladriE! ma(iia t--ariie|- cx-

Cut - I I1 1!1l -t rll! ', tI i tt must !- impl (i ]n b, mllhil - than 
-;t at ioll -o- i ' :l t ; Ii .. I t 11 1 'tedssd iituis U I t tat a tlien t !s and
 
repI i ("t I"I!:; to n1d,11 
 the f I;li, r I l "I i I 'e di f frence-s btweon 
t in-ct t.i I:i,, I i-'.ina d. t i, Iloa Ii ld -- a of f eId s: e, 

o(ilI thiil; wil I fo-cs the, lah, 'l"f t-) take, i al decl ois as I-(,-
It }1' t I ll j ald t I _%' of i 711iit l (ila I -. i r)i I I I V . .1e-ot lols 

o f ()I il - i ': i : e r rit lI tt i o h e -l(), e 11 i I ope, iaIready n W, tM 
Afrisa, : i ila, b v [CR f SAT and SAF2'PAD (Som it-id iFood ;ra ins 
ROensotrc I lle:( orme Prittaci1ne-1 Iot (Yt . Niat ional. researcll :'rorl mos 
should tak- ,It-ott t t, o of this. 

1Isides adpt in cropptO) i latetr-ni; to te-j iotal conditiolts, con
t inted reli-,arch is n-censoar- ,in a number of basic issues that have 
not been completely answered to date, as pointed out in L- pre
cd tn;; chapters. In the following, fit e field-,; will be outlined 
where further researc: is reqarded an most necessary. 
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( ) thodul uf n j r i l1en tatAiou_o!J Inte rc raji, 

As inentionod in Cmiaptto ., ic s oh on intercroppiq wva; hardly 

Carlriod ao t ;s*,' .t.orl Ica I I y i 11 l [ 5,t ; i mo. cas's It .as a 

attemlpt .,' t I t dc1-1;t andi 11 Iti ctu ,j I VIr it-.I , u 1 ol t lad ol) I o 

:11 , ,isi Itc ill t'I-(,Io Ilt ll'; p tt I''I to, 11 ,, yl. lds ; i t I d s, 


, dqI i , rt:p,,rni I IiI c!emon I in ,l c I I t ;u I.d 1. L1 i lck' ii I'I I ellt *
 

r il 'XpvI itmoi t1It n 11,10 t ' ri:s, ' dIi" ical i 1( i w'l onet 1 I': tc o 

rl] conCcil-LOIIS I1C[)III mOSL cat a t)btained s;o diahL I tl-sll:;Ier of 

ro LIuI to oft it!r Lcv'inL' menI t :; )(cOmeS 1lt1g'ost; Lblt. 

For iho doveI opi]iet- of i mproved ciopp inl' ISy.eas it i!; t hre foro 

nec,2anry to dove I op me thodi ol01 i eS pe rm; t t i noir L flent Xe IU 

per mclntation. T'his inciudes experi mental deshion; ,ind .tat isti

cal oval atito1 as ol an a btter knowledge of int(.r;)eci t ic 

compoti t I)ion. At the Ilternationll rescarch centre:;, especial ly 

at ICRI[SA', cons del' prodre.s has been made in tlii s direction 

in thL Iant ye. irs. IIowevor, more basic knowled;;c o11 intterswpc i fic 

collipc t it 0O i ; s t i I 1 needd. 

(2) F( LIti Iir ;n'r, Use 

Fer t i Lizr rotqui.rolemnts of ii' lcropp.inq systeln; have not yet 

.,eon fully untlrsqtIod. TO incrsL' thlie offioi''cy of fort i1i :er 

uso , firthor research is required. Timingp, p!watment and cluan

titics of the ma in iitrient ; (plis perhap: 'Zn, S and Mli) have 

to be tc Lted far i f fo rel t I rop clri Li Iions. As o Li Iinod i n 

ParalrdplI 1 .. 1.2, trials have t o Ii conduct ed on t. he ;ac; sitet 

for SOI year:;, to i ',idca I ffect:;.n:ihI]to ho t CI i into 

account. It i i,'' " rat,, : :;h il ho lohe.' to d itiL, I .'. ori(,n

tated to t c . 1:1 i;lhi i I tL :; of far ers CriLeit ill f r illil,is. letrlnI 

thoulrI I Ir'ate s of -pa I i i'i ) ( L the f f c i(on of [toI't i I Io rt l;us 

and not maximj at i -: of ':it is. 

(3) Breetiin.c 'n ' nLl for Intercroll)TinJIA b\'.tcun'u 

It haS been emphai-;I ,el in ls IraV raph 2,3 tha t for cirowing crops 

in associations jenotypes n 'ed to be identified and solected 

226 



[lpmeIL 1 


cl:opipinq SyS ,.m.;, the 


BLce ides b Cin; InIededI-I the deo tfmore praluct.Ve 

hove do tA eshould a11o30 eo'evicY) con ve 

Io] I iker; a1.31 ex te : 1C St O ti:tLcy h ion ('ene ie1 ;0deenteq" in

tertcoppint. When vi ,ld:; of crepo 1u tro. itdt ona I I% and wi 1 

im IpI.( Ie" C0 
,101 I%ved )r1,ewt IF0 1e red11 t.11.he- dd i tii one I 1.IdLit, 

ee Ieceitot.kd co'0p-s centttLint Lo theW II'o!e:. r-t-1urn-l 1,,0"1it A i't, I
 

1t1 r;31010 n'I; icted. 'Ph ; i anttcan bee ip i t o, on1v :voi ted 

threo';h a c-r ml 1c11Ix's is (I ebtli- I n reiloItel , nO U ekt[illne; 

to nd and I 1 zleorI of trod it t n I I n i.ttt.ti ctoppi nq711 itproV, 

st 's.;t('ml:;.
 

tram the above it Ls cx'ident thiot much s ic Iestarct i3s .;t il 

1et t(I for the ne !;or,'tte, I i ties not xist aIlI( wi1ch l do i t 

nc Lt tnh1 I FOn;et,-Ch i.,nest i tOLut.;. W.,r1k 1i) th is;diIoct jot) hos I

r-oa v it i tie o;trtLed .ldien t, 9!- id s t, iItldlI t, (I CoUtI tLI 

,11d it iF t L'l,1 t4 01,11 1L_SeaI-c1h C ItItis3 . PI-o'te e in appI i ed end 

edpt ive It: i: of national ot'ieIlt ,.-, reseerch inst ittt.,icee 

(Ie1end) CILO 31 t'9 . extent o1 the, iep id( flow of informationi 

Ltnd on the ce' t t01ion i)- twcen in Lionl I 1onLt, ctd naOt I In-

Itt tc)-1 Li0 s . 

It wou 1d b - I.ewiI d 1 o- i)ntL 2reniit i ona1 COo)o- at ion , nci os t.-

St tlItLtehon t-he net i ona1 capacit tie s i n teurcroppi nq 1-0seoarci.
 

upt)9rlt t oIatior., I i3 1ti tles at. itplTOV ltq the
filtn 0Isc) iInc 3l1(1 


fIow of O 1110D t ion'd in P[ rl(iralop ) . I . 2. This COu ld
in foImltLin i,; 

h3 i 'acit vi t '1ple\viiin; ilest iLutcs w itt IrelIvtIt I itc I-ttaLre
 

( book s, pt-oCI inl3 , ' .c eLc.
1(' joilI-na a1)131)01 t : ) ,It t) by stl

poitrin; pet>,on, I (,,n .ct. he tween reusee.lrcch,1-s of I nsc.i t ttions of 

iiUi(Il3itP Mr3 l ] C ktll' ' ' CC)UI0 I W31 1 I '1;1 snet, I T. I'ii 1 r_(,' if i I it',' of a 

Ceit -a1 ('t' 13 'Li; 1.'I ; Lt Iyl' e.L o1t I 11;( I 0tI! ,3 3113 aI CooapeIlat 

atjency. Th , 3 ;t. ,1 Illet of a 3S -eseFal'It Imt Vee; c131) ne twor-k 

couIld , itn add I t,I , :;.t. Ieltl) conLacts K Lwt totiohe 1 cian(.ir1 tilt 

i nto r tiot i iia I '-' c37 it I t utt'; Illd oCL]ceI(rIte I.ti tl'ansfol 

of res rc1ih , i;] . 

TO Cr00 te l'ito"' ' 11 t('leOs). 1 iili nto It-c-opping re se, Iai Ii' l rot o 1y 010nq 

r-searche, s but e Il!;o1mon policy makers at the ministries of
 

qr ieul 1t.0') 0 ) r'i.'otl-ch, oi- in extension sorvices
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within the actual intercrop situation, because genotype per
formance in intercropping may not be very closely related to
 
genotype performance in sole cropping. That means,, crop perfor
mance in intercropping could be improved by identifying suitable
 
genotypes. Although this applies mainly to dominated crops as,
 
for example, legumes (groundnut, cowpea5'under cereals or 
cassa
va, dominant crops, too, need 
to be selected i;pecifically for
 
intercropping situations, since genotypes are 
icequired having
 
a morphology which allows sufficient radiation of intercropped
 
low-growing species.
 

Methods for selection have already been developed. Selection
 
programme should be started for important intercropping systems
 
such as: maize/groundnut; r-,ghum/groundnut; millet/grourirut;
 
sorghLT./millet; maize/cow . sorghum/cowpea.
 

(4) Pest Management
 

Intercropping can be used as an instrument for integrated pebt
 
management (see Paragraph 3.6). There are many cases where pests
 
and especially weeds are suppressed by certain crop combinations.
 
However, to make efficient use of this potential, the influence
 
of specific cropping patterns on population dynamics of impor
tant pests as well as on epidemics of diseases and on qrowth of
 
weeds have to be studied first. Since, for various reasons, the
 
use of pesticides in smallholder agriculture will remain limi
ted in the near future, it will be worth-while giving attention
 
to the development of cropping systems which significantly re
duce yield losses due to pests, diseases and weeds.
 

(5) Socio-Economic Analyses of Intercropping Enterprises
 

Although there is evidence that intercropping is labour saving
 
and increases returns per hectare, more detailed studies in
 
different agro-ecological 
zones are still needed. Total labour
 
requirements as well as the distribution of labour requirements
 

of 3ole crop and intercrop enterprises and net returns to labour
 
and land need to be calculated and the contribution to risk
 
minimization assessed.
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intercropping shouJ.d be included as a subject in the curricula of
 
-agricultural faculties and colleges.
 

In Africa, the senior personnel in the agricultural sector were 
mostly trained in countries where intercropping is of no importance
 
(Europe, North America). At African training institutes, the sub
ject of intercrops is rather neglected, as curricula are generally
 
adopted from foreign institutes. Therefore, it could be most ap
propripte for aa organisation such as ISNAR (International Service
 
for National and Agricultural Research)"to make an effort to im
prove the situation by assisting countriLs to include intercrop
ping in the curricula of their agricultural faculties.
 

'5.2.2 Extension Programmes for Smallholders " 

Although intercropping is increasingl 
gaining importance in agri
cultural research, extension services and regional development
 
programmes are still reluctant to promote this cropping system.
 
This attitude does not, however, result from a lack of research 3; 

results and knowledge on intercropping systems. As shown irChap
ters 2 too4-.considerable knowledge has been accumulated during 
the last 15 years, sufficient to start advising farmers theon 
Lntensification of their traditional cropping systems. The advan
tage of intercropping forLsmallholders, summarized in Paragraph
 
5.1.1, should convince extension officers that intercropping has
 
its place in smallholder farming and that sole cropping is supe
rior only in specific situations. Due to the reduction of subsidies
 
on fertilizers in most West African countries and increasing pri
ces for pesticides and farm implements, commercial inputs become
 
increasingly unavailable 
for smallholder food production. In this
 
situation the improved high yielding varieties, developed for
 
sole cropping, are no longer superior to 
the local varieties,
 
which were selected over centu-ies under conditions of medium or 
low soil fertility and w'iahave accumulated a certain resistance
 
to several 
common pests and diseases. Extension programmes should,
 
therefore, again emphasize the maintenance of soil fertility by
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adequate tillage methods and orqanic recycliinn, and su.:tained 

yields. As shown above, these objecti es call best be reached 

by practising intercropinct. A precondCition for a reo'ienta t ion 

of exte;sion practi cc-!; is the se;ens i iIisat ion and training of 

extensionl officers; and the revision of: the objectives of exist ing 

extern; ion ramme I))ii h :; C0.OnntC ItL;; d 0V1'Ioj)pnIont.. Lhi oL;, 1I )ro-

Jects 0f tech;; it] cooperation a;;'c i'u have a specat iel ponsi

hi I Lt~v, ospcci a t , when sot Lt i'l up ,xtens;ion ;;'vi[ceos. As these 

prioj;et l are gone ra 1 1 ' moretoI::il11 t Lhl 'stabl tent'e isied ox 


o ;ervice; the' should p iorwe!- n :secuonite rt; of t' n.:tnsion. 

A s .ori7'e tati 	 on t ' l,,il' l ' ,. ; i s sitO tOs a close'; coop

srvic(-; ,1' *111d lv l I mu t itlt ';. Ilwlll% xtk esion':i ] , 	 tIl 

;O111t2Shlf't-i t ,mita-M i \ne e;; t , ma Jill v,, I Ii; l o0us- fa.I"; ex

ptie; ii; n t I;t iou], V I I I I' llii's l I ditO ntolll' dAto o0 ,c:,:tension oack

p' S,s. Ii Is .itt us;: u ;tsorvicI, : : .; u ltd :it;Ollle do

mP i t I~l',:; -i ht,1o O1h t I f"ll(V; e .u,I 1 ields of f-ari 	 l . I r'll:;, 


t i,'thJ l . iou systells;
me1t.1"; OF1 I you. tiln' t (of cs ;p.ilr somosriot 

with :i dl 0 cj; i hit,e,li condutiit d w it.ho;t di f icult hic oili 0 i)-i 

[r Late irmers. tie lhs, (i.uppiniq sys;temiis iscludiint ,(vilnli ts , par

jll ] orul v el; ati t} ;hsbs;, sio ld i e st li.'I ;hed o; n tL' tat do

lltlr;ti:ltiol l;,tc.s (hecause of tile tong dirLation of the t:ial).
 

'the a iim; of oxtension proqrloilIIeS shoulid he. th(, improvement of exist

inq crupping systems and nnt: their roplacement eiLt.ji-ely new 

sv;tms. In; this respect the intensification of illterc roppinq ;vs

tlliS is only olne measure besides the impruverent of s;oil foi:tiLity 

mOintlhlqct , the increase of labour piTsd:ctivvtLv, the IlLtei'ation 

o f I ivestock 	 (mi::e farmingJ) , . Lb: : knowltdqeetc With I istinq 

15tel-cl-O)pp im systOIis col be tillprovtd I at-ot I -ur,It' WaIyl/;: 

- choice of 	 variufties: illtCOv'd, hi ghtl ',.' dnins v(,I i- t i s w itt; 

a morphology ind grow-'h patt.er; f i tt 1 t nto LnI i Lu- p iiiF0 t1CIt

tern shouli 1,u useid. For Ox<ami;)L, ill It 1lilt'/c Ct'L' a l t.1soci titons 

cereals with a res:-ricted vqotala iv, (Iruwth an i 11il d 1OCVcs 

L1e to be preferred. In CilsSCtvl-hiCsod ,5 i'-st:lf; , Li' ll5Ova 

should be high-branchinq withi:hrt, compact swollen roots. 

Cowpeas shol;d be rel (to facil t weetding I and photopt*iod

insensitive, 	etc.
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- plant population and spatial arrangement: ,L full I population 

(as for sole crops) of thet com1ponent crops sholIld b2 aim,: , 
.In ccrual/]eqluime combinatior.s, fo ex,tt:upIc, this can be . 

by redtlCi nq the tilt-- row spaciinq and l ;inca the inter-c-OW 
spacinq of the ctra Is, thus al to;ig A eIal y tUl I population 
Of leqile!; to h2 rlW1,tIted withonLt 'edUc1in. the ce1-Cal pOptl

la tiol. 

- tinin;: in ito Lcase- L1h traditioIal p)1aiL iln dates of the comI
ponetit crops can stil] I be used, Lill IiiO precise daa a'e avail
able. In man si tuations it is advalltageous to pl ant the donli
nated cirop.; 2 -4 weeks bet or ' tuie (Ili.inatit ILc ompuonent, for examptle 

beals 1i t i Len asocII tit ioll or a i se ill aI cadssava/ira tize 

Sert illi i:,l. ip'a t I otis: as a soe toI spe ci 'c rectn'oMITenldat ln. 
ar' av,I ~ibl,., I t l IIzors should he appi ied close to thL, plan ts
 
at the I-1tt ifcocrieided LOF sole cros. On
e; soi Is w Litha iolh 

It e of- I-'i xat itn, P has Co he applIedi n hands dILet-() I-t'
ar
 
the cro I to row-in t orcrosit ni, Or applied besides or be ow tIII, 
!sed pickets n1 iTI xel interc-roppinq. Il coullt irt- ; wi thI dpos i t 

of- io(-k p hoslhate, this mineral should hie used rat 1'I thani witer
:ol tiblc siper- Ot tr p plhospoate t lti o, l can a]:;) hte app I ied 

i[Id i'%1idal I, t t the com1ponent rial,i-ops. Ini (t' i I lorte-;oc I a
t h oth "omipoleit cr1lops h''shoUId IT i.veIl a )asjc d IssI)t; ( 

!itr. en wIt I iC, serves aI S t a I t0- t)n i t IL ro , tot L1I L eillt'.';. The 

ceealit re liv later on an addi Iott it top drlessi:t; of lit Mittolq.
 
When oppI t ad clo7se to thet pI1]nts at d at reasoniable IaLte1;, the 

ferti Ijer l-itLrollenl t1eS not affect t lie syinbiotic niti-ocen fixa
tot of t lie atsoiated Ietlilles. All these general r(,commenda

t ons wi I I have , of course , to be specified over the ''ears by 
llteatis tf on-farm expiOl mentat iin. 

'Ilere i no promotion of 

MUCh tiIio-0 

oub t'. tatlte I intercroppincl systems is 

(i fficL t than piromot inq sole crops, because thes-e systems 
ate I'ltlci aonmpl e.: aitld, ift lot 
 fill lsLe is to be Itlade of tilie i- poton
ta , thex have t.o be c Ise 1%. adapted to the spec i fic environmental 
aind soci-econtMic Coldit ions. As meinttiotted above, tlirse ss tOls 
are Ilati vet LI e'.:ihl , so that recommendations cannot be formu
lated as eat I'.y as for sole trops. Extension officers have to assess
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on tile spot, to]hc. with the farmers, how existinq cropping sys

tems call be it tons fi ed . Ext Onsion atIvice su Id no loInge r be con

fined to riqi d standard rOcommcntlat i on; as, or example, in ,a 

ma ize improvement proqramltil ( t imi nt, .; ill, cIr I i c:cr appl ca

tiOil, etc. ) . For such , task, however, .-x t ension _1 f icor; need to 

be bet I I wh iI ; b 0 i t n . 11 i 1 -1 toter !ted, aL'tl1t to t i 

t I' I I a ,I t tll; i ti aitt. i (i1cd oI ionI v r a .er I I< ., Im ch I)le t .teat ha S 

Lto i)(,1 ),1 1 ( I t o tradi ia(nl1 1i()I)i l : ; : I:' ll] t ' " ropp)ill i11 t I 

t iY 1 ra t l o;t a< n Ic1:;. TIhi I td to a betiiaq ee ; i;OrIF c of rcC lo d 

te I" lt lFI t e1!dtao)( 0! t 01 Lit one l Le t i CL' 1Ild IOdLtiUc teIL' bias 

alt 11.;tt t.ct '.l'tIIG ; '-'l .I I ' t I ' h the maj ol- i v ot fat;t i l Iy 

I ; V; t tI,te IILu 1ncc, I ho o0;(. btW'e eI'v lestFl- I onl , t C xt-na ion -; 

en l11t;iit F:; ",o tI ( Ull t dIl ho l i ey)l)ved. 

SLll t L ie e OI )111oll Vtia lillhO S ire i lco rm il II ,)t o i] v o n jaqe cd inI t 

cxttcn:;ion blt el;;o il other activit ie rl'evalt to intercropp)1iil1 

Stch 1!; ila;e prtotl reat i alll dir q t,I ai i lull L )roject.; andi 1lod tic tL 1; 

0i Ita Inn ipll Al Ithe 'c .;t toed t be recon)lolslhnto;. I div lect iviticl 

sidcrcd ill view ()I-th ii a il ity to -o(tll 1IItl to t 1 i1te Ill[fi
I:ai )to o f thfi! 1)re .<t,11t. intl , -cl oppk'Li :;y!;tolu; . 'hI I vt -qtli r-ts thIl te 

the project p rscl'neI~ll i ; Ilucre seal.;;ihi; to a ljt t ci eiidtrt-;tandl l 

of intercroppinq, and of ae-mira sy itela in) lieneile I 

In partice lar, the ,rojiect pe rs,mlil lateeds Illt qiidance for carry

tncj out farm surveys, which is a Irecondit ion for thet undlrsanldic 

of local farmin systems, and on-farm oxpcrimentat ion. At proseit, 

there is a lack of simpic blt appropriate imethods to assess r:source 

availability and r sourco use in traditionedl croppin; syst clts such 

as intercroppin;. T'hl-rcfore,, '00 uilic valiable time is lost by 

gathering informationt oi locel frlItinq System!; end by e sta,li ahinq 

field demonstratitons. A wol I prcparcd and oraniaed approach could 

be much niorc ,fficic'at. To facil itato such an appml-lch it would 

seem to h IIpful t' prptal- I utlittie] for tse by prsonilt invol
1


vocd ill p lintatq aind islp! e oil, (jti 11 ci- I t raI act ivi tiL; in tl, 

slI I IhI ld 'Secto'. IO iliaini ll-,o:;(, oi tie o1titleI wI tllI be t o 

hlp [Ic;oilo wa n( eu l;pi' I C illd 0ifs)t.c-ol I ft Lure pi)oblCIt; 

trad .tlion I f- minn'1-nt1ts iica to love'lop p -;i,:t ice ttl id( l iaos for 

i itprovin; aucb syt'stems. Ila part iculiar, it- should prvide simple 
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methods and procedure; to collect data on intecropping (measuring 
of yields in intercropped fields, information on farmers' motiva
tions for inte cropping, etc. ) and to undertake, on-farm experinen
tation (solection of farms and farmers, lay-out and eval uation of 
trials, etc.). 
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Appendix
 



Table A I French Terms Related to Crooning Systems
(French term from R. Tourte, IPRT) 

1. Multiple cropping - Culture multiple
 
Su xucntial cropping 
 - Cultures sciiuentielles 

ouble cropping - Doule cultureTriple cropping - Triple cultureQuadruple cropping - Quadruple cultureRatoon cropping - Repousse
Intercrouping 

- Cultures associ~es 
iLixed croping - Culturos associL,2s (ou en mblange)Rrw intercropping - Cultures intercalaires
 

Lquivalont relative 

Strip intercropping 
Relay intercropping 
Multi-storey cropping 

- Cultures 
- Cultures 
- Cultures 

en bandes 
dtrob&os 
en strates 

(alternes) 

ou &tages 
2. Sole cropping - Culture pure 

:4onoculture - Monoculture 
Rotaticn 

- Rotation 
Cropping pattern - Modk-le de culture 
Cropping systei - Systdmre de culture (cotoinaison do cultIres aunlveau d'une .arcelle, d'un 

cn..)s, den tp de milieu) 
Mixed fanmning 
Cropping index 

- Polyculture 
- Index culture (.ais contexte 1 voir) 

Land Equivalent Ratio - Surface 



TableA2a Gneral hjrac-eristxcs of ilLnas 

Country Region Fr .. size ,O.o size of :.o.of Size ofi Persons per Active 

(arcs) fields fields 
(arcs) 

r 1mE Plots 
(ares) 

holdina nerbers 

CanTercn Nord 164 2.8 6o 3.2 51 4.5 2.6 

Est 182 3.9 47 5.2 35 5.0 2.8 

Centre 2o2 4.2 48 4.7 43 5.2 2.7 
Sud 

Littoral 149 2.6 58 2.7 54 6.o 2.5 

Ouest 125 2.2 58 2.8 45 6.8 2.8 

Nerd-Nord-
,Ouest 

122 4.5 27 6.o 2o 5.4 2.9 

Sud-

Ouest 146 2.2 67 2.5 6o 5.8 2.6 

Average 16o 3.2 Co 3.8 42 5.4 2.7 

Source: FAC, Enqute 1972/73 



Table A 2 b General Characteristics of ,oldings 

CoeUntrz State Faro,slze 
(ares) 

No. of 
f tefds 

Size of 
fields 
(ares) 

No .of 

plots 
Size of 
plots 
(ares) 

Persons rpr 
holding 

Active 

mehrs 

Nigeria North Central 

Kwara 

North ;',estern 

V Plateau 

:;orth Eastern 

Kano 

Western 

i d-,estern 

Rivers 

Sout-h-Eastern 

East Central 

Lagos 

126 

116 

172 

171 

192 

94 

12o 

56 

4o 

2o 

30 

35 

..... 

...... 

...... 

...... 

..... 

..... 

..... 

..... 

..... 

..... 

.... 

..... 

Average 
98 

Source: Nigeria Rural EconoTra- Survey (1976/77) 
Fed. Office of Statistics,Lacos 198o 

OlMn 



Tabl- A 2 c 	 Gnerai C3.aracz~rs s CLnLOs 

Co:,.L! JPgion Pcpulation C-o.f ,Sizo .. of Size ofde-ns it, i fed fields :ii:]"!t 
(are s) (arcs) 

Zouc 	 -o 71
110 

-.kx o o 1o 2 1 , 


AtI ItI ui-. 7(, D~o 2 71 i 71 


81 iIo 2 71 3 -


Aveirage: 26 17o 2.4 71 3.1 -


To, 2K 3.8 ioi -


Kira -1 2.7 o -


Ccra 12 3.4 66 - 

Platcau2.:2 3.3 53 

:,-a-it L 75 I 12 3.1 49 

f__ 27S 1rag 	 37
I2 3.2 

Sourcu: L 2*KP3tu Agricolu, 1972/73 1973'74 

• 	Source: Structure dos u.-.plitations agricoles traditionelles 
la p.Pcp.du L1nin, 197b/77 

Persons Active e esr
 
'-acs
oldi-ng
 

7.37
 

b. 7 2.9 

6.2 2 .
 

5.4 2.4 

7.1 3.3 

io.o 4.6 

7.o 3.6
 

8.o 3.5 

6.9 2.9 

7.7 4.9 

7.7 3.9 

http:p.Pcp.du


Table A 2 d Coine:U C!xya,estica of oh-incs 

RgCount-Reion Far, sz. Si - ustributin ;. so 

S--- citi-u-~ Size of Persons Atv sbr 

Gbana W,'estern 

Central 

Eastern 

Volta 

;-s a ti 

:Nrthern-

[-p; r 

Average 

cc).a-.a 

2.2') 

.o 

1.2 

0.9 

1.8*) 

1.4*) 

1.7 

1.7 

1.5 

4o.9 

68.4 

62.6 

71.9 

48.4 

4o.4 

47.5 

47.6 

2. 

2.6 

2.9 

2.9 

3.1 

2.6 

1.9 

2.2 

2.7 

5.4 

5.o 

4.8 

5.2 

5.5 

5.9 

7.1 

6.8 

4.4 

1. 93.5 

1.8 

1.3 

1.1 

1.5 

1.9 

2.6 

2.2 

1. 

3.5 

3.4 

3.1 

3.7 

3.9 

4.8 

4.4 

j*) considral-i prop rtion of bic: er-w pl7ntations ( >7 ha) 

Source: G'ana Sample Census of Agriculture, 197o 



G-'nra1 Cziractoiz±stca of 

2... I Size of N;C.of 
fil ds i f:Iis C lios 

(ares-

- 1-4 

72 

- 101 -

- !i -

- 72 -

- 82 -

l'Agriculture 1973/74 

HoldLncs 

Size of 
lots 
(ma) * 

4r 


376.1 


84 

7o 


82 


Persons Active 
per rmabers 
holding 

6.8 3.0
 

2.7
 

6.2 2.9 

6.3 2.9 

7.o 3.5
 

8.6 4.4
 

6.6 3.1
 

Table A 2 

Countr.Far. 


CCast Sud-Est 

Centre 

Centc--Ouust 

Sud-O'ast 

Centre .ord 

Gran- :Nord 

Averagc 


-)noal and perennial 

An*)Anual crous only 

Source: Recensennt National de 

size 
(ares) 

764 


412 


443 


522 


346 


4c8 


482.5 


crops 



Table A 2 f General Characteristics of Hljdings 

Count-r P uion Farmize o.oiz e z Sizeof Persons per Active 

. (ares' ields i i s t I eos) holding rx-pbers 

Volta East 
-	 4.241-7 	 - 9.2 4.2 

- - - 16.4 <24> 1o.2 4.7 

;,'veacs_ 526 i -	 [-	 9.7 

Source: 	 ORD de l'Est 198o 
West African ertilizer Study, Vol.4, 1977 
ICRISAT, 198o 



'ld)lo A 3 Avoraq Cult ivated Aioe Per lanlit Workr in C.uro.n,
Pevirtios or Zone, 1 W1,:(In Are'.s) 

t'xi or 
Ri.llon o- Zone- AlL crops mixed IIIanta, ions 

Croups 

Cwstl IvL'Jaid (Forest zono) 

Sa ll M I Ir 11i ll, . ...................... 38 31 "7
 
Nki; Ln d iiN iiknmk. i .................... 58 41 17

KItili ................................. loo --- 5o3
 

i1iu. .. vla d.. t'l. .. .. .. .. .6o) 37 .23
 , hi.................................. 7.1 58 16
 

n'qtra, Pl~t liull 0 ;Illatul" i !(ole!?;t IR~' 

t .. ................................... ! 39 52 87
1 I~j .. . 9)8 38 6
iAl -, ........................ 


vo..l ..xl! 9 316o
Iit
 

I ' .tt e.. l ............... 8 5 )
 

r l ll ..... 2 39
I - i 1 42...3..9.. 9 

t ................ 4 41 1
 

..................... 38 37 1
 
., a , . lit, .............. . 51 39 12
 

M,.i , , fi[l-ill ,I L ................... 44 44
 

it ili.................. (34) (34) 
P'itll :llh u........................... (55) (55) 
 -

iiill 1.ii- .......... 60o
i 65 

Yi~i it < :t1;...................... (95) (8) (15)
 
liiib0 'tt 1 lor:;...................... (5o) (5o) 

tjtlitii l'iou , t 'ldllt...................... ... 73 64 9
 

S4a l- i ;iuai I t a-..................... (75) (69) (6)
 
c t h tlp ',.....................
 

ithl i It......................... (91) (8o) (11)
 
wit }.,l t.-tl t . ...... ........ ...... (79) (77) (2)
 

Piali c'l t iv' tO ;:
 

with _ct t uln (109) (86) (25)
U ........................ 

WItit elton ........................ (69) (67) (2)
 

14-lc ! iahen, , .... ..... (58) (58)
 

"'T'cm)" far ;........................... (83) (76) (7)
 

"liilulata hiilh aM,; .................... 66 66 

,Ourc,_: IIZIAN, 197(, 

26i) 



Table A 4 

NIGERIA 

a Th rtance 

Percentace 

of Crop Mixtures 

of Ireas of rain crops 'jrow, in r-:tures 

Forest and Deri ed 

sava-.n areas 

Lidd ]c I t-Durive 
anun a lvana, 

an" Guinea Sav 

;Northern ReionGuina Lind Sud, m 
Savanna 

Maie 
Totalohai 

i 

881.'xo 

3o2.Goo 

4 
o8.300 

miied 

91.4 

79.4 

73.4 

Sorhum 
-Totalh uhaha 

83.7o, 

-27.6cc5 

!o97.70o 

e 

95.2 

15 

82.9 

8o.1 

i let 
T7-otali leha 

] 

-

37 
1.2oo 

3662.400 

:ixed 

7 

73.9 

91.8 

'iTotal 

91.1co 

79.200 

7 
6.9o 

1mixed 
Y. ed 

64.c 

91.9 

42.5 

Yami 

Toa 
ha 

12.2cc 

4 
92.loo 

i 3 
2.6o 

med 
Mixed 

57.6 

5.9 

73.6 

Region Coco Iam Cassava Groundnut Cc,.e a 

Forest and DerivodSavanna areas 

Middle Belt-Derivcd 
and Guinea Savanna 

Norther Region
Guinea and SudanSavanna 

Total 
"_La 

5.6co 

17.8oo 

rr:ed 

677.61o89.i 

92.2 

58.6 

Total 
ha 

35o.600 

36.ccc 

33.2oo 

mixed 

23.2 

6 
C.4 

22.o 

Total 
ha 

55.4oo 

46.6cx 

1767.8oo 

mi-.ed 

46.o 

47.9 

91.4 i 

Total 
ha 

132.3oo 

261.9o 

3 6 
c3.9oo 

mixed 

82.5 

99.6 

*) Source: Federal Office of Statistics, 1972 



Table A 4 b - GH;-Pi Inortance of Crop M.i.xtures 

Percentage of areas of r-=n 
aize )rhu 

crops gro7n in mixtures 
Millet 

Region Total 
ha 

i mixed 
pred.2 ) subs. 3 ) total 

Total 
ha 

%mixed 
pred. subs. total 

Total 
ha 

% mixed 
pre. subs. total 

Western 

Rainforest 
29.5-a 58 38 96 - - _ _ 

Central 

S. Guinea Savanna 
36.45o 41 17 58 - - - - _ 

Eastern 

S. Guinea xtvarna 
65.2o5 71 6 77 . . ... .. 

Volta 

S. Guinea Sava-a 
43.74o 56 15 71 2.43o 17 83 lo -- - -

Ashanti 

Painforest 

Brong-A],afc 
S. Guinea Sava-na 

;orthern 
Nortlhern Guinea S. 
LFper 
Northern Guiea S. 

46.980 

49.oo5 

60. 345 

33.21o 

66 

68 

58 

74 

21 

12 

39 

24 

87 

8o 

97 

98 

. 

2.43o 

7o.oco 

168.480 

. 

17 

33 

45 

... 

83 

59 

51 

loo 

92 

96 

.. 

42.ooo 

2o6.145 

85 

57 

.. 

.. 

89 

28 

98 

95 

Total 364.5co 84 243.oo 95 249.o75 87 

1) Main season only 
2) predominantly 
3) subsidiary 

cont.'



Table A ? b - GQ{AA cont.' -r ,i-tui, 

P e,centacg, of ar as 7fa In cro s grc ,n i . nix-tures 

It:]crtance -aCro 

Rice _ __y ___ Cocoyam
 
Region Total mixed 


pred, subs. 
Total tuyc-e Total % mixedSa total ha pred. subs. tot.'- Ia prod. subs, total 

3 8 7 
Western 5.67o 36 - 36 4.o5o ioo I . 8o 5 9 

Rainforest 97 ioo 
ICentral blo  - 6.48o 6 94 loo 19.o37S. Guinua Savanna 


194 lo
 
90 1 o 59.13o 13 86 99
33 12.15o lo
Eastern 1.215 33 -


S. Guinea Savanna 
Volta 
 6.48o 69  69 14.58o 78 
 14 ioo Io.53o 8
S. Guinea Savanna 88 
As hnti 4.o5o 3o - 3o 20.655 o 90 loo 167.67o 89 9610o 

Rainforest
 

Brong Ahafo 
 5.265 77 
 -
 77 42.525 46 
 8 54 72.495 11 88 
 99
S. Guinea Savanna
 
Northern 
 14.5E.-  - - 51.435 76 13 -North,=n Guinea S. 

9o -


Upper 
 17.olo 24 
 - 24 20.655 51 
 14 65
Northern Guinea S. 

Total 
 55.o8o 
 29 172.53o 
 8o 359.64o 
 99
 

cont.1



Table A 4 b - Q1{A cont.' - Inhtance of Cro;D Mixtures 

-3-
Percentage of areas of rmin crops rown in mnixtures 

Cassava Grondnut Ccwta 

Regjion Total
ha 

t
prod. 

mixed
subs. total 

Total 
ha prod. 

myxed
subs. total 

Total
ha 

%ixed
pred. subs. total 

Western 
Rainforest 

Central 
S. Cuinea Savanna 

Eastern 
S. Guinea Savanna 

38.o7o 

87.885 

-22 

22 

2o 

64 

55 

61 

BE 

77 

81 

-

-.. 

-. .. 

. 

. 

. 

. 

Volta 

S. Guinea Savanna 

Ashanti 
Rainforest 

Brono AhafoS. a na
S. Guinea Savannma 

6o.750 

53.o55 

35.64o 

16 

28 

15 

54 

62 

64 

71 

9o 

79 

4.86o 

2.o25 

4.86o 

33 

2o 

25 

33 

6o 

33 

66 

80 

58 

-. 

-. 

-

. 

. 

Northern 
Northern Guinea S. 

Upper 
Northern Guinea S. 

5.265 

2.o25 

-

-

85 

!o 

85 

io 

21.o6o 

64.385 

37 

65 

56 

14 

93 

79 

8.9oo 

112.185 

5 

2 

95 

98 

ioo 

100 

Total 326.o25 82 98.olo 8o 121.o55 8o 

oont.'



Table A 4 L - GHNA cont. - L-o:tance of CrO ".xtures 

f Fercentau_ of 

E-'boar Nut 

areas of -,In crous r. 

Pkant :it 

:7cdntures 
0 
31i j. 

Pz-gion Total r .raxw Tcua .u.*:W Total 17-IXi 
;-I rx. subs. total m pr--i subs. tota! -ared. subs, tota! 

Western 

Rainforest 

-- 5.o6o 14 b6 loo 11.743 7 24 31 

Central 
S. Guinea Savanna 34.o2o 14 8f, 1oo .)o C6 63 9 
Eastern 

S. Guinea Savanna. . . 82.62o 15 85 loo 12.96o 6 88 94 
Volta 

S. Guinea Savanna 
. . . . 9.31c 8 91 99 lo. 53o 4 62 66 

Ashanti 
Rzunforest .- 299.295 11 89 loo 52.245 2 98 1o 

Brong Aho fc 
S. Guinea Savana . . . - 95.175 6 94 lo 16.2oo o 95 95 
Northern 

-irtharnGuinea S. 

N rthen Guir.ea S. 28.755 4 96 lo . ... .. 

Total ll.59o 96 575.5o5 97 lio.97o 87 

Source: Ghana Sa--!e Census of Acriculture, Accra 1870 
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Table A 5 a CrorDs 3n6I Useful PI 2-ts.Sur.vey In Ze,Ct,: Far . C 'a.'in- Crorjur: tis nQi e~ and 0-ut
ivine ars Locateu in the Derivt:y' SavaL- I, ramsit~cn und Oil Paj: :,,J1* 7 fCsen:oj 

Crz,c; anc: Ooir hjn :z::: 

Discorea rotunata XOon 

Dicsc'crea alata 
Diesoorea caverensis X 

Dicsmo a durztor-I 
Diasceor a esc-ulenta 

.rn 0~SCUlernta I 3 
Colccasia esoulenta I6" 

1ratatasx 0 

(Zoa x x X~arE 

Scrchu-.xvlcare 
Or7.za SaIttva 

-3sapicentu-vr 
Gra-s 2:01X 

*t.saopyotu,- var. 4 

20003051x x 

cru.c2tus I_____ 
con~t 



'lals A 5 a Crcus -,~I Lsful lat. 'lp:T& IC ts-C Fal7.. Of 5~25 r:ieI~a~~sL.Co~-iat 
CPtlylnc ran'.s 1,ccated L-n trh D-2riveci Savanra, Z'ransiticcn andCiln1 Pa-. BoIt " cnrs of tBssrern N;iceria 

Cro-ss a. ,! ir~ -.. 

__________________0.45 o.c 3! 0.1 c.r-, : c . .. ~ 4.. c.r *2.c4 o.,-4 o.L o).So.5 *z.o4 

:1i -11cz:.tr izinu1 are X. 

i:.1 isc,-S ssCulcntus 
J i.3*re:li :sularis 

Casic:V frutec0-fsII 

::Ix 

Ix 
> 

( 

Pt -rocarpus 
P~Wnarcus osun , 

3uaxI 

Pennisc2tu'- :urpurcrr 

C2- lric=r-r 

~ DPL7SL:S 

.lca opucjlata 
srachis hoc.ac 

Plhas,-olus L-inatus 
- uuaurcos 

SiiecnostvIi s srcenccanpa 
Pen,oc llct!iua rasc rc:li: 

oTpr:sxLxa 

Xx 

X1 
x 

x 
x x 

x 

-. 

x 

* 

I 
x 
x 

x 

I>
* 
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Table A 5 a Crn n sflPnrs.u-u~ Sszt ar:7s c- u~ Trx. ~.~u an:d5IISLx 

Crops and Plnt7ut.u ;Other 

____4 5_________c. cc 3 o. c 4served 

Citrus 
Citrus 
CItrus 
Carica 

s;flnflsis 
aurantifol-ra 
r.tucu1,~a 
papaya Xj 

II 

I X 

i 

I i
K: 

17I 

30 
Trx,-cu L a71ricar.a 
CucuIzvr~wss edli 

C lxcvtlhis vzuluarisC~cuj -,Tclfera 
; ...anas cro-sus 

M~xr 

Pctr~uarefiur cnCrler.LI 
Purz-ra a-yr-jana 

Crndaaneni 
Swnriia 

X 

x 

x1 

x 

x 

I 

X 

xf~C 

i 

i 

Xv 

I 

II. 
i 

x25 

. 
I3 

x 

X 

22 

17W~ 

x 

Cola lelildrta 
Cola daia£ 
Af ra:!r-ut, Seutrx-
Psiuliln- ;uaja%,a 

B nr ay u n-la ur 

x 

x2 
I 

Artocaqtus incisea 

SPICES BVSilI 

-~RicInus 

Cola 
cu-munls 

acarinata 
X 1 

-. 
xX 

-C I 

cnnt. -
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Table A 5 b Species occurring in roundnut fields in the~Centre-South of Comercon 

vernacular nams 
ciontica naewondo 

1 Allium cepa 

2 Amaranthus sp. 


3 Ananas comosus 

4 Arachis hypogea 


5 Capsicun frutescens 


6 Carica papaya 


7 Citrus spp. 

8 Colocasia esctaenta 


9 Corchorus olitorius 


10 Cucuwmropsis mnnii 


11 Cucurbita sp. 


12 Cucumis sativus 


13 Dioscorca spp. 

14 Elaeis guincensis 


15 Hibiscus esculenta 


16 Ipamoea batatas 


17 Lycopersicon es'vulentzn 


18 Manihot esculenta 


19 Musa (AAA) "Gros Michel" 


20 Musa (AAB), (Plantain) 


21 Nicotiana tabacum 

22 Saccharum officinarum 


23 Solanum nigrLm 


24 Solanum tibcrosun 


25 Solanun sp. 


26 Solanun sp. 


27 Talinum sp. 


28 Xanthoscma sagittifolium 


29 Zea eais 


Folong 


Owondo 

Mbuda 

Ng~n 

Mindzeng 

Ongbalag 

Mbong 

Zcrn 

Zan 

Zong 

Macaba 

Fen 

vegetable 

leat;egetable 

fruit 
grains 

spice 

fruit 

fruit 

tuber 

leaf %egetable 

fruit vegetable 

leaf vegetable 

lea',' egetable, 
gra.nd 
tuber 

oil 

fruit vegetable 

tuber 

fruit vegetable 

tuber 

fruit 

fruit 

tobacco 

sugary juice 

leaf vegetable 

tuber 

leaf vegetable 

fruit vegetable 

leaf vegetable 

k 	 tuber 

grains 

Source: tWSAEPS et al., 1978 

I 	French 

oignon 

amaranthe 

ananas 
arachide 

piment 

papaye 

agrum~s 

taro 

corette 
potadre 

igname 

palmier 


gambo 

patate 
douce 
tcante 

manioc 

bananier 

plantain 

tabac 

canne i 
sucre
 

pamne de 
terre 

macabo 

mais 

EngliEh 

onion 

amaranth 


pineapple 
groundnut 

chilly 

pawpaw 

citrus 

cocoyan 

jute 

yam 

oilpalm 


okra 

sweet 
potato 
tomato 

cassava 

banana 

plantain 

tobacco 

sugar cane 

potato 

cocoya 

maize 

273 
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Table A 7 Characteristics of the Bioclinatic Regions of West Africa (Adooted Frun. KAIAL and iARSm., 1978) 

Characteristics 
Sahel 

Northern Southern 
Sudan Savanna ,GuineaSavanna 

Northern Southern 
Rain forest 

Range in annualprecipitation (am) 0-350 35o-5co,/6oo 5co/6oo-88o 88o-1200/13o l2oo/13o,-15oo/l6oo > l5co/l6oo 
Length of therainy period (days) o-68 68-95/lo2 9 5/1o2-14o 14o-187/2oo 187/2oo-229/244 229/244- (27o) 
ength of thegrowing period (days) I) -75 75-89 9o-179 18c-239 24o-269 270-365 

Solar radiation 
during the rainy 
period
(cal cin day-) 523-478 478

-464/46o 464/46o-439 439-416/4o8 416/408-394/386 4 394/386 
L%.aporation (Fo) 
during the rainyperiod (rm/day) 

Aain soil types 

Main food crops 

7.3-6.6 

Sands-A-id 

brown 

-

6.6-6.2/6.1 6.2/6.1-5.6 

Arid bron Non-leached2) 
ferruginous 

millet !.tillet,Sorgn=n 

5.6-4.9/4.7 

Leached 

ferruginous 

Sorghum 

4.9/4.7-4.3/4.1 

Concretionary 

ferruginous, Ferri
sols, Ferraliitic 

<4.3/4.1 

Ferrallitic 

Main export crops - Groundnut Cotton 

Maize, Yams, Sorghum 

Soya bean, Sesae 

Cassava, Plantain
Maize 
Coffee, Cocoa, Rubber 

Physiognomy Open thor 
Savanna 

Open thrn 
Savanna 

Shrub Open Savanna 
woolandwoodland 

Lig't forest, 
woodland 

open High, dense, ever
evergreen forest 

1)
2) 

FAO, 1978 
French classification; Sols ferrugineux tropicaux 

Sols ferrallitiues 



Table A 8 a - Ca..rcon 

Region 

Climatical Zone 


Sir 

S 

st 

RF T - SG 


Centre-Sud 
RE' + T - SG 

Littorale 

ut 

rd-uestCoffee 

ixi-Quest
RF 


teqenI: see 'Fable 8g 
-so of nutrition / base 

Intercroooinu Systems in .;est AfricJan CountriesPrInciDle CroDoinq Systems within 

No. of Peren~nial 
Gi o.inj Crops -n 

Seasons Mixtures1G 


E st 2 
Coffee 

2 

Cocoa 
Oi 1ipa1r,(Tobacco)Kola 

Cocoa 

Coffee 
OilpaLm 
Kola 

1 Coffee
Cocoa 

1 

Oilpal]s 
KolaCoffee 

Avocado 
Kola 

sCits 
Avocado 

1 Coffe-e 
Cocoa 

Oilpalm 
}Bela 

alinentaire 

AcL.inistrative Poan. Ecolocical 

Basic 
Crops 

SorabrghG 


Cassava 


Cassava 

Cassava 

.Maize 

Maize 

C-assva 

Major .inor 

Crops Crops 


Maize 
Mi let Rice 

Groundnut 

Maize 

Cocoyam 

Plantain 

Maize 

"coyanm 


Flantain 

L(itac-oundnutlaize 
Cocoyam 

Plantain 

anm 


Cocoyam-

Groundnut 

Beans 2)

Cassava 
Cocova-, 

Yam 


MRa-ize 
Cocovan 

Plantain 

-qions 

Cochlea 3)

Bartara Ban 

Yam 
Grom LLut 


I) Cucra 


Yam 
S^<aet Potato 
Casnora 

Yaz 
Seet Pctato 

Groundnut 
C eaCassava 

S&et Pmotato 
Plantain 

Groundnut 
Cc LA a 

Rice 
Plantain 
Ym 
Swo_ t Potato 
Cc,,pea 


Divers
 
Crops
 

Swet Potato 
Sesam 

Okra 
Roselle 5)
 
Pepper 6)

Cassava
 
Smuet Potato 
Melon 

Tcxato 
Okra, PepparSuaa 

O*ra
 

Pepper
 
Tocatc
 
Mclon
 

Okra 
Pepper 

Taocato 
!4onPotato 

Okra, Pepper 
Toratc, !-ebon 
'cletables 
Pot-a, eans 
O,:,ra,
Peper 

Torato 
Veqetables 
Okra, P,pre
TOmato
 

1-ilon 



Table A 8 b - Nigeria 

Region 
(State) 

Climatical Zone 

[ Me. of 
Grco'ina 

FIvrennial 
Crops inMixturnes 

Fasic 
Crops 

ior 
Cr(m-os 

Minor 
Crops 

Divers 
Crops 

TLtures 

Nerth 
(Sokoto, Kane, Borno) 

Shea Butteri ) 
Sorghiz-, 
:4iliet Seruhz-. 

."o 2:,2 sell1 

(E ar, Niger, I 

(vCe nntro) 

(Kwa ra,NiCer,CKSduna,iC. 
Plateau, Bendel, Ad___wa)_

S G, , 
-i'lpizr 

_ 

Gronavl t Gr eic ur
Platesa, B endelr Ad_'rawa)S-satePotatoIClcassava 

Ya .b-: CMelo.n 

t roc 

ao 4--So "a L , 

S ±T oato 

O ra B a 

S t Potato 

PotatoO r a 

South West 
t ' , Ckjumn,Ondo) 

S(G +T , RF 

o u:th East 
(Cross River, Anabra, 

Iro) 
SG , T + R 

Lo-qe.i: see Table 8q 

112 

/2 

Cocoa
OilpaL n_ 
Cit rug-s 

Kola 

O i T)pam1MYam 

Kola 

Cassava CassaoY x-. 
Coco ,[.T 

Plant 

cassava 

MIaize 

Cocoy 
Plantain 

Cassava 

Co',)eaMelon 
.ice 

C cwea 

!..elon 

Pdce 

2. ,le ,per 

GroundnutD~tra 
S ", <.t Potato 
FPuper 

Gro urnut 

Okra 

S".-Ot Potato 
Pepper 

1)- Butytospmr-n ;arkii (Karit&) 

Source: Agricultural Atlas of Nigeria 



Table A 8 c - Benin 

Region 
Cliratical Zone 

Atacora, Borgou 

NGZOU 

1 No.of 
Growing 

Seasons 
1 

Perennial 
Crops in 

Mixtures 
Shea Butter 

Basic 
Crops 

Sorn12 

..:jot 
Crons 

MinorDiers 

Crops 

Maize P'c 
_ . 

Zou 2 OilpaLm Yam 

nDno,Atlantique, 
uSG 

SG seLabe8 

Legend: see Table 8g 

2 OilDalm 
Citrus 

'-!aize Cassa unrt 
Cop-a 

Plannrd 
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Table A 8 f - Ivory Coast 

Region 
Cliratical Zone 

Sa.arxc - I Saisin 
("Kc rhoco-PeOrke ssodougou) 

Nord-Est
(So'-una-Bouttoukou) 

NG 

Savane - 2 Saisor.s 

SG 

Ouest 

(Touba-BiarLkou-) 


SG ______er 

Centre-V Bsiou1a 
(Bua-L 

Centre--Guies t 
(Da!oa-Baouf 1&-Caqnoa) 

PC 

Sud-Guest 
CP2-- a s s a-n..r a- Di ".o) 

PRP 

Sud-Est 
(Dia ar-fd , urou-; id an.) 

RE 

F'rango-C~ticire 

Source: I.E, 1979 

o. cf 
Gri.,i:rLgrj 
Seasons 

1;ord--DaestI 

1 

N<~~~~P' 

1 

2 

2 

2 

2 

2 

2 

d : see 

Perernnial 
Croos i c 
?.'iL:turos 
Shea Butter 

S.ea Butter 

Shea !.utter 

Coffee 

Coffee 

Cocm)a 

Coffee 

OilpaLn 


tacoa 
Coffee 
OilpaL. 

Cocoa 
Coffee 

Olipalt 


Coconut 

Ta. " 

Basic I 
Crops 

Mize 

Sorgh'm-

Yam.rgh-., 

Rice 

Ya', 

Yam 

Plantain 


Cassava 

Ma'or 
Croos 

SS 
RlilletGo n~ut 

MaIz
>I t:11l 

P1 RAeiC'iaaO 

S.illet 

Maize 
Groun unut 

Ric 

.LT ---
Y 

". 
ssT'. 

Xactzirnu.nCut 
Pc 
Cassava 

cssavaeRce 
Macre 
Plantain 

Cassava 
'-a zeM 
Cr'.. 

.1aize 

Minor 
Croins 

Cc.eea 

r Yan
[Swiut Potato 

oqjc 

Cassava
i rec 

Serg*hun 

Croundnut 
S___-ot Pctato 

Groundnut 

S-et Potato 


t 
I 

Pl-ntaInlr 
Cci o..,a.-

-u 
, ,ru.dnut 

V,
 

GrourLur<t 

Grounnut 

Div_-rs 
Crops 

OkraPepper 

RO=eiio 

kraIT- r 

C,.oaa
Okr-a 

eet'tr 
"-m 

Co,.'pea 

Pepper 
Melon 
CCs.Tjea 
Okra 

C' a 
PcJ T "4ela 

Coq,--a 
O-,a 
P- A--

I6c,r 

c ,.L 
. r a, ion 

C ,r-i" a 
Okra, ". . 

C', a, Okra 



Table A 8 g - ULp[xor Volta 

Ro3ion 
Cliratical Zone 

No. of 
Gro ing 

Seasons 

Perenmial 
Crops Ln 
Mixtures 

B.asic 
Crop 

Mjor 
Crops 

.tner 
Crops 

Divers 

Ests 

SS 
Sh-a Butter Scr.h=- Vallet Grcin5 t 

ja. 

S",C2t Potato 

Centre 
(Centre-oEs 

Cntre-Est) 
hEr 

Shea Butter hut:::. :ie 

i,.C., 

;roundnu' 

Ricu 

S.,- t 

O , 1si 

Nerd 
(Centre-eord ,:ord, 

Sahel) 
1 Miller Sorght-u 

C,, -'a 

__ 
s, 7, 

Ouest 
(Volta Noire) 

NG 

Sud-o',est 
(Sud-Ouest, 

Hauts-iassn)Grcoput 

I 

Sha Butter 

Shea Butter 
Cits 

S!rc: 

Serog:: 

" 

Cu 

ai 

t r. 

y 

Plece 
[cL7-'IrA. 

E 
*-Ptt 

10 
.jYira,Ris ile 

, ttato 

Fnl 

P-kraRisee 

Source: LASSITER, 1980, Atlas de 

1) Digitaria exilis 

la Haute-Volta, Jeune Afrique 

- cont.' 



Table 8_q - Legend 

RF 
T 

SG 
NG 
SS 
THSA 

= 
= 

= 
= 
= 
= = 

Rainforest 
Transition Zone 

Southern Guinea Savanna 
Northern Guinea Savanna 
S uan Savanna 
Tropical Highlandssael 

1) 
2) 

3) 
4) 
5) 

= Colucasia sp. + Xanthosoan sp. 
= Phaseolus .ulgaris 

= Vigna un,-iiculatj (Ni~b&) 
= Hibiscus esculentus (Gorpbo) 
= Hibiscus sabdariffa (Oiselle) 

( Taro + Macabo) 

6) = Capsicum spp. (Piment) 



Table A ) a Cw-nn£lu,_ inveiv,.! p'.;tco_ul_ 


PRINCIPAL ASSOX'tTION3 ot total
 
SUI.I\AE 

p].,ntain, (nli) 1.3 
coffie, PIlnJLOn 12.8 

i-A)ftO ,', ', ,' lii 10.0 

'xe, linta in, cW.yOyOII 8.0
 

t'(i\lV, i[aulto in 
 8.1 
O'AXO, cot fe,, plantain 7.4
 

cof tcv pheta in, xocoyail 
 7.0 
caxffee, pLtanlill, pllnoapple 4.7
 
coflfee, plantaill, lOkulana 
 4.5 

~zxv, !iin'(i ]ant |uana 2.7 
( tii I, )i d it i, I I11 t ILI 1. 7 

iffc, p~ineapple,, plhntain 1.6 
ceoy iU,plantain 1.5 

eii;oI, p1liultadiii 1.3
 
XXYo, .2oy'uu, laniaain 
 1.3 

ctff.c, pllntainl, '(oa 1.2 
COffte, pluta in, te,ia a 0.9
 

O.xlik, I .)! 0JlIi,0.8
 

h)'fli 1,hlli), Iii ii1 O.5 

JA 'llt- , ,xn i 

oil 

o.5 
Iva, l ecceyoiii 0.5'llt n, 

pjiultaii, )(yO _iU, sx'geto 0.1 
other aIsLcx2jiot iclls 20.8 

I Il'; !AV: : "t)7 ha 1o.o 

Source: Rocenscnunt National do 1'Agriculture, 
Abidjan, 1973/74
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Tlable A 1) b cjssv~I-M;(Icro inn) yw 

PRINIIIt'A As1cc[A'INFICU; of LOtl1 

1 ]I i z, (LCa; 7.6 

II 1, (I~~c'7.4 :klJ1 ,I~h~i 

H.!I a, !;lva 3.1 

o- ' lant'i ill, L'd;!&IV, 2.4 

1111 .S§VJ,'i~~~I~lien2.2 

I' 2.o 

I A. I, H! 1k1.7 

1.4 

1 h V. 1.2 

C' ;;IC'I, I~u~tli1!0.9 

121 1 1 c). o 

)8 6________ ________ ___________________________________ 



Table A 9 c aizc-t\Isod iI,-o3 1iYtto 

PRINCIPAL ASSOCM1A1OM. 
% of total 

SURPAQM 

mILfo (solo) 11.o 
rico, flIg2o.1 
m RdiiiLi LL 

ydulI, Il ' 

rice, :,Lize, cassava 

Cic'e, COLO'SilVd, nlmaiZo 

r icc, Wli.Lc, p].Oitail 

6.1 

5.2 

5.1 

5.0 

2.6 

iI1.1e , Ir ia 

' Iluk]in , nl i}j 

inmuIira, viq; Lablcs 

ITOI 0, 50t righmiii 

Ii sio-z, cassavzi, vjoLtables 

, i, o 

icy) !, WIdi 

yUI, vjucti os, n i iz 

2.4 

2.1 

1.7 

1.b 

1.5 

1. 2 

1.2 

0!O.8 

0.8 

i'ii , 

','Cii, 

mi ic 

[ml i;: 

, 

, 

yam,meo.7 
rli'o 

C ,5\i 

I (0 nO 

o.7 

o.6 

ITII cA, VoecJ os 

r (ci, ItOI.l::e, so-hllil 

mi h't, maizem 

JliiLIIdIlUL, mli;le, cassava 

otlher ass(: aL ions 

0.5 

0.5 

o. 4 

o.4 

27.1. 

'0 f'A, ::Il::T Ch o76 ]haoc7)}.O 
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Table A 9 d Yam-Based CroppinU SYstmIs 

PItfNCIPAL ASSOCIATIONS % of total 

SURFACE 

yam (sole) 12.9 

yn, nize 8.3 

yaw, vegetables 5.2 

yan, cassava 4.1 

yam, rice 3.4 

yaMr, nmaize, vegetables 2.5 
yan, cassava, vegetables 2.3 
yam, vegetable, cassava 2.2 
coffee, cocoa, yam 1.9 
yarn, rillet 1.5 

ti 1 1.3 
corfef, yam 1.3 

yam, cecoyan 1.2 
Yarn, Lice, maize 1.1 

yam, maize, rice 1.1 

yarn, maize, cassava i.o 

cXoa, yam, p 
2 

lntain o.8 

yam, nillet, yo re aIle. o.7 
yam, maize, mdillet o.5 

yam, sorghum o.3 
other associations 46.5 

'P l01 '1.T 'L: 3o] 641 ha loo.o 

238 



0.8 

Table A 	 9 e 	 Croppinq Systems lncluding Coxnyam 
(Colocasia esculenta and Xanthosxna sagittifoli,an) 

PRINCIPAL ASSOCIATIONS 
% of total 

SURFACE 

cocoyarn (sole) 


cocoa, plantain, cocoyam 19.3
 
coffe , plantain, cocoyari 
 15.7
 
coffee, cocoyan, plantain 
 3.3 
coffee, 	 cocoyn 

3.o 
cccoa, cocoyarn, plantain 2.9 

ffc', cocoa, cocoyn 
2.5 

ccoa, cou[ff, co oyan 1.7 
c oL, co.\'af 

1.6 
plantain, cocoyam 

1.1
 
cassava, cocoyarii 


1.1 
cassava, plantain, (-coyam l.o
 
YCUTII (OCOyaiTI 


0.9 
pI an tain, 'im, vegutables 

o.8 
coffee, -c:oyalu, vejet'ables o.6 
pLantain, cocoyaxn, cassava o.4 
Iize, cassava, cocoyai 0.4 
yam, veqJetables, cocoyani 0.4 
yam, c,cOx:oymn o.3 
other assoc iations 

42.o 

'fi'A!, :VITA: 4o1 234 	 ha 10.o 
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Table A 9 f Rice-Based Cropping Systems 

PRINCIPAL ASSOCIATIONS %of total 
SURFACE 

upland rice (sole) 20.6 

lowland rice (sole) 2.8 

irrigated rice (sole) 1.7 

rice, nmaize 27.2 

rice, maize, cassava 6.9 

rice, cassava, maize 6.8 

rice, maize, plantain 3.6 

mai , rice 3.3 

yan, rice 2.7 

rice, maize, vcjetables 2.1 

yam, rice, maize 1.0 

yam, maize. rice .9 

rice, maize, sorghum 0.7 

maize, rice, scrh=L 0.4 

Lice, soruh't1n o.4 

maize, ,orghum, rice 0.3 

otlr associations 18.5 

2901 "R5 1;1 = o.o 
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Table A 9 g Sorghem-Based Cr.j Lng Systus 

PIUNCIPAL ASSOCIATILNS '6of total 
SURFACE 

sorghun (solu) 

mize, soryhum 

sorlhu, iiize 

rice, niize, sorghuTI 

sorqlIuu, bxeans 

fIliZe, ,Or JhLUi, groundnut 

iiia L, -ico. SOrgbMi 

I01'0, sO(IiIUiM 

soryii,,u, y-rouCiLnit, beans 

1m1i1.2, r)iiIice 

yali,' sorliitul 

S)0 I)hLTI, Iml i zo, okra 

so jrhuii, inullot, cilily pepxr 

3O jI ILIIII, im iz , beais 

nuize, l I lot, sorhun 

Forqun, Loins, imaize 

otLher as.s)viations 

27.7 

14.9 

8.o 

5.2 

5.0 

3.3 

3.1 

2.8 

2.7 

2.4 

2.0 

1.9 

1.7 

1.3 

1.3 

1.1 

'5.6 

10i"d, :lMFAC,: 49 990 ha -oo.o 
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Table A 9 h Croppinci Systems Icluding Millet 

PRINCIPAL ASSOCIATIONS %of total 
SURFACE 

pearl millet (sole) 19.0 

nuizo, millet 39.0 

yam, millet 5.9 

yam, millet, okra 2.7 

millet, M1 ize 2.7 

qrounchit, millet 2.5 

mRllht, IX'anS 2.2 

yaun, i'.3zu, millet 1.8 

IOifo (lutt, 531 , millet 1.8 

m ille,nllet, tana1.8 

Ial 1zu, qroundnut., millet 1.4 

sorcghun, millet, chilly pepjor 1.1 

mize, miulet, sorghum 0.9 

ITIiIZc, ril let, grocMdnut o.8 

yam, millet, LuhWcra nut o.8 

other associat ions 15.4 

'IttIAI. SU!v'B7; 7o o77 ni = loo.o 
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Table A 9 i Crcppinq Systems Including Groundnuts 

PRINCIPAL ASSOCIAR1IONS % of total 
SURFACE 

grou dnut (sole) 36.4 
groundnut, nuize 14.3 

grounclnut, millet 3.4 
groundnut, maize, cassava 3.3 
mnaize, sorghm, grouncnut 2.9 
imaize, grouninut 2.9 
grotndnut, m'laize, mil"-'. 2.4 
serglRit, groumdnut. L ans 2.4 
ca3sava, groundnut 2.3 
groundnut, cassava 2.1 

cassava, groundnut, millet 1.8 
groundnut, mt;ze, vegetables 1.2 
nmize, millet, groundnut 1.1 
other associations 23.5 

IFAI, SLJPFACE: 56 423 ha ioo.o 
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lsed Crasd 

Data of 30 Holdincs in-'ij! Viae 

Table A 9 k Yarn _jdnq i attrn in Eastern Nicieria 

Crop or Crop Mixture Acreage 

Water yam 
 o.8o
 
Old cassava 
 o.89 
N(w cassava 
 o.50
 
Yellow yam/new cassava 3.97
 
wCurdc/new cassava o.29
 

Yellow yazl/groUcnanut 
 o.5o
 
Wlite ya/new cassava 
 0.58 
WhiLe ya/ukro 0.o8 

Water yallilew 0.10sava
0.1
 
Yt h yall /(aoyL 
 O. o6
 
Ye [low yaim/old cassava 
 1. 2o 
Whiteto 'VCOcoyalm o.14 
White yIUVtuf i foli ate yan o.44 
Yellow yalnV.' cassava/melon 1.17 
Yel low ,.Vztrifol iate yar/fluted pumpkin o.36 
WhitU yam/nlIaL,:e/ f luted ptiaqkin 0.05 
White at'oIIt/trifol tate yVrlviiz0 o.34 
Water ',am/new cassava/okro 0.11 
YelA "q cassava/ia iey'a/ivold o.29 
Yetlow yaniVroundhoult/new cassava 1.o6 
WhiLe yUiVLoid cassava/maize o.13 
Wh ite yaIVnew cassava/I!aize o.32 
Yel low yml/c d cassava/1olln 1.97 
Yel !ow yailwater yam/t rifoliate ,an i.o3 
Wni te yal:/water yvanc.coyanVfluted pumpkin o.3o 

'Tbtal 16.68 

Averaqe per farrr o.55 

Source: UZOZIE, 1971
 

294 



Table A lo Maturity Period of Crops 

Cereals
 

SorghLun, in the, SLnIa Sta~mna 

I , in the S. Gin,, ivuma 


Mi l l e t , 
..1 
Maize Maiz 

2. .;ea nn, shert c%cle tVp-As 

Rice 
Hungry 1-ic, (D. exilis) 

L90 

Groundnut, rLunnur type (S[panish or Valencia group)I bunch tape (Virginia group) 
C 4>-'a spreading ndeterminate 


E 3 l,n a-xi n t
,-rect, detexlninawe 

Soya hoan, Uni'rovtd, non-photoperiodic cultivars 

Phas oius bean, lowlands
 
Pigeon pea 


Root and Tuber Crops 


Cassava 


, fo ;sing 

Yam , (). [ottndata) 


(D. alata) 


Cocoy-Im 
 (Cblocasia UScuIlenta) 

I (Xantlsofi

1 saqittifolim) 

Sweet potato 

Other crops

Banai.a/Plantain 


Sugar cane 

ratoDn crop 
Pepper 

Okra
 

Sesame 

Source: Kassam 1976, 1979 

120 - 135 
<2o 
4 2r075' 

75 - Ioo0 
12o - 18oiio - 12o 
8o - 9o 

12o - 16o 

- 12o
 

9o - lo5 
12o - 145 

<le 
88 


12o 

0 - 1oo 

- 15o 

90 - 110 

9o - 12o 
118o 

uonths 

9 - 12 
18 - 24 

8 
9 - o 

6 - 18 
9 - 12 

12 - 15 

14 - 18 
12 

4- 7 

4 
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Table A 11 List of Botanical Names of Crops and the Rospective Eq1 ish and French 
Camun Nates Uscd in West Africa 

Botanical Name English French 
Perennials (Tree Crops) 
Butyrosperrum parkii (Don.) Kotschy Sheabutter tree Y'arith 
Carica papaya L. Pawpaw, papaya Papayer 
Cocos nucifera L. Coconut palm Cocotier 
Coffea arabica L. (Arabica) Coffee CIXf iev (arahica) 
Coffea canephora Pierre x Frn _-eier (Robusta) Coffee C, fi- (robusta) 
Cola acuninata Schott et E.dl. Kola Kolatier 
Elaeis gufnlensis Jacqu. Oilpalr PaLmier huile 
Mangifera indica L. Mango Manguier 
Musa (sapie.tuim L.) Banana Bananie-r (douce) 
Muoa (paradisiaca L.) Plantain Banwnu, pldntain 
Parkia clappertonia Benth. Locust bean, dawadawa Ner@ 
Parkia biqlobosa Benth. , . 
Pentaclethra macrophylla Benth. Oilbean Ovala, mlbala 
Persea armericana Mill. Avocaoo Avocatier 
Theobrcira cacao L. Cocoa Cacaoyer 

Cereals 
Digitaria exilis Stapf. Hungry millet (rice) Fonio 
Oryza glaberrima Steud. African rice Riz 'locale) 
Or,.,za sativa L. Rice-lc wland Piz (has-fonds) 

Rice-upland Piz (pl iale) 

cont" 



Table A 11 cont.' -1-

Botanic Name 

Penniseturn typhoides (Brun.) 

Stapf et Hubbard
 
Sorghm vulgare Pers. 


112guI-es 
Araclus hyTogea L. 


Uajanus cajan (L.) illsp. 


Cajanus indicus Spreng. 


Cicer arietinum L. 

Glycine max (L.) Merr. 

Mucura pruriens D.C.var.utilis 

'"*,'hl.exWight) Baker ex atrck. 
Vicqnc mungo (L.) Hepper 

(Phaseolus mngqo (L.) Hepper) 
Vigna radiata (L.) Wilczek 
(Phaseolus aureus Roxb.) 

Plhaseolus ,,ulgaris L. 


VIgna unguiculata (L.) Walp. 


Voandzeia subterranea (L.) Thou. 


Root and Tuber Crops
 
Colocasia esculenta L. 


Dioscorea spp. 


Dioscorea alata L. 


Dioscorea bulbifera L. 


Dioscorea cayennensis Lamk. 


Dioscorea dumetcrum (Kunth.) Pax 


Dioscorea rotundata Poir. 

cont.'
 

English 


Millet, pearl mi2let 


Sorghrn, guinea corn 

Groundnut 


Pigeonpea 


Chickpea 


Soya bean 


Velvet bean, black Mauri-

tius bean 

Black gram, Urd 


Green gram, mung bean 


(Wrench)bean 


Coapea 


Bambara groundnut, earth pea 


(Old) Cocoyam 


Yam 

Water yam, white yam 

Aerial yam 

Yellow yam 

Bitter yam, T ifoliate yam 

White (eary) yam 

French 

Mil, petit mil 

Sorgho
 

Arachide
 

Pois d'Angole, anhr~vade
 

ou pois Congo
 

Pois ciche
 

Soja
 

Pois mascate, pois i
 
gratter
 

A:nbrique, pois ou 
haricot muigo 
Haricot velu, 
amb&rique 

Haricot (commun) 

Ni&b, haricot dolique 

Voandzou, pois bambara
 

Taro
 

Igname 

Ignarre ail&e, igname tardive 

Ignane bulbifdre
 

Igname de Cayenne
 

Ignane trifoli~e 

Ignaie de Guinre, i. pracoae 



Table A ii ccnt. '-2-

Botanic Narp 

ILr-a batatas Poir. 

:4anihot esculenta Crantz 


Sclan=c s L 


Xanthosara saqittfohti , Schott. 


Ve ;etablus
 
Ar.srandius spp. (A.thunbergii Moq, Bondue) 

Capsictri1 annuun L. 


Cit-ullus spp. 


CitruLlus .-ulgaris Schrad. 


Corcherus spp. (C. olitorius) 


CucurLita sup. (C. Pepo L.) 


Hibiscus esculentus L. 

Hlibiscus salxiariffa L. 


Lagunaria -Ulgaris Seringe 


Lyconersic-n esculentun 
 till. 
Solanrn spp. (S.niaru, var. guineense) 

Talin= triangulare h'illd. 


Divers Crous
 
Aranas ccrosus (L.) Mer. 


Goss -Piumhirsutu-n L. 


Nicotiana tabacum, L. 


SesLu- indicz L. 

Saccharum officnale L. 


Enlish 

Sweet p)otato 

Cassava 


Irish potato 


(New) Cocoyarn 


African sulnach 

P, pepl-er, chill, 

IMelon 

1elon 

African spinach 

Paznkrn, "arrow 

Okra, lady's finger 

Roselle 

Calabash 

Tomato 

African spinach 

African spinach 

Pineapple 

Cotton 

Tobacco 

Sesame, benniseed 
Sucar cane 

French 

Par-ate douce
 
i.-.nicc
 

Pr-t-, de terre
 

'-ac- (in Ca'rocon)
 

Eipinarn zfbCain, a.-ra-t-,t. 

pi:.,t (de Cayenr
 

,velcn,
 

M4elon
 

K.:card arlcalr 

Courge, ccur.tt., cccrotll 

Cor-bo 

Oiselle (.5s C un 

Calebasse, qocrde 

Ta-ate 

Epinard fricain 

Epinard africain 

Ananas 

Cotcn 

Tabac 

Sasame 
Canne A sucre 



TableA 12 CcnlSLImi~l Civrt(on (-)f -I :,ill(tVWI t iV,,L~rS I.PZU1j 

Product 
12 31 4 5 6 7 8 9 10 11 12 

Crop," prxxhlt iA 0 ill Iv 

F ,hn joe 

Maiz'e inl mi L-. lp-eue 
x 

x 
x x 

Rice x x 

xIun''11 (ecu l i (I 
xSoi(Oqlminhc'ane l" kneci 

(2) tipeFUOI!; X X 
wN)It a in ij n roteinl 

WNju; betor 
XXIei.(jUnmc) 

xii;OlI~uilt 'I ma) 
x

Iv *:pif.; 0 , , I , l x x

jut (11"' ) x 

~ ')dtCleve;X X X X X X X X X X XX 
m>(1 0a L11I kind(S x x x x x x

I i)~ smxl ccxmm mmd!;pi ces 

Xxx 

("II UI 11t ! t Ciilm tus) xl 
illl 

xI XXX X 

iii t (iflmiqn)x x 

.,tAimt Ixk t 'C I, 1967 citedc fro,, RUPIIEM3I:RG, 1980 

2()q 



Tlable A 13 List- ut 1nt, uewan L arcikan workinq on 

.111teicrolairl.I InVh-sn t,sia1 

CauLey [no t i t ut-c Paevardher Subjects 

IUi qe I ia I 11;L1 it Wt C' 0Ia
~Wii C I~a liAl 'I u 

Economicsn 
Econor10ni cs 

BiI non Aji onoumy 

bAR & T, ILad in Arle Lana A [rorinn' 

NuaLi ona I Ceieal;; Pkoiio Aqiruoiy 
RLe.earU('j 11lot itt(' I lllii (lout ii I t) 

Univ. of Niqeria, Ic~cunkel:ol~ 

NIirLan1H Ill~t. . tar- Reiion Aclronci' 
Oil IaiiI:iih('t jy 

Cane rconl ICISA, Yad(,C:S Lomjiiu Economic!; 
*u Arnnm 

I FA Pracluin
1 

Aqreonamr1 
salon Aqrociny Ic ;mt'n 

Lyonc in Aqronuvi, 

LUCAD* * S itonl 

Draughit- Cat I: Ii 
Program, Itanuida Gem,con team tyno) 

Ik'n in Uni tC' de Reccrhs rettC 
doLProducti[ao iaw Djcgui Ag-ronomry 

CJUIU:P At [an. I(ULo* * Goeninu tcoml A,\q-ronAy 

Tlajo IRALF I-Itrille Agronomy 

SkIRXU IN Agronom~y 

Cl uima Crops; FlPea rhl Kull Agronomy 
IoutL i tilt L. (rriuil tLeamI " , lr'nmics 
Wtt;; i nia1XI in a) 

Uniiv. of !,oon IDoku C u0' 

I~edvire 

I IL(-VtOI LZI Ic!d SA!,t-- at 1on 1Loi11n% 
5AFGICV) IBrockrvin*, Cantrel[l A' rcoani 
IPAl' Mormut: Agunomiy 

Ia ini-,oIU.(Gonnil tonUI) 

has; Ift. tls- inst. ILte / extolnidun sol'v icu; or d (helomllnrntalneI; 



Fic-ure A I Clirtc-s of '.est Africa (Frcrn ! FARPSu>' CILT,C1, 1980 aTd "Atas do la Pubi icpetUnio du Camrcr" .I' 
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Ficrure A 2 'ulnual ainfall of West Africa (Data of 95 Staticns, .inhmLLM PL-riod of 
10 Years) {IARISON CORCI, 1980) 
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Figure A 3 Vecactation Zones of West Africa (From BAR]FISOIN 0],rra, 1980 and 
"Atlas de la R~publiclue Unie dluCamroun) 
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Figure A 4: Two- and threedimensional cropping patterns 

A A 

:A 

dimensional 

patton" ara I m 
Ip 2m - .5m 

patterns area = tine area = Im'j 

Change of inter-row distance of the dominant crop ( ) without 

changing the plant population of the dominant crop, allows to 

interplant uifferent populations of a dominated crop ( . 

3m 

2m 3 

three-T
 
dimensional 0,5m .
 

.......
cropping 

pattern 3m
 

Multistorey cropping with three different storeys.
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publik) 1973. 66 Seiten, 35 Abbildungen Spa. miariden tunesischen Oberen Medierdatales bei 
nisch DM 5,- Beregnung". 1975 J32 Seiten. 28 Abbildngen. 

ISBN 3-88085-000-3. DM5,-
Schrlftenrelhe Nr. 10 
Bautista, Juan Elias: Hansen del Orbe, Raymun-
do und Jurgens. Gerhard -Control de Malezas 

Schrlttenrelhe Nr. 19 
Grove, Dietrich. ..Ambulante andrologische Dia

en la Repbbhca Dominicana" (Unkrautbekamp-
fung in der Dominikanischen Republik). 1973. 40 

gnostik am Rind in warmen Landern". 1975. 288 
Seiten. 40 Abbildungen. ISBN 3-88085-005-4. 

Seiten. Spanisch. DM 5,-. DM 5.

/ 
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Schrlflenrelhe Nr. 20 
Eisenhauer. Georg (Redaktlon . Forsthche Fa-
kulta ValdviaiChile - Facultad de Ingenieria Fo-
restal Valdv aCihile 1975 245 Seiten LDeutsch 
und Spa nisch 4 Abt/dungen, ISBN 
3-88-085-015-1 DM 5. -

Scnriftenreihe Nr. 21 
Burgeme,ster. Rainer .E6vage de Chameaux 
on Afrique di Nord (Kamelzuchlt in Notafrika) 
85 Seden ISBN 3-88085-010-0 DM 5.

Schrif!enreihe Nr. 22 
Aqpaoa .A Endangan. D Festin. S . Gumaya-
gay J Hoenninger Ti . Seeber G UnkcI. K 
und Wedelt H J (Compiled by H J Weidelt, 
. Mnal of Roforestaton and Eroi on Control for 
tne Pnlhpp.nes Handbuch er Auf/orstung und 
Emsionskontrolle auf den f-nanppnn 11975 569 
Seiten Englhsch ISBN 3-88085020-8 DM5.-

Schriftenreihe Nr. 23 
.uo'on, Gehrud i Relahrton, Curso Basico 
sobre Control 1eM, /o.s on la Pf2publca Dom
nicana IGrundkurs :ur Unkrautboe; amplung in 
(let Domini i sctien RepublhA Spanisci7 ISBN 
3-88(85G t0 0 DM 5 -

Schrifteneihe Nr. 24 
Sclsober Euqoirio Ei Status Presynte do la 
Herrumbre del Cale en America del Sutr (Der 
atiolle Stand doe rKatfeerostbekampfung in 
Suitamrorka 1975 22 Seten Spanisch DM 

Schriftenreihe Nr. 25 
Rohinoser Klaus .. 01pflanzenzuchtung in Ma-

roki) - Selection ds O/eagmneux au Maroc 
7175 278 Seten Co/orlotos. t Ubersichtskar- 
to Qeutscth und Franzosisch ISBN 
3-89085-035-6 DM b. -

Schrifterreihe Nt. 26 
Bonarius Homut Physicil Properties of Soils 
in tne Kilombero Valley /Ta-izama) (Physikah-
scrhe Zusammensetzng der Boden im KIombe-
rctal Tansania) 1975 34 Selen Enghisch DM 

Schriftenreihe Nr. 27 
. Mandl - A Project in a Mountainous Region of 
India (Mandi - Projekt in ener indischen Berg-
region) 1975 Englisch - Hindi ISBN 
3-9800030-5-1 DM5.-

Schriftenrelhe Nr. 2V' 
Schmidt. Geri~ard und Hesse, F -W Einfuhrung 
der Zuckerrube in Marokko - Introduclion de la 

betterave sucriere au Maroc" 1975 136 Seiten 
16 Tabellen 17 Schwarzveftotos Mehrfarbige 
Sta, Jortkarte Deutsch und Franzosisch ISBN 
3-88085-601.-DM8.

Schr!tenreihe Nr. 29 
.Landwrtschaftliche Entwicklung Wast-Suma
tras 1976 30 Serien 13 SchwarzwedOfotos 
farbige Standortkafte ISBN 3-88085-007-0 DM 
5 -

Schriftenrelhe Nr. 30 
Ruchel, Werner-Michael .. Chernoprophylaxisof 
Bovine Trypanosormasis fChemorophy!ax& 
derbovinen Trypanosomiasis) 1975 252 Seiten 
Englisc ISBN 2-9800306-X DM5 -

Schriflenreihe Nr. 31 
Bi/ung und Wissenschaft in Entwicklungslan

dem iCe Mafnatrnen der staahlicher' deut
schen Bildungs- und Wissenschaftsforderung) 
Zusammengestllt on Wolfgang Kuper 1976 

242 Se,ten ISBN 3 88085-004-6 DM 13.50 

Schriftenreihe Nr. 32 
Waqener Wiheln Ernst E.ukaste ' fur die 
oraklscnpadagogqscne Counterpartausb1-
Junq 1976 156 Soton ISBN 3.88085.006-2 
DM 18 50 

Schriftenreihe Nr. 33 
Jiimioes Agnisto/nio -- F th.1e des Rumi

nants tEfrat7irn(gsa.S'tausLf ubet Wedever
-osserungi 1911. I88 Seen ISBN 
?-88085009; DM5 -

Schriftenreihe Nr. 34 

Neiiniaie Tthomas iRedahlion, Internationale 
Zadsanmnartoet rimAgrarbereoctn - was, wo. 
-re t976' 1976 524 Seiten ISBN 

3-88085-012.7 DM 16 50 

Schriftenreihe Nr. 35 
. Colhetas meihores para Minas Gerais - Bes
sere Ernten fur Minas Gerais Funf Jahtre brasi
/anischi-deutsche Zusammenarbei in Minas 
Gerais) Zusammengestellt von Ernst Lamster 
und Thiimas Neumaier 1977 54 Seiten 52 Ab

bildungen ISBN3-88085.018-6 DM 7.50 

Schriftenreihe Nr. 36 
Kassebeer, von Keyseringk. Lange. Link. Pol
lehn. Zehrer und Bohlen .La Derense des Cultu. 
res enAtrique du Bond - encoisiderantparicu
hierement la Tuniste etla Maroc' "°flanzenschutz 

in Nordafrika unter besonderer Berucksichligung 
von Tunesien und Marokko) 1976. 272 Selten. 
375 Color-Abbildungen. DM 41,20 

qb 



Schrlften; eihe Nr. 37 
..Agricultural Development in West Sumatra" 
(Landwirtschaftliche Entwicklung in Westsuma-
tra). 1976 30 Seiten. Engisch. 13 Schwarzwelf3-
fotos. I farbige Standortkarte ISBN 
3-88085-007-0 DM5.-

:

Schrlftenrelhe Nr. 33 
Kopp, Erwin .Le PorentieldeProduction dans la 
Reg16n semiaride di laHaute Vallee de laMed. 

lerda tun',i;enne sous irrigation par asparsion" 
(Das Produktionspotental des semiariden tunesi-
schen Oberen Medlerdatales bet Beregnung) 
1977 360 Seiten ISBN 3-88085-021-6 

DM 26.-

SchrIttenrelha Nr.39 
Schmutlerer. Heinz .. Plag:s e Enfermedadas de 
Algodon en Centro America (Krankheiten unt-
Schadlinge bet 13aumwolle in Zenlralamf rikal 
T977 134 Seiten 50 Colorabbildungen DM 

22.-

Schritlenrelhe H~r.40 
..Dritteexterne Vetermartagung (Berichte und 
Arbetsergenisse) 1977 370 Seiten ISBN 

Schrittenreihe Nr. 41 
Becker. Gunther ..-. 'olzstorung durch Termiten 
im Zentralafrikanischen Kaiserretch - Destruc-

tion diubo's par les termites iCans I'Empire Cen-

tralalrican 1977 96 Seiten 16 Abbildungen 
Deutsch und Franzosisch DM 12.60 

Schrltlenrelhe Hr. 42 
Furtmayr. Ludwig .,Besamungsstationen an tro-
pischen und subtropischen Standorten 1977 
64 Seiten ISBN 3-88085-031-3 DM 109.O 

Schrlftenrelhe Nr. 43 
Wirth. Frigga ,Culture de plants J parfum en Tu-
nisie - Partamptlanzenanbau in Tunesien 
1977 196 Seiten Franzosisch und Deutsch DM 
78.40 

Schrlftenrelhe Nr.44 

.. VikunlabewrtschattunginPerui 1978 

Schriftenrelhe Nr.45 
Grove, Dietrich. ,Diagnostico Androlc~gico Am-
bulante en el Bovino en Patkes Calidos" (Ambu
lante androloqische Diagnostk am Rind in war-
men Landern) 1977 280 Seiten ISBN 
3-88085-038-0 DM24,50 

Schrifterrelhe Nr.46 
Nagel, Ludwig ,Aquakultur in der Dritten Welt". 
1977 110 Seiten 21 Abbildungen. Deutsch. DM 
14,50. 

Schritftenrelhe Nr.47 
Wagener Wilhelm E. ,Model for Practcal-Edu
calionalCounterpart Training". 1977. 106 Seiten. 
DM 18,50 

Schriftenrelhe Nr.48 
Metschies, Gerhard. ,,Tecnnisch-wirtschafthche 
Moglichkeiten und Gienzen des landhchen Stra
13enbaus in Entwicklungslandern" 1977. 219 

Se,ren Deutsch DM25,

N'ArltenrelheNr.49 
t-ischol Friedrich .,Common Weeds from Iran, 
Turkey, the Near East and North Africa". 1979 
234 Seiten, 204 Colorabbildungen ISBN 

3-88085-061-5 DM56,-

Schriftenrelhe Nr. 50 
Ballestrem, C Graf und H -J Holler ,_ otato Pro
duction in Kenya Experiences and Recommen
dations forImprovement 7977 88 Seiten 69 

Abbildungen EnghLch DM 19.60 

Schriftenrelhe Nr. 51 
_Savar-Farm - The Central Breeding-Station ot 
Bangladesch (Savar-Farm - Die zen'rale Tier. 

zuchtstation von Bangladesch) 1977 44 Seiten 

Englisch und Deutsch DM 7.50 

Schrittenrelhe Nr.52 
,Progresson Lake Malawi - The Central Region 

Lakeshore Development Prolect 1967- 1977' 

1978 54 Seiten ISBN 3-88085-036-4 DM7,50 

Schrllenrelhe Nr.53 
Ktsselmann E (RedakionI ,.Gutachten - Stu
dien - Berichte IBeitrage aus 20 Jahren inter
nationaler Zusammenarbeit im landichen 

Raum) 1977 540 Seiten DM28,

Schrlfte,.relhe Nr. 54 
.Terarztiche diagnostische Labors in Malaysia 
- Beispiel malayisch-deutscher Zusammenar. 

beit' 1978. 32 Seiten DM 8.60 

Schrlttenrelhe Nr.55 

Neumaier, Thomas (Redaktion). ,, Technische 

Zusammenarbeit im landlichen Raum, was - wo 
- wie 1978' 1978 690 Seiten ISBN 

3-88085-044-5, DM22.50 

Schriftenrelhe Nr. 56 
Leppack, Eberhardt und Rosskamp, Robert. .Al
macenamiento de Papas en Panama - un elem
plo para zonas tropicales y subtropicales (Kartol
fellagerung in Panama - en Beispiel fur tropi. 
sche und subtropische Zonen)". 1978. 102 Sei
ten. 28 farbige Abb., 13 Skizzen, Spanisch. DM 
26.50. 



Schrlftenrethe Nr. 57 
Walker, J. B., D. Mehlitz und G. E.Jones. -Notes 
on the ticks of Botswana" 1978. 83 Seiten 32 
Abbildungen Englisch DM 18,40 

Schrilftenrelhe Nr. 58 
Kurt Hjeck .Los Bosques de Sudameric3 -
Ecologia, composicibn e impoltancia economi
ca" (Die Walder Sudamerikas) 1978 476 Sei-
ten Mit Vegetationskarte von Sudamerika ISBN 
3-88085-053-4 DM49 50 

Schrlftenrelhe Nr. 59 
Dorow, Eberhard .Hubschrauber in der Feld-
houschreckenbekamplung - Helicopter in 
Grasshopper Control - L helicoptere dans la lut
te contre us criquets 1978 66 Seiten t3 Abbil. 
dungen Deutsch, Englisch. Franzosisch DM 
8.20 

Schriftenrelhe Nr.60 
Hubert, Klemens und Friedrich Sander ,The 
Rehabilitation of Rural Roads in Handeni District 
(Tanzania) - Project description and assess-
ment of experiences - 1978 01 Seiten 3 Kar-
ten Englisch DM q 60 

Schrlftenrelhe Nr. 61 
German Agricultural Team (GA T) in Kenya 
-Passion Fruit Growing in Kenya - A Recont-
mendat,on for Smallholders 1978 46 Seiten 
57Abhildungen Englsch DM 11.50 

Schriftenrethe Nr. 62 
Lippmann. Dieter ,,Cultivatio of Passiflora 3du-
hs D (General Information on Passion Fruit Gto-
win7 in Kenya) 1978 88 Seirten 88 Aboildun-
ge. IS3N3-88085-065-8 DM18,-

Schrlftenrelhe Nr. 63 
,Ruckstandsprobleme im Pllanzenschutz in der 
Driren Welt " 1978 62 Seiten 35 Abbildungen 
Deutsch. DM 14,50, 

Schrlftenrelhe Nr.64 
Schmutterer. Heinz _Cotton Pests in the Philip-
pines" 1978 t10 Seiten 47 Abbildungen Eng
lisch DM21.-

Schrlftenrelhe Nt. 65 
_Dune Stabilization - A Survey of Literature on 

Dune Formation and Dune Stabilization'" (Dunen

stabilsiurung). 1977 407 Seiten. Englisch, ISBN 
3-88085-032-1. DM 18,50. 

Schrlftenrelhe Nr. 66 
Maier, Hermann (Redaktion): _51 x Au:;bifdung 
- Fdrderung der beruflichen Bildung in Entwick-

lungslandern ' 1977 324 Setten. ISBN 
3-88085-034-8. DM 14,5C 

Schrlttenreihe Nr.67 
Becker, Silke _La Propagacibn de la Roya del 
Cafeto' 1979 70 Seiten 13 Abbildungen. Spa
nisch Englisch Deutsch DM 7,50 

Schrlttenrelhe Nr. 68 
Vollweiler, Berthold .,Escuela de Topografia y 
Catastro (ETC) Ausbildungsstatte fur Vermes
sungswesen und Kataster - Costa Rica Cc!lege 
of Surveying aQd Cadastral Scienc? ' t97a 29 
Seiten 13 Abbildungen Spanisch Deutsch DM 
750 

Schriftenre;he Hr. 69 
A Marouani, N Kouki. M Ghatim und P -H 
Grell ,,Gutes Saatgut - eine Voraussetzuny fur 
nohe Ertrage Deisprachiq IDeutsch, Franzo
sisch, Arabisch) 1979 56 Seiten ISBN 
3-88085-066-6 DM 10,50 

Schriftenreihe Nr. 70 
Michels, Thomas .,Medical Laboratory Develop
ment in Tanzania 1978 30Soiten 22Abbildun
gen Englisch DM 12.50 

Schriftenreihe Nr. 71 
Korte, Roll lRedaktfon) .Nutrition n Developing 
Countries - A Seminar for Germin Technical 
Assistance Personel 1978 394 Seiten Eng
:sch DM 22,50 

Schriftenrefhe Nr. 72 
Bruring. DietrichC ,.PopulationPlanning in Pa
kistan - A Study oe the Continuous Motivation 
System" (Bevolkerungsplanung in Pakistan) 
1977 300 Seiten ISBN 3-88085-043-7 DM 
18,50 

Schrlftenrelhe Nr. 73 
Seeber, G, H J Weidelt und V S Banaag 
.Dendrological Characters of Important Forest 
Trees from Eastern Mindanao 1979 440 Sei
ten ISBN 3-88 085-068-2 DM 22.60 

Schrlftenrelhe Nr. 74 
Heidemann. C und H 0. RPies ,.Raumordnung, 

Regional- und Stadlentwicklung Em method
sches Konzept" 1979 52 Seiten Deutsch DM8.10 

Schrlftenrelhe Nr. 75 
Goedicke. P. T, E. Reiscn, G Schnuer und A. 

Zufle ,,LandtechnischeAusbildungs- und Bera. 
tungszentren als Mittel zur Fdrderung der Land
wirtschaft in Entwicklungslardern,' 1979 96 
Seiten. Deutsch. DM 16,50. 



Schrlttenreihe Nr.76 
Gassert, Werner L. _Research on Coffee Berry 
Dissase in Ethiopia". 1979 56 Seiten. ISBN 
,1-88 '185-070-4 DM 12,60, 

Schrl~1enreihe Nr. 77 

Rosskamp, Robert Eberhardt Leppack ..Potato 
storage in Panama (Kartoffellagerung in Pana. 

ma) 1979. DM26.50 

Schr ttenrelhe Nr.78 
Mynt, Cynthia ,Women and Development in 


Yemen Arab Republic' (Frauenund Entwicklung 
in der Arabischen Republik Jemen) 1979 170 
Seiten 28 Abbild ISBN 3-88085-079-8 DM 
24,50 

Schrftenreihe Nr. 79 
Krause, R und Lorenz, F Bodenbearbeitungin 
den Tropen urnd Subtropen 1979 252 Selten 
ISBN 3-88085-079 8 Deitsct: DM 24,50 

Schriftenreihe Nr.80 
Die Okologie und Bekanipfung des Blutschna-

Schrlttenreihe Nr. 37 
Mielke, Gerd (Redaklion) .57 x Ausbildung -
Forderung der beruflicher bLildung in Entwick. 
Iungslandern ' 1979 358 Setten Deutsch. ISBN 
3-88085-077-1 DM 16.50 

Tchnal ora ia 

,Technical Cooperaton i Rural Areas - Facts 
and Figures 1979 (Technische Zusammunar. 
beit irn landlichen Raum - Fakten und Daten 
1979) 1979 580 Seiten Englisch ISBN 

3-88085-082-8 DM22.-


Schriftenrelhe Nr.89 
.. Bildung und Wissenschaft in der Technischen 
Zusammenarbet mit Entwicklungslandern " 
1979 Deutsch DM29,-

Schrittenreihe Nr. 90 
..Gesundheit. Bevolkerungsentwicklung, Ernah
rung Deutsch DM 13.50 

Schriftenreihe Nr.91 
belwebervogels (Qutca quele(i) ,.Masterplans forElectric Power Supply" (Obin Nordostnlge.eretung
be In ',e, i rctvessand&Methods) t980.277Seiten Englisch. 

Schriftenrelhe Nr.81 
,Orthopadie-tfechnisches Vetsorgungszentrum 
nd Ausbdunqssttte furOrthopade-Technker, 

LomP Togo 1979 38 Seiten Deutsch DM 
9.80 

Schriftenteihe Nr.82 
.,PesticideResidue Problems in the Third World" 
(Ruckstandsprobleme im PliantF schutz in der 

Drtten Welt) 1979 64 Seiten Englhsch ISBN
 
3-88085-074-;' DM 14,50 U'ersetzung der Nr 

63 

Schriftenrelhe Nr.83 
University ol Dar es Salaam Faculty of Engineer-
ing 48 Seirtn Enghisch DM 17 -

Schriftlenrehe Mr.84 
Die Bundesrepublik Deutschland und die Forst.orbreiungSchriftenreihewirtchal dr 3WellInwirtschaft der 3 Welt. In V/orbereitung 

Schriftersrelhe Nr. 85 
.,Sporttorderung in Landern der Dritten Welte
1979 228 Seiten Deutsch ISBN 3-88085-078.X 

DM 29.-

Schrittenrelhe Nr.86 
_AgriculturalEngineering. Training and Advisory 
Centres as a means ofpromoting agriculture in 
developing countries' 1980 Hierbei handelt es 
sich um die englischo Ubersetzung der Nr 75 
DM 16,50 

ISBN 3-88085-093-3 DM 32.80 

Schritlenreihe Nt. 92 
Raii NotbeitundlRau. Anke ,,CorimercialMarineFishes of the Central Philippines 1980 608 
Sirtn ISBN3-8P?85-08il.5 DM38 

Schrittenreihe Nr. 93
Pflciniersclitz inn Nirdleron (AnIb.nstntel. In 

Vorbereitun 

nliriftenewatir ti 
. P01ll00011of the waters of tihe Amman Zerka Area 

(Jordan). A hydrocheirncal and hvdtobiologncal 
study InVortiereitunf 

Schrittenreihe Nr.95
ShitnefeN.9Ruckstandsprobleie irri Pflanzenschutz iii der 

Dritten Welt Sparisch In Vobereitung 

Nr. 96 
Rickstandspnobleme in Pflanzenschutz in der 

Dritlen Welt Frarizosisch In Voint ereitung 

Schriinlnhe lii r i 
Wasserhyazithen InVotboreituny
 

Schriftenreihe Nr.98 
Heideniann. G, und Ries, H 0: .0Regionaland 
Urban Development" A methodological frame
work. 1980. 48 Seiten. DM 11,25 
Ubersetzung in dn;r Nr. 74. 



Schriftenrelhe Nr. 99 
Heidemann. C. und Ries, H. 0: ,,Ordenamiento 

Espacial, dcsarolloregionals y desarollo urbano 
1980 51 Seiten OM 11,25. 
Ubersetzung der fNr 74 

Schriftenreihe Nr. 100 
Hagenbrock. T. Pohl, H, Ries. H 0, Spanger. U. 

Springer, W, Aulgaben und Chancen von Re-

gtondleritir;c hlitigsproiektori in Entwichlungs
lirmern DM 39.50 


Schriffenreihe Nr. 101 
CBE - College ol B3siriess Education Dar es 
Sala'n/Dodona.Tanzania DU 1420 

Schriftenreihe Nr. 102 
.Techi al Ccllege Aisha - Traiino of Tech-
nicars in Tanzania 1980 Erig/sch 29 Seiter, 

ISBN 388085-090-9 D1 I8 70
 
Eirie Prolektkijrziarsot,lli(, 


Schriftenreihe Nr. 103 
COntires (dtfotttlorn t(i,vulgarisatlionellgenie 
, 'icole, itniOy i (io iromlotilgriculjlrr?p onlde I 
hanS los pal'S I'lVrl4 do tevOlIfppOnienl ?980 

Frawo';,Isl PM :2450 
Ubeio.,',.': /,.' N... 


Schriftenreihe Nr. 104 
Das Verwaltungsinstitut Sana'a. Deutsch, Eng
lisch, Arabisch. (Noch nichtei3-hienen) 

Schriftenrelhe Nr. 105 
Doppler, Werner: ,The Economics of Pasttre 
Improvement and Beef Production in Senihunid 
West Africa.' 1980. 195 Seiten. Englisch ISBN 
3-88085-101-8. DM !4, 

Schriftenrelhe Nr. 106 
"Studien. Gutachten, Benichte Betrageinterna-
tionaler Zusammenarbeit n landhchen Raum. 
1977-1980." 1981. 351 Seilen. Deutsch. ISBN 
3-88085-102-6, DM 13,80 

Schrittenrelhe Nr. 107 
"Fischerei ao) Assad-See, Syrien". 1987. 32 Sei-

ten. Deutsch, Englisch. Franzosisch ISBN 
3-88085-100-X. DM 16,25 

Schriftenreihe Nr. 108 
Schmidt, Gerhard; Hesse, Friedrich- Wilhelm und 
Trost, Karl: "Die Zuckerrohrkultur in Marokkn.". 
1981. 88 Seiten. Deutsch. ISBN 3-88085-105-0. 
DM 34,50. 

Schriftenrelhe Nr. 109 
Nienhaus, Franz: -,Virus- and similar diseases in 
tropical and subtropical areas". 1981. 216 Seiten 
Englisch. ISBN 3-88085-106-9. 

Schriftenrelh3 Nr. 110 
, Technische Zusammenarbeit im landlichen 
Raum was, wo, wie 7981 '. 1981. 962 Seiten. 
Deutsch. ISBN 3-88085-107.7. OM30,-. 

Schrilftenrehe Nr. 111 
.,Handbuch der Zugtiernutzung in Afrika". 1981. 
496 Seiten. Deutsch ISBN 3-88085-103-4. 
DMtO. -

Schriftenrelhe Nr. 112 
Schmidt, G., Hesse, F.-W., Trost, K La culture 
de lacanne a sbcre ao Maroc". 1981. 88 Seiten. 
Franzosisch. ISBN 3-88085-105-0 DM34.50. 

Schrittenreihe Nr. 113 
..Probleries de nost-recolte. Documentation sur 
un Semriaire OIJA/GTZ'. 1980. 247 Setten und 
31 Selten Anhang Fi oizosisch. DM 15.,j0. 

Schriftenreihe Nr. 114 
Drescher, Wilhelm und Crane, Eva. -.Technical 
Coopeiation Activities. Beokeeping A Directory 
and Gode' '982. 166 Seiten Enghsch. ISBN 
3-hd085-111-5. DM39.50 

Schriftenreihe Nr. 115 
,,Post Harvest Problems Documentation of a 

OAU/G TZ Seminar. I980. 258 Seiten und 33 Sei
ten Anhang. Fng/isch. DM 15,40 

Schriftenreihe Nr. 116 
.,ForstSahel' In Vorbereitung 

Schriftenreihe Nr. 11-1 
Jahn, Samia Al Azharia:,, Traditional Water Puriic
ation in Tropical Developing Countries. - Existing 
Methods and Potential Application". 1981. 284 
Seiten Enlisch ISBN 3-88085-116-6 DM 35,-. 

Schriftenreihe Nr. 118 
Kopp. E. ,Sttckstofprcblematik in einem semia

riden Raum". 1981. 276 Seiten. Deutsch. Eng
lische und franzosische Zusammenfassung im 
Anhang. ISBN 3-88385-177-4. DM51,60. 

SchrittenrelheNr. 119 

Jaritz. Gunther ..Grunlandnutzung in Tunesien". 
In Vorbereitung. 

Schrlttenrelhe Nr. 120 
.Animal Traction in Africa". 1982. 490 Seiten. 
Erglisch.ISBN 3-88085-133-6. DM 60,-. 
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Schriftenreihe Nr. 121 
Munzinger. Peter .La Traction Animale on Afn-
que". (Handbuch dor Zugtiemutzung ,n Alrika). 
I182. 496 Seiten. Franzosisch ISBN 3-88085-
148-4. DM. 60, -
Ubersetzumng dr Nt. ItI 

Schriftenreihe Nr. 122 
Philipp. Ottmar.Koch. Werner und Koser. Heinz 
Utilization arid Control of Water Hyacinth in 

Sudan ' 'Die Nutzung und Kontrolle der Wasser. 
hyazinthe in Sudan) 1983 224 Seiten Engfisch 
ISEJN 3-88085- 18.1-0 DM32. 

Schrittenreihe Nr. 123 
Fteisch aus FerAte En Feedlot am tropschen 

St ndot " 1983 112 elen Deutsch ISBN 3-
88085-180-1l 0M 14.6) 

Schriftenreihe Nr. 124 
BecAe. E W Aikrolo en Ergetmisse 'us drei 
Versuchsvorhatben 1982 118 Seoiten Deutsch 
ISBN 3-88085- !49-, f)M 24.50 

Schriftenreihe Nr. 125 
Gross, Ramner und Buntmq E S Agricultural 
and Nutritonal Aspects of Lupines (Larnd- und 
erniahrungswrtschafthcicAspekt von Lupinenl 
Pioceedings of the Fiist Interna ionai Lupine 
Workciop 1982 88.4 Seiten Englsch ISBN 3-
88085.134.1-4 )M39. 

Schriftenrelhe Nr. 126 
Diehl Lothar -,Smallholder Farming Systems 
with Yam in the Southern Guinea Savannah ot 
Nigeria " 1982 34t0 SeLiten Englisch ISBN 3-
88085-135-2, DM36. 

Schriftenreihe N.. 127 
,,Mas Granos Basicos pata Honduras. (Mehr 
Getreido fur Honduas) 1982 44 Seiten. 55 Farb-
abbildungen Spanisch DM 12.50 

Schritlenreihe Nr. 128 
Krcpp, E. .,Landliche Regionalfintwchlung - Gin 
Orentiorungsrahmen 198J. N Seiten DPutsch 
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The government-owned GTZ operates in the field of Technical 
Cooperation. 2,200 German experts are working together with partners 
from about 100 countries of Africa, Asia and Latin ,,merica in projects 
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