
Working 
Paper Ki&® 
No. 

0Working Papers are made availab e in limited numbers for
comment and discussion and to inform interested
colleagues about work in progress at the
International Council for Resoarch in Agroforestry.
Comments and suggestions are invited, and they should be
 
directed to the author(s)-


ICRAF 
INTERNATIONAL COUNCIL FOR RESEARCH IN AGROFORESTRYCONSEIL INTERNATIONAL POUR LA AECHERCHE EN AGROFORESTERIECONSEJO INTERNACION'AL PARA INVESTIGACION EN AGROSILVICULTURA 
ICRAF Hou:e, off L.inuru Road, Gigiri, P.O.Telephone: 521,150, 

Box 30677, Nairobi, KenyaTelex: 22048, Telefax: 521001, Cable: ICRAF 



40 

RAIIONALISING RESEARCH ON 

IIEDGfROW INTERCROPPING: 

AN OVERVIEW
 

Peter A. Huxley
 

December 198b
 

ICRAF 

P.O. Box 30677 

NAIROBI
 

KENYA
 

FIRST REVISION: DEC.1986
 



11I1I
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'I'lis Work i i llPiper is not ij11utented as a review. It, is, r;ll :l, lla ttemnpt aLo select(som.. i!xaii Ie; ofi tt format. ion aitnd i5511::; lii t I(:i us i ifC t It ie f lt ient t 0i t ailVtiiice'Ilea t of, t (l "b:i.jct iril gl irow i lti-r(ropp i rig in parllar ttf -1
ill gllo~'laI . I , arl(] igrof roresI''t y Npi l illIlttat
s I.;I t (d 1,u1.1iii!g it tl() h , illhl, durillp N 85li-ainld, !;iolii(-ofl
 
t.h, (''i. 'ltitl, tsilt:;:coimmen; itit jlli
and pr pl saik o 1kck to ill-il(tllo 1tIiiIsse andpublic at ion t;titxitI * i Ii Ii'ltli'r l t Io] Vo'l tig'ro 'or

ill "Sol-(i Magte~rial],; andl(
GouI (it. I i* ttt 11 t; 

ured'iill 1979!-80. O hIi..: ;Ile to hII.found st t y ,<i tell Ia! (-(I III 

- -al(:h MetI hoidtI ,
og y I(it I Ili-f I-x t; orio it An.ds-s:;iiieiitof" uitit.iiirl)-:.;s Trees ( Initially lrjuat .1I cr' i ill I981 
Ni('i:-r;tilttII' it hill withsUf~i.iirt atn I ;I a r wihl ,. i ' t ; :lu+: ra[t: the- I opitn-:. ; i:;)t. in sirs ;itb i isl iSqi t 1Suppt;U '| alO l~ft;l- "Illr 

:; tat.iin I tie ;ir',p(ietilettl:; ttt tll ;;,.r:- Ill' h t
to sus~ll Hle ar1gu(,-l;Ille nIltisu ing pirifosti Is. Somie of, t it(.!. Zop c: hive be,ti ourLhit-ougni y ddIlt at-c iiu1-i 1rig morewi it by others in I;IAF'. For exaiei e, soil at;pe;:ctslit,;
a ireaidy been Lhe suiject 'it" Wor-kshtop (oigi atlli] lux I('y, .980)and of' 1the first iss!u of t.he "Science and Pr-tice of Ag rorst.ry" bookletfs ("Soil Pioduct ivily AspcLs ofr Agrulo'tf-try, by I'. K. i. Na i r,1984). Al so Young, is prepiaring art ] i-depth revi im o '"The tolI e of'itritorestry iii Sti I and wat (I- cortaer vat i oil". "Wi ndbr!e;rks; are bei iI1rev iewe liy Ifarlrhoter; arid vririus part i cipants
Workshop il "The 

aL. the WMOi lCIFApp ica:t i,,i it' Mete(iy, losy ti Agroti,,.st iy" wi I Icerta inlly di.;cuss sortie iof t.It. issues of cii, .clrnIC Me io'ii. ion anidIu.-; )t I, it-i. Woody p itit i srtt111 i 

Ihe 
llri lert sis chb)een te irm iot'e th.rtoug Ihlydiscuis-ed 
in papers in "'lant. itesea ri n'i Agro-or'est ry', publisi hed byICiIAF in 1983 as Lte piro-ieedirigs; ot' i 'eeLt.irg held in 19HI. Al.so iorer'ecenfly, in "Trees as Crop Plantsf."pul i ished'e'testrJtl togy 

by I.h ne tiut e ofi l fi1), 1l11, as tie proceedingig 
irs 

of'it r i-Lin held
 
iII Edi nburgh in July, 19:3,1.
 

Ill genera l , th( sug r i otil;aid pt'e;un:;rt is (:onicein i iig expei:tpi
pro;iches ire presorl tedSS 
i i I 

,)I (aiOf i,CSc Fror. nsd i dnii tonico atd disC:USS 10inltiong L hosei who are act i y I "citgif,e n il hedgcrow i it er-ropp ir gr'esear'ih, or who ai'! currentl Iy )lanninilg to h . There a o, ais yet,setss o' "rules t" no
or" "principiles,'', or even firm "guid(ld I s, Illin theissues ra ised have bi.n further discussed and evalutel.the At presentcontenl-s of this Working t'nor repeser t. tril I' my own views andsuggest ions ter i ved from personal research exper ienre and tileopportunities I ive had A lCRAF over the last seven )ears or so, to(hserve aind discuss what is going on in experimental agroforestry withthe keen [band of' foresters, aigrononists etc. IIto have been busily aidenthus ias ica lly coiverti ing tihemselves into experiiental i

rigrflores [ers". 

Peter ilux ley 

http:Agroti,,.st
http:rorst.ry
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'The paper discuss- smile of t ile la.'kgrotrl issuesplanL-envir nllnllrt to the
inlh.,litt i0(in p~art ic(ular, ;ful ag,r(l'ote!:;l 

-, 
r 

thal af',c:l, h,'itl row ill .;|.Illpr til g'eneralI. Ill,1 i Ill-. rl'(ward 
v itril ses o0.5r 
 : n.is lhl. jul,i e-tL, (hie-er il.irai l rese;!l(.'h 
prtbleris tie. 

lit'
dgler'w illt(r -(l 1 ,i. , ie- o)llle I01oii)i":o:')i ll ; frtl) r ei-t r-, il; WIh i1(7lIlant. resi dues IFrom tleh hl!;(It*pare) U i I i.Zeld to S; tain (:rell[Ilduct. till. Some ,( iiprat. i VIe exallp I (-±; trom i rop i (,I l I I.ilure­research are g i vl of Ihlle e eted afl crop yuI ds il' applying
irgilt i c mat ter Lii the solr . fted(i11 to mla ill a balIance7 ohV sot Iovai labJe nutjrierts is emphas i..e!. Ill many ;yst.ermI, Ifi s hasivo[ved [is ing S0me t r iIel ;z;s. l lat iyely hIargo aidtIlsl);t. err y1-l i et' appl ailOltOn or lplant r .- sIduesIL alr .lt Iy I ltrdh.IIn oriter to i llpiove Ht [I llotilla I yl illeasured 5-oi I (':lell i (:;l arld 
plhysicl paraillleltr-

A .summary of*" lhiree t.-x ens-ivf - z(vi!V,, of( let p~,:llant ing, ill Ilh
 
. 17o4)pi-; is' give 
 , ThIese hiil I i )It LIII,. til: . thr:t. .otn . i f l ts)
rI i IOllf' ol most. I -of)i :a I so i Is hr ligs abcol t. " I oitg t rit" So i Itrot cleraring 1 "a1a;is, - Major
t!trLtr iirtt i )il. 11n prob I tills, bitt. vellinl lfit " ll iil '11 i 1ll lh ."routduct ;l fioll I i e tI are. lost I Ul olil tli(e,;v Imil. Ally kilnl of rlppli,, ;iw h it'!,iv:.!s a hiith lroportl .t in .)'r
I h l 1, 1 tl h)i oti ss :;Ilal le' iii lde si I hIIt.ert:rtoli ti illn higlh rai riFa I I ait :; 

liIll .(ei11,(e ow 
( 7'1000 mill p. . and ilreaotaii I y fort. iIo sor i ls (AI i sol . ) doe-, 

,ai irta iit crop 
so tar, ap;ear to


yie lds. It is :muggesltIl hat 
 we i,,l . kno w rroreablut ti:t! "short-- Ie m" (-i')ivi ruimer I a1I 't'-(c- t; s to" us ing p tillres Jdite-s that cran holl) bring Lhi, atioit i* wte are to be able toe'xLend the pracL ice to betioLhet r.L c .rint-; I r dry reg i oil,
tiedpgo -cow i rit rcroppi n irima y hav. 
 In impor tanl run(: L ion i1n 
p'rev:ni Iri .o i I eros i on ;nd rt i r ta I rItill- oft. 

The Ar ii ty of nd viu.lI tree species to enrich ItUuir mi(icrositeis discussed, but 
the rather slow rat at. which I.h is occurs' shou lIIbe noted. Factors involved 
 are troililcenol it. When treeos aregrowi in soime spatl. ial arranl gemnit Ito cover ,ju -. a po r t. i :n o1V lhegrourd (as in hedgerow inIer:rtppitg) t lie i r .t'h(; os
onl the yie:ldor adlJacerilIy-gr.wrt crops appearm liuch.t. b great.eor t han I.hatr-sI It. i ng from Lte "'qr i valerr I" overag'e in L.i me when t rees,/) llllipsart! used to imiprove soil Veicr-t it.y thiroitl a (a I I ow I'h-ase, or byprowing plot or trrees in a rotat.I(ocr A cocmputter model ava ilab.leit ICIHAF ("IANMODlI,") tlpa to expose thit is paradox. Agat i l, Ilix i ng. 12estrld er-tips may o''lt a Pr'eatelr opportunit y Vor I it! short.- tIrrm
oiv i ioriiierlItlt I ten:riits, both aer'ial anI idaphic. 

P:sture I e's , and the us(. r)f" peri:rni ;aI grasses , ar, eslali it(et];iethods for iI )rv i Ig t r o )i : I sio iI anl/or prov id i til toddl.0 rf rciu1Itc. '['hey nust riot ie vter)lookd. lihre is a n eed Iclllmpitre hoLit woody spcie, 05 a! tlgrasses At the si1e sites in orderto es tabl ish a bet ter apprec iat ion of' Ihoir resource-me 
Calntb iii I. i es, al so vi s-a-, is hedgerow/g,rapsrow i nt.nrcr:-oppi rig. 



viii 

A se::L iott :; dt--v( -it I i li ii I ng Solle oit I w )ii (inI rleti),ita li 

iiII ch, IiLl t .1ii1ti'il1.1 i llatilo e;-. Covt't tisl have llt pn Vt I
 
eMtttun.sivet+ly sul t.: thy diffit:ul , t'adi tate.
t i lhn tie t. (;Iwown 

,
under l.U I5 h Vivfi,I,,r€anl FeuerIi tIle .oi I andl t f I. I io i filtl 1.1 
whel l .he r (ii5',i il ti. ,sis. They iltiy, I l(I1.:'()lf., lav. ;I 
p lae, iimlw , crOpl) l' iill h,.lt illt. | i ri, 5 ti mt,; . H l'l5II's u,. 

i V( It)f ValI IN;lt k iiI- or -sI. jo>uses to nil } ( 'rom thitAazi on.iil 
iil ioim I IsIt Atitc ). ihesi'-, aga it, i lustst r I Fe[ li r.,

all~t [(-1; thfat i t( r F(+ iSlt' r)J 1)1 111t 1dot' equ eId(ill tr-her I ) tchatlgf. 

tn I., arln Foi but v riitus examlt i N:;rti tl c IIll. 
bttl. i l ii hollI tifolr I l'l , ituIs. T il ii le netwicial h.ligeii; iny t 

toi'i ' -:,t ;l hie , ttir ava i labhiIi t.v are k,ey
lndi, lntgihiwt+ I i ivi;;tat:; I.h11,11l I t "!I I T111--P Iil,1 dhoc util l d. iril'll(ence of{ lllll{ch 

illei t -;ilr. filie foot very swrll,I t o r ;Ic i v ityi (i t tl:svi IIy 
tl1! ftit iiitt, W ttiDa : sy, il thid nti ut rh I)otlt bioltl.-s itlll 
(c€iotel rt tor :v t, id i ait cug It )r e slpria ti;tilitp'1t I Fiiidbut, , ;-:; lI n!f y hv! all iI~(ll'oLatnt (:out rilut ionl to thet lttri (-ifI 

iyc ItItt, trl '.nl:i;,ti] l ;t liti t I ( je' rl Lt,sni Ctio , lr. ; ti(,tv 

inw 1tgtultpthe iilO{e, r 
 at l.; and Iio I f'Wh t.i happitrt i .
 
ulndtib I y: rv e 
 u U1 1i - I 1-; v,ivI Iy small the;it :) Ia L r d ,:; hiiiI ,ieI'li l ,' 1)Iwl,I+; I it.-l (:I ()I,,~ta g}, I.!; p( -('- litI 3 I f -;lllli I ,- 1l ,(. ;.I1 : J!t 

t ]it l .I_illralci1ir. fitfiit i g1 ntit. i utSIIi I-IIt thI t fitt -;Inhe. i-; 

muc gr, t leor t, IIht- .1lil,!Iyava' i i o ft
co i tI. iIuab it '[ llt t it.; tl
 
d i reren iigs iif Ii al grow t lev,. , .i co l
nld.I I opim C rll 1)i 
trot it o" I t it t l lie i ii tiOc i,ft. i (;II.- all tl.obe -ri :1 ged
by mllU]cing.',
 

LSiL r il ian It ii v ery il t utcont.r ibu tic,l t. th! whoIte[nutrienlt . Llrnntvv'r inlaI s;ys';.LeI,a-wa|[)y tnnigef:+
nl Pokod, or I"l rie.ll+;
 
(acc:(ordlirnjr Lt ) .
|.o thic re.( Npe( I(-!; Exalll) Ies: a re',.'f i V'ell Wil i (:ht 

phih esi
eL ti t. t iii er th i).ereiops turnoveir ar Ili ter 
ur tlance i ),i Ito r ar cL(: rli.hisi:t ba inr I!'I I tso i c r 1, i (-;l , i.
 

than I nS ti. oi t ini tl1 r' f.;! oi ii It. !i ot.nL ial. .
O ,t f ti ftitini 


Recet Iy h- views on t
revi.-; titits. ro)orI. in or (:CiIt(n ass i liIfruil iLla.e L'l:rars'wnd blo(w-gon 'S t+I thelPse+ canl}stglges MYa h)­

much higher t.han riginar ily LiotghL. This ix.r dicss sitaI I Ih­
phs A it utLS in hlitrtir'o inerl--envi(ropmin o t rilut.i i,­

fromn boLe iLter and It(! 'ite r)og rUnction are no.td. 

She.lter is dealt wit~h ver-y brie.F'ly in order Lt) o i iti1. out il.U; 
[)oss A-;I~+(e onlLribLlionl in hudif,(:r().v i nLe(+rctrOlp ing,anrd, hei!,, IlIf, 
mitel L") ct ll.e~+r ori++"lat;l Wl as: ani ,qxperiment+al 0 0"~.,r. 11"h, 
in¢lrI'std wa W I-r use++ o)r w intdlrv;ak.; or hli.},-d;r -s.; miiayh),t, 
on(s'e', ainy bern~ris Lt)lh,+sysi.f--in as a.who.le, fit ll : lh(:Lo: depend ,i 
Cnv iroritl.enCaI +-i I.na I il . 

(:(- o r . . ..'|Th(!r +e--va ILh co(nc(t.Il of'. . v t o pI g.,,ne! 

mert~ionet, parLicularly with r'elp,rdJ to exper[imntal ilunLl.ions: 
where ani untle+rs t.Landi nig or 1)lan 1. -e:nvi ronmet.l i it i onr.,- i;I.cLrac+:t. 

beingf sought.
 

http:co(nc(t.Il


ix 

;li.wI. I I Ir u .t-; wi I I I llo I (:ifd I ii i l ;111 c (-o lLrtI
 
1It1 "t tr A i 1r) I'
IiI II t ) I55 W l,ip al;I iii l |"I-lllls ; I ffulld ( i " fI 

ilillwicI ;ilt . 

11,. ,i H'tt lh; oifl i( i );'.llti ,IpIhfifi,'. 'tlWooldy iaf - Id' ( |,ftift s
 
br i flV dIi sr ;kts l ;lll !lf)lin.' orL ivt: cxa;tnphI ; of tliLti Front
I1.(I f suii 

It: t tI (-t it I\ V -- II )ppi ) lgw
I .I Lora II . : ooly fttiff f I Is i711t 
tlinllIist t t. 'tIttI: ; oI it !Ii t Ls. ,.g. fi fIIutr:Al t lhitg.) 

1-;1y :s,-tif to I - t'ec ld by tft.;u. t I.--; ;lf Ithali t hu
 
li , t fr.1 l l.t
fr1,-t-l n!; C t i t):.tvt;fi,,.1; fv 'ltat ffofttdft. , ut+ItoI 

its : t Ii W i i' Iy hIt ( 1,0 ti I yI . ;.:-nI I li I 
(illit iI ii I ;i l (:Iily o.;. 

ffif'- . - tfl)f! I p I:-; fLi,.-ttl I Ii I rtl .!t r lI a t l. t l) "d i- II Iban(-e ,
 
" loM toll" ; ind "fsl t s IoIjfif"I i : ti fi OLIt fIff(I. f
,,ltI I I i Tf II 

Import 1l I o tl I['Il.; lild .il ho )., 1;il i I . fi I I.
I Ih ol:5 d 

diiI Ii i iI I il I l; i , it .1;; 1t (l .It i ; IjIlfI-' illl 11v l.,lI.i ..t )i itll Ir lllivi 

i)r' :it l i ha f-i l it4 n'IllIt i ,t -l.-li(ll rtill)- o: i I f+ Iua i1,:1! l("I
 

5 I -1; '1 tI ' I i ii r i D f .i v i, yo fd ': I-1II, t c:iIv I i lh.I .t ,, 
It if o Cot' lll ll !;.If! ,;o f' ill;1f II ;lI t I 1111-! ;, fIll!; l'll ho 111i 1 o i t 
al f V Il1(ftiioi . I. l-l+oilili I oF . i iI :llai d 1w o l 1 ':il I 1i f[ellf'ill tht(.'- +.' ioll of," 11'11t itl~'+ourpos0 -'.t u ci( ;il'i)i'(!I+t-PJ;m- Ii ry 

sy rl.iitnl-;wt,I rl.I 1, 'Il .ill'.j i , x ,i1oii I-il l1i ti pI ( !llet.y both f sl ;yto 
alid I il, vell ,heil, as- ill t.(!Io)q intercro lg) ., IhIl i il(.1 of, 

ol(iwi'; .
f)Jiit 1 11 s t iI:afit mbrt',t'l'd i f fl 'iil;I l llfi I ii" 
-ll {


: i1'r' i ift~f tIlt l :rst.a.l . I lic gf-.i Ni."Ia IIi : S.-yl g ld irlf' t. ; i I ; It 

l'hf v1riIoI l,;[i)f s ttit' -i; f o F r iI,t ffh II -nt tf Ftronf t1s I Ill, 
d iS.C. S.-I' of)oii IO1 ii1f.f ilo [i ;;l i;l r Fiairg tllI (I |adfy (fo 11 i()i Ii 
( fInii orig1 ltif li. o F ' I siifi rfi !t; k.;I-uh I I I !, I it:I ; I s i: roIfI­

;Ig 'o. (r .; Iry t twr i Iil lIf ( I ) [) il I l' 1ff .I f I t lwy ' I " 1:, of ' n s i d I c! i lllpo r t i ll s-c o) er a h) - a nIc t! i n il ) I i nl h e tI P I, i n)l r,f'y i g 'ro l q .+' rtopl i l ip, 

Su'X~t~ri aul-_lI r s i ss-; II(. ; Ii orI oi:ll, i l!.lvl. tI hi; Iff 1l 11lfl t c 1le1 1 ! lio :!;li"l" l ~ tr;I' l 
" f" I.hi- very ff II; I ': il1I Iku'It i iit'I f Ill' if 'r f llf;i 

w':lfifd ("(;tii '(- f j Slf dei . .: i b W1:;. 
ifflf-.t. i pfly- btI inw; r ilIitu huhI.ol Iii. I :I)t l It I i Wo, ly s ;)#:I- I ; 
;I t o l Joff Il'i .IaIi - Ivft

It'if. I :; t I y illtt., .:;l Ilf l ,t ; ly vel, wii . 
S It)t I; y.;[o(t.s, ill tyloilt ie I1jV 11 oIn:; o Itf 1 liffi . * 1:; I . t i 10 fiii:li'f ! l Iof t 
f" I-;dioe..;ot l Iill I loI I ;flli f hi : I I I IV l:.;ill ,
i 

p;t Iir;lk!yyI ,t It. i 1) l Il ri ) f ot vi hy fi;. 

sVlull'hI !;Inll, cll ;itl 

i(hit, 'i+: a i r;1 


II11d ;pp oal~l , wl I('L, l(-!;.I, 1 l l al ly, 
1.1 1f:s ;I,-p;i .::Ilhl,-xi ,! inlt, Fat:l.,)i Irivo Iw -II,- II;I I !; i i 

problt;ltbIy llt cets:;ll y wlhwrl. Ill w i) I ;lI . (coiillorwnt:l | ; ;ir ! I. i . 
CM(liS :-;( A+(. Iliivf-sI1 . ll Il")al lei <ii'I <:1ca d qif il l I I pI l -l.; ;ind, s-o(

I iii I, tinwanit.:-d I(>ovat.i iabi li ly. 'I'lli
OnalI vair s . ip ;ll(ict- wilII 
establ ish, qu AcklIy ald co-:;.--o rfri!(-t, Iy, ;,,ia L h+ iiioive mu; L
 

inportaln I virriab les all( I filI s tir . 'The more comfl) I ex 
invest igatiotis of inLeractiv proiessels ; 1-III therin be carried 



x 

out , tjb,vctjvnL Iy. ill :tat ist i ( lI, y allI lZ iate, vIlilst , plot.
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Rationaliming Research on lledgerow Intercropping 

An Overview.
 

by 
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A. INTRODUCTION 

Hiedgerow in tercropp inrg (or "Alley cropping") is orne form of zonal 
agroforest ry. 'rllat. IS a landuse syst.em where woody and non-woody 
plants are 
grown in 
 some geometric 
arrangement of rows, strips or
 
plots which will limit, to some extent, the intimacy of the mixture. 
In the case of alley-cropping there are single or sometimes multiple 
rows or strips of the woody plant, which is managed so as to restrict 

its growth in 
the form of a hedge.
 

A wider choice 
of 
woody species may be feasible in 
zonal as compared
 
with mixed agroFo,'esLry systems, because 
 the spatial arrangement of
 
plant component.s limits intimacy more. An additional feature of zonal 
systems, including hedgerow in lcLrcropp, ing, is that they r'acilitaLe 
management.. For example, alley-cropping systems can be mechanized 

(as aL [ITA), if this is tequired. 

lledgerow intercroppiog has arisen, in humid and sub-humid tropical 
regions (i.e. >1000 
mm annual rainfall), 
 as potentially 
 a more
 
productive and economically more feasible alternative 
to natural 
bush
 



fallow under land--limiting conditions (Getahun, 1980; Kang, et al, 

19H5; Ssekabcmbe , I985; Wils3on, t ul., 1986). And it often appears 

to lie as all nnal ly cropped indefinitely--sustainableplop'oi;ed on and 

alc.t rattiye. In :msonaLy-arid regions there is, as yt, less 

evidence of its; suc:cessful implementation, but some research is in 

progress (Singh and Van den Beldt, 1986; arp Sntig, 1.986; and 

Lulandala, 19816). 

If we are f Ill y to appreciate the possibilities for its further 

extension and development there is a need to consider the i,.iplications 

of all the relevant research available to (late, and to evaluaLe what. 

still has Io be ,Ione. 

Some tel e-van!t:. " r, rn_gement!e.videnreo trspicnl__ai_ 

A great deal has 'en written with regard to tropical soils on the 

pros "and cons of shifting cultivation systems awl the nature of 

rotational bush [allows (e.g. FAO, 1974; Ruthenburg, 1980; Lanly, 

19H4; ter Huile, 19H4); on cover crops and "living lrdhes"; and on 

the benefical effects of dead plant residues used either by 

incorporation inlto the topsoil and/or as mulch (e.g. Fuggles-Couchman, 

1939; Pereira and Jones, 1954; Robinson anti Ilosegood, 1965; La 1, 1975; 

La I et aI, 197H; Sanchez 1982; Sanchez eL. al. , 1982; Wade and Sanchez, 

1983; Stigter, 195). Both Nair (I1984) and Young (1985, 1986) have 

gone over the fac tor. concerned with soil productivity aspects of 

agroforestry systems,and a good account of the aims and objects of 

plantation forestry in the tropics is given by Evans (1982). 
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As Sanciehez et. a (g9f3)85 point out., the kind of evidence for soil 

ill povflnen t by iree nod shrubs has to be scru L in i zed caref'ully, and 

it. to'I Is in to two categori- -s: i i Formation fro n :i te..; te wh iOr 

sitcq L i a I saiiip 11 ig has Iberi taklo -i; and compari t i ve d,ata from severa I 

sit es at which plant cover has bec- es tablished for various per-iods of 

Lime. There are r'atl"ie Few dat a of the firs t k i nd and re'(at cure has. 

to he taen thIiat i nherten t; I t e( di f('l-rcnces do riot invi I i dat e Lthe 

erti i lit y of th- seconld. Firt hertiiore, the it uti onie3 Lu d .,ed oft :n 

Irlale to III antI. assoc iat i ons whichi (:a i eve a :,nupy"c 1o u" 


(inc ludinrag dense woodlund) and not a partial 
 coverage of thi. Iarid 

a-(), as ira headgerow iLter(roppilrg. 

Other- -elevan t data are avaIlah e from inves t igat ions of the effects 

on livop i rt Iso I: of perenni z.I rallows of di ff'*rrn . hi rid,; e.g. 

perenr iaI heecrniou,. grasses ard legumes, and of the( effect of 

trrspor ted mu111ichs. However, in this I at ter- case, t he're is 

comparat j ve ly litLIe in format ion in the literature about the effects 

of woody mu1111ch (Fluxley, 1983a). 

Comss /maurr aid soil changes 

'[hcru is, of course, a very cors iderable amount. of' ..'el(vant. work on 

soa i I Ilmaelmen 1. and crop pt otct ion nn tropical so i Is, wh i ch it is 

inipos , ik I ( t, :ol i,Act ir (h. ta i I here . Two exilllp ! !:; :hosenl ftrom work 

carr ted out iII Northern Tanzania (Ilk i i 11.ru) and the Amazon 

(Yurimugiis) can, however, serve as useful reminders. 



Fig. I :;h s th ]ong- Lern res idua I r.ponses to olIy a ne- Li ne 

app ication ( : and 7 Loris ,ereI which :quals 7.5 and 17.6I torm-is 
ha, -, reecS t i e I y) of "cimil-; It" or farmyard malure (FYI) on a deep 

sand) soil at guru, Tanzaria.ikiri Even longer--lasting for Cotton 

than Finlger, millet, because i i iv idual crops respoml di' ft'ren l.y t 

So i l chalanges 

Fig. 2 shows the sign i fi cant rel att i ve y i e I increases with 

consectiwLiv crops (on a wfll-drained Amazonian tIL i sotI) achieved by 

adid i rg and/or intorpora Ii rig various; plant. residues, where fertilizers 

wert, not be ing us d. It also remind; ts that when chemical add it ions 

are made they ca eas i IN r;mll;(- nut rient. imb;i lances (K deficiency 

occurred after adding lime ;iin( phosphate). Neverthe 1ess3, an undoub ed 

ir provtrrmn I. canu be achiewd in the chlical properties of' the topsoj I 

after eight years of using a complete fertilizer regime to maintain 

crop production on Ith same soil (Table 1;); I though a very 

complicated fertilizer programme was required to achieve tt is Table 

2).
 

Lastly, Fig. 3 (Ilki r iguru, again) reminds us about. the kinds of
 

interactions that, are often 
 found to occur when studying the- outcome 

of l'eI i I iz.-r and/or plant res idue udd it( i on.%. Iit .h is c ,e the 

interact, ive effectsL of' adding nit rogen fe!rt il izers with or without the 

additions of compost. and phosphate aned I iit appI i cat ions. On thi s 

.o iI, react ion (pil) had been lowered and available calcium had been 

seriously - depl I etd after 9 year; oI cont i nous cropping, which 

"compost" or FYN applications of 15 tonne.- per heztare every three 

years could not offset. Phosphate and caot enitanced the responses 

Lo nitrgen, ey hen alied together. 

5 
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F.Y.M. AND COMPOST RESPONSES 

COTTON
 

300­

200 ­ .X x" " ".. . .. ... .X . 

C200 ­

- 0- - - -.­- - .
 

w 

0­

_. 
 % .
 

S200 r 50 -IX...X. 

01, 
-­

:J r---- - --------­

00 I I I I I I I I I I I 
1945 46 47 48 49 1950 51 52 53 54 1955 56 57 1958 

0-- 7 Tons Compost Li--- 3 Tons Compost 

X-.. 7 Tons F.Y.M -.- 3 Tons F ( M 

Fig. 1: Long terin res) n,;e; 1r-m s ingle applicat ion of 
FYM and coiripo:;t- applied I ate 194,;. CotLon and
nileL were pI anted alternate yeajr:;. 

tieproduced by f'risi;ionfrom: 
Peat, J.E. and firown K.J., 1962. The ,yield r'enpon:;e,- oF rain-grown

cotton, at Ukur'igurU in the L.ake Provirce of' Tanganyika. I. [heuse of' organic manure, inorganic Fertilizers and cotton seed ashEmp. J. 
Expl. Agric. 30, 215-231. Cambridge University Press. 
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FFFECTS OF O.M. AND FERTILISERS 

C 

r 
c 

100- c 
bc C C 

e bc c 

0 b b 
-J1­

0 0 00 0 0 

> 6 0 
< 0 w w- ,z " D :: Z z z < w320 ,- WU)vlilU::l(f

I N La ) V) W V) rj (1) N-, i- I I- II 
0 0 0 000 

NO FERTILIZERS COMPLETE LIME + 
FERTILIZATION ROCK PHOSPHATE 

F~ig. 2: Relative yields neans of 5 (7o1a; CU aiwC I ac af e(crop) 

by orgainic addit-ions and fo.rt~iliZaLion. Yields of the bai 
completely fer-ilized treatment.!; -100 

Rleproduced f'roi A.rto rtny Jwilllt 1,oit~.til.1,l~ a y t~~u :y l{
 

page' 39-41) by per)ri o,, of the publi:;her (American Socity of'
 

Agronomy Inc.).
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Cing <t :;c ii (0-i5 cnii) cheinic, )rp(Ipel,- i ('.; ilft er 8 years
of CO illil O - Produ'ct iOll of 20 ("lops of upki l(I tic(., and
lllaiZe 

Exhanae.ib 1e 

Org.T i me Ef 1pH mat ter AI Ca Mg K C[,EC 

.--.------ meq/100 ,c---.------------
Before clea iirlc 4.0 2.13 2.27 0.26 0.15 0.10 2.78 

90 :.lonh. after 5.7 1.55 0.06 ,1.98 0.35 0.11 5.51(:!et:i g 

Available
 

Al 
Sat'n P Zn Cu MI Pe 
% --------------
 9/cc ------------------­

BoF-we cltar. 82 S 1.52/ 0.9 2/ 5.32/ 6502/ 

90 months after 
clearing 1 39 3.5 5.2 1.5 389 

i/5ou7c(2: Sanchez al.,et 1982 

2130 mont. is af ter clearing. 

:eploriuced by ierl'nission of' the Food and Agriculture Orpani o;;ii.orl theof 
Ur ited Na Lions. 

http:Exhanae.ib
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Table 2 

i,itu(, ant fer t I I zer requ ire nn for cont. i nuous cropP inq 

of a 1he!e( cro)/year rAtit io)L0 Or ii -t InIrIIUnt -soyoeiii .' 

i lt i rrayl.gui;. O N tt lYur .i i , 
- 1e > i us e al. 1',14 

I npu 2/ Rate per r -t, .'requ.ncy 

-1,1in 3 tOn- Cat.e On(.c per 3 years 

equi va lent 

Nitrogen 80-100 kg N Rice and maize 
on ly 

25 kg P Each crop, splitPhosphorus 
app i.ed 

K3 /  Po asi, 165 kg Each crop, 

unl.(ess dolomi­
tic lime is 
uised. 

Magnesium 25 kg Mg Once/year or two
 

years 4/
 

Copper ] kg Cu Once/year or two 

year4/ 

Zinc 1 kg Zn Once/year or two
 

years 4/
 

iron 20 g 13 Mixed with legume 
seed during
 
innocu Iatjion 

1/ Source: Nicholaides eL al., 1982 

2/ Calcium and sulphur requirements are !;at isE ied by 
l i.rime, .;ing Ie supetphosphatc and Mg, Cu and Zn carries 

3/ I'ot-assium appl icatton may go Lo t irs rate depending on 
soi I Le. t. 

4-/ Depends on soil test analys is and recotnmendat ions. 

Reproduced by permission of the Food and Agriculture Organisation 
of the United Nations. 
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COTTON 	 YIELDS AND SOME INTERACTIVE EFFECTS OF NITROGEN 

tiFECTS OF LIM[
 
AWith lime 

500 With compost
X .(1..1 phosphote 

X Without ,nii.e 

0 
O 
 Withlifne
 

I- Without compost 
0J 500- or phosphote
L) 

a 	 "Without lime 

0­

01- I 
0 25 50 75 100 

1(hg./ho.) 

RESPONSES -_____________TO______N AFTEII 	 LIMING ,-Compo. t 

2000 -	 and pho-phote 

/ X Xc o m po s t 

1500­

o 1000 PIophahte 

0 
U 
O3L 0 outWithjt compost 

or phosphate
n' 500 

0 I I 
0 !J s0 75 100 125 

11(kQ /r. ) 

Fig. 3: above, Ef fecL!;, of lime, With and without compost and 
pho.1phite in rv;ponse to nitrogen, 1965. 

be low, 	 If fec"; of (:or|)o.;t and phosphate, a f.er liming, 
On reSpon!7(' ICo II I roqjen; means of 3 seasons 
1966 6. 

Soil Iert.illty (,xperiment at Ukiriguru, 
'I'anzanaii 

Reproduced by permis-s;ion f'r'om: 
Le Mare, P.1I., 1972. A long term-experiment on soil fertility
and cotton yield in Tanzania. Expl. Agric. 8, 299-310.
 
Cambridge Univer:;ity Press.
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These two examples illustrate some generalizations that are relevant 

to an appreciation of the extent to which we can e!xpect applications 

of plant residues in hedgerow intercropping to he effective. 

a 	 The di rect beneficial results of applying plant residues to 

tropical soils, can be considerable when soils are poor to 

s tartL wit h, part icularly if' incorp rated rather than app] i ed 

to the surface, and they can be long-lasting even on sandy 

a 	 Sustained yields can be obtained by consistently applying 

fert.ilizers alone, but only in carefully regulated and 

monitored programnes. Als positive interac:tions are 

commonly to be expected when applications of fertilizers and 

plant residues are made together. 

o 	 Although quite small amounts of plant residues can have some 

immediate beneficial effect, rather large and regular amnounts 

are required, depending on the soil and climate at any 

particular site, tQ halIt soil degradation under continuous 

cropping schemes. And much larger amounts might have to be 

used in orher circumstances to bring about persistent 

long-term improvements in soil chemical and physical 

conditions. The equivalent anpual rates of application in 

the 	 examples given above were 5 tonnes ha - 1 of compost at 

1
Ukirigura and 4.5. to 5.0 tonnes ha- d.m. of mulch at
 

Yurimaguas.
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o 	 Combined applications of plant residues and fertilizers may, 

therefore, often he the best compromise. Certainly a great 

deal of' care is net'ded if' only one or tie other is to h)e! tised 

continuously without che:king that the amounts rind ki nrIs of 

e!i ther are adequrat e. 

0 	 The use of plant residues it, hedgerow intercropping schemes 

must 	 tie done in such a way as 	 to address a.11 the usuII 

prob Iems of lia i aLta i ring the fert iIi Ly of tropical soils ­

there really are no new factors to consider - only more 

cri t ical Iy focussed exp lanat ion.; of the outcome of known 

processes. 

Tree 11antation.; and soil!, changes (sur,ur.aries) 

Several recent papers on the effects of tree cover draw sets of 

conc: Iusi ons: e.g. lundgren (1980), CIhijioke (1980) ard i:nchez eta. 

(19185). It is worthwhile summarizing these as they represent an 

analysis of itagreat deal of work. 

From Lundgren (198_) for tree plantations* (see Fig. 4):-

If last.-growing tree species are grown on latasolic soil typ-.s 

with continuous "cropping", arid normal forestry managemen k 

practices, soil deterioration will occur (i.e. decrease.s i i soil 

organic matter and nutrient levels, loss of topsoil structure and 

porosity). "Normal" forestry mnanagement practices implies no 	 use 

of fertilizers; and some lopping during the "establishment 

phase", which inwn. .,bly involves exposure of bare soil. 

SEmphasis (in bold type) is mine 

0 



NATURAL VEGETAT :% "' CL ; G,' IESTABLISW-1ET, FALLO,' I T N FELL ,, L GS. ,, ON 
,STZ- D-P A- j "GG PLANTS 

3 5Time - c.ly 	 - y 5 -10y 5- 10y c.ly 

Higher _ ___ _! 

C C
 

0 E
 

Lower 

Higher 

cZ 

Lower 

Higher I 

Lower 	 , 

F:c. 4: Different ecolocical and management phases in the conscrvation 

C: 	natural fcrests in short-rotaticn .Innations. 

- from Lundgren, 1980 



Clearing methol 

h(loenied iig oit 

no t t- i en ;, ;o i I 

( including burning) 

so i I , cI i 11t;:te! i d 

'reactI iOll il trgan iI: 

can gr-eatly affct Lhm s i Le 

%Iop . So I st roel 0- ornl 

in,.-Itt.(e ar. alL a fttct.vtI. 

" During the "tree estblishment 

erosion are! much greater that 

taltillilyal .Isp ial ct-,,(J. 

phase" 

losses 

losses by 

by crop 

leaching and 

removal wheref 

" II th, "fiil Iow pli e;(" thcrie are of'ten lirge atddiLiotis of organic 

instli, font I it.er arwil roots) which improve soil structur-e b.iL, 

except ti itit rog -i., soi I nutrieat levels will cont inue to 

decrease, largely becausLe nutr ients are being incorporated into 

b i omass. 

0 The "maximum 

deteriorating, 

'l ittr Cltl1 

production 

compared 

ai(i I; sso 

phase" shows all soil characters 

with natural forest, due to a lower rate 

Il organic-i matt :r, al though )hli A(leth 

of' the i.Ler layer may increase. Even the extensive root 

systems found in tree plantations may not prevent some leaching 

out of the soil profile. 

) At. " :I enr-- letII i ng", anur i (at renova I in th( harvus L., arid ctIunge:±; 

in soil co(litions due to site cletaring activiies, are likely t(; 

pIrevert. I restoro1.i on oif's( i I s t.us t.o thL.at.i th.Oeinit.ial 

f,: I cleari ng. 
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0 Second and third rota L ion; wi I I then resu It il, progres. i i ve 
(tet.(.rorial i i of !()i I ,' ' ).;I I a ( chvii ical (:ondi t io0 .; unless 

soil aelioration is undertaken. 

FromChl-ijioke, (1980). 

0 It.a ., i c nuLt ient e IelacaI a ind ai trogen are mostly immobi I i zed in 
the above-ground organs of' th(! Lrees. 70-80 percent of the 
nutrients so inw)bilized are lost by the harvesting of stewwood 

and bark. 

Contrasting soil changes are brought about by different species 

(Glelin arburwi;_ and J'inus c ir'i1ae!a in this stildy). 

decline 

On light-textured soils (_melina) Faces a geater r;sk uf yield 

di-.1jnKin in subsequent rotat.ions (than on hea,,ior suoiis). Thi3 is 
from excessive leaching of meagre nutrient resources following 

increased soil porosity and lower bulk densities. Yields 

on medium and heavy-textured soils also. 

* Up to 25 percent of the nutrient loss due to whole tree 
harvesting could be avoided if the slash was left on the site. A 
further 5-10 percent could be tiavea if the bark was returned. 

* Total nitrogen in every sil.untion in natural foret or, 

plantation - was present in more than optimal levels despite the 

large amounts rmnobilised (by Gmelina and Pinus). 



From 	San.hez,_ eL aI. (I 9HG) 

0 	 C'Losed tr.e ca IiOpi es, Ien(d l o improve soi I stlril:t Utre find dLcrease 

Lop soi I itIl( dietiis Ity (and so increase percolation rates); but 

this effect varies substantially with tree species. 

0 	 Closed tree canopies do not go on increasing topsoil organic 

matter content, but the e ffect, (iagain) varites with ; ciea. When 

products arc harvested during growth the soil organic matter
 

decreases to reach a new equilibium level. 

o 	 Closedl tree c'inop io; t,ndtto incriease topsoil Ca nl Mf (tirough 

-low decompos iiiton a!' tItre t.runks, sttimpsi and root.s). However, K 

levels often cci ;, to very low levels and woody spe'!ies 

differ in their abilitv Lo siiter soil reaction (pl!). 

" 	 Leaching ) osases appear to bef less that, extoecLed in tree 

platitat. ions (as tor rai rlfores L) except in the establishment 

phase. 'The nutri ent (ry linri, ittechttni sms of many psrenn ialI tree 

crops, when the canopy, is closed appears to be very elTicielet. 

o 	 However, expectations that sustained tropical foretry is 

possible on acid soils of the humid tropics 
without fertilization
 

is likely to be erroneous. 



'lrees geerll I I y ma1in1ain or i mprove soi I proper, ie s ill the 

tropics only after they have established a closed canopy. The 

main advanLages- of trees over annual crops or pastures seem to be 

related to the longer period of time that trees can exert their 

influence on soil properties. 

S_.ome . -onlusjons 

From such work on plant residues and trees a number of' relevant issues 

which relate to what might be (!xp,(: t Ld from hedgerow inlIrercropping can 

bie Set down, as tollo ,, 

* 	 The severc problems (loss of nutrients, organic at. tl.r and 

soil structure) occasioned by site clearing in plantation 

forcs try will be avoided inl hedgerow intercropp irg. 

o 	 Wte art not, however, dealing with anything like a closed 

canopy. 

o 	 Even it'we were, tihe net effilects on long term soil changes 

will depend on: 

the woody species used; 

-Ihe amount and kind of biomass removed from the site; 

and 

Lhe "leakiness" of the whole system (c.1' 

"establishment" and "fallow" and even the "maximum 

production phases" in forest plantations). 
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0 >) rE~ven whore there: In; d!a tO t. oLi me, larg aua t 

of 1)iOlluuis t 1;1idit On 1 t l
Ore 

tt;11". iit hot;; 
Urta[i I)III [lot P)<t~r "t r , to (-ot ahiteiItIII. tIo 

coat irl le Yijjl Ind0, d -1od S uI)5'quIliet rotat ions) w I llo;L z;oll 

absolutely 1 ct;.;try rtmsr or j I 1soav l01 Iior I i oil ( lfe-t I i s 

or I arge ailli . 1 I (Ilum t I L es of' or)ani c mattL,-, or- both) 

ar Iy, (:I inItn . art h:I nit ialjot soi I conc it i ons are higliIy rel evant. 
to the rates of changes; to be expe{.Led. hut these k i nds of st Idios 
arc rtat I I otly I (yoilce irrtf -d w I inI ).rig- I r 3 so ii pr(oct iv it y chaletlt :;. 
Cert;i inl y, we t1+, Inee g, io Ir tI |1e points liste above buLt., In 
add i t ion, eforI I edp. ,r(>, ow III cI c -oI r g il-;Iso to exar inl,a lily poss I:t-(. 
s.hor t -- ,ermeffe ct,;. Nor'civer , we shou Id mlore closely exalm i ne the 
c ompar;:Live benief' t Oterw i s O . ;at ial woody/nert woody plrnt. 
arrangements ( e. g,. h(gerow inn ercropp i ng) ve rsu-s. rotat ioal woolly 
plot:.) "or a ranre oF c Ii In;t e.s and, tltimately, for any particular 

Sie. T is i5 dis c;Ossd. br'i fIly ill Section H below. 

C-_.t i Ino-;for hied&grow-- i n ngtercrppi 

[a the rnextI ection of this Working 'aprer, I want to look more c,loseIy 
at Lbe of c: Ls of' re:ll ive1 amount o , tree cover. Iut. beJore: doirif so, 
tot us look briefl.y at. t he prooIseI ben t t; sugge..i ed for hetidgrow 

itLer.cropj, ing ("'ley- :ropping"). 
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The fol lowing is ext ra:led from the IITA Alley--croppinig brochure (Kang 

(t al. 1985), al though it can be assumed thai al 1 potvnt i I b:tief'i ts 

wou I( I t t I:ecsst l r'i IY tie Ia'i et(l for III sit.,s itld S it.ltiat. iail.;. I have 

added some ques tion1; of- raitt ion ary co(:me it.s. 

Alley--cropping miy: 

o 	 Provide green manure or mulch which recycles plant- nutrients 

from deeper soil layers. 

ht wha t tio. nreas w ith very acid susoi Is? Nutrient.s 

have to be! t her'e if ally are to be rec:yc led, atl It, root.s 

have to inpetrate deeper soil layer's. 

o 	Provide prunings and shade to suppress weeds. 

-	 flow e tfte,;I ively' Exact ly whao biomass and/or hedgiro, (.over 

is needed in,any purt icilar set of circumstarices? 

o 	Provide favourable conditions for soil macro- and micro­

organism. 

- Yes, but cani this imporLan t aspect be qumn.ifiecd? 

o 	Provide biologically-fixted N to the companion crop.
 

-	 If the woody species is a N-fixer, but why the emphasis on 

n i trogen? 

o 	Provide prunings for browse, stakes and fuelwood. 

What abot the "Lrade offf" between alI the above ard the 

amount of bioumass remaining that is required to impr-ove the 

soil?
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o 
Provide a barrier to control soil erosion 
 (when planted along
 

contours)
 

In dri"er reii oils is tI,(! nt-ce!.sal i ly wic(ir iet wceivi row 

hedgerow spacing any linitat (n to achieving this and cal 

the in--row Spa:ing ie ma(loeose c(criof!il.h 

o The main advantage is that 
 cropping and "fallow" phases are
 

concurrent - so that a farmer can crop for an extended period 

without returning the land to bush fallow.
 

Is this "something- iur nothing" then'? Or does this not 

emphasize 
 the Ut'Cd to i:oillr(e O×eact ly what is happenninri in 

al ley-c:roppi Eri vis --a--vi :; -I bish Fallow? 

'lhere is no doubt that some or till of' thest claims can be efTer~ted 

uniter many humidt or 3ubhumiac regions i.e. above OOmm annual I 

rainall, and under particular sets of manafemenlt. con(ditions (Kang (t. 

al . 1911; Kang et al , 1985; Wi Ison, et at. , 1986; yamoOA !-I I 19 8 6a 

it,db). However, both the nlure and extent of' the processes and 

inltercLions beLwsen plants-stil-fienvi reriiiire t that. can be manipulated 

t'or alley-cropping need to be more cril.i:aIlly examined and understood, 

becau.se they are, indeed, fundamentat to all agroforestry rystem., 

Alley -crotpping (ear certainly alto provideIa mieans of' preventinil !Soil 

trosion and, ittleet, in semi-arid regrleon; lhis may he of greater
 

iml)itt'tr.n( 
 t1,11 nrty Contl.ribution of' Ht rii:!Ia iv-,,y r-est.ricted 1ioli11il.:ste 

of plat1tl residues madel i lab t whih:t ;re :ipplid to the soil 

(Illt i'Lc anytilar ly hoped fotir Iongif term etItc*c:ts on seui I 
charac:Leristics). In a review of the potential c)r agroforcstry for 

control of soil erosion Young (1h) has pointed out that alley
 

http:becau.se
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eroppi rig dus ign have thg aistlaret, nt. capn('it.y io comlic. twoo tfilot.oI. of 

erosion conitro l: c:heckimi runoff throulh the barriers provided b the 

tree rows, ad p ov I dingl a ground sur Face cover I Irnolgh I it tt I 'rom 

prun inigs. I'tle af primui ire:asons for supposing that alloIy rroppi ng 

CUOUI(I vu ths ignied to control erosion are(! at presotii sntpol't.(t roill y ly 

very scanLy data, midj r-siairch is needed. IL i.s now iree(It ol aliso 

flilt, er os iof) canl r l -s or. tins losses of o oil (irgilni(j ic;t(tlia nd 

nutrients, and thus tLhere is al interaction with the potential for 

ma intenai:ce o' 1'it-rt i I i I y. 

WI s IIot1 I, t tiret'ol t., t t'iFei fron Lhe advntices a I Ie Jy iI t in 

aI Ic ey -cs p in g la ear Ii t.n w i den and deepin thl co u);(! )1' 

iivest i gtL ions. Part i C larIy t.hose on the effecis and ineteract. i ois or 

woody perennials on s.oils enid other adjacent plants; on factors 

ateting b iouass prohditct. ion and nutrient re-cycling in relevantly 

ma1nagd sys Lens; so i I status planton water where residlues- have beert 

applied; on shelter/sham e'fects. and environmental reroure(-sh,- ing; 

and the effect's of' ;ill Itho e cn Lree management techniques, and so on. 

http:tfilot.oI
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H. PRODUCTIV[TY AND SIJS''AINABILIT'Y O. LANDIISI. SYSTEMI..; 

Mi erosit .+_i r i clt!rm.,r 

Perhaps the most obvious example of the soil improvinfg capacity of" 
woody percliiia t.ha t One Most freiuently se"s in the fielid i:s tllia of 

.. e (or nicro--sitf!) enrichment under Silpje trc~e,/Iushes, or snall 
c I urmps. A whole., range of tfactors affect. bol.h i t.e rea! an(d apparen L 
h-,r,us in thu growth an] apperance of' ground--hve ,Ivgetation in this 

sI tuat Ion. 

Ilea I po. i I i y: hel, can be due to: 

" an increase in topsoil nutrient and soi [ physical ::onditions 

broughtl. about. by liter-fall; 

o nutriLtIs. in Lfhrough-fall; 

o r0 diruz. ion of raitn; 

o mist--colfect ion; 

o dust. ('on lCc.ti n; 

o animal excreta (birds and cattle res t:ing, or roaming wild 

ani I :0 ;
 

" ins;cr1 It fr :(: !,, excre .ions 
and de ad in c . hi omias; 

o lower day and hipher night soil sur face Lmperalures;
 

" Changes 
 ill Soi Il sutrface humidily;
 

" t++hanges in 
 Lopsoil/subsoil soil waLter stat us;
 

sheler effects. from
o wind, high inso lt. ion aid rain impact. 

(although "drip" can also be detrimental); 

o the long-term changes in the soil due to any or ill of the 

above. 



Negative tree effects can result fro": 

* 	 CoiMpet ition (f1-a watter, ligiht a d nutrients). 

o 	 al telopathy. 

Aparent enhancement of ground ;torey vege t a ti on under trees can be 

caused by: 

o 	 the purel,,y plant morphogenic changes broughLt about by s hading.; 

o 	 protect ion from brows ing an ima Is (e.g. by thorny I ower 

branches) ; 

) 	 Fil accumulatim oi' pl ant propaigules "trupped" under the tree 

or bush. 

Precise soil data fromii single tree invest.ijaLions are, unfortunately 

rather scanty, although they j)re(s.nt a good opportunity to obtain ;, 

great deal of informaL Ion very cast-e4:ffectively. Hellman's s toudy 

(1979) offers a clea- insight i nto the compet at ive soil. benefits 

uccrted by small clumps; of five mature navanna species in Belise. All 

five species accomplished a preferential enrichment of ':! soil aboet 

them. Th is diftered between speci es and, in some cases, reached 

levels approaching or exceeding those found in nearby rainforest soil 

([,j g.. 5). Eft teci.-, were a;h oeced withotif, deep-rooting. Changres 

iovo Ived amounts of a , K,M,,, aril Na, available P and total N, as wetI 

as improved cation exchangre capacity and perceitagv base s(! tLuraI.ionl. 

The ecu logicaI implication.; off these findings are exciting as Lhese 

trees, or cl Iumps of trees, enar ichemd their microsites to the point 

where other species not adapted to the level of soil fertility in the 

open savanna could find a "n iche" in which to become established. 

However, it seems that this enrichment process may take some time, in 

agricultural terms.
 

http:j)re(s.nt
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SOIL ENRICHMENT BY SAVANNA TREES 

CATION -EXCHANGE -CAPACIH , H]AS[ SAIUFAION 
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Fig. 5: Changes in various surface soil properLie'; a long 

sample transects under 4 species of trees. 

- From Kellman, 1979.
 



larcomb (1 977- quoLed in Kul Iman) en. Li maLd th:t the! toLal nutri e,,L 

( l)it al of' r iil t'or,;eIt ill Corsta d t i ould tI) ;iu.tit tlli attu, ill 25(1 years 

by :ompleta catturt, of raintal i npts. hiu th!rIlore , the addit. ion o 

ntriet l iS not, 1I1 i ISt , , i , tnil I ess; I Ih who Ie capac itly of tihe 

systLem is concurre. I y increasetd so as both to captire arid store Lhem 

(Conrioo , I98:1 ) . 

Trus and shrubs even act. is "t.r;aps" For inrs(ec-s etc. above iround and 

so ertchtne nut, r i (enL re eyc Ii i g i t1.he sys .em ( 143.5 ain 4 . kg. d. in. 

Ia- I tr- lauce a11d dead iIs .c t. bed i en , renpee t.i ve I y, ) i i a dry 

evrgjrTeoii tores t ' For i see et. ( 18,1).ii Tha i land , e!xamp -. Warnimbe a|I, 

In nugro'restLry s.ys tems it imiy be necessary t.o provide some nu rient. 

iniputs ( ter Li I i ersm, manure and/or "borrowed" p l;n t res idues from 

aother site) ini ordher th) "iR" lht' syti .mu to ail vnhmn!ndI leve l, and 

then to keep it from declining by all means Lhat make it le,-ss "leaky" 

(.x itue(dplaint (:over ir s paice and title, incruased rooting vol ume and 

activiLy, reduced leaching, i nereased soil organic maLLer to improve 

tile er t.i(n1 exchtaife: enipac iLy, high soil buse sir .urt. ion, Iarger plant 

b i omniss) 

Modeli.ng tie iLual. ion 

A_"rupjar:ereru series" model 

One aipproactih Lo rnrrki ig a conmpanr i soi of' difirerent forms of, ianduse 

systcm.s involving a mixLure (or mixtures) of woody and non-woody 

plants is Lo consider what happens over time Ic the system for 

different ratios of the mix. 

http:Modeli.ng


Likely long-ter'm changes in soil factors For (a) a sole agr i:ultural 
cl(- ) and (Ib) i I)) 3,It. i ol arf. iar, to s tart, f'oI Irw d by t l: 

l rm of, tkhi tr;|p l eint..ul ia l. f , llForit lixture. 'his (aIrri t.irll l f, if tr 

parttof t i m N (t'ig. i), t r=13I-Plently wilh rr t(lr to 'Iolr'Iy JItirli 
Consli rinI;it (cr)p> Win-ni llirr;-s, t he ii ill+ir-h of lrest/di .an ;, LIis.he 

)(r wt.h mf tiof' t ie c,ifi4l-rp lrrt.). Tl'hrr, tlt!: two aslercts;, "'soi i" and 
"1 ttait" call bfr iiliirl'idI ngI!,th.r to I-lit ai Iodr'I (t oVur;a I ! I annd 

pr tu(:t yr vt wir (.h i ldicts tht- ot+lll(.lo ' ia y rll ir of' a liiix Itre af a
 
woody and lon wooady p1 ;inr. :omponents in L.iso;, ( ux 1ry, 
I 9Wlb , I U6.a). 

Like all rulr iriorli':; tt ii o:; (suchI'mr-;n I r(morequ st i ao; thanr it arswers.;
 

but cin ,ur" r';r:+s it i s |-hr-s vcry quest ions that. w il pra i iw. a further 
I;;rgrt irt111 i rotI-Ia;;itIri taII,(r$ aoFt si(ine It t ihI p:ni '...,
 

(jolicr
ii ierd when CmIiparring, say, hed(Jge.row intercropping Wi Ut rotational.
 

pilts (hush hIA!ouw, 
 hi.l iwod , NOrlVer plots "Lc. 

Hedger-ow -i nl:.tr-o ..... tr . r work? 

Oaf. puzz: abori1. a Iley- :rop irgI is Lhut if it Lakes a (er'lain number 

Of' ye+ar;S af Ubsh- 'allow to re--est;ablish soil fertiliLy so thm L annua I 
croppirng ra on:tce gfliin Lake plar:e at;I sat. isfr'c:t.ory leve], why do wt! 
expect to c:over only a Frar"t ion of tihe Ii(u] i a woruly ;rpee i erj , aild 
ye t. be- ab Ic to sus La in crifrp)iif oil i . arinia I I y? P"r v:iriois 
re sors 

we rrij.plt. iot e!xpert there to be i:omplvtket :quiivnlencr bet.weenrL the Litri 

it takies to resIor-e o, i I cr-I i I i t y nirioo- I bush fr I I'lw ,nd t.re nllinourll. 

ot spar:r I tihat ieedsr( to be oncrip id by woody sper:i es in a prl+,t-rient n or 

s eni nlmtiurilt systern (se, lable 3). 'l"iire arc inh:ed, a tuirmir or 

points or Jirfterence which at-e discussed mlore Fully in luxley, (1986b).
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1 .. .......9,.,-, :. ..i 

nI ivi t Iral *:).mpie 

E 

D/ 0 

leecrop
 

4 agric cro p
 

s is from a 3-d r .+;i Insl coml ut-erizeid model ("L:nmod't" - ne,: luxley, 

1983b and 1986a) ,whichshow; the charires with time 
Thi 


of thbe out put trends a; 

tie crop or crop mixture Iiiftinfluenr: d by chanel; in, ;oil factor; for 

side), when tho land unit i; covered entirely by a tree ;pe le; (Iiqht
hand 
hand side), and for all -prroliorLtOinal ofiixtures these. The first Stage of 

the mod:! d1al with noAl factor:;, the second with plant factor; and the 

t i'.' lanridproduct ivit.y. liirtL caln he real or coijicturredl.third umt ths 
lHowev,':, w ,d n t ' ' " (,rl' ) data t, di:e;crib~e, for t t'.' -t,,;t1i' t;ite , the 

r .;hbr0 l '1 . l ! ,, * : 
+ 

:.I :: ,- toild a r 1, . o f t he . mo d e l . o r i o at a - .i, a s ;y e t 

aVall. l,& 1 * '-r hi I 1 , S api- of the rI:. ti(ls ! r a,c t:, It ::t t IIIre-. 

Wi ic t, ' Iy'. cor.( IIh 11if |alo 'oi'n .,r l i.. lved ,t Val . ',t. :,I -r, rivo 

" 


T h|l'. :+, " : , I,, I]*IIl I , 
 II+ I I ' it, ,II u '.I:: a l ,,.'II : I' ) !-IP ( + '-d+'+ I Y IIll. T , I: 

" r 

IX I,. l¢1[I on~l'. ou, - k l 1 ' d 'I lItII t lo llnf , +:-, I l+1 '+: 1 "pi, 1 11,; ~..; I la t c I(1 111+'.1 I it 'f; " )I 

d": v-~ tI, ' it. . lT,, ,ni ri qJht liirrrhan d ,-) t rirnid. - bill t hlI . .4ii1 1 Iliitan ( 
,j :!,( t(t-it ( ,-I I Io-'I III. l(,+:I ri I x :III l : v;ll: 111 [ 1 '( " " ,' Is ; p I~l I I o I l l (-Iac t . i.l a tL 

To) t'' w'.i lt !; atsi, '-nrite; in a! lr'yr iprr+ln a siim ler .1 i t'riaclih,whirch I iild' 

it Or,' "t I i/rroi Interfae''" (s'-', Fig .1 l .li w , would Ill.
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The+mo~del s+hown+' thII.pal-'Udi 11lit, :,+Itarly |I(or a se+le:Liolll off, u.-all:es 

inlvolving dif l,i l 1;114.!: ,)iF : ,Il hl' -t ility> dec-l it.' Unlu+l" .'..asoral 

c:roppli ngi., .11111 ,I fP l l I~1, +'Ieilal r'akes~t- of' hnL'ti Iii y ilt +icas U:d't IAIi 

1'.1 ,l, (I' at rl' c Ck it' - .:;. 111 111,1 - lhiv ":iln tit);" w.iI 20. toi 30I put. 

c-utt I:(IVIr I' ;I w)ody pot'irttl i ;III ititi it a t I ong-term si I I rL i I 1 ,ly wi Lit 

IIll. titode I i 1,1,1 ll; tf . I htIt-; ir un'e I to whai, i% ic- tLu Ilyi HIi I l at ir tated " 

htopp'lIl I 1,,1 l)t I It! i\l. ".'I'1/xl ,;1V ljtli(e IIS f it;lV li'. I i1 Irl 'tt" 

po.s i II V.I Way tt1ItI (.ill I(. I;sstivllt t'ro tii; I I iiltI respOri ! surhitI , lI 

biLh. ist I It\ i ' lj lIll, l OVsilfl _ i't itrl ', I : ucIe:i:fuI certaI 

c;i[t tlu, I - f,. t it i F m tti i iol 01 tit's.. It ;oi I t y a ti (V('II itprovl:d 

;tl~li-i't)py I ' I (t!; hi prlvof'l fit, i': ; I;Iitiib I . Thl:;, land occupancy 

6,y wI ,(l'' pottil ; i l .t 
' 

to llSi euull to hoave a greaIter e.Tect tIhtil 

equ t v;lIt " iarId t(tC)c;rlI"7 ill tnime, und we mustL unders Land exact I y 

wily.
 

Cert; ijn I y, tihe i i. itt iSsoc iat I (il of woody porelttilit] s wi Lii (rtlp. 

wit I Isjpp Iy Iullc:it (organic mattr anti nutri..rits), Site I ter, shade, and 

g Vv I ess run-of I. c. Utl i wit'y twiti is likely to make tte wtole 

system rather its,; Leaky overall ( for Light, water and nutrients see 

[lux Ifey, I98(Jti) . It iay ;iist iaike bt.Lr" aind more Ltittly use of' sati 1, 

bil. vital Iadd i .ijrts of' wale.r- rill n 1.1ent.s to the systLet. We wi II 

cirns i dr tltese adil ol.ht i tlctri'rs, br i oily, i It!. till. However, I etill 

ippileLatiLt tol.t til! a II lly cro1i tgil sysLtPm (toes riot. eiurl:t anlytlitipf, 

I ke (toilIlu us t 1(55(:I ci(Ianopy, ;i I Il is doulit. ful whettier irtuch, it 

aty, of' this impliveld use1 o tite u,iv roiutteit has riytilih lg Lo (11 w i LI 

'wotliler tLrees , . 

''iie first lesson to be learn from the ittdel is that we are much more 

likely to realize the full environmental and production benefits from
 



Type of System Cha'nes in Soil Fertility Potential (In k aze ha -
of tree) 
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v r1-1' tA0, iu; t" ap.r1o tor..-Iry i I we. beg in to kiow mr, t,,d t tHit 

prices . it ,,t I ''t , -It !t i I [:it t I'r V i t it' I 1it1I (o i tl'I' l IttIv 

nju I iptupIi < ;- t, 1-(i-tf, mjilSt.1-'s (It01* just. IOpy whichrk se'l .i |.o oll 

Ottilt (i herw r4iionm. 

Ti he urrerit.l ilte.i', I iiit ;.ily tiltit-'1 iot. It nI.'i ei tut.,sUFhotius i, 

the (ofeetides: ol tl+st.ii l i 'h:lt:(n Irep i cut i |glitimim;.emi molot |gIittI lngii iiim 

nlixttiri.t;. Ili)l,i vi hitt. (tle{ i.'tiunllp I ., itt t-,oimmit, ion is; o+va il l, :imut 

efleet.mi of I -II tt+ i ; tI i !;li pr;oItSo. i I; i t ro lIn , ;I I 

+ 
' t.he.
 

eHitim( I I I ir 

it+.. lilime+.z, 1I;'; •Jt l'i u.i im~ll, tt C hAT's Ulrripi emil itit:;ttIir;; itrop,tiriill} 

i)ve. ll yers ; ;IIit.iw a.;i-dI o .I s I f e k Iringit i- tliitOi!(te o , t . 
Theim I r i pso niu t Lti ii t.lrod p , otit :Sol Is(tt , m sr it; I nit I + 

Iit tov o mmi 
(tse -deca xui,;of h i-ii(l t+ done oil; IJt )o"ca(I I.grasJl'-( l l:;:alllL r ;mdI1o.1 ;v+s, 

we' . r"i-tr t'litt,lhImv ttys i so+lm.,pil .. ) t 7,
; tothrr item; +til trout 15 i 

ia.. i iatiti ' If x ..: i" . tt iti ia i ro.iI ;a. .;( iII t o t r 

- itim Lll ingiropT Ite hil.ut:[iul. tmtts ur hirii hat; h ien siul i l th iir u t, I(m ;, It 

pr vidersin n L U t rie il r(Ir I.; i hI in S I i l y--Sepru ictri :ropp i if:.Atdue, Y el 

http:efleet.mi
http:tl+st.ii


i ol I] I in i i'I (,i t :'H; I " 4 iI llli° 

' 

diffi cilt f-nlu |il .iivll 't vrmly wI!i:iIy: fh.-It callldior 	 ;:io and ca 1111. si 

++
 
lll p~i dt. I Ii l I ) I-!. sililli ill (!;IT-|+', 

yea ,ts. 1 I t l (t.1h,.r elin 

''' o lli % oull pw.;'ttlli: c ll 1) hoi-, III(.-

c at 	 ;t ,, 11;il. 1lily.':il ly any',)t,,.;.1-1i- tot l a 

t I ' oit i I I ,'luitt tillat Iit}o,,,v -'i , ,l o t I t plti bli'1i:; 4'C€II ilg 

lir' ltiti' tv it y wioodv ltorh;icv(otu' t. c 0!. g.it onld mI is.'i:-; . 1oI s frO 

wo(r-ld bh ,1:11 i'+ h11;t I F01. '!; Iit N :C,10Ieil ; ; ;1, 1 MIT [JIl'liMS-f I~f I ,:I +11f'r-01, 

: t 	 I ;I i I 1 not , 1 .[I .Sare '%q ttliu :so I I :at. d I ;ilt.,.l, ;ltrls hlavot ,l iat1. IC .
 

prfl a tv I I'iy it:oo i inI i i w s Krt nIliiin ltt3 ; o,
 

, 
a iI 	 UIII iiF I )lI t I I 111 I I it cIIIt ;ti:ite I 1; ni l ta-I gn1itl1t+s

'
 
"r-'( ;I +(lllI ele caflI of>iit | t+i,~ as Kl'+dl;l)ltr Ku ind;, 'I9J s(ii polii IL l ilil m .t, 

aillil I 	 a'IOr;;.o ll tr.l i ,"niraln;irk r ttyi+tln hnicll I ogr ll c I, t. i h. 

smmlll alh~trlll (,llvi llillll+lit o 1I' l tle d y irI, l ilf, f11 Ihft! gr-+f-a+t.ov+l 0l+i 1) Lht 

, lil I i ,,T. irid i ces r +iralopll I ~ 	 :], i f.lt-a 'i' andit I os (j.l+ vI LI~, ofl I l 

if+ - lil.o.r-ba bJ., ]larv vailueso itoidu(Jim~l: 

grOa; t ci ( r il wIt i( a t IfI o s r poit 

Lh is draw,back~l s co hatnce.d r f' nl"l p'+l 

i 1. r;it. 	 s ;ir'-( i outcoine thlf: liI I t . i oil 

o I s-Lipll tI.i rig i t. siift-:.; i tlt, totaL I roniniti i Ly 1i iital-;". 
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Wi stL thIII t.htore t i (-,I I puss it)i li t y t.if.I t oi Ill ve f oe I4 glo;t.! 

r~ticulirl)itriI, v .Icr I lir ).. I t vIi li t 1 i ; I 14) 1c dcc orIIl ctlc1o, l 11 ! 

j4 4l114441.f t.o pu ;li ! , ill pc14l.; ic Ici t),-r o ficcoj l ;I( loll!; ;if I if%(1. 1 belt 

1441414 o t th of win!1 li~t oducc 44444( 

det;4~ h'c j 1h- irdrte in,. I 

dftlrr i'i'tp Thlb il i4 l,..i ll ii I 1 I Ioffof d -Ieill 

o44f, v 4f-)(. lll [lot I I hc;-,a'~.. Jim~ t n T:0 l 

(ft-1-1 (fool (,'( I .;b I 444 bcicL t il , ,I itiI :41.0( l i I 9 1 ) , o I Ife14' olI V- Icuit1 

11)1I 11 k4:11 I m "!;I 140 lY FoS )t1 opI ;Ii Io1444 i Iml 114hil! fit-' wI lofie 414b0!.. 

i4Is we f 1 f'.Jii Kxif-cl .4.14 0 ofc tIlit - -j1 ; II. I *.' (Ii I1 I s l tI-II('J4.4 00e. 

t int adopt i n it it44 ) '141 I ish 1.f4:r)4st! I vft:; I0 o)aly pat 17cuI ifr­1,:1' s i4b4 o)410 

cys t 4 444. Sfo, fit li aco t , w c, wi I I l'i rr( t ha LI l It ifiiI i sm.civ;101 of' 

Lteishrlil)0 may ()r rriay not.14:hom. .cr 014 illy palrti 14:41r s i t f- and for 

anry 1);11-t, Iilr4 pm m u of'i (--1I ;141I:4 1111440p s! it -~ 14a.species1 pelItitlr 1,11 

The irp4)rltarhl. not.e to1)igporoe Uluc poss;ibi Iiti!, ofl i ilithois 41 : 

Wfe call4 flow(tver 14444,4414 s nife-~ I-t hier arid U11c44441I 0n- c ohv ioil!-.; It i Irk I 

Chaorrat: icr is L i r wherr 4 :ompa i ng I rees / h rurbs a nd o: err nia I (ho r-broeous) 

grasses thact. wjill di reeclIy aflect, our cho ice of' (cr40 1r t1he oth40- For. 

Mi I g r -ocr41 r-I; :,y.- 141. cc.rSo these-!(, wt! know mrore( ;ihccjL lion'o -I-y ( e oF 

o lt1-! .-. lIto low jil otlrrrc I et:; 141 shl bs 411 !10!; i VolI(lcolI V4!;f Ot.44l 

p-pr4)1alffI edi j I I c lcj'c:; a I-1 1)r04)ot its diii IocI. hroci Ii 141rl 

rIrlorIcocckl y (;I Foulr4,r !c,I Al liis wi I Ifm: :Y-., I (-ill. ihotgh S nort, ;I,; 4410441i orcc: 

above , I-csor tor rhI r--r- o1.ed aI I Y llVkriak I [f(i!!pe HumI sit i 1.,ric I y- adapterl 

pereni al fir"iss ;peuies1(0. 



Cert: iii I y, line .r s i ' i,:; (I'll P;Irt 'ili a -I;)t I!; nl'i, , bl-f.i :;hiowl to 
be vel'N dve; root ix l d(7.d (e.. p. h'-reii ;t .t ;11, t,7, l i'iiriit t it 
(:'' loi o (l I;7:l4J lt)n ; -I lt,: l l 1 +t71- i.f1l0 , t.; t III WI i r i poitnt to 

,'ilth f ) t t mbV;Al';il,. iii ;il" i;lt' Ke yal! II , -) Ard %i,( 

s ii Id I t i t )io;uri t flat. t no:,- 17.l, Io It. ;I iI-(eJwu so) I jit-ofi Ie 1hair 

comeI I .,1al1v;.';'' 
 ' -Id II 1 ,I- fI 
h( l 

S cltit idI .,pIl 111pt,. ; r I 
-et 

riIP ;t *(- 01 IVil.;) tIlg; I•.. t 1; 1v, it ll 
Io, r i or I1 . l1ht,dl tl a) l ca ill l ;t- l ;vi 

h 
. ' ( INr(,p(-FL. I)|,tl, s sl( i - I e!; 

',;ilili I ,', si)lhl(' ( 
a (lgoip)ge ' ; ) -+h 't ;Ih (.7iltl I tO,' Ill I vt ; ll nw ;r.os 

K'h;;v ;irt ,hi i t ,;+li+rilo,h ;i), },;i rh;,II lpllll~o. 7 + th atl- l ea f<[ 

gro t th, t i I ll , ald fI I'w (.' rig m id 11tt, I I . ;I;II; 1iu, ar1 (10 

a; h. di tI'I :at IN,' !:pt al(V (c! prasst'; I r t o I ;I --,ill), se;s n. 
0-)* (VIII olrlpy :;eVe' l-I se lll. • l;; t II- I I Who I I pall I 71fn o I' 
ulmi()IIct' I 1!:;f-; flril (-;! pll( I I y thI lcI i i r. - arid(ti l-t riI utor o F IIiAI.r vIIl.;Ls, 

VtIII ft 'i r- %4;lt(lt'-tl!;( n t . i e,!; (It . I, ;I , ,t ., I ! W-) , c a ll b edi If i' t hoit fl't Hiittiiit II of*+ grass I vs,7 0 t f" t f(- gn O i olflirfllll i t. ( 

-o I I(jlu l i up i f wlll. 

I11ili , tI lI and s r-bs lIvid t liriioltf I vl.,; to a liilrh Widin; r irrig(. of'
 
man I ptI ;it. i oillt. 
 tm t l -n-fll j a 1 r iIs,gs , ;inIl i t i ; tIi ; tht, m1 . ikes 1-he+m 
p1)I- it lriI I IN' 
 rt i ii, in1 ;agif.roIoI-!; (Iy 
 - l I Ii rI lI oppIlig Io I i ons .I'rov( (l.d,that i!;, 
 th t W- FallIv tlniri;nll 
 Il d Io 'Xii- V, jow ift :; W' llee(J
 
to II;111i 1 
 ;tt I litir I ill or-(hur" I.( opt iliz. cii t poIt ; of'F ir'ritc:Ls or 

lii (;)11(11.-I w 1ion , we cll ti-y tt.l ini (r(h.r' Iiio Illlt' Wise, Chi(jCe Of 

nI t tr;jtr i Whom; osvs ei(hring plin 
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species for ll! 1- pr duc lioi l anld/Or+ 
i I t (Ill- C': tI)s: i mprovwtVinv is; 

illllrllilt i oill SlabcCliIi It: i;,. Cl* gpa s mu:5 lt III ll( .CIt. TlhI ..rilst l c 

is-;, inIdecd, a wo t o' , r¢'p ,r.i t It oddh .r',,I~n llowledt aboumt 'olottd, 

'2 2;I pucei s I-tilt i.I ih I IY h icilP WIl 
,,'2111 :Xl: .V le M 2 ; I.l);i'l , 

anhd . he con par' :;(ifll. nult, to 1w made. 

Sot+(. (.1 c t + of crop t-s idues fol 11111 ch bC soil i ll( prl€)l at._or ' ill 

As the addiLinonf' p lan t resitdues i priibalIy a key I'a:tI.o I tim
 

SUCCCsS of, ' lt g want npti+'l Im- on [lf!
IeIfte+o i ti:l.ropp i I Lto -mrI' 


to)ic. The iillpfr rtal I , I p t , t. re is ll erh iric i ig , :I-I ; ;i lid
 1;ili (+ehi 

improv itg so i. Is in t he t rop i cs has been fu I ly reicogn ised of ez,mrse 

(e.g. tlt, 1975). Variouil; Nra ici a i nc I ud i nj woody rs i due.s, are 

o 't .-n relatively easily avail abl Ii I:l ose to t top i cal I:u It i va t.ed Iands 

yet, .:erta, inly, wooidy imu11h JI.s riot, cons istenl y u:;ed by I.rp i CiI 

larliers and pl.erhaps we should asl, ourselves why? ( lux Icy, IUH:ia 

Ktngf el__al (1981) give an evaluation of' I eumiena prin i igs as rI 

ni. trogen source for maize, aind reached I.he conclusion I.hat t ey arre 

imore efecLi.vely used we-n iricor'porat.ed into the soil . Probl ly due 

to some N loss by vol at,i Iizilion when lhey are appI iI,-i onl Lop. 

Organic carlon copound:; hav a Ihiglh variable (I (cl-ll-:peridei.) chirge 

(Mel I i Ch, 1960) , anld nC) C';ll Ic ilnpor1anL in 1)i.nfl ing i it i lus wl i ,ii 

reli i readi I y ava ilab IE! Io p 1l t.!;. Thus s-o il o rrl iiC ma2 t.er can 

enhance the number of nutrcnt lrans fer sites proximal to fine1 roots, 

and I.1his i s problb I y as i iCC rt.111. as the actual ailouitis of plan1. 

nutrients held. 

http:ricor'porat.ed


Thl- relants or yeao r's.o3 i I a 'onp|);iriglapnp,, Iicat io,; o" lixed grra: 
OF III1| {'o
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sp(.)l
, |l(. it.!; ((71I1 1 F )if I|IIh ,' "bush;.}" )
l 

;it , M'l~ (y lg(l; 

'J'lr;'
l|; i 
 di ca[i:
ted.l ! I 
, ' fiI''rfere
:c ill the l :n e:r it to) 
 oai:.
)
 

-);(}ir i I.I d; )(t e,!t-1 1 - I sa ab I 1, 5 ) . Blut res i (li!i; Frontl 
p r- lk;ti.ni speI ()V. iti.ler g-;;,'s 
 or woody J)erelll in It; cIan 0Ife t 
the )i.I|(ilociIi ;:at kr.if y cil'l'.(ure t w'ys (see phot os of' te;I su-;tle roof 
:;y,!;I1r I ),i e r G I,t,l '(., lit ras,; ;t,,-is, ill Wi I Ism:n e t, a I191 .51;. Th,: del(n)'e* o I iri il'iat-ionl is one F'a(to)r thal will (er-rlrinly 
int' lloin the raLe of re idue de2oilpompnit. i g 7(see .1Ks . rld H) and 
hint f t hi IVI iIab iI , 
anidl[y i ds of' degrecat i f-11 procl t. 

{Gr 1 Ilt;l1llIrl lpli f-. w e I I ;V, u I IllyI i 111iii V t.1i l fr;ISige s has b e eir
il ed I om ilu ;:lill r (at.I of' (egrderl Iropica I iIIs (e.i. 
S'; il ' , W Gr(1:1Ur';eItilnIliur ing ,1ure 
 for i rrc-orani g ova ilab le snoiJ 
Ilitr)gea ( it .sC/N rat. i 'i is Jow enough) ral.rer tlhn Lo enlhane. soiI 
orai l intit, rl e(veIls (luas I, I1973). 

(;ovei circfo (e.g. "i ve fiul Ir:h:es') coul( we I I be usedI to e hranc( the 
"tf-ree '*;I I low, stage O r o t at1.ien I alI ,y c:ropp i ing s(heines ( see 1{6Fig.
belIoM) 
. A Lson (198) records thie success, ald lives d:trAi Is, of the 
ise (rl I eglnle (mnver crops ( e.g. Puerpri a phrseo hioides) ini arndribber 

or I paIliI i llMa I ayy a (;fIl See Wer g, et a I . , 1979). lih coilirlnoodi l.y
:riln; grew fet.l..er riIolig with (ie letinhr. cover czrops which, a lter ;boul . 

F year-s , ofi ed opt na I fli tr'i itrliopy I:fI(,;(I; alI 'ltti i rel rec.ts h Itlle bl:nefi :inilin-;.eI ul th) Yei0 'a . Wi th a ab I e ro: I.i tC ( For­; , r:oqIt imp 
*i Lr,;,ri canr:i )our, however-, (see e.g. MIlonrigoy aind Akoburul 1 , I9i).
'ho ibon r- f. ]i lliiiotiii "i o f the cover cr op, onide rw rei au nil i-n a ril 

http:lin-;.eI
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Table 5: -:.rimtent 1. 1975-1977. Effect on mnaize yield (kg ha at 

l2%m.c.) of grass or 7oi.. either (a) at thenlch arplied 

gi ning of the rainy season or (b) bth tein and tv.,o or three 

weeks later. 

19771975 1976.lch trea=Tent 

- Nil - 1089 2103 2503 

Grass (a) 1600 1521 5 272' 20 

Grass (b) i679 | 1511 2908 212737 2741 K . 89 

T.cXv (a) 

Woody (b) 

1422 
} 1493 

1351 
2)88 

j2487 

t2639 
2857 

2785) 
85 

292 ) 

+ 83.3 + 9.1.8 4 97.')S.E. of a Y2n 
(Single -redtmenz) 
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inport antl i siie,, and
as e iminati rig anil iii:rp)';it iri. thpm is what ban 
p'leve ito ft |en ed the ir mo ri)e Wi(dlee r.:; iI indo; ilV-;I , 'm '. [C }verI. 

c-Io)pe -a ll Ir("a I 'r)v i lop to I()toI ! t i i. r"V1. OF i i t.he f ir t 
e'I-) ;i-;in- imir-I o ' ()I I I Iap", i ­ I:nelWliIoHK aII;Ipr I cofimir med wit Ih 

addi I I oiil of' sot. f'orm or ;inohder F CrOp ri-ni due has pro)ved hig hly 
s it((i-. .!;;uInI iI ill;;y 'roppl, iig il I tti ole ill the t Iop II,:ese-- V! IS t , 
I.J
7!; andtl l lh,-r 1;ipi- re ilt I 1 (EA ) 1 W1i ) . iti€mf rgui.; ( PIM ) pol)ot 

oIllt I fat, I., -ef 1 im i )itI( )t hife- effYi c omo e I t f , 'w .I I r " l ug NZ I o 
ti eto II aI Ioni a):" t. ie(;S N-, - I i x rip, syeLeiui ins very ;c y(-I wi th,e 

consee uient Iy, ;Ii minimurm per nit needed forI thfe g.rowth1 o f thel gre, -ri 
|ltilln'(1 : ('{')V(-t; ( r'()ps .; 

P-111Ic Jig a( cover crop:, are (ilf en c Ia ir.d to iupJr'(c wf!(( ; (.. 

W,!. 'raoli),!l ;i1fe( i va tif e, ! I !M , vr: ­h il I e'f',I . suppress j I o} 
w -nil t(Iy r I e[i lld ; ,fit. ov IYyl:; depernd.; onl Irany Fact r s: c I i m a (t So i I,e, 

weet sef(ei I oatIl"ii thI sorr-I , we(-d :;per:i es, arriount ard k irdfi o )1 anit­
ree i;ls app I "I(aid weed seei tree) , ard ion.I.i i(e oF ;pI i (-;l. 

(russ: rec i r-:; , esptec i a I I y mray i nt1 ricwe weed seeds anid woolly mu I cli 
iateeIl a ; (to rio)t in 'lla I I y i itrodu cit t li s h arizair d bilt l, ;Irrc .ijr-n II y , 

they Forrm a Iess cirp A fn I Olf cover i f twig:;g a re in e'd, ;ar(iso are. 

I-S Ulet iP a t wi 't S-i;ipr-r .I;:;il (Hl\ I-y, I911:3a). 

Mut Ich Ig t ri ru.e V:f.ctlet tiy lir i l, planrt rus iiles ii :;i tri, iii wh Iich 
cas e-t ie i tll . I iHu.dieiii I inmi ted Ii) lhre hi unniane t'ree -r I ill il: 

ollI--t;hrve t.l ree i dl; ;rrrld/rl i t (ca;IIC b: .1 prroces of '"borrowirg'ir " 
plant bi onass I'r(om Iadjacer or ii I (ii hlied ge riw iI err-r tpcItilt, frmi t Ire 
LrC rows) 'The var-iahl e resui lts th;tl I ( 1979a ) obtai ned in one of
 
his arl ier general tr inis thatt, involved severil cror, spci(: Ies andil a 

ranrge
 



10 

mu Iches (some inert), nd of type ofo', od bed pr-epa-at iol (., I'ahl. 

Ii), i llustrintr the ione tolI njri.' t ig , nit" '.e ;nI eut pr, I y, ii rt a i "ly
 

more widfi!ly, the fract or v,i ); 'f- tit tihe 
 physical arid chleilii e. l change;; 
that OC'Cuz IllMulche!d S;€)l S. FM "xiijill,J', the' h-ol l'riciazl (.'',' t: 1"o1 r 

muI :h e , i re:dut I Eli' advt!f.se Yt1 h h I1).):;c il I rIa .ur,: t i hIt( tropi c. 

ha , 'f . b e e n iriv.' ; t i a t e .Id tI I C'' FA I-' 91). NMuv p r-ac t i c a I fi v ,l tr-ia I .s 

as0 Wel I ns M0iI 1.i inwm. Ipat ions iliii car etu I cint-r-ol led coni fltt. iols 

(e.g. Onig, 11M) have !;hfov'il t hl adl ;itigi; of'I lit i i .1gh soilI 

Leimiiperatlres, :spc ci a I Iy for a.ra i n I -leime crops e:. g. Fig. I0 For 

ci0owp'f-a) . The Of I "!,I1Ifl,11. ':,iit' Hill' h t; ( iand i I 1lif:) o i o i I 

st llc:ture and inftrt I rat i lat, ( l.aI, IhlH) haih a I~ bee-n shut i ed a[
 

I ITA indical, irg that Iev,. I !.; f ti, tG Io hi (wi ri 
 no I.i tIa;e ) Wer, 

Some.. poss ih V I adver'si - eilrc:Ls of' applyinig planl. residues must. not. he 

over I ookJd. For ei;xamp Ie, al I Ie I) ath1 ( react ions ( e.g . hnii itg and 

Sander, 1.1H3; Glivrig, I183 ) 0111; th po,;. )i i PIivs oif wit ;r I p ii .i, tever) 

for t. ransitory per io s, where deep layers- of mulrh are; used in high 

ro IIaI are:as oin heavy soil; (Koi;l.owski, 1984). 

A r!_qmpj e from tih Ama on 

On ;lig Amzrnian lllt isnl Wall( ; l Sarcher z (ihaveI if3 ) r.port.erd tLit. 

muRK:irii, With t'ierara pirhas to i di,; .,id ['ar, icum mcax iiitn, hal little 

r:ff'e:t. ol i r.rAe;i,; i ig tli( ava nil Iabi it y "of N. K. Cm anld .. And Lhe use! 

or muiches (H toris per hiei:tire. or giemil mater ials) , without extra 

chemi (:a I inpu Ls, pi-odu cedfH; aid 70%0( Ie rme trd girsss, respee L i ye I y) 
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TableT 6: 41
 

Crtw res[pOlnst' o 
mu lches and Ilmethods(; ol seed )ed 
[-e -ard
Lt i O11 

(a) First seasori 1977 

''rea t menCo- -- Ma i Z Cowea 


.......... . ..
.... . 
Black plastic 5.35 0.64 

Clar pla icI;' 4.73 0.67 

5tra w.,u:lch 6.90 0.73 


i dig((( 4.85 
 0.46 


Bare flat 5.50 
 0.62 


Alumin um foil 6.53 
 0.85 


LSD (.05) 1.32 
 0.26 


b) Second Season 1977
 

Treatment 
 Maize 
 Cowpea 


Black [lai 
 c 2.18 0.60 

Clei P i:;ic 2.33 
 0.76 

St.raw iu 11C: 1.93 0.38 


R idgor; 
 1.73 
 0.45 


Bare flit. 1.55 
 0.60 


Aluminium 2.43 
 0.65 


LSI) (.05) 1.05 0.38 

..-


. t/ha 


Soybeij Cassava
 

1.93 _
 

1.23 
 _
 

1.73 
 _
 

0.23 
 _
 

1.60 
 _
 

2.10 
 _
 

0.67
 

Soybean 
 Cassava
 

-


1.30 
 7.9
 

1.32 
 9.7
 

1.57 
 8.6
 

1.41 
 2.3
 

1.50 
 3.2 

1.46 
 1.1
 

0.36 
 2.9
 

- from 1,al, 1979 
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MULCHING AND SOIL TEMPERATURE 

31- 5cm 730am Ist Season 1972 

- Mulched 

-Unmulched 

27-PatdArl1,17 

25-a td A rl1 ,1
 

c 23
 
0 

-- s 1wI I I I T I I I I 

0. 

E 
3 42 	 5cm 3p.m. 

0 

38 

34 

30­

26­

5 10 20 30 40 50 60 70 80 90 

Days after planting 

Lcl, 1974 

Fig. 9: 	 Effect ; of mulch on soil temperature at 5c(m 
depth (Nigeriai, 1ITA). 

Reproduced by perrni ; ;ion from: 

l.al , R. 11)74. ()i I ttmperature, soil moisLure. Or] maize yLiuds 

'on miitilched and umrrulched tropicl soils. P'lanl, and Soil, 
/10, 12q-143. 
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EFFECTS OF SOIL TEMPERIATURE ON COWPEA 

300- (a) 

;100 0S131- 10 80 

'1 K 2f09 
009 0(r1I 5-8 086) 

ILI
 0-1 
PRIMA 

I­

(11
 

25-

U,
I-
10 * y' 13-__ (r2:0901 

Il 

0 I S2309 
75-w. (C) :139 -3 2 1:0 92) 

.3 5 I PRIMA 
hi.
ICJ 
U) 

-j 
.­

0 
-j 

0K 2 
75 (c) 

u1 

'­

(U)
 

hi 

2L-K28o go5 3035 . 0x4_O, 

eCo-pe by pPRIMA 

111 1 Primo-

0 - Ii 

MEAN MAXIMUM SOIl_ TEMPERIATURE (0C) 

. 1'0: E'l(ie:t_:()t !;()i tA III[)E:r.ILIute on (:OWlpt.i (:v . K2809. 

ellOprod u (r by p(eo'lti;,;io)rl firnln 
Min(h in, F.tH. , tlx Iy , '. A. arfid II. . :;Iuin~ncrf'i e d, 19/6i(-. I'ltIc c. of 

rool tempeur;,t~lr,! o)1pr,'t~i 01rid ;; ;I y i lI in ~owlen (V [fn_.l 
tungli - t.l ) :x l. 1;_2,2Y'/I-2U8}. [Iien I . C',i:. Cairlelidj',( vet,-;i ty 



.1'1 

of Ihi, cropi, yi (-11 1 -It i I-vo-d w i t cotillpI Le Iy f'i-t i I izxcd biute p I oth; 

(ot'igirnal ly c:Je.r'-'d h'I s bores t. ald 5 c- ii)n rf)lid;ry olttict It.ve crops 

taket i in rort Iv otrpo at t the r:; idues gave bet I- res Its21 IIt; ni' 

(JO%) For thlI I Igtllw,'.1l.i ll only 70. fo- Lhe grass mulch ( see Fi g. 

2, abcvti). 

Is UII i.(lh; cId oiIs 

Ameon tirh! ut iI i zatL inn o' conmps t from crop residues, e.g of Puerar ina 

Ihp,-;0 10li tdVS 5IS iit'O fl€t- at Id nir-CC1 MtrnUur(., resu elled in cr1c p y i, b(h; 

being nrjttt.ained at. H10%and l100% )o ' Lhat us i ng complI uto 'erL i Ii zer 

(IBandy and Ni'htinid' , IT.79 : d Wiade, 197H; re-spe::t ively); ltIhltough 

tompos L alIotte %,Ih!. i I tort r Ihe 

On OxyN'si ind i I .- wi t.hI ow ciny acL i viLi e;. it the 

rq :ui -A i twi K i I i z a ItAt.r :; i xtli ard 

subseu(nLt crop. A It erint ie y, rc t:Lti ons : th a V'i.,rar ii 

phaseolnides I'allow (1: or s2:2)slas;hed or burnt in siLu, wil; some 

add i t. iona I K 'ert.i I zat.i O, i,; sugges ted as a success lu I 

yield-mniLaininf Ltreatl.m cnit n . tese s iI s. (Bandy and Sanchez , 1981) 

M l!ch and Coffee 

A review of' etirly intilchI lit erattre, mnid a report of' the resul.s oI' 

Lthree exper iments with uvi-e~wd young arab icj coffre (corral compost. or 

gi,riss) on i f'ine -;iiiry Ion it ilrav. i I , are reported by Medcli I F 

(]95(;). Linear yield impr ivetnieit. osid I l'F P content. oc:irred wi I.b 

iricr'e in igairmount., Iof and i Ir i( Ilrf-co)-. mlch ;ipp I ied, -hrec arid fi ilrs 

"ool-s were found under m I (:It ( Lop 10 cm) Lhan in bare s( i I. In Lhe 

IaLter, the roo.s f'ourid were biiown amnd suberised. 
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''ll( ofct. ll gr-sI . i nif mu Ich (111aiv111 Kuipi Lum !urpuni;U 

ScIIIII ) oi:I rI') I'el (Coft'e-atralbi -ic I, i I .; bt,,mj 

l(ion v;It, I41w; :;till i (; whi h 


I';; At'rica hIm1 r-portL,:d 

g o bl c4k over '1 \',;I1 !; (I-. i. ";('.' l , 1963 

')" tar IN, work ) . I I KY;ia' a; Iti Ht Cottel' I' 11w i 1, are t h 
{:l (aJbotl . D'i 20 1. ha[

;11+:,11t(:;. I'm> I 1,111 (Ail 1
I yr+ o ' Ii r ti i ,ll i aI S)mat'r 

t o ; Ilt '1,t- it I c roIfl ; , ail es I lit) I i ;h lld p111:t ic', ltzi!; 1 l4 lshowll t 

re!-; II I ii rll+r,';,:e ill ,-4th yie.ld and .jua i Ly ('lTab I 1 7). The" f'ormer 

vmriv:.;l It ra i Ill';Li r( t, ile, %t ate of* wedin.s+ t c. , but ('1 often 

,CX4'C,('r y i.,1l li~f'llt, of" OVer - ;3(0 pIercent. o moreC . IlJprovelIfnt. iI 

tlP i 1 ( " I tlit, 'o I'Vlee "tl,' S" ( ''l ) :ivv r! I j tt i( 1(o rinumIber ()l1 

I; ( oI'!;, l i I 411i,,;I i i1 ; is tI .- ti)' p r1,i it l o I1IaIug r bealls 

1 1 (XII(l i IJ ;M, iml;1f oved t pl t wa.-r !, isI t,-; (fill" i rig til: cr., Lici I 

!;o.-,i-!; I t I tilis, I)( ri(>4o ( mllll, I1 1974 ­ s,e* I., i ;i I anid 1 .I . 

Improvelol-lt t iti raini f'a I I if i I t ratI. i ol , nd 


report !(I 


r.Ifi 15a -1o i I sitr-uCgt.ure were 

[ " bY J()1-1.! ( 1,950) with 1 1) i r-r-:-;t iti t.w. (hptih of' r- i nfril I 

purlt lalt ioln (lPere i r') and4t1Jotne;, 1954). 'po .i rfI l; 11ii(I wetI. Le-r f'or 

IofiPl:l- mle1r n1il I h-1O, compared with uninti I l.d no i In ( l1or., 964). 

'I'h ';- 1ut..1 I ; t ihave br 1rllparaI i led by !ill In ll .t''th.j (5 :III t' : rr Iht+f 

wor Id. Fo)t evmpil-l . in Nigeria, l.a I ( 19711 ) ri cr-oird,!,il a)b)1 4 (Il of' 

ext-a wIll (' ret.a i1l(l in tie Lo) 20c:,11o If!(ti! fldr(.r ,il lh (Ta)le 8), 

i.4!. if) 111t(1rcrop looli fg zone. I aunny W4!:i1.her I it i !; Iliih I. exteund the 

p r(-ri od (tilt-1 tl WI ii h14 (Ir-o14c .lronrin) i d rlt t, F'r Vr)iv I y 1( waLer 
st;I re~ss! Iy Solts,4 Ii or if days. Impor trI, 4)1" (lOtlr, l I f)lrhaps of 

equal (ons idert. i on is this likely l)befet'ic ili t ltr.:t. )It pl ants of 

enhanced futri/InL uptake during this period (e.g. Table 9). 

http:IlJprovelIfnt.iI
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e,~ 7:: 

I:f fects of mulch andI ni L.royen fert i I izer on t.he 

yield of irabica coffee. (:.ean of 1959-1980) 

-N +N Mean 

a') Y,'eld of ens (kjgha 1) 

916 1087- Mulch 1258 

+ 5 - 49 

1367-Mulch 1262 1!73 

1). Cade 'A' beans(%) 

'.u lch 59.2 55.5 57.4 

+1. 2+ 1.6 

"+,lch 64.1 62.3 63.2 

L.S.D's (1-0.05) - from "Re.%ults of [ rxpciments -1980/81,pied 
sho. as appropriate. CRS, Ruiru, 

by I. RIakna and ,J.f4. Kiara. 1982 
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MULCH AND COFFEE GROWTH 

65- c--)-- No mulch
 

60 - .....o W ith m ulch
 

55- 1% and 5% 
 L S D
 

in t_ D (treatment xf 
50- reatrent time) tie)Z; T5% 

a o o*' 
cr 0 

o .
1'
>.1 .o*
 
35- 0"
 

C,- ' , \0 
I5 

0 . 

6 T
- E.I
 

oI
 

U 0-0 

. ii 0 . I I0 .. -' 
10 (D F 

I 

t 

Dry season12 DDry t-eoson 
r 1956 1957
 

4-WEEKLY GROWTH PERIODS 

"iq . ][1: '1h i H1 tJetlj(:(, Of I II c0 t:;rqwt. I(l(cg'Lion)
rof [i, i c O el p t l

l 
4hiy .;hora L;.l 

t i r l ;( fl,IP o) J . B{.[ . ; I r l d P'. 1l. lim(Pif-g O o d , !" EJ{' V'{'{ (' .!; o ' O alr 1l i c , 

muII!(li on V'rrt iltilty of' ;i 1; );niii c -lr*(o ;oil in Kinyni.
Expl. A;pr i:. 
.1, /-8O. C;uiln Idii.v (liiver:;ily 're:;. 



0 

'48 

PERCENTAGE LARGE COFFEE BEANS 

+._ Unirrigoted 

- - Irrigated 

+ / + 

. .... . Mulch and fertilizer applied 
0* 0.. 

Z 
LJ 60+ 
Li 0 X-O. UntreatedMuc eriizraple .n 

g-

60 ­ .d .. . 
.-­

wx -
zx . X x" vl1 

'20 . a/ • 

4 • 0" • x . I I -

1951 52 53 54 1955 56 57 58 59 1960 61 62 63 64 1965 66 
Y E A R 

Fij. 12: Yearly variaL-ion in -hepropor ion of "Grade A" 
arabica coffee bean:; at Puiru, Kenya, as af[ected 
by i rriqat.lion (abve) and mulclh (below). 

- From Cannell, M.(.11., I'f/4. 'ta t.ar.; air'(t. i ,rigArabic Cof'le bean 
size" ,I. flrt.-:;ci. 49, 6h-76h. 
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'labI, (e 8: 

1 tc rea.;, in soil moistu re of muIchCIed o'.,OCr unmulched p)lots 

of ...'at (-r 

1st Season 1971 1st Season 1972 2nd Season 1972 

- 2.26 3.24 1.12
 

--,o 2.11 
 1.22 0.70 

4.37 4.46 1.82 

iPf ;r-du eed by permi;;ion from:
 

jual, f. 19/, . Soil temperatire, soil moisture 
 and maize yieid.,
from mulched and] unmulchod tropic,l soiLs. Pant and oil, 
'10, 129-143. 



Table 9 :
 

Mean root length and rates of hutrient upt-akeipi p ant (urnoTI da- PearI mi let.
 

Mean root Nitrogen Phosnhorus Potassium 
Days after length 

sowing (m) Dry Irrigated Dry Irrigated Dry Trrigatec 

0-13 0.2 49 1.4 8.2 

13-26 27 475 19.9 i52 

26-33 84 651 1033 24.2 43."- 150 371 

33-40 125 507 7c8 0.7 23.7 117 353 

40-47 134 121 374 -7.7 4.3 -63 180 

47-54 129 187 169 1.0 17.0 116 64 

54-61 125 -169 10 8.7 22.7 -69 9.8 

61-68 121 2 -94 3.8 10.0 81 79 

68-75 117 -53 -54 -0.5 2.1 6.4 21 

75-82 113 -272 -46 -3.9 -7.6 -32 -2.9 

eprcduced 1y pei;mission from: 
Gregory P.J., .979. Uptake of ri,. and K by. irrigated and unirrigated pear: 

nillet (Pennisetum typhoides) Expl. Agric. 15: 217-223. Cambridge University 
Press. 
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In an experiment us ing :2l' as a tra :er to 5tsudy s..usoiaMI chalege III 

Arabic-a coffIe, roopt ;d i v i ty ;I di lTerelt Ilevel ; I, I II so i I ( lux I (Y, 

v t II, 1974) very h iigh ,ci ienit rait. ioils oF label led I' were! t oluztd ill 

ovile and y'null( dev lIop i ri ft it s. Can(-el I and K imeu (1971 ) a l o 

found that flower Iiids took 39-prct of the ' incremeot dtring one 

i'lower ili period iii t lie-hit , dry Seos0ri. Th i.s rarepr-!s;te.Ld onlly 

quant j t i ve Iy sa. I amIn sl[, hot a Cr it. iCal need for read i ly-ava i 1a)le 

I' at tiIs ti ne of rap i0 (-!11 divi si on can be pi Lu Iated a.a; I 

pru- requi; ite 'or idequate!'ru it.set . There are I ike!ly tio beCltllnerou.; 

other cr Iti 1c l d;mlnd per iods t ol s-pi-c I i ( utri en l.; (or- :ol i nat i oilat iii 

af" r1ntrif:Ie ts) for particula r -illk:iil t lie p1 ant wh i ch wi II he more 

I ik.l to bto !,at isa iJi hy th(2 -r1d;111c-mn- I. oF %o I I wtert I tat ta ta;I 

topsoil temperatures) mulchins at'fords.which ;Ii The k i net.ius ( Cooke,
 

1l!)66 ) 0Pf I' sl) Iy udro1i- 1 t11(li rt ; i ily Ineed much more aLtent ion. 

I f muI rh tends to pr1)oI orl a :i t is 'a:tory topsoil water a talus, the 

lineral i [t loll o00(litrogell whic h orcurs whzei many tropical saoi I s are 

wetted after I period ot' being Iry ((.g. BLrc-h, 191301) will be 

reduced. Ilowever, the add iI. iona qunt i.ies of* nitrogen being added 

by the mulch itself probably more thn'n make up for this. 

The results of' I I ye.r-; of' inn10 app li i tion on so il Characteristics, 

a; well as a suminary of the work of 'I. C. Pereira and others , is Ii von 

illRobinson and Ilosegood's palm1r (196 5). On a Kikuyu red Ioam soi ; 

regjular annuaI app Ii (:;it. i ons of' IPe- rsetum purpureum mulch resufl ted in 

viery signif'icant, intcruiau-s in Lota mire space, free (Ira i niig port! 

apace, rainfall acceptance und .;I quantity of stored water held in 

the topsoil . The greatest el'fec.,; of' mu I ch on soil chemica:l 

di fferences wa:; to decrease so iI ac idity and greatly increase the 

IeVl of,
 

http:rarepr-!s;te.Ld
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excirarlgeiabe Exc=lirgeaiti Ie and w(ere ; i iK arud I'. (a Mil .t IIv, Iv.ti'd 

these I Ong ter_'Im t. rii al , atd exchanlrl, -.1 1, N1 i llr,.rsd 1lif- Io) )M ill t i I 

1111. (:r(:i'ii .i-d p-cI[ t lle i Ic (tlte, I1eIhIps , t o i Iii!i seidi d irl pito 

I eich , rig irail/if" llo I i za t i im. Nittrogen andri organ i craron were 

gieitLly increisei. [tlt sarlh+ earl i'i" studies ( Ilab i alsani, 1Ii l & 1) 

:Ilowed Lhat. Lopsoi I nt ielints levelis at'ter ferti I iz e ippl i ratLion were 

rnrnchI lowrs, tLii(tr. inir clih hal ill ho re a I -lilu, if' mtil hi wIs p)sl tel 

split N- f'erLi I nzr applI irc.Lion wa; mare effi <icenL than ai sing le one. 

The ;itpt, Ii c:at. iai tF i111 (.clicall iarikedly afTlct iha., level of diIfTeret 

elements ill variOil.; part's of th11? co I'fe(e tree. LeafI' nitLrogen. f'or 

e X,1flni) I., wais h g,i l ovr ani ,lllirI senis-; ,lll .tp l y hiiiigin, droight. 

perionls, und leaf P and K I,evels vjere al so su)st antiully Ihi her in 

llt] Iched co ffTe. Ler FIMI," aid Cai were actuaI ly der:reas.iJ, but thre 

reduct ier in Mg in Lhis case was probaly due to the unba lIanced K/Mg 

ra t i os brouhllht.t iai t. y the e.xcessive anioun Ls of' K il iise Lu 

Pqu.p__eum (SOle 2 Li 1I timiPS tha-t. rinra IIy found in leaves). Mulch 

had a cons.i drsb I . 'U ec' t i i inrucreasing K ind ' levels air both soil 

and plant. 

There is i inuti irre ext ernsive and active root. systemi L wheretolrso iI 

Co:f fee is LIi icited (fillI I , 961:3); and see Medca If', 19516, above) . Also 

using soi I cores 'Ihalias ( 1939, reprl ed in Medc:n l1, 1956) inasar.d the 

iriount o,' obus t a cot tee- rrots iii the topsoil (3 i riches, d,.pLr ) rind 

f'ound, similiarly, Lht- r! di] hal t. t'.s more under mu IchI thn in hare 

soil. Such improvements ii root. density have been reported for many 

other crops, and they c:an resulL in, f|or exnrmpe, enhanced upt.ake of' 

http:der:reas.iJ


' ie.g. fr Left, Wi I lsun, 1!)7.4 Agaii, Lhe data in cianiel I aid Kimre 

N Ij) indi(:ate LIre il(lirport an: ()of t. i ve fine root growth forI' 

O fi:Ne t I upLake. '|!rfile 1i'11yt o t w e ;trid distrilbu ion of, 
fll~ieri)-nut. rierit.+; in Arabica -o t I i,',. r n growth inr i syt u ies o) 
WhOle I treel;, w1h i (li siOw 'i(t( tht ib:- t ion i'tfi i f'or I', andjerrey 


:tulI ' tpthike, were 
 -(.I it t0 ( t 1) the litr*i o ,,4ihen fh n, roots wor-e 

) I. imos I ly, rat; i vr't i IY. Irit tlt; r I o ;glrnot. h orif I tie rial1 ,ir- ;s, it; 

n iinut ri ents were. 

Hh' wor-kc of /obiii ris orsioand los,.good with Araii., (of'foe was ae.onpari ied 

micro- pl)t [IriuaIs us i rig t - "A):n;rtoil, i !r;;1an indeox plant, whic:h 
etly sh ,owedt i: lion - term ,.rh irrInar noroIvri fert i liLy. And by 

minanUlrlmenrts of pii mry shoot. e'oga t irn w'&i oh, OsPfr-ecially dturing hit 

(.oursc of, Hi' dry s'nison , r#, eriti;isi es t tIe short-- -nn:fi Is 
conter-ed by muIL .h (see also Fig. Hi . What may be equally important 
is Iht the k ind of roots ( in-l Lrd Iig the ir abi I i ty t.o extrac t wat.er 

aid nutrients) will i.hange (ie.,g. see Sharma and (Ghildyal, 1977, for 

(!l llaI ()V . 

In geir' I , anrid as expect ed, a I tthe work Oi1 rn I (ii ig Coffee has shown 
that r-o-utlLs are grut.e t when itI. is ap I H ed to poorer, more eroded 

soi Is, whlere ia iinjihfl is lower or( i :nerro irs, arr(l wfior-e a 

W":ed-nuppr-ess;ijrg fun:tion is neede. Multching, generally, curlericts 

tie nIdversc. of'fe(-ts of' conL i nrjuous I.it I age "reir(.er to ol)ti n control 

of weeds (Blore, 1965). 

http:reir(.er


lill ai , Rol) Ili;oti '1li1 I t0h4.11 (191 ) htlIIl 
;ls ) r -ll l~ I th,. 

.t
I sLJ I S Itof iis- tI A I)I'a ut ITI'.t miiiia I ly w toi,lh t 
 vIl ii i o t" 10 

toils l.r IhIl of ll'eLal i;li '.i ovir
I viaoh I ''r ' stil. sh i: o t r 

a rf-l' r I i h., hii ;.at ively i'll ( I 5001i)i|'1I I Ilarti. And y,.-t, iigilJii1:1i 

ia; still highly tovLlttolJ1.;ih iffl tfIh, c o's lliit oil lit Ioo. :...;'4.n 

iii Ith 'S iiillli,-it f'po l .d by lito)uI**I (19i:xltcrw 
 .
 

'lw' g111Ci - coc I'ot ci I tureu , trial i Ii at Lu. Co,lith fee fe.se- ihc S tat. i oil, 

luitru, Kciiya, wajlis ntIill''I ilt 1957. 
 'This was aI 2 x 5 t'ic:toriliI 

iiv t igait Ilgi Ihl, e .fc; of I N -fuirt i ize:r, w ed i gi., i rr Igallioil, 

I 1'IIlligild 111l lit Ioh y 1 0.cI (I :11 i l I I 'Il,, W 1-di nIt ii I I l,ionig 1 1 

w sr: in Iitispelei!d J'I but Ihi efi het- zLiatmeuts hlave! Corti. I illwl . 'lII, 

greate I refsptllist. has teil I - cmi! h (lt ern tr- intter row nippI i ca! i;,t, 

0 f Pennii Lurnporll toi i ii merrid N. tort ilizer. '['li rcs I s arc
 

given ii 
 labIe 7. Althoulh i il htim Igio;i-.,iserld Ih pru-ptrt. ion ) ' larg(­

(Giade ''A") beans , N I' -it. I zei i!t! nidi et : v(rsnis ffect. m en i ntIs o. 

Whire wody pIanLts ai! gi twit fr'r fruii t s/ L,,:taI. .,xre ili bi.ei noori ! 


interactions betweeni, 
 for examlle, P rit.ri t ion and changi-s in sol I 

(arid licti , p Il iL) water- aitus a% luntulrtll iibout. ly Inul chill, irill hiis
 

ini.kes the ottects 
 of e. Iat. t er. Illtt'-di ftl'icl It to eva I iIt.1!. or­

exanlilp II, in an exper intnt wI ctittee 


Iur, Kenya, with eitfter griunti- :iplt Itd I' (ti., inrl S prpho 


It Ariab ira-i ;.reat.i.d f'or 10 years at 

lihte 

at 0, 196,:39Z unrll 715 kg I' hia I) tolliar applied P bi-mon tily sprayas 

of 0.2lf Phiosphori c tic id) antI Nap i.r Ifrtiss iu Ich (Michori , I91Q; 

Mi clior i and Kanyanja, 1915) , mu Ich trt inect.s consistentlI.y impr-oved 

yields and leaf P, effectively raised soil react.ion, but increasel the 
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amlcait oI r 13 ;oil 0013 1I ; P m ly s l pig,t Iy (Ild i(..lt iti. th133 Ihi:; 

trv I ll t.ilIhad (lot In(c$:,Is'3-d so3I 1 1, 1!H,020 3Vf! I y). S;o3l I I)ifl Il)) (oIfI' 
wits Iowet I II31111 Id('1 t I'iit Iui, l I- , ;ug ,.i;t Ij lI I Itvo3'1l o.31 i I oi( I'I th, 

fllII lct'I lo-r 1I 01( I 1 1 i ;diI ol;nt (3o :;i tu.t I 'o I' bit. ml] If 

gouird ;pl
l 'l iul I' di(I 1l33t h;Iv, ;FIt addOi v,. ,It'lI(( (3o; s(oi I I 

(uo"blI. i33U3; idm, t. 1itl 3 t'3 1333, n " di I 1 ig(ll lldapp'I I3P1and 1113 shbow'(:h a3ly 

s ;uII:;t i ni:llI p1n Ii 3 IItd. oi Ii i itmtn t (,it I y i ' I):; I re llt -jiL.F-;baic 

IiIt t- ofII ) tl' t siublisoi I I' avaiiI1 i3I ty. T1h3I brI l 
 sL tr'-atrierLs 

ill tI .IiIls; 1I yie(d an( I ( I ') W I-ee obtaliilwd by P i~y id lt Lh to) the 

grillti I nlld t3) Ih( loe;Iy31Vi |rF so-cil ofIn th .15 i mnulch.i, 

hilmIi lv, w'" ;!hlIlldrelilimeir.ll Ihn t Ht l fill',ig ,1i t .;I 1 ( no't le.( but33 

evu'3 a, lit ;y niiiitsi 11.1-oc iat 1i3onwi th Ini( 0ro-ornl ill- 1131ad t.hi l, 
b ( 

(1333 (Iwtll;i l '3?tll6N,3 1111 
31313 . [)11 1" y(I aI .. ( I985 ) 1,,inv. 100(11L, 


S1ii1i1 F.IZf :d what in 
 kiskwl ;bou t the-se a3.s;( ilt. 3on1. At Ji _sL four 

ll )r3I par. it I1c 3ii1)lssr t 3331 Ilille be ei13 c l0OI i 1 WithII Ii i'.li' 1) 1ant.%;
 

'.3 (joiliiyl:"rIl I zo1; 
 r Pt ob i 1;3i (-l0doiy(0,)r11I zai s 11131 ;(: . i tv100- i z. , 

i (lp ,,Il I3ll 
 1(31i t,:.3li II-, wi tb Ca3suir 1i ,)1))p u(-t (illyr.)rrh izas.
 

act, I1t3rrtl i7.13 , 13lld313333)f en : L(3ly0 
1'II i 7.33-; Ii 13(:aczo 13lior i.a N',.It.rog ll (can33 

i l(m(23i3iillal3t
( ill ;I slls; m by alsyllbiot. i (2 I(13(Z..5;1i., of' c(3lir bill. the 

3-1- (:)(::I111} ll I' I!; thti I t is mort' (!f'h'i :i,(:1.1y 13,wf: 333 the .;t' l n by 

,
f,Io , r iWlilt3i 1 lill!; 3 lli be g '(1t I (.llnii ',3ltliv sl;i((3I I'm lii 1 ii.( r irrhi Iiz 

illid/,l " art. i nor ihIiz;iI as.or(; i;lit1i33 , I':on.lld lliy,l(1u1i;1;3I 1 101 izob ill 

i31'-- io133 11 :1IV' h,'ll(31(u3 ld(lo31 '31113' fikri Ii;i 
g;Il31l IllI I'(-llii ill.1y 

thall [13li i;iI li3 i!;!l;ti 3lls. ; I3oil(1-, mid Iz3)l, ; 
 I 2 311 tIrIl itVe ,ilail 1itall. 

p03I( : ,I ii (ilt i,reglr-d t,) the vi0litF i Iv 'vc:Is oIt 1iI(oh.
(lil app i(ow; wi lilt 

http:relilimeir.ll


,iLter fna I I i(I (:of Fe, and Cei',a l Ilat ti 11,5 

i -z IIII, ive of' I (:liver" I !185) Ih;i [ .(.I I t I y s II111 I z ( relat iIIpoI-thillu rgz', 

iiiat.!ter iniputs, nitrient inIti amtil IiItral I for shadel ilantat ions 

of, (t1uft',t t l tUita. tin prumed twit!il ('o(:ol inlCt ta F.iythr poepJ.igiana 

or tlhlrvI illre' ; a year rant 14ttirll ti t lie I i ttot Ilay ilijee i ntri n-s 

11 h l ilI t rt i 'ld :iliitlulai.n atati f-,ol i 

that is sole ,100kg N; ;0kg P, aind 100kg K aid se" A Isi Hussu atd 

((llJrI;iinls 0a, i s to 

hll I 't i iiil l s I I ii 

Btudow.s ki". I( ITt lit L " Ii aind I.,). c(i.s;e 

Ih(- I,!ve,I il lii' w nirir ii.,; st LoI d Iiii Ilt! aitovo, -ground I) iillsisii . 

C(o)IfII a I I I oit(ilti a t illtr /shl de;i tleI ( i. Wit i ! Itll v tld , tl. illit.ely,I 


'ttiriis [:M' of' t.l 14, M% ot the IO, and oI ly ) FA tfIhi! K VI h'i eiirl' 

oe(!r-, PI loep!,p ii!I;at I. i ll IM15 ) ltillI rig of I.:. i g i !5!5I)r it I enist 

50%,of tilt!toti 1 cr-ilp and t il i ru Ii in tiet co Ioe latiatitiois 

eves ' d i! i) be;ril re of uttiul K tPr (Kotiiiltviig L t I r I s il It fister 

hat t re le;s.ue by F, Green Iland,Lie oV N (quoled Nye I960) 

B .eer lll.1-i ses Ilire vn Itic! o rtglo alnruI s ofr I iLt.er frrin sliide t.re's, 

whticti prov i tIe a qyyq!t, of r rihtrunt e.Ilemearits, rind suggeSsthat Lhe 

on rig drieuirucfitil(lpls is N--ey: I itiaY be xuggeritLed. A hliilih biomnass 

ptrol il,v i t.y udtler i itLens ive print i rig ilty ie ia im o-, i nII note 

I,Ir,17tI lii:. n alI re(- i atio loh li t I . 'li t ii liiigi l. be itrl f u iiorI r I I I apl 

l - i f lliys ica I ; Colldj I. ionsliuforIter i 

part ili i itiois, aind fie! s(. !(:io of Lt r'!si ec -;s 

o0" Ih',i inpi I., oi tt oil lI i inry 

- lt /I:,'tiIf;.sto(t:i tl t I! i 

wit It It Igh I e! r levels of the ntL i ent.' that ", re iquiretd (e. . h igh Cua 

i iii la ) I r ,jus. r .lie F iuc-hI ntleI ari t ri It,(:. we L reniullil)u out.coine o 

.agricultural research on various cropping sys.em-, t,.g. Sanchez, 1984) 
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i)tI, I1r 

Nut r it nt con toni L (V) ol po I la rded b i omas: o I "ryth) in,a alia)y [)01lardi1ng fre(uIncy in Ttir ria ha,ba Cost a Ri c -,+­

,l'u ,h part N 
 1) K 
 Ca [MgfrequoncyK 

Leaves 2.82 0.20 
 1.25 1.47
4 months 0.35Branches 
 . 16 0. 14 1.18 0.70 
 0.33

Ratio 
 3.3:1 1.3:1 
 1:1 2.1:1 1:1
 

Lea,,es 
 3.60 0.18 
 1.22 0.94 0.35
A moni ths Btranc:hes 1.08 0.13 1.15 0.6L 0.32Rat , 3.3:1 1.4:1 1:1 1.6:1 1.1:1
 

Loeaves 3.25 0.18 1.16 1.52
1 2 munthis Brancnc:s 0.84 0.13 0.60 
0.46 

1 . 15 0.27Ratio 
 4:1 1 .4:1 1.9:! 1.3:1 1.7:! 

from Russo and huow;k i, 1966.
 
Reproduced by permission of 
the Publi shers: Mart.i nu Nijhof".
 



Table l Ob 

Es -matlcr of -otal nutrients recycled fro:n pollarded bionass falc., leaves f,-, 
Eyhia ia: trees, planted at acensitv of 2O trees/na cor-cs[ondmgto

lee[]larding osta- Rica.a spacing of Cm (-:n, potbt nT- ilbi C,-q:nis 

Cormponent Polarded bio:ass kq/ha/yr Fallen leaves (kg/ha/yr ora/ ,-c/cle:! (ki/hiyr) 

3 ;)o1'X .... o ,1 1 . 2 

Drv matter IS,470 ,C 120 2., -,,6,507,850 1,9'' 

.,.:rogen ... 173.0 93.3 4.7 330.5 3 

Pot asCs- (, 130.0 138.4 i18.9 25.4 11.5 155.7 149.9 16.9 

Calclirr (Ca) 224.7 84.0 88.4 94.2 42.1 ----- 318.9 126.1 94.2 

,.goesl, (.0g) 56.1 38.0 26.7 30.0 13.4 ----- 86.1 51.4 26.7 

- from Russo and Budowski, 1986 

:zezroduced by Permission of the Pub!ishers: ,artirusTjhoff. 



'-r"2~~... ~ ~ ...~ i :-- -­~: -c aL ---.MS....'1/ha /yea r . . . .
 

'r 
 2.260 
l' ' ml 

.9 4.1 26.2 34.4 10.,41.010 9 1.8 11.7 15.4 4.713.370 . 2 16.0 80.3 153.8 36.1
1.830 ;- 2.9......... ..._-..... .: :. ..1 1 . 8 .. .2 1. 1! . 91

18.470 2.'7.- 24.1 130.0 2 2'.7 56. 1 

. ­ 2.710 121.3 5. 33.1 25.5 8.9,.190 
. 18.3 2.2 ltl.5 11.2 3.9o 6.790 2.9 8.9__1 ..1 . ... 78. 1 40.7 21 .6 . .5.1 1.5 12.7 
 .6 3.6
 

ot al1 11.800 227. 6 17.9 138.4 84.0 38.0
 

3 pol ;: 

leaf let 3.0,5 16 .3 6. 1 61.2 44.13 10.6Pe t-i ) le.,; 1.295 15.0 2.6 16.2 19.0I ai lwo 4.52.990 4 .2 35. 20.9 9.9 

Tot, 
 7.850 173.4 13.6 118.9 88." 26.7 

- frr ,ll tt;o a rid laiot; :1 , 198 i. 

lieproduced by perrn i-;!;i -I .,l', , hi :;he t.;: Iir l.irnut; II i jo''. 
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of'11 an~mtv (ilut-or r(>vinII t, he ratlt! Ijuptor iancut '-I tm I1 t hys il"l -I<ndit. il..; 

or the so j I liiid(i I (li)g t,1-111 cI ol i gIII, l.es n( iliphlas is . ],it.l .r is r 

ioI', part. Iill[ii ilar1par I ii'i ill nIl xiii, Inli It i - st1,orey ;igrrI'orist.ry sysLi.'um 

t.iI, I II ; YI, I i, 1 11tf' bi ll., I F tl top zllirpy be lIst t lIV-o . tii caii re ( by 

(:l1on i)5 ;irip ri'J i;it, t;pIp cI: ; aond by sp;ic i lg ) :-; Ias to a I IOw i)ll)ugi 

,
I ifh t t I Co lli - I lII mU:,,.h, IlirIt- i gIt. WeI I b - ;1 'f fact ol ihav i i 

-I Iley '-oppi t)e, I)a, . I i Ib.ttrtForminI; itraLum of tall ILt :rs in high 

.nh '
i n hif I I ,h i gh i ,1-soIa t o -a.a.s? 

Li, tn iitu itill iibi mrid e:1sewic.re, anid what about residues from roots! 

A (:ili Lr :,I rg s it oat 100i ; t , be f'ound iItmiiimbo wood I arid il Sol .liur 

\ r i c;I wherec -+ 1r:chys tg i aI_ _. sp), ,Ju :pp. and othersiernar~a 

slI- growing CeiasI pi liea(:eiieare is:I ouind over exteuns i ve areas onit 

acid soils under one wi. anld one (-y s;aOn per year. 

,a I ia i sse ef. :tI . ,1975) fou'nd thtL, for fliir ,it. c, the hlerb sLrit.a 

produced, oil averagIef-, 3.2 I i' of' lit. (lar'igely ) Ilhhai
- l 

yr tt+ b't.- and 

treus/shrubs 2.9 . ha I leaives, 0.5 I. ha , rruit and abt)out 4.5 lm- 1 

or wood. Mi:ro Fl.orai/miCr3) l';i1, t(.lnltes and Fire major fa(tors{i were 

in I it. I.1.1. (hcimp ;;itI. o wit1i (cons i derabl I di I 'r . :ei(:(sshown by the 

I iLeLer tr+im (ii rH'ir Iree !.1,s . Terml i t.es mid ti re ( L le Flrnerrnt pec 

spaL. i I IIy Iiet.er ogfiios mnd ref a I. ive I y non- actl.iv: in the warm (dry 

ice! i:rat.ieif deomloasc-nsoui) ,jo 01. I y . I i et l it. i on by a factor of' two. 

In fact. , er t.te; call malni l mo re I.hali H0% )F he t. Lta I oiI 

an imal b i.olass - in miombo abouL 22kgl dry weighL of" Lerit.nis per 

http:e:1sewic.re
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I. A.ri P UnderI ii 1(1114,;, Il l i Ill'Ialt f,lln- I iii 1(1 i li III(Vi' i)I Iii: ItIa 

it) l ed,;;;ir, Vo (.;If I V Vr~wi lp uni. SoIll Vbit. ii 
 1 -\ kiulsoI a I iIit al;iiiipI , 

tilt :;I litily IId~le by Illix Iy(-lN, 'luritk , ( 1975 ) im lleli ; I iiga 1 (val. i nif 
co)1lil I-wo [aiWlr( :;il r-oiiijiiil p11 1 - J ips, as wol I a;!; ill I k i lidts I' o Iter 

'i nse I s ; it lut i li (-c I lil va( -~ r . :111o,iI oll if it lr: t- - Io(ill v I;. ; Il 

In I ; Ie-e dh iV1,' I ! t t I; F ifill t he-t 1;~ a ilitfltit I I y (.co[- tettuof e 
actua fN11 wqI gj of7 - It k tl' an( o I )l Ic hp a r Ioll!! il:t~',r 11:11 n I .l 

twit s p I fa; 1 1 tit.- tk 1 1)(1' rIWwanl I -u.ve .ll 4:p. l(u:11 ;r I I Ioil I 

.t11 eo i (lited I ' j I'. I ttII (1-anlett app I up cinrA -I n le ( In ;i h i ltWul, 
I ' n Nxal I ­71; Is979 p-n i It e t a etitt7 Tfli, t.aern e nil ; t Ie(Ae Ll ( I2Ief:S 

Lo l ininre~o tapi 
If of1n lie t i

!:0 1 1 Fa l comparfilar wi tuIIim a syii I.u lve 
iii t 4mrrrre sn Ona ia)ete Viy is wre ­iuI yIi nil; rat Ihisbe IrIe n173 
Styirf~siFil~ipt f ant190,, aI9);I;I lag,195 aild~r up Hlot. ias i rl
 

ComolI n *jn-.fI I f.I t tni-e,vnb .-a t rI(-- worl olr- i 1 t,,iili1,rs Itgn I wtat Wo d 

id I iptlo sl p
ri lf,I i t 1111 rgtlltues ( e.gr I.aC i n. Mul Pitt1.ihe IffI Il iza ra 

I Itsktirte, %%efneedl toIi t Icseaarinteu-iidc w4it1 tHte ieftirfllnll' clilp I e'X it.pa!­
of lhte pnpt at ini 
 eml Iny/reicumoijr 

1 it jLtn I) i oceltji i s t andy ;ilste~~ 



Table 1!:
 

Some iomass s tiiations for soil fauna
 
(quoted in and 1971 (1) Pni
Lee Wood, Pusse I, I973 

Countrv Tv-2 of sol fauna Biomass Est mi--es References 
-1
 

(kg/ha
 

large herbivores 92 
Holland arge decU::posCs 660 79acfadVen (1963)/
small decomposers 301 Drift (1951)-


Predators 9J
 
Congo (miombo) termites (subterranian and Maldague (1964)* 

mou::d building) 

Australia term-tes (mound building 
(Eucalypt.) and others) 60 Lee and Wood (1963)-

Nigeria/ 
 Sands (1965)
 
Cote D'Ivoire termites 50-500 and Bodot (1967)
 

,eriaart rs 
 100 lCadge0,I65)
 

Uganda Earthworms 0.6-455 Block and 
(various habitats' Banace (1968) 

Denmark (various a) Earthvor s 550-2000 (forest) 
sites) b) All other animas 40-190 Bone u) i 



.ro(nlce [It, r;Itu oil ot i) i 111'| s-o111f- si;lli~, - " I- itat oil dry w(eigl, Ls, c:hr'iic.:11 

i'i.ln)l)s L1 o nli ilet t ( rat.Lesi o" (IIt; gti ! o " [ tse i t reI at 1i tlLo 

rc arIy s ,atlt d !, i etIt ( l t Ill;s', 

As we klow wvtI , r oot j row t h (--;III b# g a L tyI en halced , whrt Lhe 

act i vi t.y of S) Iall Il; t;I oft (1110 k i ld oi. alloLther , ftIS I.s in r:lise t ile 

III l1110 o f, so I I l t ;Iisis.(.; h;llrltl vlery e. egalt. ly iy Edwards and Lo I'ty, 

I 7ti) . Aid ihI s tI)v(7(IIIl!s part iru lrl ty import.ant in zero or Ii l 110n11 

Lii alr sys tem. 

Of tt I i I yN, I papers o itfwto F ewprS llt he sittlult Ito) I.obe l'otjill 

1under01 sigl I e , 1 "1 pilclt t.'lOlPdS,. tho work of' Kel Iman ( t 't7J) h10:;h las ell 

Ielei;t ionelt above is o0 exllill|) I e. A cauLionary f'eat ure is Lhe 

1.o uLi nary" sna I In wit h wh i ch such Aftects may Lake pIt W"ce. 

Fl i-Lhcrrlnioure, Lhe atsslllit i ci tLimt at t trees a:e c.e ct i V, IL "pullill i," 

1ILILr iLs tower- tlayer;sitprotlal)ty a ilt . For exampleI , ill wet
11 rorn 

hi ghl y acid subso i I Ilh(! Amazonw r(g(ior,) we havc titt. lu inlormiation 

iloul, t.toe root ing depth of' par. iclifar womrty species, eve)n whLher )il 

sow! sites they are root. Lti in Lhle deeper soil layers iatL all. 

CGrtuinlly wcl'ody Sleijes vary i gret. deal in Lhe ability to expl'oit. 

thi! lower soil straLuml. Flo eximplt, as KerftooL ( 1962) ]a'; stho~wn ill 

Ker:ya, tea (C.ilpqI tIIa q i luns i rooLs to ; Iuch grea 1.ter d(e) Ithin i Ls 

as5.socialed woody stladu spec i Ir (-g. Grey i lea rotlus La) , wt i ch is 

ot LS. r i l) (t I)y a t Ioca t ),ir :;s ( !Pt1n is t L01 I: andestinn!i ) . Flur Lh rmore,
 

i.he ror1Imtl lap-rooled .hartciriIl.Itr' i: tf' solne woodty s) dc(i es iliy b(
 

highly mlol i tied i f Ihis sLrlu:Llr(e i: removed in Lhe nursery and/or 

plillLts tire propagtaLed from cuLl. inlgs. 
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Fi nil y, ,ot rn iraI I Ind I 'a hi ng of, nutl. i eiit s I Ir uigh t Ihe- I t 

canopy pr-ov i de i mlhIort-L it add it, iOfs to I-he ievel of" nutrivnl Irlought 

to t h soil iii rorest. (i.c. closei canopy) systems. A study or* two 

types of rain ores n t.he Ivory Coast clearly shows t.he ihmportant 

par-t played if) this pr-ocess I)y Cano)y leaching (tnlharId-llversat, I9375 

see Table 12). I' wi le spt(:i:(l ,.ona I agro Crestry systems that are 

regularly Iupe(t I this er:ctl wi I he groat. ly diminished, of, cour ;e. 

Some(.' .Cone_ i us ion[s 

I wo(uld like to draw a to-w 00o11 Iu.s ions from Lhi s scmmew.l. curs-ry 

SIimse ;t th Le In amount ofr da tI on mulch and lit I.or that is 

available. Wivit. of al I this is particularly relevanL to hedgerow 

intercropping? I suggest. the Co ilowing: 

) 'here is Absolutey no doubt aboul the eledLivenens, in n 

vary wide range- or soil typu /climate combinations, of mulc'h 

unedI at cuil-ts l)ts I an. ia l rWt.es of apli tions (e.g. 10-20 t 

-111a air-dI matetrial). This will actually imrprove a whole 

range of soil character istics over time, even on a )asically 

ferti le sui t (e.gC. Kikuyu Rerd 1,oa-In). Iowever, there is a 

r.iI,ar ind ic.at ion lia1.h . , with consistent crop remova I (or 

remiova l of' par'ts or the hedgerow biomass r' r- r ue ard/or. 

fodder?) sulplumentary lentilizal..ion will be nelceI in most, 

i f not a I I g ! !. 
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'l'at) t , 12 

Aiiiii a I motunto; 0 t:a ts brought to the ioi i dilI 
ptwcenL it ofOl f orent partt; 

Si tre 
 P K Ca Mg 

Total kg/ha/yr 258 9.8 85 
 97 91 

- Rainfall n 9 14 6 22 4
 

Leach ing V 4
25 61 15 40 

L! ,r 6 82 33 63 56 

'oal kq/ha/yr 246 24 264 135 90 

Rainfall V 10 6 2 16 4 

o Iacing % 26 38 2167 56
 

> Litter 
 64 56 31 63 40 

- from Bernhard - Reversat-, 1975 

By kind .'rri,;;i (rl ,f"' inger'-VerIl. 

in the Banco Fuore;L (CoLe '!ivoire) ; at. two 
sites, plateau and valley; rainfail 1400 and 
1800 m. p.a. during sLudy period (A rainy 
seasons).
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SmaIaIer amoiunt ; of, mul t('h t i li ; may s till have some f,ret, 

01) phiy:; i ca1lI y lor ;fi nut.ri (-ed soi Is . Awl iel,I/or ent.- dtep I t 

samiie )pI if.- pt et.enl, izi I ly t o Iow uS wi IiIf i ghas 	 Oll)Il:pred 

i, 'l1iI I i 1 lreci , hut I Ijai ts to lhedgerow i)oilliss iodlucti I, mayy 

t.hen 	provid1e iu ;irf'cie(nit mnout.s- of mu Ich to achli eve any 

signi ti cant I orng- term results. Th iiscertainly needs test inp 

if) .I Widier rangofiO Iivirllmeits then has tfieri done so ';)?,. 

" 	 Al though the short.- .erm benefits of mu Ict have been clearly 

rncgo iz(l(] t|,wiy maiy,, ari( espeC iaIy whiere on I y sma I I aml1lLt.s 

or plant Irsidu.. ;i(! ava i lable, arnl/or in in-r:.asing ly firi er 

a*.a, ecome: the ov(er ridi b::u:fit. t.o conrtinusl- lncr'7oppCing 

s:neme;. There is plenty ofr.v idence, when we. 	look, to 

iid icat. ; r'anire of _in-uedi at( pl ant responses to the e '[fec:t.s 

of' mulchin g (improved topsoil watc.tr rel eas f. curve.;, redocrI( 

topsoi I tillllrat.ur(ea, more rooting in the t.opsoi I , p lant. 

reutrien ts in more available forms as wei i as in larger 

cluan tiLien-, grreat Iy i ncr'eased soil Fauii e t(: . etc. ) . And 

these ar: clearly rel'lected in the kinds of plant responses 

that inaicate ieiie.its of Liis nature. 

o 	 Probab I y far too much emphas is onni.t rogen tin Ijeri made 

rather I.Lh,on tin ba.lance or plJant nutrient.s ruibiredl or 

any part iular soiI/cropping ni cheme (:ombi nut ion. f[i hiis 

respect., Loo much emlihasis just. on "nitrogen--Iixirig tI(c-s" 

may, in the toni te.rm, bi counLer-product ive. I ndee-d, an 

appropriaLe "miix" of woody ind oLher mu I clh mater ilas is 

likely to be best, depending on Lhe soil characteristics or 

the site(. 
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ril Io) t'he rritil add it i o i i i 1)11nt r's i (Id(e.; cal vary very 

ge oty ord i igf, t,o the species niXltULre WC a1e UiS il)ri. 'T'h s 

po vides h II oplor't'rt t ., i(!; ( i . e. to se k out. aid Is: woody 

spec i e!; Lhat "accuiuiate'" the .l,-*mets ri'qii red), and 

I iWi I at I ors ( w can ' tl Inbi l ' t lI, so i I till rt i ln! t it . by 

coil. i ninf Lo app Iy a sinrgle type ot plant residire which has 

aiII incorr(!ct rat.io of' Iutr liAs tor hle ";oii/crop collbilult.ion 

to) wil ch it is beinrig used). 

o A I I lolgj mu fll (Ol'd espe :ia l I y the. hledgvrows tihisf!Ives ) wi I 

n [ rat i oilir r;i i n I i nf iIt s ign i F'i (nlIi y "baa ll :;he.ets' ' 

tor w;it er uise inI a sys Ilm w i I I i hrdj.r'iws are, niuodo(. All 

increase i n soil water st orallo because of' ilhproved 

int trat,ion cou Id (he more than o T'set by greater waler ism 

bieIInuse 0r an li: rease in can o[py c(verage andi/or 6 raLtion 

(ma I hemo s the hedgerow). hi cnnly ofr bp mt1. i gat d 

durin ing the cri 1.i ca I crop--g row i ng' season, of :oure;#!, by 

(:uLI. ig hack t fie hedge, but, the hedge )lants have Lo be 

a l lowed to gfrow some t ime (and hence use water) i f 

al jopri aL. e alrlOri -t s o' b ion iss are to produrced arid/or tley 

are not to he.- so severe I y rest. r i c tlt that they decIin anrd, 

dip out. 

0 We rim.ed to know a gretl. deal more! than we; alre(ady do about. 

Lhe decompos i in of plant rca i dues from the prac Li cal 

s LUndpo i i L of' how best to ,analg res it:i s so as to( bunefiL 

rrori them iii agroforestry systems to the greatest advantage. 



(, " 

Muich ill ,I 'il :l illof -11× 1-,iliclti wo,kWl is ill" g eatl jllt(l i(cllI 

il i -alliwi. ( .o. ;it ,t 1 a-1. '/I ; SwirL, 19IN ), I tholl ifll 

Ilw , ll-ait , ;Itl esI lltl')lll| ) ill o f'I gallu ci 'li (ll rindl 
1)1 Ill L fll I-ri enl1.:; Tlt l b"t)' .so(i Iy lwl t' l l :Stil~l lby t.hIll 

rlei I i-l . I o(o(t e.cf r.l I 1lls.) (11" Woolly p lilll , il 111 oW 

W1:1,1+) I iN I.h ,,' Ini 11I. t, IICit 1i nt110 3Cu )fl i i (lt 1t i i Lhe 

l We lli' t. l L "I llldfI 


l:lolltlal:e 


I tI) h lI Itti s s i i t o i so) :a I 1) h) ( , h I 

. l ltI , i ;i I s r)r- ill rl Co)fr-.,-; t r-y I and lie sysC ,ins; 
l ,all i 1 !; I %;I;Cl ,; l lI. I i i tllIrl )fi l I s ' i l w o It l l ('11,f l y 

(s.-! Youiy(i I, I !i(hi fo! i t I i; icl-o l , ief o t ,tllli lrit I IIg
,l, 

o)i
 

I trge , (, Is y rf* i tI (!d, prI, i il . Ill ;i rL icul Ilr, thle rates 

111d LillC a wii i 1hw;lt tlr CIl I isVal flu . rin t become 

IVa i I ilbi -C ill - i I ion Ii t , mlit. lllu(Js andl(1 r'(ot irig a:t iv i yt i l 

woodiy/rlOIflli.'(- ) woody ,iy;tjms mus .b e ItcLr t - _x- 1or It. NIch 

of' this ollIt (-il Ii inli- wi Hi inicrt-' plof(:;. 

o Finally, Lh re( hve IJnl+ern nio r,br Is .;o fsor or benrm: fiIts Lo 

hldlgirows (in rnIo r y iel (Is olr I ) i ill.!; ) frcln tIle i r owni 

I 1i ( I bjIueI Ill'. i llCJruior,1l.tel i n 1.1w (f.( t -.n-r.ow 5- i I;s, is 

tolmIpar,',f wit t1 i h.1 i (I, r OllViI. 'l'h is I I !!; I s I fil 

reIterl t.(L Iolup i nlg 1!i ) i :l,; tlhe ii U r'I c;CI:- from arly l)lr.r 

kindn(1 or(1 Irte illthie . ImC I.IIi'1W;( 1. 11 ill I oppinhg, It ((q). 
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This is another important subject, but space restricts what can be
 

said here.
 

She, tc.- !'e ter ,per_se
 

There is a large and scattered literature 

Al I of thfi- n;chave 

on the whole subject of 

shelter, including "wind-bi aks'' and other forms of barriers that 

brin g about a redu:t ion of air fow.men t, an increase in humidity and 

.h1,1r1g ;; ill ,m ienn . iI aci ai temperaltures. a 
range of' possili e' prima-y aind snnorcdary efrects on plant growth and 

developrent
t, from g rmi ccati-n tI!rcui,tc to maturity. Anti they oper-Ite 

thro gh , large number of rumpl x factors affecting physiological 

pr0 (esses e.g. leaf di frererIt iat ion, water- loss, photosyct Iles is, 
pol l i nat c/ferti lizati-cn, ard an i .;:. 

Virinns reviews (e.g. Sl itnk , 1101:0,)have inclicated the very Iarger 

benefi ts to be gained friom shelter with various fruit, vegetable and
 

agrictu ltural crop spec ie s;under part cic lar sets of c:ir c-pm L a!.f.,, witLh 

yin Id rnspo1i(,,s Wup Loc arca cler' coIcccgtud being riot uincmccnOr. 

laI Icfr fuw data acr 
 ava ilab Ie icf Ihv trupiss, .irirlwhat thue is Is. 
cct'cc anec:todotloa I For- I!cmcp II, (;Cr, 1972 ( for Lea) , summarisei 

rep r.rLs o Lhe bnilit. (f' inr:'ciased humidity and o'cwind prcl.ecl, icc.
 

Acid tie detailed studies 
 cntih,'el'e:t.; ori shade and shelter on Lea 
 in
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East Africa (McCulloch at al. 
1974; Ripley, 1967) provide an excellent
 

example 
of' what is required to disaggregate the various factors 

i nvo I ved. 

"Shelter" efTects may, therefore, be a much more important issue in 

hedgerow intercropping then we have assumed, and isthere a need to 

continue to evaluate the effects of hedgerow orientation, and to 

devise some rapid assessments of th, relevanr:e of "melter" to 

particular site situat.ions. 

Windbreaks 

Windbreaks ar being reviewed by ICRAF iriterms of their usefulness as 

a potential afgrof'orc,,;try intervention (Darnhofer, pers. comr. ) and 

will, therefrre, not be further considered here, other the,, to raise
 

one issue. The eff'ectiveness or otherwise oi" windbreaks or 

sheLtterbelts is practically always evaluated in tcr-ms of the changes 

brought about. on the yield of adjacent crops. An equally importan L 

factor, parLit-ularly lor arid and semi-arid regions where their 

beneficial ef [ecLs are likely to be greatest, is the change in water 

use at the si to that. wi lI occur when woody perennials are os tabl ished 

as windbreaks. l,.;pc: i a 1 y it" these rooting intoare a wail.er .abIa. 

Few accounts or reviews of' windbreaks have, in tie past, taken this 

;ito acc:',)Illl., p:rlnps lione?. 
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Environmen ta I-_4792i fig2_aqlnand other matters 

What is environmental cotipling? 

This subject applies more to the extent of any mutual sheltering 

effects of plants grown a:sassociations, communities or separated to 

soii: dl(!rvtI . That. i Ih ways in which their geomiet try afI ect.s the+ 

physical proces.ses of t.ransfer of mass (i.e. entities such as gases) 

or energy betwee I fie! "crop" and t.he en'v i ronment. ill wh i(hIi it. is 

situated. "Coopling" describis, then, the degree to which two sys tets 

( .. a I.af artd the .:cr oornd iig air, or a plant calaopy Irud 1i1w 

at oi-cI'll1re! aiov,' it) call xcliinrcg.cI, for exainp If, (:; rrbon (Ii ox i(it or­

wa Ier Ifirourgh aii appropr ki+, set of phyci(:a conditions.The subject,
 

despi te its apparrerntl y esotoeric naire, 
 is re I evan L to our 

unders tai i:g of how to evaluate what is happening ervironmentally in
 

hedge row situations, so a briet' 
discuss ion is in order. The physical 

eoncepI's of how planit are "coupled" to theJr envir'-Jrment have been 

discus;se- by Montieth (191) and have recently have been further 

explored by Jarvis (1985). 

A crop is said to be ' "1l-coopled" w i fh the atinosphere above or 

arouind it. if the boundary Iaiyer r,-s istances to th.h transfer, for
 

xamllp I ev, of' eriergy (lw:at.) or i as.; 'c:arboi dioxide 
 and wal. r ilcciul:0 )es 

are simi IL. i'his :omes about i tHie c:;inoy is aerodynlan i r-a I ly "ro'igh" 

i e. [.i It , i rregi lar-, mob i I wh.n e:xposed. to Wind etc. On the other 

hand ;in extens iwye close plairlfec! agr i vu I Lura I crop will be 

"badly coupled" With ti ai. osphiet abowtt it.; l.his is becaus: c:anopy 

re; is tanices -Ire iich hi gher. 

http:xcliinrcg.cI
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In practice thsi.9 means, as.; Jarv is points out, that the main 

cnv i ronmen ta I Jr ivi ng var i ib Ies (e. g. net rd io t on) and effect.iye 

plant controls (.e. stomatal resistance) to, say, ei ther water loss 

from a canopy or canopy photLosyn Lhesis, wil vary atcor!.i !l to the 

deg ree ofenv i ronmentl -oup__ing. Thus, water losIs from a 

fret -s tandi ng, s ingle pl ant (herbaceous or woody ) , which is 

ext reim Iy- well Ie:d wi th its environment, will : i imposed rotlcoup 

mainly by net- radiation income (the "equilibrium rate") as it is in at 

cl ose-planled, tin iform c r ops (poor'ly-coupled), but by a combinat ion of 

net rimliat ion and mocdi icat, i ons set by saturation d(li, it and st litiLit 

coitidt:.aim:e,Lan t1.r f rill;, landing p ;Ia t tins tl'ert. ivi stomatal 

coat.ro ,, " rill0Se,1 I'Cmi ). 

With small, uniform1plots tli( centre of a plot is I ikely to be 

Iess--wel l coup Ied t h;n thef edges and this will affect the 

interpretation at the factors fe. ing transpiration and ass imilat.i on 

depend i ng on wlimthe plant. is that is being studied. At. a t reicr-eo 

interface of plot.-; f' wooly and non-woody p1hnts of dilferen statures 

a higher degree of' copl i rig might be expected than in the cnt re ,)f 

the plots. 

.Jarvi )s utiit !;omu ( l -r probl Iems. S le t.irig i :pi i iiter'e-sl irig neV 

crop species and gr(w ing iit i n c:rop comnnniity whro il. tias pr.viomily 

evolvei ri siiiIllao- iinp,; , as isolated plar't.ys, oay r.a.ull. if) Somic of 

the adaptat ion- i ti hn; aiqjoirfeil be iril of lit le une. Fr exaiiple, a 

sens it. i ve (2 Los re rc nis ifl stoiiata to i 1crea; i iI, ";I Ltrat. ion 

deficits will be f'I less value L.ham it was. 

I 

http:plar't.ys
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Again, in a strongly de-coupled close--planted canopy of mixed species 

the t ratspiration rnte will be ma inly imposed by the level of net 

radiation, so that if one component suffers competitive water stress, 

alt its water loss is reduced Lhrough at degree of stoma La I closure, 

the transpiration rate of other plant components wi II increase and the 

canopy is it whole will continue to lose water as before. This will 

not be the ca-;e, according to Jarvis, in the mixtures of species that 

present. i st.rongly coupled canopy ( . it.a cojma ii t.y of t rees with a 

high dfgree of' canopy "roughness"), and n overall reduction in water 

loss may result. fii multi st.oried mixtures t he upper emergiten. layer 

will bt,- strongly coupled, to th, at.mnosphe:re, nnd water los: wi II be at 

tl iri .;es(r i, ; whl''as t lle :l'f; It 1tyIliv a Inr ';I :oimp t CLo ly, h 


(lr'-coup led, anMd waer loss vit be ut 
 Sema: Qi i 1)1irim rate. 

Ilorens iig ir i oeunt. of' upper canopy wi I I i l.rcase watz!r loss for 

t.his si rong ly--cou1) Ied layer, 1utt the add it. iena I shading lower down 

will diminiish, fo sme ext.ent, the equilibrium rate of' water loss 

1here. Exact. I y how Lhiir is b-llaM:ed out in inn iltistrata systm= still 

req, i res. furl,ler invrsLi ga, on. Jar.v iS oc Il eL. that. the add i Li on of 

a t re i oirpone t t i) a crop sys t em w i I I noL _nee C s.sa I_t_Ly add an 

add itonal rrair on the water reSoulrces of' the sito. 

Wa Lt[ loss f'riri liicdgerews 

F'rom 1.hiv pi iittL of view of witer loss f'roll hedgierow i Lericropping the 

syst._,i, ivera I I , is iholy tio 1) l' I;i y :l rise!Iv-- ilpId to the 

etiv roiiionm:et . MLure hedges of oil(e IForm or ancolhr wi II usually be 

i:Xpos :d Ibove i youiing crop), but they may ie level or Vvlt, it' it. is a 
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tall cereal, submerged below its upper surface at crop maturiLy (less 

well-coupled and nmore celtiicirit. dire(:cLly on net ranliation rec:eipt ut 

that canopy level). In addit ion orientation is likely to affect the 

degree of' coupling ill dilf'trent parts. of the system, a I though it may 

all be fairly well coupled. It will certainly modify the elffective 

wind speed, slowing it. (]hwn across Ihmdes, or speeding it up between 

the rows, so espe:ti ally, inflneni ng water loss I rom well -coupled 

vegentation. Oriental ion may, Ltret'ore, h, rather more imporlannL for 

hedgerow intt.rcropping than in less well--coupled siltuations. 

As well as water use aspecIts we need also to cuasider ILhe f'actirs 

affect i rig waoe i IIpmn . rte h llgerows- are prriwr, The soi I wIter 

status aund wat.er balan er in a hed erow intercropp ing site Wi Il be 

different 'rom tLhat of one occupied by an agrLculLural crop -)r crop 

mixture. In the f irs I. place, anid especialIy depending on the sl,, 

aspect and characteris it ics of the rhinl'all., the soil beneath the 

strips themselves should re.adily en llcl runoff. Infiltration rates 

under hedges --an be is much as five t imnes greater than in adjacent 

cropped soil on a verLiso I in India (Charandrasakariah, pers comm.). 

How much r'u, ff is ovailableto be :olleci.ed will clearly also depend 

on L.hr type and soil im-'iagrmet-, as well as the di st ance be t.w:c n t he 

hedges. 

tBeing hbI: to sture Mat.er that mighlt otnierw st: have run on downr-slope 

is clmly beneficial. It t!he hedg:erow is cut back at crop-swing 

i. m some of' it may even become available to the i nmiedial.ely adtjac:en. 

:roip rows, and so help to diminish any adverse tree/crop itner Face 

effeet.s. 

http:olleci.ed
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Accumulating 
more water is likely to prolong the 
growth of 
the
 
hedgerow p]ant.-; antI, 
as this will 
 be to a large 
extent, eflectively 
under stomatal control, 
 it will, in some circumstances, lead to 
greater water 
 use. llowever, 
 there are close similari, ites when 
cons i deri i well- or poorly--coup led vegetation with regard to 
assimilation. In i'lose-coupled tree canopies the aimrcspheric carbon 
dioxide concentration is effectively controlled by canopy conductance 
and by changes in stomatlal resist ance. In poorly--cooplel agricultural 
crop canopies assimilalion, like t ranaspiration, is strongJy dependent 

" 
on radia t i on. ThuS, weIl--coupled alley-cropping systems that. make 
better use of available water than sole agricultural 
 crops are 
 likely
 
tnobeal'iit tI
Froil t is lIrouh imiivird and(J/or exteniiclr, assimi Iat ion. 

Un I ik,. the s itaL ion with agricultural crops (except in lhe ir early
growLh st.ages) both wa ter lse dS5 iliiiand :ui oln in hedger'ow 
interroppi rif are likelIy to depend yery clusyIyn t he amonti of leau" 
area lresent. and the way in whi ltis is msreigerl in rehlat.ion to 
seasonal climatic oqporlt nit ies (an outcome that, might seem 
more
 
obvious t he Inljir.er than tLoa crop plysiologist! P1AH).
 

http:Inljir.er
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D. TWO ASPECTS RELVANT TO IIEIDGEROW MANAGENlENT 

There are many aspects of mananging wooy/plantS that are relevant to 

hedgerow intercropp i ng but., for this paper, I would Like to 

concentrate on what happens when we remove parts, and on somie effects 

of fruiting. 

Lo2p_ !miQL suseouenb ro.wthU in general 

As Maggs showed for apple inny years ago (Maggs, 1964), removing parts 

of' a woody prertoizlI, a; in any lopping or pruning operatior,, w ill 

have the oftfert of dieirising thet next season's dry i.rialt iri:remriot.. 

The extent to which this happens will depend on: the(a) amount 

removed in relation to the total. iving "capital" the plait possesses: 

(6) the effects lhat any removal of aerial parts has over chairgilrig the 

geometry of the! canopy (or-the renewed canopy) vis-a--vis improv i rig the 

lUi uinaLion or I laves; wellIs as (c:) changing the prol,or, ion of' 

photosyntheti.cally-artive to less-active leaves ( i . e. Lir proporl.ion 

of, young versus old f'oliage) ; and (d) whether non- livinrg parts 

(li gnified secondary mate'iui- dead or senescent leaves etc. are 

removedt as disft inrut From l ivaing oes. 

'I'lhe eff|'rect of' plant part. rIoVal oil dolecreasjiog the Co llow i lig Ievel of, 

bioi alss incrcmienit i' Jl ;w ill of, th. .1ccoi l.n yirgtkil,I e. . 

la lI es : [ to 15 1 IH: rl .et . ;il.lati n. wirw 1t4 1i(1;i( ;,,I,, I I l 

ss i Maga (i:ho( h !; j rv ,'le lI n Ilint !1(,wllos)is)..hhw v,',v 1 -i. I;" 

the detritifntal o*' .t-te ,I Ili iik en to tl b i, ;.I l,-1,1, 1'+,,+ ,,r 

co l it or(1 jr ''i.i ,!- i : 9, I t f, i 



Table 3 

Dry
and 

mattor proc:uction (g/plant)
u::~uckei vo ing plants of 3 

after- 12 mont-is (Aug. 1978 to July l979)
TREK tea clones growing in nursery beds 

in plucked 

Dry matter g/plant 

31/8 6/8 7/14 

Plan- cart Pl. Unpl. P1 Unpl. Pl. Unpl. 

:ig 47k- 16. f g  .7 k 9 e f g 

Leav:es 49.4 J * 
,1hi 

171.8 f 4 . 
i a c. 

. .1 
j 

182.9.O 

-r-ame 98.2 2 6 7.8bcd 9 9 .8hij 2 8 1 .4abc 5 7 8 jk 337.3 

S69.0 ijk 
c d e f 129.6 1 1 4 .0ab 3 9 .4 jk 242.6 

d e 

' ' 
.726. e 

1b'276. 761.1 114.3 762.8 a 
6 5 7 ,


=ea:: seperation by Duncan's multiple range test., it 5. level. - from *a;ambo, 1983. 
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the field were similarly affected after an initial 6 months from the
 

time plucking sLarted (Taole 14, 
which aiso shows tit effects on t he 

distribution of" naft.htr).dry 'TaI c 15 shows the ef'fect of keeping 

young tea bushes to a rang'e of different plucking heights (70era down 

to locm). Shorten i rig the plants greatly reduced the surface area f'or 

plucking and, hence, the yield of per bushleaves but, as yields per 

uni I. plucking area per bush were increased, a projected re--adjust.ment. 

of spacing irndicated a poss ibility for increased leaf yields under a 

complete field cover. 

'The dat.a f'rom Riusso and BLu(Ilwsk i (1985) on pollarding of y.hr'i.na 

ip9.!_-ptP i +an it)Costa tiic-:,;I;r ii, i Llust.rates exactly what ono wou ld 
tvx t)e:t 'la, I it; and 17) i.e. Fewer pol lard i ngs resulted in ) great cr 

total b iotvlss pi'oduct i nn (a tthough inore leaves). 

The ttimtle at wh i.h )ar ts are removed may a Isro be imoo:'int. as, 

depend ing on the pheriological stage the tree is in, it can be 

"ent.tra ined" so that shoot growth, H'l'v'eri:;; Find frui Ling takes place 

it, a more of less favourable part of ihe season (Iluxley, 1983). 

Iri non- woody, perenll i Is (!.g. Illarlygrass;es) the:re mry be a ru I 

imnrov +tlrle in) SubStquett yields whe+n these are lfir.st cut over, or 

bInlned, dlueI t o t!h rfi-nmoon I o .a..opy.' i rig' of'partc the Wit i 

Lr,!;,,even "l'ast. + '"'' - wj orr',.,-;. tire dec I inc in growth due .) i uisv r 

ro.!; t. i ct, i onls Lo t.Ia'in 1,lf II 'of I " (arlid 'o;; ib1Y IIlor-g.,111 It ) 

Ill;ater" i IIs,S. erlallse of an I fi: rr;i.; II Ig .lllo 1irtt i IY ;ytI d InaI al:ic, oit 

ra nsfer- Ltui.hway,+;(e .g. Wari'I ilig, 19 1) 1,lrkh,I I, I;ik i;Iim bel.',II 

y !;Ii-s. In r r al , 1)'!$-.' ;IowtIv .'11i 1h,, '#-' lf, , I I I til , 

.V (it l l I I 11; I I " is . , 1 1, of 
I 

http:y.hr'i.na
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Table 14
 
Mean accumulative dry matter 
production (tonnes/ha) from
July t977 to June 1978, according to stub-divisionsplant parts of PI ofcked ind tnpluckd tea u.h,. of cloo
6/8 in the field. 

Plant part 

I'lck ings- leaves 

) Lkuck ings-f;t ems 

leaves ­ young 

I,eavs - Old 


ilc1ludijj:g-f~lll(,n)
 

:rome - Young 

aIry - , Id 


hick 

o - in 


TO'I'A1 


-ualnlt pat-

P Ick i gs -leaves 
:'1uckinq.uu - ;tems 

, Young 
Lea vCs - 0(l) 


Sie,(i n;-F a tI en) 

2-ti. Yng 

iem, 

(t ,,.. 

tI i H 


'iJ 


tllI wuck(e (UnpJ 


1977 

Septeniber. 

_
i . Unpl. 

0.25 -
0.05 


-0.03 -1.09 
0.96 1.10 

1 .33 1.08 
1. 18 0.15 

0.64 1 .30 
2.7( 1.53 

6.14 4.C7 

1978
 

March 

P1. Unp . 

0.99 
0.28 

­

-
-1.31 -0.20 
2.33 4.46 

1 . 6 .97 


1.12 
 3.63 

-.1.06 
 1 .95 
1.64 
 1.19 


: r' . I f.Io 

. ) p Injri ,, , ,I p, 

December
 

P1. Unpl 

0.65 
0.16 -


-1.26 -0.84 
1.53 3.12 

2.10 2.66 
1 .38 1. 17 

-0.05 0.59 
0.50 0.34 

5.01 7.04 

June
 
P1 . UnpI. 

1 .11 
0.32
 

-1.70 
 -1.22 
5.59 8.43 

2.75 1 .69 

4.62 
 11.73
 
3.01 3.77
 
1.22 
 1.85
 

( .' ) ( .l 

0 . 1,. w;+) oM,illI tl,, I t i 

http:1uckinq.uu


a:-ea and yilds k'eb -Dec 1981 of tea bushes pruned

a." :-_aIn_-. :.-_ ifferent he Ights
 

Yields 
Assu.ming Actual

Plucking complete Yields
Surface area. Yields. Yields/area cove- at that 1.22m x 1.22m

2Bush height (" ) (kg/plet) (ky/m ) kg/ha (kg/ha) 

70 c 54.1C-5.4 0.28 c 2 8 7c 2847 
*,0 c2 39.5 b 13.50 0.34 b 3409 b 20b 

b.3 b40 
 2504
 
25 -5., 
 cc 9.8 0.37b 

3746b 1814' 

0.3d d3.9
 0 . 44 4425a 723d 

_* a: seua:-a:- within columns by Duncan's mult*p-il range test, 5% level. 

- from Magambo, 1983. 
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Table 16 

Biomass production (Kg/ha/year) for leaves and branches
 
of Erythrina poeppigiana trees.
 

Treatmen L Leaves Branches Poll. Total Biomass 

(kg/ha/year)
 

2 pollardings/ 
ear, branches 3,839 a 1/ 7,992 a 11,829 a 

left on Lhe 
g r otnd 

2 ol lrldingsp/
 
'y'r, branches 4,041 a 7,803 a 
 11,844 a 
renow frtol
tv(d 


t h,. ploL 

L pollarding/
 
year, brunches 3,270 b 15,200 
 b 1t,470 b 
left. on the 
g3round.I 

- Mean with the same letter in the sm11e 
column are not
 
statistically different ('<.0.05) -from Russo and Budowski,1986 

ii.produwed by per'i, ioi of tht-, pub iibuhr;: l;_tw't; l Plii jh Of. 
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'able 1 7:
 

Annual b i01, proILuct eIn (dr1y %.eight) 
 [rcEi Ervthrinaonce, twice arid tli'e irr;S [pollppi;ianalardeda year in '('rrialba', Cost, Rica-(280corresjxnd r rcjto 'I SIp)acing of ! 
trees/ha, 

6f) 

Pol 1ard ingrequ ncy L;af Dic~nass 
p e r Branch bioqnassye ar Pol larded Total 

l i ( r .: 

(12t rionth k /tre 11.70f3.39 54.28 + 13.821nter-val 65.98 1-17.17kg/ha 3,270 1/
15,200 18.470 ­

2 (6 month kg/true 13.93ntervd] ) kg/ha 
+ 3.99 28.20 + 8.11 ,2.13 + 12.67 2/3,900 7,900 1 +1,800 

A (4 montih kg/tr-e 15.50 - 4.95 12.52 + 4.85interv) 28.02 I 9.80kg/he- 4,340 3/
3,510 
 7,850 ­

-/Data fIrcml 21 trees, on [ollarding
 

Data fr-.xn -13 trees, sumn of 
 two [xollardings 

-Data fl(AT 12 trees, smti of three p[llardinqs 

- from Russo and Budowski, 1985. 

Rpro'I )durced by !'ern is ion of' the publishers: Mart.irtw; Ni jhorrf. 

http:11.70f3.39
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Allometric relationships
 

When it comes to considering the changes in relative imoumt of 

different parts as affected by pruning and lopping we need to remember 

that the relative rate of growth or different organs can be described 

by a particular set of allometric: relationships which describe the 

chan; e in the ratio bettween parts of an organism with Lime. These 

relationships obtain in any one plant/environment situation i . e. they 

depend primarily on the genotype as modified by a resource "rich" or 

"poor" aerial or soil environmen t (or both). The stage of plant 

development will also alter the allornetry, because new "sinks" will 

arise with changes in growLh aind phant devel opment ( e.g. secondary 

stem format ion F'.I lowi rr; errIy ",seed1 i g growth, and flowering aid 

fruiting). Allometric relationshi..s are often described by plotting 

the changing dry w.ighLs of tI 'ar ts heing considered eg. root:shoot, 

stem:leaf etc. on log/log scales (and then the slope of the line 

indicates the relevant re latiwe growlh rates). 

As Cannell (1983) points out, the important issues to reali.se are that: 

0 Shoot or root pruning does not permanently alter the 

shoot-cambial- root alt omeLtric relationships. Shoot pruning 

_t!rI'w f i y h-c'k ; iri t growl.h, and root. pruning lporr ! Iy 

checks shoot growt h. Bot.h i in proportion to Li,: ramoun t 

remroved, rird ur it Ilii. or igii l ralloeiry is restored. Ihtl:; 

root pruning t,.mporari ly (iiveirr U H greter rnount or 

ova iIahle, curr,.,rI aner- lI ,v;(nid, some iob i Ii zediril potsih)y, 

stored materin Is) to tIre i,(ot~s, ;iid a .uhoiL. pruning imilarly 

to the shoots. 

http:reali.se
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o Where the production of stem 
wood is an 
objective 
we must
 
remember that the stem cambium represents one of the plant's 
several "sinks" which is continuous throughout the trunk 
(bole) and larger and smaller branches. Thus, depending on 
how the tree is trained or maintained (i.e. with more or less 
trunk), then a greater or smaller amount of the stenwwood dry 
matter allocati On will be used to produce a hole as dist inct 
f om smalhfIe branches (as foresti.--s well know). 

o Similarly, and where we are main ly interested in leaf or 
young leafy shoots (without secondary thickening), pruning 
away these wi Il diverI current a'ssimi lates; and/or moti I ized 
I eser'V:s to rm-e. ict.. th-se organs, hu- _ ere il I I . less 
-tota 9-zsimi_.!.te~s available thef had not been removed. 

loapingh,derow~s 

The above facts have hIear, wet! known to crop physiologists for many
 
years, but we iieed to re-examine their implications in the light of 
hedgerow i it ercroppi ng. 

Tab les 18 t.or 20 pv,I i some hedgerow product ion dat.a ­ ma inly oni 
-le-u:n--en ql-cePI 1-. The major factors affect. ing 1)iomasIsa 
product. oil Frow hfdegzrw; will be species, cliimate and soil I loppin, 
":?gine andl ino- row !.;pri i rig; aid compet it ion from blet-en- r-ow r:ropping. 

Whetl-r the lhedr-i ow Ioip inogs are left on a sit.e oI removerd wi II 
pro abIy be impitairit iri the ;ong term, but it appe:r!; to , wtve little 
immediate ef*Ir'e(t (;eer Ta),bhs 16 arid 11). 
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Table 18a: Some examples of bio.nass production from Leucaena leucocephala hedgerows; 

Spacing Country Authority Bliomass Production Commentn 

(t h 
1- I 

,/r 
1 

I.m.} 

2 x 2m I:dons Ila ;oekiot Y,' 1982) 3.6 (cv 'unlnjham) Sun-dried 

rows 
4m 

Queensland 
Australia 

Raymond an'i 
Bray (1962) 

1.5 to 12.5 (cv Peru) various cultivas 
0 sites 

1 x Im A-barnath Sudhlir et al 20.6 cv X8 " 
nd (1982) (ext rouaate ) 

various Various Torres (1984) 6.1 to 17.6 su7Lraried yield 
Tup c.% data fron 7authors 

'.25 :JerXa gang et al 5.77 to 7.01 A ._n N 

x Om 
(1985) (prur.:ngs rem'ved) (,9, : :a 

-

5.43 1.32 . ;u 

with ,.Ddy.,:;tn; - . 
CiL-'G5t :r, 

mean l1 .S(removed) 

Table 13b
 

Leucaeina h.,'k bionass 
a.d crop yields.
 

Cromlnts
 
1973 19il 1981 1982 
 1983 

Yi)Nitro- a. 6.4 rAtvJen ia, 5.1 
1;":, b. 1.8 !: 'i . ­

6.30 7.04 5.77? fmvw. (IO It irial 
1.50 2.23 
 1(0.52 b Yra.yr

.9 0.48 0.61 
 0.26 p.nuin. yyolS; ar, za,: 

d. 0.45 II~~~~ l.*;l ,:i,;.;,7 

j2.56 '.9 ii'./ (.f.4 I 
1.81 0.91H 0' , 

,a7ltiffL.1.I, a. 6.32 5.43 .15 '','. ,. , , r- ,

:runin!j 1,. }.59I Ined C. 3.5 2.40 9..9,J T, .3It 1,.1.21 2.10 , ;,.. ; g.92i111 y::,. , 

d. 1.7 .'.!] d.ll, :,,ll1 1"I or ,t 

- 2.54 0.53 . ,,.g 4 , ,. .;n, 
bI 'Crot. 

iry sitt,,r "i'l0 
 ': - Wo)ody !otem )r lf g ) M,lize k.,.:L.,e n;, fl l~ll:i_ 6.h -yr y, l II1 1 ,I 

d) 'aiie g'C'in yiI af- T, i11, I 
T 

S. p'a('rai yi.his!. (tMl;,) II1 , '.,uW.!..,r-, 1 t hl
 

. " gf.. ~ If a I !!. 

i 
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Dry we ight of prunings from species alley cropped with 
maize and cowpeas, ILTA, 1983 

Spac i rig/ ,I i r i­
[ert. i eize:7* 
 cidia [,eucacna Alchornea Acioa Mean 

t/ha/yr 

2m/Fl............. 6.30 
 9.06 3.83 
 2.62 5.46 
4m/'l ............ 5.03 8.16 3.28 
 1.50 4.19 
2m/.'2 .... .......... 5.40 9.23 4.49 
 2.62 5.43
 
Im/ln'............ 3.99 
 8.10 3.47 1.51 
 4.26
 
rean ........... 5.18 
 8.64 3.77 
 2.07
 

LSI(51) 

S.pec.es means. ............................................. 

1.52
 

Sanizer 
 ntfert Lr~ means............................. 
 0.60
 
Spa n ; a 1( r . LI-tL . . an:5 for same s;pec ie: ..... ......... . 30
 

p m''i-and fert. trtm . means for diff. species ............ 1.83
 

Spacing between hedge rows. F'=45-20-20 and F2 - 90-40-40 kg
 
N- P-H/ha applied Lo 
the maize crop. - from IETA, 1984.
 

Table 20:
 

Shoot biomass production of four species at IITA,
 
sites A20 and Wi
 

hoot
... Dry Weight
 

leuc'aeria 22) 0(1, IQ 118 0./1 6, 25 l'! 

(;Ii ic id ia 121 14? 18 '1),,6.
 

eI i'/ 3'yl ie im i aI 9 11 6 

177 87 ', I 2709 

(:V~~~I' .''61.,'4
 

http:S.pec.es
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Table I 1 summrarize. some or the availabl]e dat a and gives t-he I I'A 

resr I ts [rom 1.979 - I .)j3. Also frrom I ITA are the rsu ;a] tL rore a 

species x spar i Ir x ter'. i I i:.r trial in wh i h, iI i; l, I i .h l. 

!,t!-k,leri!a I eiic:,r:ph Ia V; I otIty it:l et I " tifoLie tLf atc it::-; l.tud 

(C; iif i" i. ia, AIc.t:ht tw!- , it t Am(i SVe T I!)) her; u I Firl 

invest igation (Hall, I1985) have given a preliminary i ad irat, ion that 

H-I elipU i p .rIe't"t, adm!as i;tsizrnipy! mi ght. alsor i) wel I inr tli's regiol 

(Tab I: t20), ant ill. hr' ( a11 g in tn nt! given he r vipr-: ofr yllaah 

e. L aI. , 9HI{;;I andtl 19861 ) . 

'her rrl;iy liII 1vtll nI(t' pi'rOis in spec: ivs tor ail t y cr opp iill-. iii tt11a1i (I 

rep-, i o1:, t lill r I.tit';irel:I iroceph.i . For #: Yi ;il 4,i:milll e' l j ;aI, 

I H iti and1I It!jr ; i fl x". Iriokt-d G ia (;I ifIl ;;at Cur;sti :; I , ii t ir a arif 

1!:Inj rig ra congest a antd ases'.. bolh tibe b imiss y it: nnd 

con tlr ibilt l ofu; I1 'N. '. K. Iitdie over- I year" (2 frirze growinrig -t;asons) 

starl.i gl, . year':; 're)mfItpiantir'i n t.. Crssi pryvidti(t I iV iit) biimIII;i.s 

(niMly 17 I Ii i tire whiol. period, h)twvei ortu.ptiI.; w..ore very 

dil't::,rit, brn tota. " anl with L time Li Lter Cail dorlin yI'irr pteri .d 

di Frt:t'. h.' a fa:t or l rofly 8 (1. ) t. htarI ltGr" cidia as 

agilr-. 1(1. I ltr C; Iassia. Availabl e pla i r; ! i (it:; ;at tar mulIh 
It . lie I it t(] v;ir ,i .;ir 5 lines ( ... (U I ha' t' t: in iga as 

ag i~i ira I lit.'" Ii;1 iot' Cl!;!..; i , aIl r rIh.-c;t'; q 'I' )I f , tilli irigs. 

varit yI ;t I i r ,I o .I; .1.1 I I;I !or (; Isa ;i a (I I5.t i t*or 

i (.;Flelflllrigrt ; i, iI. I i ,|r ir t),,- rolilliare-d ;'il.hi Iho);,!tf Il(';If:ril;l I,1i ill 

'T;t[rI I1 :1ii :1f , t ha-lfl , IPtN iol" at t, ; wi 

;tntt tutit:"ra t.'; II,; . (Xt?; r;i :11 tso cr:ed itrr- I y :1,0 1 

ir anr t hititrri t,[!tIl "Iie:lal 

a ' hia' t 

Ita- lwtmod, ;]a;r ; I:;tIa )It IN 6.8H t. hi; - I 
tor F Ih.ll ifig ii. 
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There are clearly very large differences between the performance of 
different species, and i a ,reat need for more informat ion of tLiis 
k ild. Par Lical rly, for the Iong-term per rormance under different 

hedgerow mmarigmer t. sy.;Imi;. Also, it is interes ting to note, h1l. 
i "le-pCt age alioults of plarntthe l re idiues produced in i,iially y 

-Clissikin this experimierl estimates of the nitrogen made available to 
the maize still showed l -Shortfall of that requi red. 

a dricr rerionin at Mloro (,r.o, 'larizalia, li.ii,1adalIa (1985) obt.1ii ned
 

hedgerow fodder yields of ro)unda 
 only 3 tonnes ha-1 per year for tle 

V'irst 22 montlhs of' growlh ( 'ble21). 

Al1l.1,4,uih 1mort, i iflta are 
 t-Iw1Ail in that, ill wiet ter re-g i ois 
I-a i t1lhiI I , 120(J- lSJ01ml p.a.),amd on appropriate s i Les, a f' ;Lt--1rowi ig 

spcies s uCias 1( ia wi I I prodiIce ,iome 13 to 10 t Omians hn- or per 
mi11i11 
 (111 over several It. iIme.,ia y':ir, and in drier regiors 3 to 11 

Imnjea; ha I pecr yemr, s im,ilarly. 

The probable efrfects omer time of' in-lrow hiedgferow spici.ng are sh-rown in 

F iif.13 t, 

Il h;,t iwye y len.: -ta.ldic.;give in for-mjlio(i ;ro; I the a(t:t.i Prop)t. ion of' 
-r;l 'it;I)I,.
dry imiLLI1r i tIc iellt-lfIhli;it h,) (h -- root:; i irH r I oppi ng 
h, f w, I l ll 
 & , iii peI iI li1,p1 , I mIhl I . . i rlgf w allI I opr( ll)I y r 'iII.z(: 

I l l ; t ) :L1111! I '. x 1Illt. fl !wel V 1 1- , :; (111mll"- t II L ie W .;1 . V i ( low er.ii i9l .5; 
(*ai',wI I , 19H15 ) h ave i rlidcIe t Il,.h;1;I;it I-now n i ab I , h)s ow IJltl. 

http:spici.ng


'abl -1e 

S....c..a irer',: fodder yields (Morogoro, Tanzania) ­

- rom Lulandala, 1985 

Age (months) 

-a-4 23 26 28 32 38 41 Total (& inn. *.'ean) 

- o~- Tea. 23 

•eed 2.48 0.38 1.70* 0.52 0.64 1.06 2.14 0.40 9.52 (2.86) 

n-ercrzo 2.59 0.65 2.24* 0.97 0.72 1.08 2.78 0.50 11.53 (3.45) 

"ntercrrc 2.02 0.56 1.48* 0.88 0.90 1.01 2.12 r.49 9.47 (2.84) 

i. :.05]. all other treatment difs. N.S. ;ledgerow was first harvested at 
e 2.:.s, thereafter at back to im hig/]:r wide. 

-1 
nn.. eans .-.f,: s aungc : x3m (3333ha )=3.29; 1x4(250() -3.03; 1x5(2000)=3.05; 

: s:6 (1667 = 2 . 2 

http:1x5(2000)=3.05


fr..! 'ed '-ith c f'r a wCodyt ,. pt:ennial.. at iffen den 
 tis. Srall amounts of
 
re: .... ..
can ive s' ,stantlal' yields er unit area' i v h plant p-'ulations earI}, on, but increa- inq

('n -heQ development of .-ests and diseases) can':such
unpru. 
 tards rapidly jnproductivo. Mid-level 
at a in.maximum -yel s p,r unit area later-c)7e unproductive-' s quickly Low levels 

will : Ivelonger individual tre. yields-,  

:- W -I S 7 i i i yielci per unit area (although

:CasIO'' -) P 'uning at any time %.ill 

.~ t %ield~te of leafye oots
 
-: ,ero)Ws w''th differe t "Ithin-.Lw spacing;.
h 


hat 

.;:ing.no c'ez-browsi.g or excessive lopping and
 
!ter hede he:ht is restricted
4-5 years. -- decline to that achievedin tbe numbers of activeveetative bud& 
avail ble may soretires occur withZ;oe species (e.g. tea) 
after continued pruinc of
leaf'. shoots. 

FIG. 13
 

-

-00 j.w ,C -

http:thin-.Lw
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much larger proportions altogether of the plants' total fixed carbon
 

can be allocated to fine roots than was originally thought from, 

studies of recovered fine root dry mat.ter in intermittent destruct iwy 

harvests (See Table 22). It is :lear tha t there is some se!asonal 

"turnovrr" of 'iin roatfie (e.g. iead, 1973; Bowen, 1985) ard, wlere 

they occur, of r,)o t. ntodu Ies and mycorrhi zas - the latter having 

especially high respiration rates. Indeed, Bowen (1984) cd lcu lated 

that fine roots i mycorrhi zas call contribute 2-4 tiimes more N, 6-10 

Limes nore I' aid K ;id 2-'I times more Ca to soil than above--grouad 

litter fall. 

Met.honds of calculat iag tin,- root production -ire discussed ill Fairley 

and Alexand.r (l.5 but, unl'ortunat.ely, we still know very I itlteI 

abou, how iuci, w intij andl what hlappeins to thie finre root.a. I'v'im rJi fl'e rrlt. 

tree species or differtnt sites, aid we may have to be careful not to 

general i ze too widely Fr-om just. a few dtLa. For exaptp le, visual 

observaiors f-r" c, f.eet. roots in n observation laborato!-y-. root 

cert.ainly did rint s.;giges L such high rates of' fine root l:ah (luxley 

and Turk, 1.975). It.deed, they troted that many of the Ii ner troots of 

Arab i ea co'f f(e remain whitfe and unsuberised for at. least. tit) to two 

years. The old, but tiorough review by Lyr and Ifo ffinarI (1967) 

mentioned cases wher( rine root.s were observed to survive for periods 

of 'rai, 2 Ln. 10 'ears. A recent investigation (Gholz, et aI[, (19W6) 

of' fhe or ir:ki c malvthtl lyrentin :; ofd f fire: roots in plan.tlion- of* slfashi 

pine (P'ioUs fII iot.t ii ) i i Norkh IF or ida, gives an exce IlI.tt ;irrnp I i. of 

the kind of res:rha thirl. r:edls, to be adapted t.) a IIey croap i 111 

s Lod ies. 

Certainl y, we understtind fihe goner-al way in which sot Is.aana di ff'ernt. 

kinds or plant ramng,.no,.t ean 81flTect the growth and .ct. iv i Ly of woody 

pet'r artli 1 a nd)( 



TaI) I e, 22: 

Some recent high estimates of root biomass incremralt (extracted from Cannell, 1985 

net Proc'uction r-1
 
Species 
 :ountrv StmRrxxo/ franch s Fru 1 1.1C30 RFootstcmnlrk et. esti:r.-e Cccu.ents 
1. 	 I': ext
 

;itch:ri:; UK 
 16..3.1.30 6.01 5.26(! iT) 

2. ::atre're:;ta! decid. 

___ie__ 1.1
i0.57 0.20 3.09 2.55Rot
 
subs
e c
Iuch s.)P. 	 itQ:erces 	 y0.39 	 ( ,oy 0.46 
r stim1ted(inus tchinata USA 	 --­

litter)Cfrvn 0.59 (tender- 0.02 0.50 0.37
X'0Irntosa 
 storey)
 

0.52 0.04 0.02 0.10 

3. 	 Sc-oid Loe.-,t.lOn 

['seu;otsuca~ 
menzies1i USA With estimated­1.37 
 0.27 2.41 9.16 
 turnover of
Casa'oh 


mycorrhizal roots 

Aln s rbra 

crteU~ot suq;a 
k!nZ:.es: USA 4.3 

8.5
 
is- 0.6 (under-

heterouhylia 	 to
storey) 0.4 losses) 10.2 

+ UThaphicatay s0.2 
+ Understerey shrubs 
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systems, and the balance between roots and aerial parts; 
 clearly, root
 

residue contributions to soil nutrients cannot be overlooked. 

In the light of new infot-mt ion, and Ahe possibility that, in 3ome 

circumstances, much greater amounts of root residues (or excretions to 

soil organic carbon) may be being deposited in the site, there is a 

need to investigate the management of hedgerows in relation to the 

effects on below-ground dry matter increments. Lopping may seriously
 

diminish these, ait hough the ivmnedia.e effect, espec ial y i f root 

die-back ot:tCUIr, may be a surge of availibl easily decomposable 

sub-surfacetIitterials (includling nodule s from legruminous species). if 

topping brings atbulit fi ne root deaLh it may oper' up possibilities of' 

itc-ea;ed at tack by root. pathogens such as Phy!)tophthorn andi Fusariut 

Spp. (rece~n. report on die back of leucacna leucocephala at Mtwapa, 

Kettyn pers. comm. It. Jama). 

We ;night olso expect a det.rimenLUl effect on nodul e numbers an(l 

nitrogen fixation activity when part of the canopy is removed, if the 

rate of carbon assimilation is thereby reduced (Spreni., 1986) 

Similarly, the assimilation "cost" of mycorrhizas has to be met if 

they are to r et:.,in Or, at least., ret ain (i ff'ecl ive. 

laLching abovt-.ground plant management prac L ices (e.g. prun ing) to 

(!tt. ta itt tHit! trees so that. root activity and (lnhanceud iott uptake occur 

at times when nutriurit ruhiase under mu I li/I i Lter are gre:atest (e.g. 

Ilux I :y, et at. , 1974) may seem, at this sIage:, L.oprouiote a pol icy of 
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perfection. But developini a greater understandingr of, 
plant-environment 
 interactions 
 in alley-cropping 
should eventually
 

lead to this. 

Finally, both rainfall and leachingr of nutrients through the plant 
canopy provide important additions to the level of nutrients brought 
to Hie soil. For, exaip] e, Table 12 (abOve), from, a study of two 
types of rainforest in the Ivory Coast, shows clearly, that the 
asiouri ts aId kinds of nutrients can vary with vegletation type and that 
they are not inconsiderable (BeI hard-Reversat, 1975). Htoweve,, in 
wide sj 'a crd 7onal agr Fres try sy-'stem;s tij are refgu a rIy lopped this 
(o: it Iibut. ion Wilt, bof' COur-se: greatly diiuini.hed. 

tfedgerciw intercropping is less-often proposed for edible fruit 
produclori on tin for mulch Fodder, fuelwood etc. There arv, however-, 
many species of tropical fruits that will grow and fruit well as 
hedges (e. g. guava and Indian mulberry be i ng two eyzimples of
 

wideily-adapted species) . 

't, crha IIerlIg for sucr.h a systen i.r; to Irst.aol is ; the apI)roprial.e 
(:omnromn is5;ee twen ii inl|.anrii ig gfrowl.h o f branches wh i ch form the 
f'-uilt ioj,r i les wilthout impos;inr too high, , level of rompet. it. ion on the 
fl~it:,,n!, agricultural Thatcrop. isi, we. cannot .just "cut-back" the 
hedg;er1w at lihe begi aning of tiue :ropping eason -- or iL is un Ii kely 

i.! t. this will. be saL isractory t.reat.trt to promot frruit production. 
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tlowever, there are many offorms restrictive pruning that stillcan 

maintain, with regard to the ground area occupied, a high level of 

fruit proauct ion. For example, guava can be trained in hedges to 

produce prolific fruiting on "short shoots" and so occupy only a very 

limited space most productively. 

The render is r.'errel Li some sunmiaries on intensiye f'rui L growing 

practices that might be applicable (Huxley, Mohammed1974; and Wilson, 

1984; and to Nair (1915) for some coimnents on andI lists fruitof tees 

for tropical agroforestry systems. 

If we have to dfeai l w i 1. the "fruit. ing" tree the impI i :at ions 

concerning dry matter distribution which were briefly mentioned under 

"lopping" require some furLher modification. A number of woody 

species have been examin.ei in detail with regard to the effects of 
fruiLiug or growth arid dry matter distribution, but a good ,xample to 

take here that the!is of work done on Coffe Arabica by Caannel , 

(1971) an COannie II and Iimeu (1971) 

This work showed that fruoit ing coffee trees athad least a 10-20, 

higher net. latill Liliass iml f rote dC-- blossomed oiles. riien iciaig that. 

the addition of i I'ii i. ''." iik'' enhanced assimil it ion. It aI so 

increisecd the raih. tf' iiptiit of nutrients as Table 23 -;flows. The 

http:examin.ei


c. fs c e t 

o -9.::i. 
J, 

67 to 10.jjj. 68, i.iii.68 to 5.vi.68 
Hot, drv season Long Rains 

... 91 ' S) 

cjf dry rmatter ::-g g dry matter
Sof) roots _ofg tree- 1 o roots1 r diameter 9 tree - I :diaweter 

146*** 
 ]65", 
 84A*y 10!(N.S) 

310*** 
 500*** 
 80* 86(N.S.)
 

180** 216*** 130" 162"
 
Ca 
 156-
 176(N.S.) 
 71*** 
 86(N.S.)
 

136(N.S. 150 (N.S.) 93(N.S.) 110 (N.S. 

P.;:, -'P= 0.05, *P = 0.10 .ainly organic-, 
- from Cannel: and Kimeu, 1971. 

Reproduced by permission of the Association of ,:i,d !io2ogists. 

http:i.iii.68
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extent to whi h tLie:;e nut'iri ents moved into fruits, even at the expnnse 

of other part.s of' the t ree, is hown in Tabl! M,. and Tabl- 25 

provides infOrmat ion theon uroriver "' of' nutrin'et[otn(cii:; Io t.: 

soil in prui i ngs and ftall en leaves as compared wit.h that removei in 

harveste;d fiuit; (similar immlnt.s, in t.his case.). Carei I'l s td i (:; of 

Lhis nat are are ie ftor I 

mana ee tnf 1:rocedurr.e;, if we are fully to 

ated,at leas t :elect.d il.s, :;p!'e:ic!:: and 

understand t phiys i oIlop i cn I 

basis of tht! mlneg(,ieit lI"hedgerows. 

Figllrt 1:",l showe'; I he ay l l ni iig dell!-.icty i+;I i kel y I fd fec1 . 11it 

y I t Id with I ii11e i rir tI i011l tllod r.:; . Val L i f'o mni . o i te0:11:; 1 Ve Ii oIIn , 

can iuaitke:lly em'nhtance Ite yield From (!lose oi- very c:Ios :ly planted 

Woody Fra its, but tli I wi I need to Les Luf xperi iinta II y or 

species wh~iccliate nol) lisule f grown iii th is way. 



Table 24: 

Percentage distribu:ion of nutrient incre n t, te heavily :ru r (Coff-eee) 

19.... i. 67 to l0.ii.68,
Jot, varv season 

10.--i.68 to 5.vi. 
long Rains 

68 

ELemen t Fruits Leaves Rest of
tree Fruits Leaves Rest of

tree 
N* 58 37 5 98 5 -3 

P 

K 
71 

45 

22 

41 

7 

14 

99 

95 

10 

1 

-9 

4 
Ca 32 54 14 39 57 4 

.. g 52 41 7 89 13 -2 

:.aivo_-ganic-N 

- frcn Cannell and Kirneu, 1971. 

by zrmission of the Association of Applied Biologists. 



w 1 1 1::'.8 , r;-t!tL.)t.I ..jWt.I.uI I %lc-st:i.'' I;x:. 1 't1 .kcsar_ . tof 

- I ro:' tC ni cl I'la ItI)I:, 

-v-11t I 
lt/Lerdc to tic 5(oM 

"o',.J '-':L,'.I 10 ,,:t-

LLake Old tr: of age uiole fruit­
(1) (2) (3) (4) 

98.6 23
 

P 6.1 1.5 3.5 
 1.7 

101 is S0 29 

Ca 36 10 29 2.7 

Yig 10.3 2.6 7.2 2.0 

-4 8.1 1.2 3.9 2:3
 

6000 1070 3225 1500 

(1z.a tn rate of upot Ike fIzon Sptt.da'r o 1,, by fruitirng andt967.,. 

21 -st - ! f:,' rate of le,'! f-l' f:',, r !967*. to.s plu; twico tho. 

tl tC ::2 . 5 c0 -i 2r a ,- ; anu2. " . . .'r 1967 to June 
co:: :ca ou . ic. t 4 ', all. 
.u.~ vaor m~ital.C~i~t .tO *to Y's',artr : 

1:0-C !:a--4 ?:' ,i:: : :: i of t 1uD . ')~ oc:e- of c:, ,,:d .uaisI ron:u1 .:i 


!r- : .2% t. . t',, a. Cale : -: c l?'ti. L . .:;t.tc:; I :t Its !I.u ' 

I 

CC~ttk p... .snt. r(,' 1 1r, t 1't t!I' )21tlllcr (Wl'.) and'L.t V ";::'V., s co:; SL t LosI k ' s 

Doepoduced p'permission of the Association of A7p7ied Biologists.
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E. SOMF USEFUl, ECOIOGICAL CONEPTrS 

Stress-tolerance. compe1t ition0 dsturne 

In this section, 
 i would like just 
 to introduc(e 
 soeie ecological

co)cepts, discussed and developed 
by Grime (1977), 
 concerning tile
evolution 
of 3 major 
 "strategies" 
for vascular 
p1,antn. 
 And

emphasize to 

how important an Understanding of these could be to
approach to 

our 
the selection 
 of species 
and types of manaWmevnt for
agroforestry systems 
 in general, including 
hedgerow 
 intercropping 

sys t ems. 

Our understanding of "listurbancc" and some of the Fctor; t.it affect
 
the competitive 
ability 
of plants is a useful place tc start beforegoing on to c:onsider Mtress tolerance and its relevance to choice of 
species in 
agrororestry.
 

Crime (1977) in his lKst thoughtful and percpLive Plqn(r defines 
"Disturbance" as any mechanism which limits plant, hitomuams by causing
its destruction. 
 T s can be selective 
 (litter decompos it.ion) ornon-selective (fir,"), 
 and with or without 
 removal 
 fromm 
 he 
 hbi tal..
Compet iL.ive and stress- Lol crant I.ypes have :volved 
in s i.e: that (tonrot have a high level 
01r ,listitoarance 
 (Table 
26). 
 P1 ;lqltlS aclaptLed to
di sturhd 
sit es 
 (ruderals') 
 hive certain other 
 ol(l(nllla 
i ies (Table
27). 
 They teln! td h;ive attributes 
which 
 ;iss i:L ger"r;,n I Iy in Ithe
ab iIi 
 Ly to "r;l)l ure" a s iLe. Grime ia.; in I.erJlri.t ,'I, ;i Mass of 
)hysiological/eco


logical 
evidence 
 to suggest that the all i I it.i"s Lo 
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.;u(jqet; t-cd bas;is for- t-he evo I it (or, of tblre nL c. ejicr; 
in vascular plants 

-fromu (z use, 197/ 

fUtemsit y of Strtess 
Intelsit-y of 

In.: calpY& i 	 t rat eqy Str-ess-tolerantit-m 	 st-rat-ey 

tHiql Ruderal 	 St-IraLteqy (No viable strateqjy 

T'Ible 27: 

S~otu cht~facteris-,,cz of ruder-al p)lattt!; 

Rude ral 

:or-plhoisy of si,'Oot Smnal l~tnei mi ted I atcral 
sp read. 

teal ortsVat (01!,ofi-eu Iiesolnoiph ic 

Li tt:Spalte 	 , riot usuail y persistett 

Mo;:i mili potentLia 1 
toflat-i'$o cjrowtftL rare Pap)i d 

If aI ix.. 	 .triinta 1 h r b' 

I~iqVI t y Of leaves SAlir L 

1hullo(.1Ojy of leaf 
pru1(fii(: t il 	 !*'lor t per-iod of leave production 

in pwr i0(5 ifIt highfl pot-nnt- jal 
prodlucrt iv it y 

t11ltt , o, t t* 	 III)0r t~ltO! ofJy ft ovW'rin I()(I! S . ettt 
tempipt i I Ii vorable. per iod 

Pt o r ir olt of ailtit 
prtonIuct. rol devcoted 
twn :eedS; Ia. i cJe 

- i-I)tI tGr- lulw 1 977 
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compete for light, water, mineral nutrients (and space) are 

interdependent. For exanmple (and greatly summarized), adaptations to 

ari-d habitants have resulted in rather obvious changes in stature and 

in le af sclerophylly. In shaded habitats (plant-induced) it is the 

species that 
 show the greatest capacity to naximise 
dry matter
 

production in low light conditions, by exhibiting large phenotypic 

reslo"se:;(e.g.tby 
 increasing 
 leaf aron, changing root/shoot. ratio), 

thia rm[ls t coliipe. t;iwe ('rabje 213) -I but these have evolved in 

unshadd( or i i,htly-shaded habitants where, tor example, leaves are 

oran:s of aggress;ion. The truely shade-tolerant specie:s are, in fact, 

slow -gr)owing ail can survivp under lengthy periods of low light 

In tutrient -do tic:ionnt habitants, both true]y i mpoveri s-'held and/or where 

the nut rients are sequestered in the b- jinans, we f ind that 

wel - adlptcl speci es have a sinai sitatu-e, a tendency to a 

scIeri'ophyl lou s leaf form and slow growth ra.t_. They have, Lhere-)re,
 

low rates of !1emninid on Soil nutrients and, 
 presumably, a good abili ty
 

to store ritrients inr 
 times of' excess; Is we Il as - I loss of any 

well- defined seasonal pattern of growth and I slow rep]acemenL of
 

leaves ( ;jill 
 [lrilt: r ier. -conserving feature- whic lmay be ;ssociat,!d 

with ;i e of'li egrh er at-ctpalarabi I iLy). All lh:;! are- feartures to 

conis':rv,. ,-:rsirbel mineral utotr i en ts rathr than Io miiaxinise the 

ijltnit ity caplarid. As (Griimi po int.s out., runy of' the! t.-iat.ure.s of 

. ig;t toI ci.nri ('labe 2 9) are to some oW.tent (onlol to Wlypes of 

-I. rrc c-;Illv i rnrirlll t +, 

''hus wi ci radisL.i nrg ish soime mriajor |fr'nlin; iti'si:;igl as an i olltcoile of 
''
 

:> i,- "!J .+,+-ss; 
" I''Ii o lera'l " ;111. "1, l. : l1 r .l,: ;wh i~l h i1)i i1. 
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Table 2 : 

Some characteristics of competit.i.ve nlart 

C9petit ive 

Morpholojy of shoot Hligh dense canopy 
extensi ve l ate ra l 
and below (grounId 

of teaves; 
spread above 

Leaf form Robust , often mesurnorphic 

.t e r 

...m :potential 

lyiel ,o'.th 

life forms 

rate 

Cop ious, oFten pers;tent 

Pap 

Perennial herbs, shrub, and trees 

Longev ity of leaves Relatively short­

P)hewnology of 
p:roduction 

l'henology of 

leaf 

f Lowerinng 

Webt-cefirled peaks of leaf 
.)roh(:I i l o inc i di with 
pejiod(!;) of 1 .aximum potent ia1 
product, i v ity 

l'boers produced at ter (or, 
icore rare ;y, hef ore) periods of 
ma.iiMUm potetrltiai productiv ity 

Proportion 
p:roduct ion 

,eeds 

of annual 
devoted t.o 

;ma I I 

- from Grime, 1977 
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Table 29: 

-Some characteristics of stress--tolerant plants 

Stress-to e rant_ 

,..orphologyv of shoot ixt-L-erel., w i 
for nis 

rancue of growth 

f Iorm 

".er 

I :tt.. 

:eiat ive cjrov.th- rate 

Life for:, 

Longevity of leaves 

Of Len sniall or leathery, or 
needle- like. 

Sparce, sotnet, iS e,-rsistent 
,potentista t 

Slow 

Lichens, perennial herbs, shrubs, 
and trees (often very long lived) 

Long 

:Ihellology of 
p roduct, ion 

P1henology of 

I ('af 

flowerin 9 

Evergreens wi t v.,rio<; 
patterns of lea! production 

1jNo gcneral relat-ion;hi p 
between Lime of flowernrig and 
season. 

ProportioLn of annual
pr:oduct, ioni deVotlodt IC L:Ht[Oilrii!'V t 
IAro 

[ 

L Gree(Lua 

ffromr G r iiw, 19 77 
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particular plant characteristics and confer certain attributes. Of 

course, there is a cantinuous spectrum of evolutionary types tat. 

overlap these definitive classes. 

Plants may have evolved sone conmnon st.rat.egies of' form and funct. ion so 

as to overcome environmental stresses of different kinds, as Grime 

asserts. But the imposition of stre-;s at difjferent _st.ages in the 

growth of an individnual p lant species can still re:ult in a q, ite 

different outcome depending on what stress factor was appl ied and when 

(e. . Table 30, for crwpea). Prowibly, because, on this more. detailed 

time-scale, part icular ,tage o" plant. growth aiad developilnIlrt. are morce 

m s:eptibl I olOnn' 'r of s ress t. han arot her (w;i t er , Ii ght, 

nutrients) atr:crili Io t svns it ivity or tihre pro;;ssc:s in Lrain at 
t_ _th,,,Lr't _cI.,u:_,:_ , its..t im._' 

The reader is refetrred Lo the paper by Connor (19113) for a discu;sion 

of how Lo vi ew the d'evelopment of differential stress between the 

woody and nor--woody crompa onnts af' an algro forestry s yst1.(! Si) as to 

achi eve tihe grat.'.es comp I#mntar i ty of resource -shr irig 

oppor tori i t i es. Witiout such un understanding tie man ni eronl, of 

agrofores try systerms rover Is to a process of trial uid error. 

Fortunaitely, sai inri;an i is iconan fr oig on ii .hesenrwrrui ,rminti, 

aspects. l'or exarnmple, lies la cnvinnI. , (In905) the lea,t. ; tWriei 

condctance and loni I watir potent. ial of' two savannar .Cn.ry ;t..I:s in Isst. 

Afr ii:ri and Iound that ,rasses anrid shrubs appe r to have different 

war uso sltr t.g ins. Shirub Ierrv s shrowed sini I I or no rIi tFoerences 

between tire wet. annd try season., implying that th,-ir accss.0 t a 

http:grat.'.es


Table 30 : 

Some effects ,.f e o.,_en.tal stress* on \:Cld o: co* ea cv Prma 

- ro.. iu..:Iev, Summ:erfieid, Dart and i!ugi-es, 1974 

Stress factor Responsf, 

A. Nitrogen Lack of api I _('d from seedling 

eme rgence to - irst- flower was ,.'ithouteffect - plants "caught up" later (cf.
water stress, . 
N-def icienc. 

.o Only severe 
fro: the onset of flowering

and du -irig ,(4 a -a ion (i.e. for non­
nodulate : no applied N) Markedly
reduced see,: .) 

. ater Seve-e decrease 1n seed yield caused by
ai--. ing-' pov' . . :_o it during pre-flower ng 
nas. ,od' oveloment an-d nitrogenase

activity d:-'.<: 1%y reduced at flowerinct 10.e o''\] d .' 

C. Shadina Least effect c: seed yield. Shading throughout 
s.moh C'' '. - growth and yield 

The stress rrea::nents were applied, individuaily-,
controlled "0 '-'- .i plants grown undercondi tbons (aiz--infjat2d greennousc) at ''c stagsSOti:elimination of N from - Nitrooeri,nutrient so!'ition; water, 'e''('oce ''itinq cvces: shade,
40-50S of nor:al illumination. 
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suitable water supply was not strongly affected by seasounal 

preci pi tat ion pat.terns. There was consistent diurnal closure of* shrub 

stomata reducing midlay transpiration during all months. The grass 

species, however, tended to maintain a constant stomatal conductance 

and allowed water loss to he controlled by saturation def'icit. Bence, 

the grasses used what. water they could before the near-surl'ace supply 

was depleted. The shrubs curbed their water us, (and thuts competed 

less with themselvts and assouciated speci e:;), and so they x tendel 

their growth into the dry season. Such in f,rmat ion has cons iderab Ic 

prac, ic al i I)p i cil t i ris for thhe y imanaigement, of a ro '.)res=l.ry ';ystems, 

i :Iid i rig ;IlIey cropp i II.n 

les Sois .;r"agroforesters 

What are some of the lessons for agroforestry from these and o.her 

eco Iogi cr:vt 1o I c ri1] uapproac(:es?/phys o 

o 	 In cont irous Iy fertile I abiLats cjnipet itiwe species will do 

best, al though in si ng Ie--crop situat.ions we need also to chose 

resource-har ing "crop" i deot ypes. In mixtures "assoc ia i:inn" 

ideotypevs ae lI ikely .o exploit. the avai Lt)] e erv ironmenti, I 

re'mSources betl.cr ( tUxI .y, 19115). 

* 	 In conL i ntouS I y uiprodiic ive hti i t;,t compet. ti ve irnel-; typu:; 

[ike I y t.o exhaust. resouc'e,;; of water and/or nutrients quickly. 

Slress- Lolernit. types wi I I cas(erve tie ot. iIizat. ion of' water and 

nutrients , although dry matter production rates will he low ,nd, 

http:res=l.ry
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where f*Ce iirig(: is to be continuously renmoved (e.g hedgerow 

intercropping), 
 "stress-tolerant" 
 types are unlikely to have 

rapi (Ire-gifrow t1 character istics. 

o Plants with adaptations for disturbed habitants ("ruderals") 

wi II genurally have rapid growth rates, high serd production 

(whichtmay a r mny not he requireI in, woody pe rnniai S, used 
for agroforestry) , short lea f- I ongevi ty cyceI s (food for 

nutrient recyclinpg), and with flowesrs produced at t.h. end of 
ttil)orrir I y fiavourabIle period (not the hbest sit la io) if this 

is r I Iowed by a long dry sesoft oin at i ilpov~r isheud s i to when 
tihe 1 ;111! is-; coi i t I t iito irrg s Lored rid/or rurr ent 

ass itoi Ial.ts for Cru i t deveioprroret). 

Ini fa(tL, ti. least. art c i(,nttary appreciitf. ioft of tihe rang(.- of' plit. 
s tra teg i es to he ritcountered, including fa:tors arffecting ant! affecLed 
by flowering ril frii i ng, is o"fson con. i derah If i lttjor ttiice ILo 
agrof'ores ters , bo LIt with regard to choice of woody :-i and their 

manageitert pLtion.s (iluxIcy 1983; 1985). 

Ouit ; imp ly w- IaM sunttirir ise these r-at.hor .ih.oret. ira1 1 Ihut 
fatr-reac li in j b-yst';rumrct i ldi n i o,-se.I vi-l %(!s 1I. t.t iter e "rio f'ro(. 
Iurih(os "ir Th ol o;ct. i err oft speci en for hiigh biiollisl It tovio.t itt, for 
xamt II-, ]itct ,crtow iti I ,t.(.rOpjp i rig Sys tetit , i tll I i - tiil (t i rt site 

(fhmr;tch.irisLics have I.e to: reot. Thef lt-IoI L rotOtt ornant tcss 

typu,; of woodiy sIpein:;'' )l (t.r tj afroforst.r-y si tuu. iotis carrie:s wil.h 
it soIe itt-built. ,rt i ;I i it.s to cott inuo s hnrvee ,i ig. 'tre,. ;lf.--t)ld 
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evo lul orlary conl I icts between "nurv iwvol" and "conrpet it ion" ar,. tI I 

very recal consideratiore; in undler:; ind i ng the prac Li ( cho i ve-; we! 

[have to make for aprot orestry tod::y. 

p oI ir ht. lfegeit.y ( ,orlIuxl ey, 1980a) 

liti.chever type ofC igCo o)res t r y s y t.emi is c:|l0:en there i 5 i,chlnctt .o 

WeI advl iage of er:v i ronmen taI het.trolfenei ty. Much of t.-:,cratet 

agr icu I LOre and foroL ry Ihs b .e i iled nt spec: i a I i sat ion 

(htiiager,i t y) , which Liti I i os the lit ret'its in output that cn i-'crue 

throrigi the ,e,2lativ , ise will]hwhich v;lr'iii:; inputs can be ade.I d, and 

iiiill; I1e111 m;o;ll; iil u ul t 

systern:'. However, ernvironninLal hLeterugeci.ty, 

g i ii ati d , so a:s Lo imix i I i lpu Irah m ; ,sriI: 

or variability, is a 

Cunrdonircita I Feature_ of' our .- rriirl og-;. Fruor aniojl all tihis apparerit 

"di'order" we have uhvc lal,:enil highly skilleud ways of" hardi ig samplIe 

ctita i, r oiden Lf tIr-, tio cItont iIii vir i o i I iIty in order, as Sri,iit ist., 

to be I),e to untderstand the main f'atures of it. Nevertheless, users 

of' land in the tropic ; invariably exploit. lieterolgere i ty, both iri space 

and time. Par example, a small farmer will ofte arralnige his crops to 

take alvantage of the v,ried pattern of so i I fert. i I i ty icross Iis, 

plot. Alsoi he may rse, seluentlita p1iitinrig:; t) o)tain t lie best, lt-rowtli 

,ltlrt un it ic;, or 1.1)avoid pa:nt iute,;. l in:;, 0:. far tio p'ss55it)le. 

'['l, i r ia'mr adop tig lielgi:-ow i ii .,rc.,)l)ing is, rFact,in ,:,1'at. i rg 

I er-ogeiit Iy,l. in order t a l ,xploi I it spI I i I i1. i es . As hi-dtgerow:; 

lri, they increrase tih,.:po,.ti ;,iI t'm-I ,.l)r,it. i ng the a ite v'rt i ca I I y 

(-'eI i 1', [or- u iv i ro rrt ;II rosom;r(l ! sl-lmingr r !,i !a , tih: irrig r, ir:; nrr:r iit I 
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growth is r'tsr 'ict ud. l)ee cr" Soil Iaycrs may be )cc::upi ed by 

nutr int-acquiring roots, and the soil water profileIn will be 

spa t i ,lly mod i Fi ed. Accuml at.led bi omass is mnovud lateral I y ancd there 

are induced micr,--climatic changes. 

Agrof' est.vv y:;ems of' lrinse,r by incorpor'aLing plant, spec:i es oI'
 

very diversec,ccaimll i c 
 I i t' s;pan and phenol ogy, and with di fferent 

spat ia r,-cju i rIeset t Ipr'ovi: a btt er- t.h1 stea I c:hoi ce of' 

:0OM) iflat i ois whi :an anharc the env i ronmen La I ri ths avia ilabl e... 

Iludg.e r IoM irit-rc lI pp II IIII aall q)pI')p i aI( c I iInat i c zor , al iIwlvIi rig 

t h l. I )'tl1. 4hal ' 5 o;it.n-(i fI - i s ; rJi;lrlriag lle tL , l||may-x Ir:it.lir rui.lli 

pat cut ii ta Ill a1 iiz sat is ic ir ry waiy thain salri)' so I f.. cI appjiFp 

systL:ms. It it. It. I we andirc'st.;iit more fully exac'Lly Iw it rch i cvs 

Illi:;wt wi I I not Ibe in1 any pr; it iom to d'vel op the system fill y. 
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F. SOMI FJRTHER CONSIDERATIONS ABOUT RESEARCI. 

hn!tr(od!Y1c t io)n 

'l'er' are a nufb'r or previ or; ICRAF po blif:11LiotiS, al others
ptr-ess, in tihet hat rtel ate to agrofor-estry rsarch 
methodology,
ibaCk gr-o i lr(I t o or theIuc h r eIr ' . h. ost o ' th e a r e Ppr oprl t e o 

hedgerow i n
lip,'ri inIVe-gt igag t ions. It Wo,IeI1rlllwrirer:.
rpl ri.I~I i y tIe'r, lo hI till.: th! r tevanL mat t-ri ai; iee, u) at, LI istpVlUlt iLC: il Appenti:. I which th! reader may Wish 
to ".Nr to for 
;Iditili aaI iilrltori1rra L i oi. 

•i; 1pq i 1' i rig :;i'm!li erill 1P iii tore:;I. 

illee -ropl ig i jls t Onvri form oOif" 7.urut " ;,Ir-ofor,,!;trymayil nlan' tI' itt I I ii clo1;idot I(
lipceu ofu hehdgeiw i a 'ererojij,;no re;eareni
illIl'~ii
r l o t.to th eWtro - of possibl aorofors., tr-y il,,es . j;it ions. 

At I'i I- t;i e liiuii(r- nIld I y of' (!Xl)fp
s r i (Isi•t roqup i 1,ed(l toiIv, t iLgP,; part i c a r i; gr'- rorf-4s t.ry prl)b IIeri; ald potI!nt i aIiJ)ter'v.o Io iii gitu hi er 1l liii t (( tI Con Im; i rigI 1J 1 -(t!. |",t
''<;ip I ep, t tr I, al ' ri(t Oliy tir1rid -eql;. o f I VI'0l3tFf
Imid - .1-.yw ;,. ;y: , 'Ill!; 1.1 1 1 .1''.
 . IiI l~ ll, I~y'l 
 l~ i';ll! 
 o l llll~ t 

.; f, 11,l';it 
It i 

1 wi -hr. Aniid I'n r ,i11;1r'ry f,)r oi ,h;rliy 
ki te r tir b or I i rIw I ) ;i r ; lr . i d •i ,f( rM iln ur1 ll 

icr ll:;o ;r:i t;: .1;.( lit rllr.i SrIoi:, r l i , p oi1l1:l ;tvf i l o., 
 I flow
 

', i 
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This situation is apparently even worse with refrard to tree/crop 

mixtures, some of which can be very complex. So, will this welter of 

potent iall investigugtions chas inif possible solutions lead to an 

unlinited proliferation of experiments? Or is there tny way of 

rationalizing what has to he done? 

The situation may rot be its bad as it sems. First of all, n good way 

to simplify the kinl. ot systems we are dealing with, and one which 

takes into ac:count thie set of initial experimenLal needs required for 

each, is to I urlp t.h- al I into jtst. three categories: "zonal" or 

'.mixtures" (whih are both Insed on spatial arra",ments) or 

"rottal ir;an i" (w;hih W alIti,, ing Iarida ,: wit itime) 

Z~oP_9J 9Lxt_'!_es.J! [. a:nr! rit t..!tona2_l pIoi_s' 

Zoaa t agri)f'o resLry ays; terrs; ire t.h ose in whiii "t.reets" (including ingy 

kind or pereno ia! woody species; are gecmetricrlly actianged in trips 

or piots int.er'spersed with agr icut tura l crops (includin ,ggrasses).
 

t.,t: two 

corliponrents, is rest.ric ted. 

That is where the it imnac:y .het;e rcomponen ts, or sets (if 

M ix tures are where these associ. ions are 

aranged in a way tlt more tre,-,qtntly brings them together (but. ro:. 

necessarily more c:ltsely); that is, where iiit irncy in rimi:o rrrig'. 

Iteidrgerowoppi op in ;airf-x;imp le of" the ri r t rnd mu lti-: I rnt.;f 

home gCardenrs an exarrip C. of IIIo' nc-iond k i i )d. otafional plan iigs- ofr 

found where Ird ithe r uin i t i , , fFri ra tfo at to prodmce,. i t.rer I.he 

"t ree'" rcolmt nenl/' or tthm I I.tniaI crp/s,g'1 irf 
 but insthen tnanhgi|ld tI 

thmne uther. Bush fa l w sysh.nf.min r1tf' tauelwood and/or browse/ h.wdm/i 
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plots using bushes are examples of these kinds of systems. This does 
not, of course, cover thi detailed ways of classifying agrofor:stry 
land use, but it may well be adequate, and enable research workers to 
start thinkirg about what generaul types of experimental tipproaches are 
needed, initially, at least. 

Two rfl.T ! 

Before tlese approaches can be considered, there are two other areas 
or in.vest iga ions tihat ner, n.ces.ari ly, to be included in a 
'omra eher.;i ,eI r gl, iw"re, i r t his is wha t i r requ i red. Resear'ch 

workers kmo ,rough, a I i .:;;:ri.,O)L:I al. least SoW!e of Ihe 
algl-
ICt It.Ura I rlI coalmponir ls, but jor iriaray or the so- c-l Ieel 
"imlt ilr-paame I rees 'e, with the xep tion of a few genera ( leuA2_emnaq 
Sor.e acacias, GlTic;ja !.lPl-!_la ,(c:_d etc.), it, may well bh.thrat. very 

I. t Ie i.nkrIOWr I abOULnUtIrh t.hi nga is p rrlopaga ion or t ree manageren t 
(frr eXanlmp I e tIre(p t,'; .o.;aa changes ill ispa :ili or lopping or prLinrig, 
etc.). Th,,s, almost r'erainr ly, a set of species introduction ard 
seIla.I ion and estI ah I i shaen L tr.i s wi I I he req ird :nas w i I I , in due 
couirse, ome rno.illern t i lives I igations, for at. lens t some of tLhe 
t.rees. In add it. i rn to t is t Irer. coil1d, and most probab Iy wi I I , be 

speifric are:as of te:hrnology that. rr:,.d to be uadre:sr!l. F'or e2x;lple, 
the poh nl ials fIol r:iI ogra f'i , orxat.; o For so i I implr'o n.el i in 
gi:n.ra or pal;it.ab ilI itn:d t.ed V"Ute, a1; 'ar'ag', etc. h'l se k inds of 
inVestI i got. i on; will I I t cer., Ir., u-se exis;t. ing, wet I rie i a!nd
 
tesa.eal experuimrental nethlol igie.s and they will no t be! con i dered 

furtler ht.r-e.
 

http:pal;it.ab
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Trials needed 
to select and test multipurpose "trees" 
will involve a
 

set. of assessments that 
lre soiewhat different from and mre compfI x 

than those usually carried out for, say, sole purpose timber trees. 

This ari ses from the fact. that. select ion might well be requ i red for a 

range of outputs, such as gums3 or medicinal extracts, honey production 

and such "service" factors -soilas fert.iIi ty improvement, soi 1 water 

conservation, shelter etc. 

The impl ications for assessment methodology and data analysis when 

invesf,igatirig trtees in this way are numerous, and Some of them ate
 

con ii dererd in the se t.of "'Source Mat ur in I c; and Giiijde I ines for lesevarch 

Mh:[hl,,)dology for th, FxlpIor-ati n art Assi 'ssmeit of Mutltipurpose Tr''es", 

av iIlat hr-f'owIu II AV. 'T',b I1- 3i i; aI ,verai I I suuimu;,1-y I:Iass i y i rig I IIe 

basic "set.s" of investi gaLions to he undertaken initially so as to 

ci,ver a ful I progtamme of' inve.st igation. 

Commijont eoent~s 

In tIac t, Allhough we have reduced u.hiekinds of experimenta] approac:hes 

to five sets, there are some common elements in 2,3 and 4 that make it 

ever) sililen. For both zonal and mixed agfro forestry the first Lype of' 

informatiot z',uttel, aflter :hoosing potential species, is about their 

it eact i oi.. 'Ilhi s is bes t done it. heby inrve. igal irig " t-ree/vcroIp 

iterlaces"' In fart , the ini iail choiei. of "zona I " or "ini xed" 

airunige nLe!L;,, I t e I I )!s th(i r uliseqirl)i i1Uiiii{grl,uritlm criinnot. log icail ly 

be mode unlus:.; the inte:ractive ,ffects of the woody and ;gr iculturn I 

c:roip cii(-IIIOtils oo1(oie(arlothler" are knowl or callbe predict.ei. 

http:predict.ei
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Table 31 The five basic approaches to agrororetr

exp.rimeto Li o* ( from 
 Hux ley, 19(bh). 

Categor~ies sets of xper i.ments_required 

1. 	 Species selection anid M'lt.ilutrpose tree introduc tion,

Lest ing (for all types s tab I ishvent

of agroforestry aid 	assessment t rials; ssessllien. 

methodologies and data analysis 
need careful review ai(, in 
s0ome cases5, have to be 
deve I oped. 'l',e, es Lob1)I i shmeL'n L 
will offen .icedto be studie.d. 

2. 	 lrv(s.it iLgion. Tr-ieu/Crop inler face effects; 
concerned with simple phenology studies
 
promo ti i o f I' ,x xd ;i red at. p0V idIi ng 
 in torma I i onagrof'ores try SySSLabouL t 11.0 manafgemen t 

i.ves Li go Li oni!; i n to ways o f 
op t im i zing env i romnt, 1 
'SNOuroIf' 1;hm. ifrlg; Iard 
:;ustaim )ijiy. 

I. llv(.:;I ig;lt ]o0; (cOllcerl(r d Tr:e/crop lit or fare too Iso
wiil the pronotion of simpl,! nman ".mient tr-ifls 

1(_l1lalt ro1;'or: t.ry ( Iopp i rig, spaci rt)
 
sys I vIs fond nab ii
us Lt 	 t y. 

4. 	 Inves L.igatioris concer-i(fd -Trci--planting density; Carly
with 	 the promot ion of managenent; harvest r'u:movals 

oro'ore.s try relationrotaio na 	 amo in to the "trade-- off's" 
systems to be dcci dd wiLth reference to 

quaolLity of' outuIt. reori(ive(d 
versus land su:lai m1ility. 

5. 	 Specil subj'..ct ar.o Fonro exanll I, ni trogeo1 f'ixlt. ion;
(accord i Tif 	t.o orhoney gulm producLion; fodder
problems associated Value; ortiilier fuelwood 
with particular kinds quality, etc. These will mainly
of' lrof'orr;; fry systeii;) wel I t.rieduse res,.arch 

lh0(odo(I ogies 

t 	 Note!: f is I ikel y Io be comimon to !dIi ~, t11( Mliiuid 4wil I be 's1f led ;irco-d i [.g to .h,- t,ypo, or . lyp;s of'
;igro (:;1.fry s y.i L sm; 'ofr wh i :h t ieth r0en l;r-ch is to Ie 
li 'iii.,i ]iilll h5;ni,'sI, illy 111.-s.1ry vlily ill : i. icli oll- r e; ;. 

http:lrv(s.it
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Similarly, all agroforestry systems are 
supposed to address the
 
problem of land suntainability more effectively than many agricultural 
cropping schemes; so thot investiguli ois ahied at p noIiin zon a l, 
mixed and rotational agrnforestry will all need to evaluate, from the 
start, the efiect<s of the plait component s, either sing(ly or in 
mixtures, on soil character istics. Thus there is another set of 
common, priority investigational techniques that should be included in 
any exper i men ta I progiamnme. 

(y rop tr o ct ion or "s o il ii~ ( v * : t e d l l~ 

------------------Vire It iii I emimprir he 

Figs. 14 and 15 show, diagrammatically, examples each type of system:
 
"zona l" (permaneun "alley- cropping") ;" mixed'' ( rmerlrentn mixed high 
tree/high crop); 011d "rotational plots". The accmpanying notes 
inrldicat e what tie prilncipie objectiveo: (oirtoille) of -,,lptint. eiri l of 
thes, i Ik,.y to b,. '[aiungyIa l-ad ig to p intat Io;a fores.try (or 
perhaps, to a tlee "Fallow") is also incluchvd. 

TrhLe.;mst iii:; :onrtraints which lead to chosing hedgerow intercropping 
(periirent, I Iay rropping, are likely to b) relate(i to achievin g 
s-ust-a i110_cuol, yiel ds. However, from what has heen said earl ier on in
 
this 1oll-king Palper, there 
may well be sites where long-L term beneficial
 
soil changes ;tre onlikely to be simuiLtaneously achieved, 
 or at least 
not. unt i I many vearIS have paissel (e.gif. si-riin arid zones). 
Similarly, rotatilonal plots may be chosen in order, mni nly, to bring 
about iene ficiil chngs.n t___heo.jl. 
 Itou there are a number of 
e:onomic and social t:tors that may well pr: Ile th lieir use, as it 
nicari; t.aking tlie oll
t;it! of crop pr!adurt.ion for nuimberi of' ye;irs. 

I.n fart, i :iomrromnliso approach bet wen the "zona ' nd "rotational 
plot" piro fi:h iliaiy hoili the nr , pron i;n.; wel I 'ltii. :;The Ion-'i'.l1! this 
is :;howln in i I. 11;. Ias i cal I y it Ineaniis plant i n sui t.able'i woordy 
spec:i es For init ial h leigrow intercropp in, b,ht then ;iIow-i rig it to 
ifrow into ;i rom'Ilet e cover as a temporary ' r-lti ioralI plot" (see 
I LCA's :urre rt. triil, using the "rotat.ional p lol.'' i- oil 'orr animl lI 
browsing (aind see Unaintree and Warner (I19116 ) forI- a ulicussi on of 
trends of intensification in agro forestry sy;itelmrn). '%h is is a higihy 
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flexible approach which will enale tile farmer to adjust tile crop 
output/soil fertility improvement aspects to 
 suit his own
 

circumstances. 
 The "trade-off" between removing plant biomass (in 

harvests) and leaving it for soil improvement is 
critical, of 
course, 
and implies a period of' adaptive research with these schemes in order 
to optimize the ratio of 
 time under alley-cropping 
as compared with 

"rotational plot". 

There is 
 considerable scope for systems research ("prototype-research)"
 

on Suc-h an 3cheme. which, 
once again, emphisizes 
the need to consider 

"hedgferow intercropping" as Just. one form o' agrroforestry. 
 'lis is
 

especial ly the case 
 ir it werv t.o h, eIbor,,ted as .just part of
 

mu 1t.istor ical system, shou Id thi 
environment 
offer this possibility.
 

It i lu:strate:3, also, how the 
 basic "sets" of' experiments listed in
 
T'zblle 31 catn 
 be ,'nvisaged 
;:s eich underpinning 
a wide range of
 

potent ial Igroforestry land use systems.
 

Focus
 

Larg or small? 

F'if Id experiment.s which est.ab lish I'-irge plot.s with various kinds of 
hedpcrow iys tems on them can provide an invaluable initial insight into 

the i itmensions of the probI lem; invrlved. They can also, undoubtedly, 

elarit'y what kind of effects are important (e.g. the overall outcome of
 

u.sing plant res idues, the inFaIunce of shelter, 
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hedgerow management etc.), and what their magnitude is, as well as 

giving an indicalion of what are the niost important experimental 

variatl :s influencing these effects. But then what. is needed is a 

more cri Lical assessment, using experimental situations wher,! the most 

impart.ant. variable; can be carefully examined, over a suitable range 

of env ironrenta I conditions, and without themheing con founded. In 
addi iaion, some speedy, cost-effective _ndaptive r(search aproches are 

a Iso needed for Lhose who, necessarily, h; e to try 'best-bet' options 

now.
 

Far ;ihvo for, t ry the ways to tes I. the! var iab I(e q i cklI y but. 

Cr it icatlIy, is througlh car-fully d(tsigned single tree or snall plot 

trials inlwici.h they are isolated and tesl.ed iii r (at. ively simple 

com inlat ions. ly do itg this we Iose a melas;ure of exper it;herif;a! 

efficiency that. would come from studying the int.eract ir.rs o f variables 

in, say, factorial combinations. Hlowever, block si ses bntsL
Ie kept 

siil I i I' iniwait ed I ocat. i ona I var iili i ty is not, to swamlp tlhe
 

experiment. Moreover, we 
 may be so unfamiliar with Lhe experimental 

plants (Mllr.) and p)oss5ible manalemtr.t pract.ices that. we ,just. have to 

start very simply. 

Tle ftor anld e|l' i:iercy af' adaptive t.r'ials depends. en what. we krw (or 

think we kniw) ibaul Lhe relative imporLance ot the vahi abLes 

ii rvo I ved, bu t. . ;rse can target in n s i t.--; I);c i es- inaii menrent 

ol it ili t iol. 
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Considering the arrnngements and behaviour of MPT species 

As with all other forms of agroforestry research (liuxley, 1984) that. 

for hedgerow intercropping will involve:­

o selecting the appropriate species 

o selecting appropriate management practices 

o designing an appropriate geometry for a system. 

In fact, a1 complete analysis of the problem requires a careful review 

of the mosL relevant topics for any particular- set of research (,bject.s 

from the matrix shown in Table 32 below: 

Table 32 Factors Lo be taken into account when considering the 

selection, management and evaluation of multipurpose frees 

(see Huxley, 1985 for a full explanation and examples). 

What species? flow many, and What 
Ilow arranged? management 

The si.ngle 
tree x x X 

The Ltree
 
a-s a cro;) x 
 x 

The t re
 
grown i n
 
a mixture 0 0 
 0 
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The bottom line clearly refers also to stich systems as hedgerow 
intercroppi, f asbut, more fully discussed in the original Working 
Paper ( IWI' No. 25, 1914 published in shortened form Iluxey, 19f85),as 
and in1 previous sections on ecology/physiology 
 in this one, a 
knowledge of what to expect with regard to the origins and behaviour 
of the tree, overall, is also likely to be needed. 

Experimentalj _!Ip roaches 

Breaking_ thc.-sys tem_ down 

In order to FocUS; the resea.'ch more preci -;,Aly a divi si)ol of' ally 
hedgerow-in tercroppi ng scheme into 3 seperate parEIs is proposed. 
These are: (a) the! -ropped area, (b) the hedgerow it-elf and (C) the 
"tree/crop interface" (see Fig. 17). Enough might well already be 
known about how o managet the agriculural crop, so that. re;earch can 
be conco. trated on (b) and (c). As stated above, these nivht well be 
best tested separately, unless somc information on h(.w f.o maniag( them 

is already available.
 

'I'r-ee/crqp n rface invesig A ia._ons
(see also lux Iey, I 9fi(f) * 

'tree/crop interface exper'iments wil.1 normally be undertakenl wil.h one 

of two ohjec:t ive ; it, view: 
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a) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 c 

2 

3 

01 

2 (b) 

3­0 (a)o 
0000000000000000000000000000000 (C) 

2 (b 

01
3 ., 

-0 

0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ig 17: TheIC 1)IJi~i "paIrt.!; ()[ cilly 11 I ey-C,-jop[)ll I~chl2nes 
a) H ie c ropped areai (1))I t lifj .ro/ rl in r f aCe" 

and (c) thle Iledje r-ow i t !;eIl 1 

, If)( }y 
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0 To Les I pia i rt; fF p Ian t. componen ts (woody and non-woody)
rand/or manrrgemo.t i I j,,ic.,s t tI,, # i, dud (,+t, of topping the
hedgerow) in order to obtain a relative ranking of the 
'jutcorie.
 

-- these most be done inder i set of' stancdardnlized condit i ons 
rather like a "biologiral resay", which will tend to 
maximise thet interfi+ce effects (see TabIe 33) whi Ist 
.still retaining a feasible level of qrowth/product ion of 
the crop and (say) hedge plants. 

o To sinulate a pracLi cal sitiration 

- a, terna Liv advaririgeous manalgemen t conditionsi( compared 
with the "standards" (above) might be imposed, but some 
of these maiy oiviate competitive effects between the 
woody anld Inoni woody plant componen ts and so rerhlce 
itLricL i rs . Indeed, the obje': , ives may we I I be to see 
exactly what -om) i na L. i on of management treatments and
sp(c : i (e,: t's.f I I !- ii a mi ii miim amount. of campet iti on 

eLtweci Ih,, weedy ;aid llon woody cOII()rllf!?t.s.
Table 3:1,: ,il g ,illi tL o . ;ilti h ir relat ivcy fc t.,;A il t.-cc /cro 

iliter ,ictjo:.; ttldir;ilc- a:; tielleficial (f*) or dr:tri lient,al () 

h'rtfet: oi C1T0I , RffecL oil woody 
growth plant (hedge) 

growth

' t t Iage
 

Fert if izer/ i rr i gat i onf
 
"(overa. II i 
 + 

Hedgerow I lppi 

c Len Li on of' hedge
 
l opp i ngs oil Si te 4 9
 

Iresence of crop 

1'a tcfsowingfofcit rcipll 

-iaduc':od plain ing 
deti!;it.y of c:rop 

*Ari i tic:rriine d orfanyde,i~c c l trrilt.ilent i,; likely to have Ini nhatiricecd 
effect of the same kind, aid om i ss i ol of a t rea Linen t will L.end toruvlerse Lit i(-tld Fr" t ti wooly ind non-woody P) I iL c"l mpallent. , 
r:sp :t i ve ly. 

A 'Programme cof Work fror 1901i" arid Lice! first "Interim Report" of theIC.AF/GTZ Project on "lev'lopnert, of Research Methodology Aimed at 
Simplii'ying the Study of I'oenLial Tree/Crop Mixtures" is available on 
request.
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Geometric -designs 

Fill. I I shows the "ifeomet.ric" and "geometric/systematic" field layouts 

that have been proposed, and which are under test. These designs can 

and shou Id Ibe repl icated, but. they nre not amenabI e to 

'between- L.reaLent' stat ist i mnl anl I ys is. However, it is our 

expel-i clc so fill., that they produce a considerable aI lti of valuable 

ob;ervoion I/meatsurement data that -- n provide a useful insight into 

the wly variIoilS pairs of woody and non woody plant. associates call 

interart under any particular set of management cop) it ions. [f they 

can he int 1-,m.,n tI s(o a'; to disc)ver the reitsoi; for the plant 

hc.h;lv ioltu i;1ant glowth rc ,ponsesfOltind (i.e. Ill 0!V1115 i)n t l-iv i ritl La I 

int cr c. ions) , then Lhe results become much more llmeaninfful atd call be 

used to in.t.rpre,-t ;at wou Id happen under" i ffecu L -nvironmental/ 

manalaffeill ,-i hitoL iols. At all event.s, they help to focus on the most 

important experimental vaatiJbI es, wh ic) can then be examined more 

criticaliy ill . field experiments.colvr t ionl st.atisti caily-ianailysitbl I 

Early on in hedgerow intercropping experimentation it is necessary to 

decide whettler orientation is a factor to be considered or not. There 

are aii ff r,.unstti; why it should be ;,nIshatding, windanumber (sun-itglc:; 

)rofIi I(-,. etc. ) I t. illiy )e of' Itess.; i tpot tonc( i r the humi(I 

trop i u:a/'I t s il i:e t I s.oi I water stress, a!Lhough sItlwly coiditions 

make any stl ding tot(! tlctriment.aI), tlhan itt sem i - ar d reti i ins where 

hedgerow in.t.rf'trenc-e with rainfall distribution could be! :ritical. 

If'ocietituit.i,,n i; to he i nrue) deI as, a f': Loe ill des!; i j,, then the 

geometry of the Ilyout will involve selecting particu Ilnr angular 

reirt i oships. 

http:tlctriment.aI
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The "geometric" designs tested by ICRAF so far represent the first 

,examples of a whole set of possibilities. The existing designs ([20o

"Y" desi ,ns) were chosen as affording the least number of arms that. 

coild be used and still allow some estimation of the erf 'vct.s that 

wollId occur in any other- orientations. To be able to predict these it 

is assumed that any "response" will follow a sine curve. However, one 

then needs to know the orientations at which the maximum and minimum 

responses will occur. For a climatic variabie such as shade, which is 

de;'rlent on the sun's d,.:linat. ion and the latitude, this is easy to 

calculate. The direction of' .revailing winds, wh i cl will affect the 

crop p lant 's responses both to shelter effects an to ra inf'a II 

rta isi hut i.o Iy h:d.-. -'rows, wi I be ois,) known, or it can be 

Mruie.Mo Vd. however, t.h e f'Fect.s of sun and wind may not. co--inci de 

angularly, and so s-,in contunnijng of e f't'ects will occu. 

It remains to be seen f'rom the prac.ical field tests what actual 

ditff'i ciies there may be in interpret tion. ilowever , to avoid this­

although at greater cost -- it is easy to establish a feomtr:i c layout 

with a greater angfular discrimination - i.e. more arms. For example, 

at ICHRISAT an H-pointed "star" design has been laid (own with gaps at. 

the cent re (IM.U. Rao, ir;. comiin. ). Vi gn. 19 and 20 show he most. 

recent. lnyouts ltest.(d ICHAF's Field Stati on, Mni:halsos, Kenya.being at. 

'lu- the f'i rt. hI:C is ion is abolut what angular discrimination is 

reqluired (a i:onunorn mu It i Pl e of I H0o - ,is rirms on all rc i pr'oca I 

r'irietat ion angles are jiust. rcl I ica Les). 'I'hen the unit ; (arrms) 

representing each nngle can be spaced out as required in order to 

http:Mruie.Mo
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awdd mutuI1 interfe:rence. depending on the extent of the 

homo)ge:n1eous, f lat. arer ova i aib)le. To arrange them, seprl ited, iii a 

strip may take fip rather a lot of space - but they caln be !'itted 

Lotlglthfr as illFig. 19. 

1'robIe ofsr p1 s0 fil _ I.
 

'here are two aspects of u;ing geometric designs for tree/crop 

interface studies that. need careful cmosiderat io; or, at leat., an 

ir'oeSs of titie probi les inlvIveil. lheay ;ar c :onunon to atI I srmi I I plot 

tr i Is,, Ill I'm I , bid lIhi i t 'fec ts are at, especial cor:err if' lhe 

() ti i p inmii ;II;I- iill p)', t I mItI it a re to;ll ( - l n i rl , iiillldiVelo) 

lbt ret a ted toa c I iIli t ac t or!; i a1 a q1;illt,i ta t, ivye uallier I i i of d l , br­

example, to tests a plhyiyail lhrO'y ( -. i. to Ostahi i.;l a prec ise 

lleasire of )1pia, r e!pl .iprlsvjt [(o eviiirat ye dtpi;ir (:itlused b)v changelr in 

:;pr,:'ifir climatic variab[).l '.se ;are the "fetch" of the sit e and 

the dtegree o r "vnv i ronernta I cop1 1 i ng" that. is exhii.i ted by tie! c rop 

(,mi veleta tion (as di si.eild ine Section C, above). 

Fe tc.h 

Fe~10 1 i .; defie arst "a [ iiw nt continullous ex tent'. Ill Olte sellse- i t. i S 

|t!;,'d ii I 1 1 all 1'n t i 4Ir; iI (;ll w,,- the :in " dita; c, orf groiundt crop " ,' 


Ofl Vi, il l i 11 ill"r I ;,I ri iii I o (I i m i nr ht bluniiina,-v t uIrbI I(!i(: or 

peirt'rlat ion lltt!c. l, ( lori :;op Iif, iii irri wa er use stilutie.); or lie 

(Ii rstiit(: refill redI to ir:h i eve all (erti I ibril1111 flow rate tf air, or an 

equilibrium aet of humidity condit ion eLc. 
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SmIall plots may surrt- hi as etffect-; nnd anr increase in the error 
var iace :IS;ed by unwan ted plan t responses to anoma I ous 

mir:ro-clinitic varic,tions. This is due either to all "island" effect 

or some ex ti:raa I i rirpedenie to the sioo()Lh 'ow ofr air, water or heat 

energy ac rosa |liel. 

Becilse a tl e/(ro, iut(erfice wi 1 only coo ist. of, a r! I .i vel y short. 

transect, and be uinder study in a plant arrangenmont of some particular 

shape (:.-.g anr.I ed hedgerows) , there wi II alImost. i nevi tLab 1y be 
prob leIms o t' Itch, llowever, if external obst.ructions are avoided any 
ronditions of', "ir :',ample, irregir, lar pat t ers; )C turri Ienct at the 
irt :rt'ae will, :t ieast realistically s imulate ;InaturalI condiLion, 

comlr)(!X as it. mIIy bIe. 

Eivironmenmtl couplIinrg 

This was cons ider(d in Sect, ion G. As a reminder, hr i efi y, veleLati on 
with a rough canopy is "closely coupled" Lo the atmosph.re and the 
individual p,lans have ( lective storratal control over t.rei r rates of 

transpiration 
ard assimilation. Dense, "smooth" agri cultural crop 
canop iu; are "poor ly r(,aJ ted', arnd their rates of tr.m;piral ion and
 

alsisii klt ion 
 ie mort closely :;,-[by radiation. 

ia ter.is of' experimr'rital;r deusi gn ftor tree/crop inriterfrr:.r . ieints
 
it is as 
 weI I to rem..mber that hedtgerows are likely to wet I -:oiipler, 

but thom!: tlh;,lino.,lvo e plots; of* a woody p1 ant. Lhi: outs i le (!dte ofI' 
these will be bet ter-coupted than the midlie, and tLhis mlighit. in'luence 

http:atmosph.re
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the "driving" variables cootroll ing watru- loss and photosynthesis to 

s omne exnt. lloweve r , "calllopy" struc tire in ii exp rilmeii1. al tre/crop 

intelace plot is likely t o be simi Iar Lo the alfrofor'estry fie(!l 

s Ltitut i ow; to which it mighLt be ext. rapolit.cd. So thaL there is 

probalIy little to be concerned about wit h regard to the pract ica I 

vl I diy of any collipari sons, it relative terms, but the interpretation 

of more detailed inves t i ga ,ion of absolute va 1ues of b i ophys i -aI 

i it:re:erits ((.g. ass i II i l iti on anl/or r-vaipocL rimsp i rat ion) need luore 

cantions interpretstt iol. 

http:rapolit.cd
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