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PREFACE

This Workiug Paper  is  not intended  as o review. It 15, rather,
attemptl Lo sclect  some examples  of  informaltion  and  issucs that |
consider to be  fundamental to the  advancement  of the asubject of
hedgerow intercropping in particalar, and agroforestry  expervimentation

in general., I started putling tt topethe during 1985 and, some of
the comments, suggestions and proposals o bick to inchouse  memos
publications aboul  expervimentalion  for agroforestry  civenlatod o

produced in 1979 -80.  Othors are fo be found in "Source Materials  aod
Guidelines  for  Heseoarch Methodolopy Yar the Explovation and Assessment
of Multipurpose Trees (initinl Iy circulaled o 1981,

Necessartly, it deals with o rather wide range of subjgecl  areas  which
support.  and  iJlustrate the topres chosen Lo sustain the argucments and
cosultg proposals.  Some of these topics have been, or  are being  more
Lthroughly dealt  with by others an ICHAF.  Por example, soil aspoects
has olready been Lhe subject of o Workshop  (Mongi  and Huxley, 1940)
and  of the first issue of Lhe "Science and Practice of Agroforestry”
booklets ("Soil Product ity Aspects of Avroforestry, by PLK.H. Nair,
1984).  Also  Young, is preparing  an  in-depth review on “The role of
agroforestry in soil and water conservation', "Windbreaks"  are being
reviewed by  Darnhofer:  and varicus  parlicipants al  the WMO/ 1CHAER
Workshop  on "The Application of Meteoralagy  to Agroforestey” will
certainly discuss some of the issues of ¢l .ic amelioration and  the
use  of  mulch, Voody plant minagement has been mouch more thoroughty
discussed in papers in "Planl. Hesearch and Mgrolorestry”, published by
ICRAF in 1983 as the proceedings of o meeling held in (981, Also more
recently, in "Trees as Crop Plants"  published by Lhe Institute of
Terrestrial Keology (UK}, L9485, as the rrocecdings of a meetling held
in Edinburgh in July, 1934,

In  general,  the suggestions  and  preposals concerning  experiaental
approaches are presenled as Lopics  for  consideration  and discussion
amongs Lhose who are  act tvely  cogaped  in hedgorow intercropping
rescarch, or who are currently planning to be.  There are,  as  yel, no
sets off "rules” or "principles”, or even firm "guidelines", until] the

1ssues raised have been further discussed and  evalualed, Al present
the contenls  of  this Working Paver represent. mais ly my own views and
suggestions  derived  from personal research experience and the

opportunitics 1 have had at JCRAF over the last seven years or so, to
chserve and discuss what is going on in experimental agroforestry with
the  keen band  of foresters, agronomists ete. vho have been busily and
enthusiastically converting themselves into "experinental
agroforesters”.

Peter Huxley
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ABSTHACT
The paper discusses some  of  the background issues Lo the
plant-envivonment  interactions  Lhat af fecl hedgerow intercropping
in particular, aml aroforestry  in general. Putting Forward

various  sets  of  conclusions hal indicate where eritical resecreh
problems e,

Hedgerow intercropping is one torm of zonal agroforestry  in which
plant  residues  (from  tLhe hedge)  are utilized to  sustain crop
product "on.  Some comparalive  examples  from tropical  agriculture
research  are  given of  Lhe effect  on crop  yields of applying
organic matler to the soil.  The need Lo main  a balance  of  sor)
avallable  nutrients s emphas s In many systems  this  hos

involved using sulne fertilizers, Helatively large and
consistently -applicd amounts of plant residues  are usus) ly  needed
m order  to improve  the  normal ly measured  soijl chemical  and

physical parameters.

A summary of three extensive reviews of tree planting in the

Lropies  is® given, These  highlight  the  fact Lhast, conl inuous
cropping  on most  tropical soils brinps  aboul "long term” soil
deterioration.,  Tree clearing con cange major  problems, but even
i the "moximum product jon phase”™  nutrients  are  lost from the
svsten. Any kind of cropping which removes @ high proportion of

tie planl bilomass i deyrade sot g, Howewver, hedserow
tntercropping in high  rainfall  areas {1000 mm. p.a.) and  in
reasonably fertile soils (Alfisols bodoes,  so far, appear Lo
aatnlain crop yvields, Tt is suggested Lthat we nead  to know more
about the "short-term” coviromuentazl  offects of using  plant
residues that can help bring this abont i we are Lo be able to
extoend the  practice to  other covironments, In dry  regions,
hedgerow intercropping nay have: an important function in

preventing soil erosion and roinfal run- off,

.
The  ability of  individe: tree species to enrich Lheir microsite
is discussed, but the rather siow vate al which this  occurs’ should
be  noted. Factors involved are commented  on. When trees are

Erown in some spalinl arrangement to cover just o portinn of (he
ground (as  in  hedgerow intercropping) their effects on the yvield
of adjacently-grown crops appears  to be much  greater  than t.hat
resulting from the "equivalent” coverage in Lime when trees/bushes
are used to improve soil Certility through o fallow phase,  or by
growing plot  of trees in a rotation. A computer model available
al LCRAF ("LANMODEL") helps to expose this paradox. Again, mixing
Lrees  and crops may offer o grealer opportunity tfor the shorl--Lerm
environmenlal benefits, bolh acrial and adaphic.

Pasture leys, and the use of percinial  grasses,  are established
methods for improving Lropieal s01 and/or providing
fodder/muleh, They must not be overlooked.  There is a peed fo
compare  both  woody  species and grasses ab the same sites jn order
to establish a better appreciation of their resource-use
capabilities, also vis—a-vis hedgerow/grassrow intercropping.




A section is devoted to exmaining some of the Lropical work on
mulch, Titter and preen manures.  Cover crops  have nol proved
extensively  popular s they ore difficull to eradicate.  Grown
under Lrees, however, can benefil the soil  and  are oliminated

when  Lthe  tree cannopy  closes. They may, therefore, have o
place in some hedgerow  intetcropping  schemes. Exomples  are
given  of  various  kinds  of responses to malch (From the Amazon
ind trom  East  Africay. These,  again,  illustrate  the  larpe

amounts  of plant  cesidues that are required in crder to change
long=term soil characters, bul  various examples 1 llustrate  the

benefits of  short term offects. Timely beneficial changes in
topsorl woter states and, hence, nutrient  availability  are ke
iusues that  are well documented. The  infloence  of maleh in

increasing fine root growla,  level of activity and  donpevity
are mentioned,  with examples,  Data on the biomass and nubrient
content of closely nssociated sotl frunn are difficult  to findg
but, as  this may  be an important contribution to the nubtrient
cycling  process,  and total nutrient pool, Wi necd Lo
investiigate  the processes, rales and times of whal is happening
under the redatively small mounts  of  plant rosidues  deriverd
from  hepevow  antercropping,  cspecially  in semio ol ey ionts,
As mulch can enbance internal plant nuteient  levels  Lhis  can,
again,  contribute to  Lhe tymely avatlability of nutrients ot
different stages of vlanl growth and  development. Compiex  bi

and  tricoartite symbiotic associalicns  can also be encouragoed
by mulching.

Litterfall can be a very  important  contributien te the whole
nutrient  turnover  in oo system, supply o wide range of nutrients
(according to  the Lrec  specics). Examples  are  given  which
emphasise the need Lo consider hipgh bilomass turnover and litler
nutrient Balance in relation Lo soil characteristics, rather
than Jjust Lo concenlrate on nitrogen fixation potential.
Recenlly reviscd views on the proportion  of  carbon  assimilales
fruil  are transferred  below-ground  suggest  that Lhese can be
much higher Lthan originally thought. This is disenssed and  Lhe
possible limits in hedgerow intercropping of Lhe contributions
from both Litter and the Fine-root funclion are noted.

Sheller is deall with very briefly in order to point out  its
possible contribulion in hedgerow intercropping and, hence, Lhe
need Lo consider orientation as  an axperimental  factor. The:
increased  water use  of  windbreaks  or hedgerows, may however
offsel any benetits to the sysbtem as o whole, depending  on Lhe
envirormental situat ion.

The  relevance  of  Lhe  concepl of  "environmenlal coupling” s
mentioned, particularly with regard to  experimental  situalions
where  an  understanding ol plant-environment, interactions
being sought.
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Hedperows  will  normally  be closely coupled and, hence, factors
such  as  wiater  loss will be modi ed by plant control
mechansms. Again, spatial arcvangements  amd bBreecome:
tmportant

The ffects on subsequent prowlh of lopping woody pereanials s
briefly discussea,  and  some supportive  examples of data from
the Literatuie are piven. As o lopping woody perenninls  can
diwinish thes effects ol other treatments  coug. malehing)
hedperows  may  seem to be Jess affected by the than  the
adgacent crop. Fruiting  hedgerows have  great potential, but
procise Yorms o of dntensive pruning may have to be invest ipatoed,
as there as a need bolh to optimise  fruit viceods and  limit
compet ttion with nearby crops.

Some veolopical concept s relating to "disturbance',
"competttion” annd "stress tolerance are out {ined, The:
tmport ance ot understanding how plants hinve developed
particular sets of  characteristics  under  major envirvonmenlal
pressnres  that  can make  them  more  op less suitabie Far

b ent tvpes ol aproforesti v aystoms, inciading  hedgeron
interaroppioy 1 noled, Mifterent ceolopieal steatepies hiave
tea to camon sels of plant attoibutes, an terms of both forsm
and  fuaction,  and the recognition of this could be most helptul
in the seicction of aultivurpose irec species, In  agroferestry

systems  we  are Lrying Lo exploit helerogencity in both spice
and tume even when, as in hedgerow intercropping, the number  of
plant component s are  assemb | ed in o timrely "simple”
arrangement Understanding  this  heteropencity s he key Lo

manpgang it

The vartous possible lines of  reseorch that emesge ffrom the

discussion points  in this  paper so far could  lead o«
confusing number of proposals For research. fnstead, o simpic
scheme  ftor  considecing  all  research under 6 headings (for
agroforestery  in general) s put Forwared. A key  assuc, of
considerable tmportance  in simplifying hedgerow  intercropping
experimentat ton, s the need lo study the  "tree/erop

interface”.  For Lhis very stmple Tredd Tayonts are ol that s
necded  ("Geomelrie designg ). Systemal ic desipng can be used to
study problems  relating  to b managienent of  wooldy  spocios
tecp. response too lopping, when Phese ore proeviously unknowa ),
Soth aspects, including investipations of Lhee ol fects of  plant
resaducs on Yhe crop o and the  soid el can be stadied
separately vgine micro plols,

Such o samplified  approach,  which, al Least, mitially,
idenbalies and separates Lhe oxperimental facbors involved, g

probabity necessary where new  olant  components  are bering
considered.  Investigations can be done on small plots,  and  so
limit unwantad  Jocational  variabilily. This  approach will
establish, quickly and cost-effectively, what the most
important variables and levels are. The more complex

investigations of interactive processes can then be carried



out, subsequently, in stualistically appropriate, robust, plot
trials in o much more focussed way., Stmple  Jayouls  and

cheap
but  eftect v asnesswent e thodologics  resulting  n

AN
datay sets, e whant we fiest requive. However, small plots can
sut'ter trom problems of "feteh™ and o knowledpe  of  the  extent
of environmental conptng 15 nesceded 1 f
eivironmentalsphyarological measurements are to be talon.

Hedperow antercroppang can certainly be seen as oo potential

alternnt ive to shilting cultivation or  depraded  cropping
svstems in che Loopaes, It ecan further  evolve 1o a syslem
whereby  "allev cropping”  alternales  (with oo removal  of the
hedperow plantsi  with o "rotational  lree  plot” phitsie, The

atter functionumg mnnly as o soil fertility restorer. There
are,  pndeesd, et ons possthil it e

including having  bedperow
tntereroppim sensa s steeeto, or "rolatonal alfey cropping”

. or
etlter, with R ittt forming hipher canopy. Leading
eventualls,  of  course, to desipned multi sleata systems,

"Frototype™ tescarch on these possibilities is als. seen Lo be
required, bat 1t woll ondy be effect wely  carried  oul when wie
understami more  Maily some of the wiys Lhe components yn Lhe

svatem are anteractong, amd we can hoave clearly tdentifying  thee
pProce:

Ses b witich covironmentai o resource shaving  can e
optimsed,  Loth by wefecton of species with appropr gt
chiaracterystios,  and by suitable manaygement pracorces, Wi thone
this  knowoedpe the design aned manayement of hedpgerow
mtercropping  schemes  {or any agroforestry schemes); roverts Lo
a4 process ol triatd and error,



Rationalising Pescarch on Hedgerow Intercropping

An Overview.
by

Peter.A. Huxley
ICRAF

Nairobi, Kenya.

A. INTRODUCTION

Hedgerow intercropping  (or "Alley cropping”) is one form of zonal
agroforestry.  That s o Iandusce  systom where  woody  and non-woody
plants are grown in some geometric arrangement  of rows, sirips or
plots which will limit, to some extent, the intimacy of the mixture.
In the case of ullcy"cropping there are single or somectimes multiple
rows or strips of the woody plant, which is managed so  as  to restrict

1ts growth in the form of a hedge.

A wider choice of woody species may be feasible in zonal as compared
with mixed agroforestry systems, because the spatial arrangement of
plant  components limits intimacy more. An additional feature of zonal
systems, including hedgcrow inL:rcropping, is Lhat Lthey Ffacilitate
management., For example, uJJey~cropping systems can  be mechani zed

(2s al [ITA), if this 18 1equired,

Hedgerow intercropping has arisen, in humid and sub-humid tropical
regions (i.e. >1000 mm annual rainfall), as potentially a more

productive and =conomically more feasible alternative to natural bush



fallow under lond-limiting conditions (Getahun, 1980; Kang, et al,
1985 Ssekabembe, [985; Wilson, et al., 1986). And it oflen appears
to be proposed as  on amnnually cropped and indefinitely-sustainable
alternative, In seasonally-arid regions there is, as yet, less
evidence of  its  successtul  implementation, but  some research is in
progress  (Singh and Van  den Beldt, 1986; arap Sapyg, 1985 and

Lulandala, 1986).

It we are fully to appreciate the possibilities for its further
extension and development there is a need to consider the wuplications
ot all the relevanl research available to date, and to cvaluate what

still has to be done.

A greal deal has been writlen with regard to tropical soils on  the
nros ‘angd cons of shifting cultivation systems aad the naturse of
rotational bush fallows (e.g. FAO, 1974; Ruthenburg, 1980; Lanly,
1984;  ter Kuile, 1984); on cover crops and "living mulches"; and on
the benefical effects of dead plant residues used either by
incorporalion inteo the topsoil and/or as mulch (e.g. Fuggles-Couchman,
1939; Percira and Jones, 1954; Bobinson and Hosegood, 1965; [Lal, 1975;
Lal et al, 1978; Sanchez 1962, Sanchez et al., 1982; Wade and Sanchez,
1983; Stigter, 1985,. Both Nair (1984) and Young (1985, 1986) have
gonc over the factors concerned with so0il  productivity aspects of
agroforestry systems,and a good account of the aims and objects of

plantation forestry in the tropics is given by Kvans (1982).



As  Sanchez et al  (1985) point oul, the kind of evidence for soil
improvement by trees and shrubs has to  be scrutinized caretully, and
it falls inlo two categories: information from sites at  which
sequential sampling has been tuken; and comparitive data  from several
sites  at which plint cover has been established for various periods of
time.  There arce rather few data of the Cirst kind and  great  cure  has
to be  taken  that  inherent  site  differences  do not invalidate the
credibility ot the second. Furthermore, the situations studied oft :n
relate to  plant associations  which achiceve a  "closed” canspy
(including dense woodland) and not a partial coverage of th. Jland

aren, as in hedgerow intercropping.

Other crelevant data are available from investigations of the effects
on  tropical  sodls  of  perennic fallows of diffoerent  kinds e.y.
perennial herbaceous  grasses  and legumes, and of the effect of
transported mulches. However, in this latter case, there is
compafativuly little information in the literature about the eftects

of wooudy mulch (Huxley, 1983a).

Compost/manure and_soil changes

There is, of course, a very considerable amount.  of  _elevanl  work on
soil  monagement  and  crop  preduction  en tropienl  so0ils which it is
impossible Lo consider in detail here.  Two examples  chosen  from  work
carried out. n Northern Tanzania (Ukiriguru) and the Amazon

(Yurimugus) can, however, serve as usceful reminders,



Fig. 1 shows  the  Jong-term residual  reponses  to only a one-time
application (3 and 7 tomns uaere I, which cquals 7.5 and 17.6 Lonnes
hil"l, respectively) of "compost” or farmyard masure (FYM) on o deep
sandy  soil  at Ukirigury, ‘Tonzania. Even  longer-lasting for cotton
than finger willet, because individual crops respond  differently to

sotl changes,

Fig. 4 shows the significant relalive vield increasvs with 5
conseculive crops (on o well-drained Amazonian Ultisol) achieved by
adding  and/or incorporating  various plant residues, where fertilizers
were nol being used. It also reminds us that  when chemical  addilions
are  made  they can casily  causce  nuirient imbalances (K deficiency
occurcred after adding lime and phosphate). Nevertheless, an  undoubied
irprovement  can be  achieved in the chemical properties of the topsoil
after eight years of using a complete fcrtilizer‘ regime to wmaintain
crop product ion on the same soil  (Table 1) although a very
.
complicated fertilizer programme was required to achieve LUhis {Table

2).

Lastly, Fig., 3 (Ukiriguru, again) reminds us  about the kinds of
interactions thal are often found to occur when studying the outcome
of Tertilizer and/or plant. residue ndditions. In this case the
interactive effects of adding nitrogen fertilizers with or without the
additions of compost and phosphate and  lime applications. On  this
s501l, reaction (plt) had been lowered und available calcium had been
scriously depleted after 9 years  of continous cropping, which
"compost" or VYM applications of 15 tonnes per hectare every three

years could not offset. Phosphate and compost enhanced the responses

to nitrogen, especially when applied together,
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FFFECTS OF O.M. AND FERTILISERS
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lPable 1:

Changes 1n topsoil (0-1% em) chemical properties after 8 years
of continuous production of 20 crops of upland rice, maize and
soybean with complere fertdlization in Yurimaqguas, Peru 1/
Exchanaeable
Oryg. Eff
Time PR matter Al Ca Mg K CEC
F I e meq/100 c¢ -----mmmeo oo
Before clearing 4.0 2.13 2.27 0.26  0.15 0.10 2.78
90 Months after 5.7 1.55 0.06 4.98  0.35% 0.1} 5.51
clearing
Available
Al
Sat'n P Zn Cu Mn Fe
T e g/CC mmmmmmme e
Bofore cléari..y 82 g 1,527 0.02/ 4 32/ 4502/
90 months after
clearing 1 39 3.5 5.2 1.5 389
Ve . ; ;
~"Source:  Sanchez ot 1., 1982

2/

=730 months aftoer clearing,

leproduced by permission of the Food and Agriculture Orpanisation of the

United Nations.
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Table 2@

Lime and fertilizer reguirements for continuous cropping
of a three crop/year rotation or rice-groundnut-saybean
on an ultisol of Yurimaguas, Peru
- from Nicholaldes et al. 1y84.

input 2/ Rate per hectare Frequency
Liime 3 tony CaCo3 Once per 3 years
ecquivalent
Nitrogen 80-100 kg N Rice and maize
only
Phosphorus 25 kg P Each crop, split

applicd

Potasslum 165 kg KE/ Each crop,
unless dolomi-
tic lime is
uscd.

Magnesium 25 kg Mg Once/year or two
years 4/

Coppar 1 kg Cu Once/ycar or two
yeard/

Zinc 1 kg Zn Once/yecar or two
years 4/

' scon 20 g B Mized with legume

sced during
innoculation

1/ Source: Nicholaides ct al., 1982

Calcium and sulphur requirements are satisfied by
lime, single superphosphate and Mg, Cu and 4n carries

3/ Potassium application may go to this rate depcnding on
soil test.

4/ Depends on soil test analysis and recommendations.

Reproduced by permission of the Food and Agriculture Organisation
of the United Nations.



COTTON YIELDS AND SOME INTERACTIVE EFFECTS OF NITROGEN

LFFECTS OF l_lﬂg
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Fig. 3: above, Effccts of lime, with and without compost and
phosphate in response to nitrogen, 1965.

below, Effects of compost and phosphate, after liming,
on response to nitrogen; means of 3 secasons
1966--6.

Soil fertility experiment at Ukiriguru,
Tanzania.

Reproduced by permission from:

Le Mare, P.H., 1972. A long term-experiment on sojl fertitity
and cctton yield in Tanzania. Expl. Agric. 8, 299-310.
Cambridge University Pre

55,
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two examples  illustrate some generalizations that are relevant

to an appreciation of the extent to which we cun  expect  applications

of plant residues in hedgerow intercropping Lo be effective.

The direct beneficial results  of applying plant residues to
tropical soils, can be considerable when soils are poor to
start. with, particularly if incorpirated rather than applied
to the surface, and they can be long-lasting even on sandy

soils.

Sustained vields can be oblained by consistently applying
fertilizers alone, but only in carefully regulated and
monitored progrannes. Alsc positive interactions are
comnonly Lo be expected when applications of fertilizers and

plant residues are made lLogether.

Although quite small amounts of plant residues cun have some
immediate  beneficial  effect, rather large and regular amounts
are required, depending on the soil and climate at any
particular site, to halt soil degradation under continuous
cropping schemes, And much larger amounts might have to be
used 1n other circumstances to bring about persistent
long—-term improvements in  soil  chemical and physical
conditions. The equivalent annual rates of application in
the examples given above were 5 tonnes hn_l of compost at
Ukiriguru and 4.5. to 5.0 tonnes hal d.m. of mulch at

Yurimaguas.
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o Combined applicalions of plant residues and fertilizers may,
thercfore, often be the best compromise. Certainly a great
deal of care is necded if only one or the other is to be used
continuously without checking that the amounts and  kinds of

either are adeqguatc.

0 The use of plant  residues in hedfervow intercropping schemes
musl be done in such a way as to address all the usua!
problems  of muinlaining  the fertitivy of tropical soils -
there really are no new factors to consider - only more
critically focussed exptonations of the outcome of  known

processes.
Jree plantations and soils changes (summaries)
Several  recent papers on the effecls of tree cover draw sets of
conclusions: c.g. lLundgren (1980), Chijioke (1980) and  Senchez ct al
(1985). It is worthwhile summarizing these as Lhey represent an

analysis of a great deal of work.

From lLundgren (1980) for tree plantationst (see Fig. 4):-

o IF fast—growing tree species are #rown on latasolic soil typzs
with  continuous "cropping”, and normal forestry management
pructices, soil deterioration will occur (i.c. decreases in soil
orgunic matter and nutrient levels, loss of topsoil struclure and
porosity). "Normal" forestry management practices implies no use

of fertilizers; and some lopping during the "establishment

phase", which invn: ably involves exposure of bare soil.

¥ Emphasis (in bold type) is mine
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Clearing methods (including burning) can greatly affect the site
depending on soil, climate  and  slope. Soil  structure  and

nutrients, soil reaction and organic matter are all atfected.

During the "tree eslablishment phase” losses by leaching and
crosion are much greater that losses by crop removal where

taungya 1s practiced,

'n the "fallow phase” there are often large additions of organic
matter tfrom litler and roots) which improve soil structure bat,
except for nitrogen, soil nutrieat levels will continue to

decrease, largely because nputrients are being incorporated into

biomass.

The "maxiwum production phase” shows all soil characters
deteriorating, compared with natural forest, duc to a lower rate
of hitter fall and less soil organic matler, although the depth
ol the litter layer may increase. Even the extensive root
systems found in Lree plantations may not prevent somwe ieaching

out of the soil profile.

At "clear-telting”, autrient removal in the harvest, and changlos
in soil conditions due to site clearing activilies, are likely tc
prevent o restorsbion  of  soil status to that at  the initial

forect clearing.



Second  and third rotations will then result i,. progressive
deteroriation of  soil plivaical  and  chemical conditions unless

soil amelioration is undertaken,

Busic nutrient  elements and  nitrogen are mostly immobilized in
the above- ground orguans  of  the trees. 70-80 percent of the

nutrients so  immobilized are lost by the harvesting of stemwood

and bark.

Contrasting soil changes are brought about by different species
(Goeling arborea and Pinus earibaca in this sluay).

On light-textured soils tGmelina) faces a  geater risk of  yield
decline  in subscquent rotat ions (than on hcavier suiis). This is
from excessive leaching of Beagre  nutrient resources following
increased soil porosity and lower bulk densities. Yields decline

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 lefi on the site. A

further 5-1C p=rcen: could be savea 1f the bark was returned.

Total nitrogen in every  situation - jp natural forest or
plantation -~ was present in more than optimal levels despite the

large amounts immobilised (by Gmelina and Pinus).



From _Sanchez, et al. (1986)

(&)

Closed tree canopies tend to improve soil structure and  decrease
top soil bulk density (and so increase percolation rates); but

this effect varies suvbstantially with tree species,

Closed tree canopies do not go on increasing topsoil organic
matter content, but the etfect (agnin) varies with species.  When
products are harvested during growth the soil organic matter

decreases to reach a new equilibium level.

Closed tree canopies  tend to increase topsoil Ca and Mg (Lhrough
slow decomposition of tree trunks, stumps and roots). However, K
levels often decreuses Lo very low  levels and woody spenies

differ in their ability Lo aller soil reaction (pH!).

Leaching losses appear to be less  tha, exnected n tree
plantations {as  for rainforest) except in the establishment
phase. The nutrient cycling mechanisms  of many  perennial  tree

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

However, expectations that sustained tropical forestry is
possible on acid soils of the mmid tropics withoat fertilization

is likely to be erroncous.



0 Trees generally  maintain or  improve soil propertics in  the
tropics only after they have established a closed canopy. The
mnin advantoges of trees over annual crops or pastures scem to be
related to the longer period of time that trees can exert their

influence on suil properties.

Some_conelusions
From such work on plant residues and trees a number of relevant issues
which relate to what might be expecled from hedgerow intercropping can

be set down, s follows.

0 The severe problems  (loss  of nutrients, organic maller and
soil structure) occasioned by site clearing in plantation
forestry will be avoided in hedgerow intercropping.

.

o We are not, however, dealing with anything like a closed
canopy.

o Even if we were, the net effects on long term s0il changes
will depend on:

= the woody species used;

- Lthe amount and kind of biomass removed from the site;
and
the "leukiness" or the whole system (c.t
"estublishment” and "fallow" and even Lhe "max i mum

production phases” in forest plantations).



o EBven where there is o long rotation time, and lavge  amount s

of biomass  are retaned  onsite, il Lthese  authors e

unanimoeus  in o pot expecting Lo be  able o "crop” Lrees

continnous !y Cnd, o ded and subsequent rotations) withcul some

absolutely necessary forms ol goi | amel ioral ion (fertilizers

or large addi Lronal quantities of organic matter, or both),

“learly,  c¢limate and  the initial s01l conditions are highly reloevant

to the rates of changes to be oxpedcied, But  these kinds of studies

arce  really  only concerned  with {ong-lnym soid productivity changes; .

Certainly, we need  to o po o nte the points listed  above but, in
F

addition, for hedperow inter cropping  also Lo examine  any  possb e

short-term effects. Morcaver,  we  should

more closely exaimine  the

comparalive benefits o otherwise  of spatial  woody/nen woody plant

arrangements  (e.g.  hedgerow intercropping) versus  rotational  woody

plots)  lor & range ol climates and, nltimately, for any particular

site.  This is discussed brietly in Section B below.

Claims for hedgerow-in Lercropping

I[n the next section of Lhig Working iper, | want to look more closely

at  the effects ol relat ive amount of tree cover, But before doing so

Lot us look briefly at the proposed  benefjtg suggested  for  hodgerow

intcrcrnpping ("ul]uy-crnppinn").
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The following is extracted from the ITTA Alley-cropping brochure (Rang
et al. 1985), although it can be assumed that all  potential  benefits

would not necessarily be claimed for all sites and situations. | have

added some questions or cautionary comments,

Alley-cropping mav:
o Provide green manure or mulch - which recycles plant mutrients
from deeper soil layers.

- But  what  aboul  arcas with very acid subsoils? Nulrients
have to be there il any are to be recycled, and tree  roots
have to penclrate deeper soil layers.

o Provide prunings and shade to suppress weeds.

- How effectively? Exactly what biomass and/or hedgerow cover
is needed in any purticular set of circumstances?

o Provide favourable conditions for so0il macro- and micro—
organisms.

= Yes, but can this important aspect be quant. i fied?

o érovidc biologically-fixed N to the companion crop.

- If the woody species is a N-fixer, but why the emmphasis on
nitrogen?

o Provide prunings for browse, stakes and fuelwood.

- What about the "trade of f" between all  the above and  the
amount  of  biomass  remaining that is required to improve the

soil?



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

- In drier regions is  the necessarily  wider between row
hedgerow spacing any Limilation to achieving this and can
the in-row spacing be made close enough?,

o The main advantage is that cropping and "fal low" phases are
concurrent - so that a farwer can crop for an extended period
without returning the land to bush fallow.

Is  this "somelhing tor nolthing" then? Or does  this not
emphasize  the need to compare exaclly what is happening in

alley-cropping vis-a-vis o bush fallow?

There is no doubt thut some or all of these claims can  be effected
under many humid or subhumia regions i.e. above 1000mm annua t
rainfall, and  under particular sels of management. conditions  (Kong et

al. 1981, Kang et al, 1985; Wilson, et al., 1986 Yamoaok e al 1986a

.

arnd bj.  However, both the nalure and extent  of  the processes  and
inleractions  belween plants-so1l-environment  that can be manipulated
for alley-cropping need to be more critically oexamined and understood,

beeuuse they are, indeed, fundamental to all agroforestry systems.

Alley cropping  can certainly  also  provide o means of preventing soil
crosion and, indeed, in  semi-acid regions  this may be of greater
tmportance  than any  contribution of the relaot ively restricted amounts

ol plant  residues made available which are applied to the soil

(particularty any hoped for long term elffects on s0il
characteristics). In a review of the potential of agroforzatry for

control of soil erosion Youny (1986hL) has pointed out that alley


http:becau.se
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cropping designs  have  the apparent capacity to conbine two metholds of
erosion control: checking runoff through the barriers provided by the
tree  rows, and providing a  ground surface cover through litter from
prunings. These a priori reasons  for  supposing  that alley  cropping
could be  designed Lo conlrel erosion are al present supported only by
very scanty data, and research is needed. It is  now recognized  also
that  erosion can  cause  serious  losses  of  soil organic matter and
nutrients, and thus there is an  interaction with the potential for

maintenance of fertilily.

We  should,  therefore, benefit from  the advances already  made  an

alley-crooping research Lo widen and deepen the sCope of

investigations. Particularly these on the effects and irteractions of

woody perennials on soils ond other adjacent planls; on factors

affecting biomiass  production and nulrient recycling  in refevantly

managnd  systems; on soil waler status where plant residues hive boen
.

applied; on shelter/shsae effects and  environmental recource -shaiing;

and the effects ol all Lhese cn tree management techniques, and so on.
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R.  PHRODUCTIVITY AND SUSTAINABILI'TY OF LANDUSE SYSTEMS

Microsile enrichment

Perhaps  the most  obvious example ol  the soil improving capacily of
woody peremnials thal one most frequently sces in Lhe field is that of
sile (or micro-site) enrichment under single trees/bushes, or small
clumps. A whole range of faclors aftfoct both  the real and  apparent
chimges  in the growlh and apperance of ground-level vegetation in this

situation.

Real positive effocts can be due to:

O an increase in tovsoil nutrient and soil physical :onditions
brought about by ltter-fall;

o nutlrients in Lhrough~t‘all;

o sreadireclion of rain;

s} mist-w:ol]z:ctiun;

o dust collectiong

c

animal  excreta (birds and cattle resting, or roaming wild
anmimals)

0 inscel facee.,, excrelions and dead insect byomass;

¢ lower day and higher night soil surface Lemperalures;

o changes in gojl surface humidity;

o changes in Lopsoil/subsoil soil water status;

o sheller effocts from wind, high insolation and  rain  impact,

(although "drip" can also be detrimental);

<

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

above.
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Negative tree ceffecls con result from:
o compelition (for woter, light and nutrients).

o allelopathy.

Apparent enhancement of ground storey  vegetation under Lrees can  be
caused by:
o the purely plant morphogenic changes brought about by shading;
o protection f'rom browsing animals (e.g. by thorny lower
branches);
o an accumulation of plant propagules "trapped” under the trec

or bush.

Precise soil dala  from single lree investigaltions are, unfortunately
ralher scanty, although they presenl a good opportunity to obtain o
greal deal of anformalion very cost-effectively. Kellman’s study
(1979) offers a «clemr insight into the comperative soil benefils
uccrnud‘hy small clumps of five muture savanna species in Belise. All
five species accomplished a preferential enrichment of ‘:-: soil about
them.  This differed between species and, in  some cases, reached
levels approaching or exceeding those found in rearby rainforest soil
(I'ig. 5). Ktrecis were achieved without deep~rooting. Changes
involved amounts of Ca,K,Ma, and Na, available P and total N, as well
as improved calion exchange capacily and percenlage base saturation.

The ncological implications of these findings are exciting as these
lrees, or clumps of trees, cenrviched their microsites to the point
where other species not adapted Lo the level of soil fertility in Lhe
open savanna could find a "niche" in which to become established.
However, it seems that this enrichment process may take some time, in

agricultural terms.


http:j)re(s.nt

SQIL ENRICHMENT BY SAVANNA TREES

CATION -EXCHANGE - CAPACIT Y Y BASE SATURATION

50 - 50 -

Open=— —» Canopy

Open-=- -+ Canopy

>
-
~ 40 -
S 0]
(1" —
o o o
40 o
Qo / -
i 20 - Z
® o 0 o
ze 5
g >
T 5 O 4
0o o}
Y -
w9 20- b
' E n
< ut
o n
g
" @
¥

ORGANIC CARBON SOIL_WATER
8 40 ~ p -
Open<— " —»Cgnopy Open-— ~» Canoupy
— b :°
<2
& 6- Y 30-
z -
P w o
@ L
: 34
3 D O 204
w o
o @
S w
= == -@;
g n L lo W x
= -
5 S« = ——“//Vfﬁ
O —r——7—7—r—T o mMmr—y—r—7T—7—7
o] 2 a 6 o] 2 q 6

DISTANCE ALONG TRANSECT (m)

() Quercus schippn
> Q. oleaides
A Clethra hondurensis —@— Low terroce rain-forest site

7 Miconia albicuns ~@ High terrace roin-forest site

Fig. 5: Changes in various surface soil propertics along
sample transccts under 4 species of trees.

- From Kellman, 1979.



Harcombe (1977- quoted in Kellman) eslimated that the total nutrient
capital of rain forest in Costa dica could be accumulated in 260 years
by complete capture  of raintall inputs.  Furthermore, the addition of
nutrients is not, in itscelt, cnouph uniess the whole  capacity  of  the
system  is  concurrvently  increased so as both Lo capture and store them

(Connor, 1983,

Trees and shrubs even act as "traps"” for insects ete. above pground and
so  enchance nutrient re cycling in the system (143.5 and 4.8 kg.d.m.
|

ha-+ for  facces and dead insect bodies, respectively,) in a dry

cvergreen forest in Thatland, for example - see Watanabe et al, (1984).

[n agroforestry systems 1t may be necessary to provide some nutrient
inputs (teriilizers, manure and/or "borrowed” plant residues from
another site) in order to "Lift" the system Lo an enhanced  level, and
then to keep it from declining by all means that make it less "leaky”
(exténdgd plant cover in space and time, increascd rooting  volume and
activity, reduced leaching, increased soil organic matter to improve
the cation exchange capacity, high soil base saturation, larger plant

biomass).

Modelling the

situation

A "replacement series” mordel
One  approach  to muking a comparison of  different forms of landuse
systems involving a mixture (or mixtures) of woody and non-woody
plants is Lo consider what happens over time tc the system for

di fferent ratios of the mix.
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Likely long--term changes in soil factors tor () n sole agriculturn)
crop  and  (b) n sole tree crop are o place to start, fol lowed by the
torm of Lthe response surtace for the mixture.,  This can lorm the  fiest
part  of  the modet TFip 60, and be repeated with regard to solely plant
considerations (crop weediness,  the  incidense  of pest/diseases,  the
yrowth  of  the tree component. ), Then,  the  two aspects, "soi " and
"plant” can be  summed together to Form g wodel  of  overat!  land
productivity  which predicts the outeome of any ratio of a mixture of o

woody and non woody plant components in Lime (Muxley, 1983b, 19864) .

Like all such models this one poses omore  questions  than it answers,
But  in our case it s Lhese very questions Lhat will provide a further

sight into the relat jve portance of some of {he pProcess

I LN
concerned when comparing, say, hedperow intercropping  with rotational

nlots (bush fallow, fuelwood, Fodder plots ete. ;.

Hedgevow-intercropping: should it work?

One: puzzte  aboul alley cropping  is Lhat if il takes o certain number
of years of bush-fallow to re-establish soil fertilily so  thal annual
cropping  can  once again take place at o satisfactory level, why do we
expecl bo cover only 4 fraclion of the Tand with o wouldy  sprecies,  and
vet. be able to sustain croppim on il annual ly?  For various reasons
weemipht not expect there to be comploete cquivalence  belween  the Lime
il takes to restore soil tertility vnder o bush fallow and tLhe amount.
ol spoce that needs to be ovcupied by woody species in g permanent  or
semi-permanent  systen (sce Table 3). There are indced,

# number of

poinls of difference which are discussed more fully in Hux ley, (1986b).
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The model shows the parodos quite clearly for a selecbion  of  exomples
invalving  different rates ot sorl fertility  decline under seasonal
cropping, and diflferent potential rates of fertilicy increase  under o
trec  cover (Table i In none of the "scenarios™ will a 20 to 30 per
cent cover of o woody percennial maintain fong-term soil  ferlility with
the wodel  anpuls used, Bither these are unrelated to whai is actuslly
happening,  or the woody/non woodv mixtuse s behaving  in a1 more

positive way than can be assumed from o linear response  surface,  or

both. Hul atley cropping 15 proving suceessful i certain
circumstances., That  1s soa!l fertitity is maintained or even improved
and crop o yirelds have proved to be  sustainable. Thus,  land  occupancy

by  woody  perennials in o space woula seem to have a grester effect than
"equivalent” land occupzney in time, and we must understand exactly

why.

Certainly, the intimate association of woody perennials wilth crops

will supply muleh (ovgonic matter and nutrionts), snelter, shade, and

give less run-off ete. in o way that is likely to make the whole

system rather less leaky overall (for light, water and nutrients - see
Huxley, 1980a). It may also make betler and more timely use of small,
but vital additions of waler and nutrients to the system. We will

consider these and other facltors, briellyv, lator on.  However, we can
appreciate timt the alley cropping  system  does not  cosure  anything
Like: o continuous closed canopy, also il is doubltful whether much, if
any, of this improved use of the enviromment has  anything te  do  with

"wonder trees”.

The first lesson Lo be learn from the model is thal we are much more

likely to realize the full environmental and production benefits Ffrom
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various ftorms of agrotorestry if we begin to  koow more abouat the

rnvolved, rather than merely pin onr [aith on o tavourite

process
multipurpose  tree  species,  or just copy systems which scem to work n

some other region,

Another compaler model (USCUHAF"Y predicting the changes 1o sor! carbon
under  difterent  Landuse  wvstem is now also availabbe Youns et al.
LgBt) . This can also be nsed to test the kinds of hvpothesis  ont Lined

above,

Pastures and perenniai prosses as soil improvers

The curreat  interest o woody  piants should nol canse us to negloect

the decades of reseavch  done on tropical  gra s and  granss legume

mixtures, Te  pive but one exomple, information is available about Lhe
eftfects of lepume based poaslures on Lhe  propertics ol tropical  sojls
(e g.Sanchez, Y82 - reportaing on CEHAT's Tropical Pastures Propgram).
Well-managed pasturer ton an Allisol) maintained  soil  organic  moatler
over 16 years ab Lhe same Jevel ns before cleaving rainforest or, at
two other sites reported,they increased soil pl from 4.5 to 6 - 7,
eliminated Al toxicity  amd amintained  Co. Mp,  nitrogen and organic
matter ab fairly hiph levels Jor some 14 yoms "with only winimum

additional tertilrzers™,

Grass  strips  hine often in Lthe pasl, of course, been advociated o soil

- maintaining features, bul less emphasis has been pubt on Lheir  use  as

providers of planl residues for mulch in spalialiy-sceperated cropping


http:efleet.mi
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systoems. Cortainly  the maintenance ol prass steraps is o somelimes
difficult and/or  arduous: and they can gel very weedys bul then so can

woody hedperows,

The biomass production from  pastures  can be  similar, in the early
years al  least, to that  produced by any olher  vepetation from o
partrcular  sate. However,  one  of the problems  of  comporing the
productivity ot woody and  herbaceous  plant associations  e.p. from
world biomnss  data, i thet for our purposes the data need to be from
arens with tdentieal soids and climates, and T have aot been able to

frot any ewimnple 1o The biterature where this has been the case,

From &« theoretical poinl of  view, as Kira and Kumoera (19H3) stabe,
"forest communities tend to have  preater  pross production {ioe. dry
matler  aceumabalion)  rates  than  their herbaceous counterpacts in Lhe
same natural envioronment, owing to the greater leal area held by their
(:;mupil-"... sl ter rent area andices and  lower rales  of gross
production are characteristic of patural  herbaceous  communities,  but
this drawback 1s  coanterbalanced by larger values ol net production:

¢ross production raltios which are the outecome of  the smaller portion

of suprurting Lissoes an the total communily biomass",
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whilst the theoretical possibility that  ecither tree or prass

communities  have  the greater potential for  brom production s

important to pursuae, 1o practic: other considerations  are ke 1o be
overiding. The  swmmaries  of  data on bhiomass product ton of diFfer ont,
Lypes  of  vepetaison are not, indecd,  particalarly  belptal. The
often quoted  tabice  from Leith avd Whit taker (19753, o1 the more vecent
detailed review by Leith  (LYTH)  show  preater maxims for tropren)
cvergreen forest  than for tropreal grasstands, buat the range of values
for these, and other Lypes of plant communities, are very wide indeed
(as  we  might  expect ). secause ol the greally difforing strotegies
that plants adopt in order to establish  themselves  in any  particular
veolopieal uiche,  ndividuad  tree and prass o species hove  lo o be
considered very mich on thevr meritls for o place  in anv  wan nivnatged
system. So, in practice, we will fFind that particular svecies of
trees/shrubs may or may not be better, on any particular site  and  for
any  particular  purpose,  than particular species of perenntal grasses,

The irportant issue is not to ignore the possibilities of either.

We  can however, roemark on some  rather  obvious and fundamental
characteristics when comparing trees/shrubs and perennial (herbaceous)
grasses that will dircetly affect our choice of one or Lhe other for
an  agroforestry  system, Some:  of  these we know more  about  Lhan
others. Below grountd trees and shrubs (undess vepelalively
propagated) will olten possess o Lap-root as  disbinct  from o Fibrous
{(movocolyledonous ) rool  nysben., Although this will not, os mentioned
above, necessarily make  them  deeper-rooled  than o sutbably-adapted

perennial grass species,



Certainly, some  grass species  on part cenlar sovls hiave been shown to
bhe very deep root 1y ndedcd (eop. Pereira ot al, (YR found that 5,
Cynodon  daciylon  pasture depleted socl morsture to wilting point to o
depth o 10 feet onchy year onoa high altotade Renyan  siteg, And  we
should oot just  assume that Lrees esplort o deeper soil profile Lhan

ST,

Second, and most tmportant, as legves are orpans ol agpression n the
comped ity plant world, many  tree ot even  shrab species can,

eventual by, produce g canopy above that achievab e by  prasg sSpecies,

Fhey witl also, in seneral, ape logg rapidiv idepending very much on

the wpecies . and theo phenolopend behaviow o o oy b that  Jeatr
Arowth, teal  durat ton, and f'luw&:rin;', ard trvaiting processes can ocear
and be differently spread (of grasses over varts of o ginglo season,
or even ocLupy several  seasons. Thus  therr  whole pattern of

resource use and especially the uplake and distribntion  of nutrients,

and  even  thejr witller -use strategies

ebooabs, 1985), can be
different from that ol yrass speeies,  or o of the Hrass  communities

surrounding tien.

Indecd,  trees  and shrubs  lend themselves b o much wider range of
manipulation than perennial grasses, and it g5 this that makes  them
particularly uselul in agrolorestyy e croppng silualions,
Provided, thaot 15, that we fully anderst aned exActly how it s e need
to manpulate (hey i order to optimize  cutputy  of products  or

services,

In conclusion, we can say that in  order Lo make o wiso choice of

allernat ives when considering plant



species for muleh  production  and/or soil  improvement  the  existaing
informat ion  about the ase of prass species must not be ignoved.  There
15, indeed, a wealth of knowledpe about  deep-rooted,  perennal fodder
frass  species that  can be used in exactly the same way as hedperows,

and the comparisons need Lo be made,

Some effects of crop residues for mulch or tor soil incorporation

Mulch/Litter/Green manure

As the addition of plant residues  is probably o key facltor in the
success ol hedperow  dotercropping 1T owant  to spoad some tiner on Lhe
topic.  The dmportance  of  plant residues  in enhancing  yiclds  and
unproving  soils in the tropies has been fully recognised of comrse
(e.g. Lal, 1975). Various materials  including woody residucs,  are
often relatively easily avatlable close to tropical cultivated lands
vel, certainly, woody mulch  is  not consistently used by tropical

farmers - and perhaps we should ask ourselves why?  (Huxley, 1983a)

Kang et al (1981) give an evaluation of leucacna prunings as a
nitrogen source for maize, and reached the conclusion Lhat  Lhey are
more  effectively used when  incorporated into the soil. Yrobubly duc
Lo some N loss by volatilization when they are applied on top.
Organic  carbon  compounds  have a high variable (pH-dependent) charge
(Mehlich, 1960), and s can be  importanl  in binding cations whiech
remain  readily available to  plants. Thus  soil  organic molter can
enhance the number of nutrient transter sites proximal Lo Fine rools,

and  this is probably as  iwportant. as the actual amounts of plant

nutrients held.
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The results of 3 year's trials comparing apuvlicat ions of  mixed Arasses
or mulch  for  woody species (cul From nearby "bush'y o Morogoro,
Tanzania, indicated Lrttle  ditforenee in the benefit to maise  op
sorghnm  yiclds between e two  {(see Table H). But residues from
particular species of cither prasses or woody percnnials  ean affect
the  outcome  ip witkedly difforent ways (see photos of tea surtace root
systems grown  under 6 ditferent Arass o species gn Willson ot al,
v, The:  degree  of PigniFication is one fac’or that wil| certaingy
influence the rate of residue decomposition (see Cipgs, 7 and B)  and

hence the avai tability and kinds of degredat ien products,

Greoen MAOUrTRE  as  well g mulching (mainly with Hrasses,; has beoen
advocated o e el loration of degraded tropical  soilg (c.g.
Suaichez,  {G785), Green manuring more  for increasing available soi]
nitrogen (if gty C/N ratio is low cnough) rather thanp to  enhance soil

organie matler levelsg (Russell, 1973).

Cover  crops (o "live mulches")  could well be used Lo enhance the

"treo Sallow” stage of rotationa] alley cropping schemes  (goe Fig. 16

below). Watson (1983)  records the suceess, and giveg details, of the
use of legume cover erops {e.g, Pueraria phascoloides in rubber  apd

orl  palm  in Malaysio  (and see  deng, ot al., 1979). Both commodity
crops prew bet tep along with the lepume cover crops which, after abont
5 years,  died ont gy g by Lree canopy closed; although their beneficial
effects Tnsted up- to 10 yenrs., With arable crops,  compelition for

nitrepen  can oeeur,  however,  (see e, Mulongoy and Akobundu, 1984) .

The labour-tree elimination of the cover crop under trece stands  is gn
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Table 5: Experiment 1. 1973-1977. EiZfect on maize yield (kg ha —at

125 m.c.) OF grass or woody mulch arplied either (a) at the

heginning of the rainy season or (b) baeh thea and two or three

weeks later.

)

o

101

Mulch creatment 1975 1976 1977

- Nil - 1089 2103 2503

Grass (a) < 1521\‘ jz%z Z 2702 \
1600 2885 272.

Grass () 1679 \29051 2741 {

1511 2737 2789

woody (a) ] 1493 [ 2187 2783) f
1422 \ 2588 < 2857 |

Woody (b) 1351 { 2639 202t )

S.E. 0f a Mzan + 83.3 + 9.4.8 + 97.0)

9t
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tmportant  issue, as clhiminating  and incorporaling  them 15 what has

often prevented their more widespreod  use  in oarabie temes, tover

crops  can o readily  provide vp to 10 ton ha 1 dome or more 1o Lhe first
year, and  omimimum o st | tliape  soid manayemncnt  combined with
addition of some form or another  f erop restdue  has  proved highly
successtul  an omany cropping situal ions in the tropies (see Wilson,
W72 and other papers in Lol (EdY  19749h) . Bommergues  (194]) points
out  that  green marar ing is the most efficient way of transfering Ny to
the sorll  as tong  as the No -fixing system a5 very  actijve with,
consequent ly, o ominimog pertod  needed  for  the growth of  the prosn

manure S cover; CUropss,

Mulching  and  cover crop:, are  often  claimed to suppress weeds (e, .
Weerakoon and Sencrivatne, 1683,  but Lhe effect jyn suppression  of
weeds by mulches vbviously depends on many factors: climate, soil,
weed seed "load" in the sorl, weed species, amount  aned kind of plant
r(.'z;idm‘-s applied  (oand 1) weed  secd free), and time of application.
Grass residues, especially, may introduce weed  seeds and woody mulch
materials  do  not  normal ly introduce thig hatzard but., structurally,

they form a less com vact mulch cover if twi s are used, and  so are
\ d

less effective ol weed suppression (Husley, 1983a) .

Mulching can be effected by using  plant residues in situ, in which
case Lhe amounts applicd are Limited o the biomnss present  in the
non-harvested residues,  and/or gt can be o process of "borrowing”
plant biomass from adjacent areas (in hedgoerow inlr:rrr()ppin;{, from the
lree  rows). The  variable results that Lal (1979a) obtained in one of
his earlier general trials that involved several  cron  species and a

range



mulches  (some  ipert), and of type of seed bed preparation (see Mable
6), illustrates the need to investipale more precisely,  and  certainly
more  widely,  the factors involved an $he physical and chemieal changes
that occur 1o mulched sorls.  Fo vxample,  the  benetficial  elfects  of
mulch  on reducing  advecsely  high topsorl temperatures in the tropics
have been tnvestigated at [oTA (Fip. Y)Y, Many practical  field irials
as  well  as critical investipgations under ciuetul controltled conditions
(eogs Ong, YBI)Y  have shown  the advantages  of  limiting kigh  soil
Lemperatures,  especially  for prain lepume crops  (e.g, Fig, 10 for
cowpra).  The anfluence  of  residoe mulches  Gand tillage) on soil
stoucture  and infihtration rate (Lat, 197H) have also been studied at
LITA indicating that levels of 1 to 6 ton ha Vo (with  ne tillage) were

effective.,

Some:  possible adverse eifects  of applying plant residues must nol be
overlooked., For example, allelopathic reactions (e, Brunig  and
S:m(l(-r., LUBA, Cheng, 1983) and the possibiiities of waterlogging, even
for transitory periods, wherre deep  layers of muleh are used in high

rainfall arcas on heavy soils (Koslowski, 1984 ).

An _example Trom the Amazon

On an Amnzonian Ultisol Wade and  Sanchez  (1G83)  have reported  that,
mulching, with Pueraria  phaseoloides  and Panicum waximun, had little
effect on increasing the availability of NJK.Ca and My, And  the use
of mulches (B tons per  hectare  of green materials), withoul extra

chemical inputs, produced 80% and 70% (legume and  grass, respectively)
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. Table 6:

Crop response to mulches and methods of seed bec
prevaration

() First season 1977

ILEﬂLmQQL_h_h___ Maize Cowpea __Soybean Cassava
------------------ LA mmmm e ___
Black plast jc 5.35 0.64 1.93 -
Clear plast e 4.73 0.67 1.23 _
Straw mulch 6.90 0.73 1.73 -
kidges 4.85 0.46 0.23 -
Bare f{lat 5.50 0.62 1.60 -
Aluminium foil 6.53 0.85 2.10 -
LSD (.05) 1.32 0.26 0.67
L) Second Season 1977
Treatment Maize Cowpea Soybean Cassava
————————————————————— t/ha T T T TS T e e — - -
Black plastic 2.18 0.60 1.30 7.9
Clear plastic 2.33 0.76 1.32 9.7
Straw mulch 1.93 0.38 1.57 8.6
Ridgos 1.73 0.45 1.41 2.3
Bare flat 1.55 0.60 1.50 3.2
Aluminium 2.43 0.65 1.46 1.1
LsDh (.09) 1.05 0.38 0.36 2.9

- from Lal, 1979
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of the crop yields achieved with completely  fertilized bare plots
(originally cleared  from  sceondary  forest and 5 conseculive  crops
taken in 21 monthes). Incorporat ing the residues gave better results
(90%) tor the fepume, but still only 70% for the grass mulch  (sce Fig.

2, above).

On Oxysols and Ultisols  (acid soirls with low clay activities) in Lhe
Amazon the utilization of compost from crop residues, e.g of Pueraria
phascoloides  as  incorporated  preen manure, resulted  in crop yields
being mointained at BOY and  100%  of that using complete  fertilizer
(Handy  and  Nichoiaides, 1979 and Wade, 1978; respectively); although
composl alone required additional K fertiltizer atter the sixth and
subsequent Cropa. alternatively, retations vwith a Paeraria
phaseoloides fallow (L1 or 2:2) slashed or burnt  in_ situ, with some
additional K fertilization, 15 suggested as a success ful

vieldzmaintaining treatuent on these soils.  (Bandy and Sanchez, 1981).
Mulch and Coffee

A review of early mulch literature, ond a report of the resulls of
three  experiments  with mulched young arabica coffee (corral compost or
grass) on a  fine sandy  loaw  in Brazil, are reported by Medealf
(1956). Linear yicld improvement  aad  leaf P ocontent ocenrred wilh
incrensing amounts of mulch applied, and three and o holf  times more
roots  were found  under maleh (Lop 10 em) than in bare soil.  in the

latter, the roots found were brown amd suberised.



The effects  of using  grass mulch (mainly  Pennisetum purpurcum K.
Schum) on coftee  (Coffen arabiea Lo in East Africa has been reported
from various studies which go back over A0 years (eLp. seo Bull, 1963
for early work). In Kenya's  East Nift Coffeo srowing  areas the
mpohication of milch (about 18 20 t ha | yr Eoor air dried waterials)
to alternate  inter rows,  an established  practice, has been shown Lo
result an increanses in ooth yield and quality (Table 7). The  former
varies with rainfall regime, state of weediness cte., but can often
exceed yicld increments of over 30 percent. or  more, tmprovements  in
quabity  of  the ~offee  "beans”  (secd) are  related to o punber of
actors, ancluding an inerease  in the  proportion of larger  beans,
indicat ing an uapr oved pltant  water stalusg during  the ecritical

seedeswel Ding period (Connell 1874 - see Figs. I and 12),

lmprovement an rainfall  intiltration rate  and  soil  structure were
reported * by Jones  (1953)  with  an tncrease in the depth of rainfall
puenetration (Pereira and Jones, 1954). Topsoils  remained  weller for

longer under muleh as compared with unmulched soils (Blore, 14Y64),

These  results  have been paralleled by similar stedjes elsewhere in Lhe
world,  For example in Nigeria, Lal (1974)  recorded aboul 4 cm  of
extra waler relained in the top 20cm of =0i! under amleh (Table 8),
t.e. o the crop rooting zone.  In sunny weoather this might  extend  the
period during which  the crop  remained  relatively  free from water
stress by some 6 or 4 days., Important, of course, but perhaps  of
equal  consideration is  the likely beneficial  offect on plants of

enhanced nutrient uptake during this period (e.p. Table 9).
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Table 7:

nffects of mulch and nitrogen fertilizer on the
yield of arabica coffee. (Mean of 1959-1980)

~N +N Mean
a) Yield of beans (kgha_l)
- Malch 916 1258 1087
£ 6y 49
- Muleh 1262 1473 1367
b, Crade 'A' beans(%)
- Muich 59.2 55.5 57.4
+1.6 .2
+ Malch 64.1 62.3 63.2
L.S.D's (P=0.05) - from "Results of Field Fuperiments -1980/81,
shown as appropriate. CRS, Ruiru,

by k. Mwakna and J.M. Kiara. 1982
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Table 8:

Increase in soil moisture of mulched over unmulched plots

Dept b cm of water

tem)  — -
st Season 1971 lst Season 1972 2nd Season 1972
U-io 2.26 3.24 1.12
=20 2.11 1.22 0.70
Toral 4.37 4.46 1.82

Reproduced by permicssion from:

Lﬁl. R. 1974, Sopil temperature, soil moisturec
rrom mulched and unmulched tropical soils.
40, 129-143.

and maize yield.;
Pltant and soil,



Table 9:

. -1 ) .
Mean root length and rates of nutrient uptake per plant (umol day ~ )} Pearl millet.

Yiean root Nitrogen Phosphorus Potassium
Days after length
sowing (m) Dry Irrigated Dry Irrigated Dry Irrigaced
0-13 0.2 49 1.4 8.2

13-26 27 475 19.9 152

26-33 84 651 1033 24.2 43.5 150 378
33-40 125 507 768 0.7 23.7 117 353
10-47 134 121 374 -7.17 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 -5%4 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

n o
J., 1878. Uptake of N,P and K bv irrigated and unirrigated pear:
e inisetum typhoides) Expl. Agric. 15: 217-223. Carbridge University
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In an experiment using 320 as o tracer Lo study  scasonnl  changes  in
Arabica  coffee root  activity at different levels an the soil (Huxley,
et al, 1974), very high concentrations of  labelled P were  found  in
ovules  and  youny  developing fruils, Cannell  and Kimeu (1971) also
found that flower buds took 39 percent of the P increment  during  one
Mlowering  period in the hot, dry scason. This  represented  only
quantitively small  amounts, but o critical need for readily-available
Poat this btime of rapid cell division can  be postulated as o
pre-requisite for adequate fruit set.  There are likely to be  numerous
other critical demand  periods for specitic nulrienls (or combinalions
of nuitrients) for particular sinks in the plant which will be more
likely to be satislied by  the enlimcenent of soid wiater status (and
topsoil temperatures) which mulching  attords. The kinetics (Cooke,

H966) of P supply under wulch certainly need much more attention.

If mulch tends to prolong o satistactory topsoil water status, the
mincralization of nitropgen which occurs when many tropical soils  are
wetled  afler o period of being dry  (e.g. Bireh, 1960) will be

reduced. However, the additional quantilies of nitrogen being added

by the mulch itself probably more thon make up for this.

The results of 1l years of mulch application on  soil characteristics,
as  well  as g summary of the work of H.C. Pereira and others, is given
in Hobinson and Hoscgood’s paper (1965). On a Kikuyu red loam soi,
regular  annual  applications of Pe ~igetum purpureum mulch resulted in
very significant increases in tota pore  space, free draining  pore
space, rainfall aceceplance and i+ quantity of stored water held in
the topsoil. The greatest offects of mulch on soil chemical
differences wis  to  decrease  soil acidity and greatly increase the

level of
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exchangeable K and I'' Exchangeahle Ca and Mo were actuaily  leached  in
these long term  trials, and exchangeable Mg increased in the topsoil
but  decressed  deecper in the profile  due, perbhaps, to 1ncreased
leaching and/or mobilization, Nitrogen and organitc  carbon  were
greatly increased.  But some ecarlier studies  (Hobinson, 1Y6la & b)
showed  that  topsoil nutrients levels after fertilizer applicalion were
mnch lower under muleh than in bare so 1 oand, if mulch  was mesent, 2

split N-fertilizer application was more etficient than a single one.

The application of mulch  can markedly affect the level of different
elements in various parts  of  the coffee  tree. Leal nitrogen, for
example,  woas  higher  ovier an entire season, especially during drought.
periods, and leat P and K levels were also substantially higher in
mulched coffec. Leall Mg and  Ca were actually decrcased, but the
reducticn in Mg in this case was probably due to the unbalanced K/Mg
ratios brought about by the excessive amounts of K in Fennisetum
Qg[gyiqg@ (some 2 to 4 times Lhat normally found in leaves). Mulch
had o considerable effeet  in increasing K and P levels on both soil

and plant.

There is a much more extensive and active root. system in topsoil where
coffee  is wmuiched (Bull, 1963); and see Medeall, 1956, above). Also
using soil cores Thomas (1939, reported in Medcal b, 1956) measured the
amount ol Robusta coffee roots in the Lopsoil (3 inches depth) and
fouad, similarly, three and hulf times more under muleh  than  in bare
soil. Such improvements in root density have been reporled for many

other crops, and they can result in, for example, enhanced uptake of
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Poleogs for o tes, Willson, Lu7d:. Aain, the data in Cannel! and Kimeu
YT indicate  Lhe importance  of active fine root growth tor
efficient P uploke. They 1nvest rgated {he uptake and distribulion of
macro-nubrients in Arabica col'fee,  from  growth analysis  studies  on
whole  trees, which  showed  that rost absorbtion efficiency for P, and
actual Pouptake, were  related  to the  period when  fine roots  woere
Atowing  most o vigorously, rather thin to prowth of the aeriad parls, as

other llllll'il!ntli woere,

ihe work of Robinson and Hosepood with Arabicen coffee wag accompanied
by micro- plot  trials using  tomato secdiings as an index plant, which
clearty showed the Lonit- term mprovemen? in soti fertility, And by
measurements  of  primsry sheoot elopatien which, especially during the
course  of  the dry season, re emphasizes  the short-term benefits
conferred by mulch  (sece also “ipg. 11y, What may be equally important
1s that the kind of roots (including their ability to extract water
and  nutrients) will change  (e.g.  see Sharma and Ghildyal, 1977, for

example),

In general, and as expected, all the work on mulching coffee has  shown
that  results are greatest  when i1t g applied to poorer, more eroded
souls, where rainfall is tower or more ervalic, and where a

weed-suppressing function is necded, Mulching, gencrally,  counteracts
the adverss  effects of  continuous tillage required to obtain control

of weeds (Blore, 1965),
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In Tanzania,  Hobainson  and Mitchell (1964)  have  also  reported  the
resulls  of  mulching Arabica coffee amnually with the equivalent of 10
tons per hectare of banana trash over an IH yveur period, This s for
a relatively  fertile,  high  tonfatl C1500mm) area.  And yet mulching
was still highly favourable,  The effects of mulch on the oot system

in this experiment were reported by Hull (1963 .

The  peneral  colfee  culture trinl  at  the Coffee Reseurch Statien,
Rutru, Renya, was  star'ed  in 1957, This wus o 2 x 5 factorial
investigating the etfects ot N-fertilizer, weeding, ircigal ton,
proving and mulch on both yreld and qualily, Weeding  and  icrapat jon
were  suspended  in 19760 but the other treatments have continued.  The
greatest response has been t9 maleh fallernate  inter row applicat ion
of Fennisetum  purpureum cach vear) and N, fertilizer. The results are
given in Table 7. Although mulcbiny increased Lhe proportion ol  large

(Grade "A".) beans, N-foertilizer had aa adverse affect on bean size.

Where  woody  plants  are frown  for  fruils/secds there can be complex
interactions between, for example, P outrition and changes  in soil
(and  hence  plant)  water slatus as broupht about by mulching, and this
makes the effects  of  Lhe  latter  mope difficult  to evaluate, For
example,  in an  experiment witlh Arabica cotfee ireated for 10 years at
Yuiru, Kenyn, with cither ground-applicd P (a, single supcrpliosphate
at 0,196,392 and 785 kg I|:|~l). foliar applied P as bi-monthly sprays
of 0.28% Phosphoric acid)  and Napier #rass mulch  (Michori, 1982;
Michori and Kanyanja, 1985), wmulch trc aments congistently improved

yields and leaf P, effectively raised soil reaction, bul increascd the
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amcant of soil  abserbed Poonly shightly  (indicating  that  this
trealwent. had oot increased sorl Poeffoect veely )y, Sorl absorption of p
wiss  lowest  an mulched treatments, supesting that decomposition of the
mulch had reduced or blocked soq] absorption sites for P obat mulel
pround: applied I did not have  an additive effect  on seil P
desorbtiony absorption, nor did ground  applied ' and  muleh show any
statisthienlly  positive internction for yvield., Topsoil trestments hesd
ittt e or no effect on subsoil P avatlability. The best  treatments
vin terms of yvield and leat ) were obtained by P applied both to the

reound and to the Jeaves 1n the presence of muleh,

Froodlv, we shonld remembor Chat Flovering plants  have oot one but
several  forms ot symbiotic association with micro-organisms and thece
can be cncour aged by mulehing. Datt et ar., (1955)  have recently
summarized  whot  9s known  about  these associations. At least four

trr partite  associations  have  been recognised  with  higher plants;

cndomycorchizas = Khizobi HE cndomycorrhizos and aclinorrhizas,
(1mportant., for  example, with Casuaring  spp); ectomycorrhizas 4
actinorrhizas, and endo- cctomycorrhizas + actinorhizas, Nitropen can

be  accumalated  in g system by asymbiotic processes, of course, but the
re cycling of P oso that 1l is more eftficiently used tn the syslem by
Plowering  plants  can be rreatly enchanced by some Form of mycorrhizal
and/or actinorrhizal association, Endomycorrhiznl t khizobial
associat ions bave been Found Lo iner ease plant growth  more eftficientily
thim  Phizobiat  associations alone,  and  this  could  have unportant,

practical applications with regard to Lhe beneticial eftects of muleh.
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Litterfall from coffes and cocoa plantiogs

Beor  (1985)  has recently summarzed the relative importance of organic
matler toputs, outvient anputs and  Litterfall  for shaded  plantations
of  coftfee ond cocoa  in Costa Hica.  Erythring poeppigiana pruncd two
or three times o vear can return to o the  litter  laver more nutrients
than  the highest  recommended  annual  rates ol itnorgamie fertaybivers;
that 1s some 400kg N; 30kg £, and  100kp K (and  see also Husso  and
Budowski1’s  (1UHG)  results o Toabt'os 0o, b and ey, This is clogse to
the level ol these nubrients  stored an the  above -ground  biomass.
Cordio alliodora  ta timber /shade tiree which s removed, ultimately.
returns 30% of the N, 1BS obf the B, and only 12% of  the K (Fassbender
2t al. in Beer, 1985). Pruning of Y. poeppigians provides at least
50% of tne total crop and tree litterfall in these  cotfee  plantations:
and  release of Poand K from decomposing litter is sald Lo be faster

than the relense of N (quoted by Nye & Greenland, 19605,

Beer emphasises the value of large amounts of litter from shade trecs,

which provide a range of nutrient elements, oand suggests that the

rescarch emphasis on N-eyeling may  be  exaggerated. A high biomass
productiivity under intensive pruning may bhe o more  important

characteristic.  To this mipght be added o more critical  appreciation
of  Lthe importance ot litter on soil physical conditions for any
particolar site/erop associat ions, and the scelection of  troe specioes
with high leaf levels of the nutrients that are required (e.g. high Ca
in Gmeling arboren ete.)  [F we  jusl remember  the oulcome  of  much

agricultural research on various cropping systems (e.g. Sanchez, 1984)



Table loa

Nutrient content (%) of pollarded biomase of Erythr ina poeppigiana
by pollarding frequency in Turrialba, Costa Rioh

Pollarding

. Branch part M p K Ca Mg
frequency
Leavoes 2.82 0.20 1.25 1.47 0.35
4 months Branchoes 1.16 0.14 1.12 0.70 0.33
Ratio 3.3:1 1.3:1 1:1 2.1:1 1:1
Leaves 3.60 0.18 1.22 0.94 0.35
Homonths Branches 1.08 0.13 1.15 0.60 0.32
Rat 1o 3.3:1 L.4:1 1:1 1.6:1 l.1:1
Leaves 3.2% 0.18 1.16 1.5 0.4a¢
12 wmonths Brancnoes 0.84 0.13 0.60 1.15% 0.27
Ratio 4:1 1.4:1 1.9:! 1.3:1 1.7:1

- from Russo and bBudowski, 1956,

Reproduced by permission of the Publishers: Martinus Nijhoff,
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nutrients recvcled from
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E vohrina poeppiglana , planted at a density treos/ha corresponcing to
a spacing of & e three pollarding Freguencics, in Turrialba, Costa Rica.
Corponent Pollarded bdicmass (kRg/ha/yr) Fallen leaves i(kg/ha/yr) wotal recveled (rg/ha/yr)
1 L2 et 3 poll. I poli, 2 poll 3 potd Popotl. 2 onli. 3 poll.
Dry matter 18,270 Tl 7,850 1,280 1,018 —--m- 22,750 13,714 7,830
Nizrogen 237.2 227.6 1732.0 93.3 41.7 - 230.5 69,3 173D
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permission of

the Publishers:

Russo and Budowski, 1986

rus Wi jhoff,



Table

1Oc

nut e

of kEryth o

Bromass arad

Lo g

Popellarding

L L

Leartety 2.260

et itolos 1.010

rantchwood 13,370
1.830_

O 18.470

. Fare

> e

Lerailogs 2.710

voeriolos 1.190

Branchwood

Bark _l_ll(_) _____
Total 11.600

S pollardings

QU _Year o

Loaflet s

3
Petioles 1.295
')

Branchwood __QQQ_W )
Total 7.850

Reproduced by permisg: o

Ten kg ha/yr) of
Tpriand
S N
(kg/ha/year)
Y4.9 4.1 26.
4.9 1.8 11.
Lo, 2 16.0 80.
v 2.2 11

pollarded

S S Mg_
2 34.4 10.4
7 15.4 4.7
3 153.8 36.1
o 211 4.9

af the publishers: Martino

121.3 5.2 33.1 25.5 8.9
18.3 2.2 14,5 1.2 3.9
H2.9 8.9 78.1 40.7 21.6
~"----!2;2----1_2____l2_2_____E_Q____Q;Q
227.6 17.9 138.4 84.0 38.0
116.3 6.1 61.2 44,8 10.6
15.0 2.6 16.2 19.0 4.5
____u__b_l__-_ﬂ_g____QE_E___—QQ;Q____Q_Q
173.4 13.6 118.9 88,4 26.7
- from Russo and Budowsk) , lugo,

o Hijhotf,
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Lthe importance of plant residue for awmproving  the physical  conditions
of the soil under tony term cropping needs no emphasis.  Litter is ol
more particular ymportance in mixed, multi-storey agroforestry  systems
than an alley cropping but,  if the top canopy can be regulated (by
choosing appropriate species and by  spacing)  so as  to allow  enoupgh
light  to  come  through, there might  well be o0 place  for having
alley cropping below o litter forming  stratum  of tall trees in high

rainfall/high insolatione arcas?

Litter in the Miombo and elsewhere, and what about residues [rom roots?

A contrasting sttustion s te be found in miombo woodlaund  in Southern
Africa where - Brachystegia  spp, Julbernardia spp. and  other

slow growing Ceasalpincaceae are to be found over extensive areas on

acid soils under one wel and one ary scason per year.

Malaisse et al. 1975 found thal, for their sites, the herb strata
produced, on average, 3.2t o~ vr of litter (largely burnt) and the
trees/shrubs 2.9 ha ! leaves, 0.5 t hn"l, fruit and about 4.5 t ha™l
of wood., Microflora/microfauna, termites and fire were major factors
in litter decomposition with considerable differences  shown by the
Litter from different tree  species, Ternites  and  fire  (the  former
spatially heterogencous  and  relatively nonactive 1o the warm dry

season) Jointly accelerated litter decomposition by a factor of tLwo.

In fact, termites can make up to more than HO0% of the total soil

animal biomass - in miombo about 2Zky¢ dry weight of Lermiles per
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hectare., Under  mulch Lhe  mass of soil animals and microflora/fanng
will greatly increase. Estimates of sround 2000hy by o have beon
quoted  For ear hwormes dlone, Some biomass extracts from sovl Fauna nre
given ta Table 1], s tepresents o considevable  store of mtrionts
in the system bult, more tmportant ;, most Iy around o1 close to the Fine
roots, as anyone observing roots in sttu will  koow., For oxomple,
the  study  made by Huxley and Turk, (1975}  numerous Funganl eat ing
collenbolta were seen round root -taps, as well as  all Kinds of  other

insects and inscet larvae woving along and near fo rools,

U s wvery  dibfrentt e Find  other than Frapmentary records of Lhe
actual dry weighi ol o Fauna and/Zor microbial bromass in the nojl.
Most  reports  deal  with Kinds  and  numbors, Cheareal compositjon js
also omilted From agrieelturst and applicd  soijt managenent fitersture
(for  example,  see Swilt et al (1979),  That arable agricul ture Feads
Lo an bmpoverishment of soil fauna compored with other type o sysloms
suech “as o grassland,  Porest ole, is well proven, vy, Mussell, 1973,
Swift, 1980, Hyszhowski ot al, 1985 Karg, 1985, and other  papers  n
Cooley  (Hdy,  1ums) . Even  detailed work  on termibes (Lee and Woodd,
1971; Roy Noel, 1979) provide only scanly  evidence on  these aspects,
and  more  spech fic summarics (e, Collins, 1983 on Lhe utilization of
nitrogen resources by termites) sepye mainly to  indiente the  need Lo

direct  sop! zoolopicts  and vcologis

Lo pather up what g already
known and join Forces Lo obtain o preater understanding  of  what s

happening  in applied apralorestey  situalions. Perhaps, in bl lirst

instance, we neod to e o

concerned with the enormous complexilies

of the population ccology/decomposilion biochemistry aspects amd



Table 11:
Some hiomass cstimat.ons for soii fauna
(quoted in Lee and Wood, 197! (=) and 1sscll, 1973
Country fvpe of soil fauna Biomass imanes References
w1
(kg/ha )
large herbivores 92
Holland large decocmposers 660 799 Macfadyen (1963)/
- small decomposers o Drift (1931)~
Precdators S
on iombo termites {subterranian and 3
Congo (m ) termites (sul ‘ 110 Maldague (1964)~
riound building)
Australia termites {mound buildin . 2 -
y E moule g 60 Lec and Wood (1963
(Eucalypt.) and others)
Nigeria . - Sands (1965)*
- 9 ./ . termites 50-500 1 1 .
Core D'Ivoire and Bodot (1967)
Nigeria Earchworms 1C6 Madge (19651
Cganda Zarchworms 0.6-455 Block and
{varicus habizazs! Banage (1968)
Denmarx {varilou al farchworms 550-2000 (forest} e
\ 211 . P e . Bornebusoch
sites) b) All other animais 40-190

3
J

-



concentrate  on obtaining  some  simpler data on dry weighls, chemicol
composition and  the rates  of  change  of  Lhese in relation to

clearly stated field conditions?

Asx we  know well, root prowth can  be greatly  enhanced, where the
activity of soil animals of one kind or another,  has  iIncreased  Lhe
maber  of  soil poassages (shown very elegantly by Edwards and Lofty,
tI78) . And this becomes  particularly  important in  zero or minimum

tillage systems.

Of  the many papers on litler  few present the situation to be found
umder single, well-spaced Lrees.  The work of Kellman  (1979) has  been
ment ioned above as one  example. A cautionary feature is  the
"srolutionary”  scale with which  such effects may take place,
Furthermore,  the assumpltion  that all trees are effective at "pumping"
nutrients trom Jower layers is probably o myth. For example, in wet
highly .n(:id subsoils  vbthe  Amszon  region) we have litile information
about the rooting depth ot parlicular woody  species, even whether on

some siles Lhey are rooting in the deeper soil layers at. all.

Certainly  weody  species vary a  greal deal in the ability to explait
the lower soit stratum.  For eximple, as Koerfool (1962) has  shown  in
Kerya, tea (Camzllia simensisi rools to a much greater depth than its
associated woody  shade  species (e, Grevillea robusta), which s

outstripped by a  local grass (Pennisctum ciand

Linum). Furthermore,
vhe normal tap-rooted  characterisbic of  some woody specics  may  be
highly moditied if this structure is removed in the nursery and/or

plunts are propagated from cutlings.
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Finally, both rainfall and leaching  of  outrients  through  the plant
canopy  provide important  additions to the level of nutrienls brought
to the soil in torest (i.e. closed canopy)  systoems. A study of two
types  of  rainforest in  the lvory Coast clearly shows Lhe tmportant
part. played in this process by canopy leaching  (Benhard-Reversat, 1975
sece  Table 12). v wide-spaced  zonal  agroforestry systems that are

regularly lopped this effect will be greatly diminished, of course.

Same_Conclusions

I would like Lo draw o few conclusions from  this  somewhat cursory
glimse ot the large amount of data on mulch  and litter Lhat is
available. What of all this is particularly relevanl to hedgerow
intercropping? | suggest the following:

0 There is  absolutely no  doubt  about the effectiveness, in a
.vary wide range of soil type /climate combinations, of mul=h
used  at quite substantial rates of applications (e.g. 10-20 t
ha~1 air-dried material). ‘This will actually improve a whole
range of soil characteristics over time, even on a basically
fertile soil (e, Kikuyu Hed  Loam). However,  there is o
clear indication that, with consistent crop  removal  (or
removal of parts ol the hedgerow  biomass for fuel and/or
fodder?)  supplementary  fertilizabion will be needed in most,

if nol all high outpul systems.



Table
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12

Amounts of nutrioents brought to the soil and
poercentage of different parts

Site

P K Ca Mg

Total kg/ha/yr Z38 9.8 85 97 91

Z Ramrtall o 9 14 6 22 4
I

5 Leaching ¢ I5 4 61 15 40

o Litier o 6 82 33 63 56

Toral kg/ha/yr 746 24 264 135 90

Rainrall ¢ 10 6 2 16 4

,;ﬁ Leaching ¢ 26 38 67 21 56

S oLitver % 54 56 31 63 40

from Bernhard - Reversot, 1975

By kind rermission of Springer-Verlap,

In the Banco Forest (Cote b'fvoire); at two
sites, platcau and valley; rainfail 1400 and
1800 mm. p.a. during study period (2 rainy
seasons) .
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Smatler amounts of mulch than this may still have some  effect
on  physically  poor and/or nutrient-depleted soils.  And the
same  applies  potentially to low as  compared wilh hign
rainfall  areas, but limits to hedgerow biomass production may
then provide insutficient mwounts of mulch to  achieve any
significant long-term results. This certainly needs testing

in o wider range of enviromments then has been done so for.

Although the short-Lerm benefits of mulech  have  been clearly
recognized  they may, and especially where only small awmounts
of plant residues wie available, and/or in  increasingly  drier
arcas,  become  the over-riding boanefit to continuous cropping
schemes. There is plenty of evidence, when we lock, to
indicate  © range  of immediate plant responses to the effects
of mulching (improved topsoil water release curves, reduced

topsoil temperatures, more rooting in  the topsoil, plant

4 . . e . .
nutrients 1o wmore available forms as weii as in  larger

quantities, greatly increased soil fauna ete. cte.). And
these are clearly reflecled in the kinds of plant responses

that indicate benefits of this nature.

Probably far Loo much ewmphasis  on nitrogen has been made

-rather than on the balance of plant nutrients reguired  for

any particular  soil/cropping  scheme  combinntion. fn ihis
respeet,  too much  emphasis  jusl  on "nitrogen-Fixing Lrees"
may, in the long term, be counter-productive, Indeed,  an
appropriate "mix" of woody and other mulch materials s

likely to be best, depending on the soil characteristics of

the site.
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The mutrient  additions  in plant  residues  con vary very
preatly  according Lo the species mixture we are using. ‘This
provides both opportunities {(i.ce. to seck out  and  use woody
species that "accumuiate” the clements  required),  and
Piritations (we can "unbalance’ the soil  outrien!  stalus by
continuing to apply a sinpgle type of plant residue which has
an ancorrect ratio of nutrients for the soil/crop  combination

for which it is being used).

Although wmulch  (ard especial ly the hedgerows themselves) will
increase rainfall nfiltration signifienl ly, "balance sheets"
for water use  in o« system with  hedgerows are neceded.  An
increase in 501l water  storage  because  of improved
infiltration could be wmore than offsct by preater water nsce

because of an  increase  in canopy  coverage  and/or  duration

(mainly because of  the hedgerow) . This can  be witigated
during the crilical crop-prowing season,  of course, by

culbing back the hedge, bul  Lhe hedge  plants have Lo be
allowed to grow some time (and hence use water) if
appropriate  amounts  of  biomass are Lo produced and/or they
are nol to be so severely restricted that  they  decline and

die out.

We need to know a  greal deal more Lhan we already do aboul
Lthe decomposition of plant residues  from the practical
standpoint  of how best to manage residues so as to benelit

from them in agroforestry systems Lo  Lhe greatest advantage.
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Much  of  the existing experimentai work is of preat pract ical
tmportance (e, Switt ot al. 1978 Swift,  198a), although
there  are two large  "compartments”  of organic  carbon and
plant nutricots, represented by Lhe  soil  fauna  and by the
fine roole (v tool excret tons?)  of  woody plants, ihal now
seem  as o bt they might  bLe  much more  significant  in Lhe

system's "budpet .

We need st to “model™ this siluation so as to  be able  to
compare  the potentials  for aproforestry  land  use svslems
aganinst  what 15 adready bnown for apricultural and Forestry
{see Youny ot o, (986 fore sutl carbonj, before cmbarking  on
larye, costly field experiments, In particular, the rates
and  times ot wiiech  wialer and  various nutrients become
avatlable in relation Lo plant needs and root ing activity in

mixed woody/non woody sysiems must  be better-explored, Much

ol this work can be done with micro-plots.

Finally, there have boen  no reporls  so far of benefits Lo
hedgerows (in terms of vields  of loppings)  from  their own
tesidues  being incorporated  in o Lhe between-row  so0jls , s
compared wilh Lhem being  removed. This  rsuggests  that
frequent. fopping diminishes Lthee  differences  rom iany other

kinds ol treatments (see the section on lopping, below),
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C. SHELTER

This is another important subject, but spuce restricts what can be

sald here.

shelter effects per se

there is a large and scattered literature on the whole subject of
shelter, including  "wind--bi caks” and  other forms of barricers that
bring about a reduction of air movement, an  increase  in humidity and
changes 10 ambient sojl and air temperabures. Al of there cian have o
range of possible primavy and secondary  effects on  plant growth and
development,  from germinat pon throush to maturity, And they operate
through o large number of complex  factors affecting rhysiological
processces e.g. deaf ditferentiation, water loss, photosynthes s,

|»o|Iinuti()n/f't:rtili'/.ul.i'm, and so en.

Various reviews (e, CooSturrock |, 1O have indicated  the very  large
benetits to  be gained  from shelter with various fruit, vegetable and
agricultural crop specics under particular sets of Lcireumstances, with

yield responses up to an order ol mapniLude being not uncommon.

Hather  Few  data are avatlable  for the tropics, and what Lhere o 14
often anectodotal, For example,  Corr, 1972 (for tea), SUIMNAT 1505
reports  on the benefit  of increased humidity and of wind protectlion,

And the detailed studies on the effects of shade and shelter on ten  in
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Rast Africa (McCulloch at al. 1974; Ripley, 1967) provide an excellent
example of whut is required to disaggregate the various factors

involved.

"Shelter” effects may, therefore, be a much more important issuce in
hedgerow intercropping then we have assumed, and thcere is a need to
continue to evaluate Lthe effects of hedgerow orientation, and to
devise  some rapid assessments of tha relevance of "shelter" to

particular site situations.

Win

dbrenks

Windbreaks are being roviewsd by ICRAF in terms of Lheir usclulness as
a polential agroforestry intervention (Darnhofer, pers. comm.) and
will, therefure, not be further considered here, other then Lo raise
one issuce, The ef'fectiveness or otherwisc oi' windbreaks or
shelterbelts is practically always evaluated in terms  of  the changes

.

brought aboul on the yield of adjacent crops. An equally importani
factor, particularly for arid and semi~-arid regions where their
beneficial effecls arce likely to be greatest, is the change in water
use at the site Lhat will occur when woody perennials  are established
as  windbrenks. Especially  if these are rooling into o waler tuble.
Few accounls or reviews of windbreaks have, in the past, taken this

tnlo account, perhaps none?.
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Environmental coupling and other matters

What is_environmentnl coupling?

This subjecl applies more to the extenlt of any mutual sheltering
effects of plants grown as associations, communities or separated to
some  degree. That  is  Lthe ways  in which their geometry affects the
physical processes of Lransfer of mass (i.e. entities such as gases)
or cnerfly between  the "crop” and  the environmenl. in which it is
situated.  “"Coupling" describes, then, the degree to which two sysloms
(e, o deal and the  surrounding air, or a plant canopy and Lhe
atuwosphere above 1U)  can exchange,  for  example,  carbon dioxide or
water  Lhrough  an appropriate  sel of physical conditions.The subject,
despite its apparent ly esoteric nature, 15 relevant to our
understandiang  of how Lo evaluate what is happening environmentally in
hedgerow situations, so o brief discussion is in  order. The  physical
) .
conceprs of  how plants  are "coupled" to their eaviroament have been
discussed by Montieth (1981) and have recently have been further

explored by Jarvis (1985).

A crop is said to be ] l-coupled” with the alinosphere above or
around it if tLhe boundary lIayer resistances  to  the transfer, for
example,  of  energy (heat) or moass ‘carbon dioxide and witer molecules)
are small.  This comes about it the canopy  is  aerodynamically "rongh”
i.eo tall, irregutar, wmobile when exposed Lo wind ete.  On the other
hand an extensive close-planted agricultural crop  will be:
"badly coupled" with the almosphere  above iUy Lhis is beenuse :@nopy

resislances are much higher.
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In practice this means, Jarvis points out, that the main
environmental driving variables (e.g. net radiation) and effective

plant contrels (e.g. stomatal resistance) to, say, either water loss

from a canopy or canopy photosynthesis, w

ill vary according to the

degree of environmental  coupling. Thus, water loss from a
free—standing, single plant (herbaceous or woody), which is
extremely-well  coupled with  its envirommenl, will be imposed nol
mainly by net- radiation income (the "equilibrium rate”) as it is in a
close-planted, unitform crops (poorly-coupled), but by & combination of
net-radiation and modifications set by saturation deficit  and  stomatal

conductance, 1.e. the free-standing plant has  effective  stomintal

controi (aa "imposed”’ rave) .

With small, unitorm plots the centre of a plol s likely to  be
less-well coupled thon the  cdges and this will affect the
inlchreluLiun of the factors affecling transpiralion and assimilation
dnpcndi&g on  where the plant is that is being studied. AL a trec/crep
interface of plots of woody and non-woody plants of  different statures

a  higher degree ol coupling might be expected than in the centre of

the plots.

Jarvis points oul some other  interesting probloems. Selecting a  new
crop species  and growing ib in a crop community when it has previously
cvolved n small clumps, or as isolaled plarts, may result  in some  of
the adaptations it has  acquired being of little use. For aximple, o
sensitive closure response of  stomata Lo inereasing saturat.ion

deficits will be of less value Lhan it was.
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Again, in a strongly de-coupled close-planted canopy of mixed species
the transpiration rate will be msinly imposed by the level of net
radiation, so that if onc component suffers competitive water stress,
and its water loss is reduced through o degree  of  stomatal closure,
the Ltranspiration rate of other plant components will inerease and the
canopy as # whole will continue to lose water as  before. This will
not be the case, according to Jarvis, in the mixtures of species that
present. a strongly coupled canopy (e.g. o comunity of trees wilh a
high dgree  of  canopy "roughness”), and an overall reduction in water
loss may result. 1o multi-sloried mixtures the upper emergent. layer
will be strongly coupled, to the atmosphere, and water loss will be at
the imposed rale: whereas  the anderstorey o mav o be almost complelaly
de-coupled, and  water loss will be al some equilibrium rate.
Increasing the amount. of upper  canopy  will  increase water loss  for
this  strongly-coupled layer, but the additional shading lower down
will diminish, to some extent,  the equilibrium rate of water Joss
there, Exactly how this is balanced out in multistrata systems still
requires further investigalion. Jorvis concludes that the addition of
a lree component Lo a crop system will not necessarily  add  an

additional drain on the water resources of the site,
Hater loss from hedgerows

From Lhe point  of  view of water loss from huduurnw~inturcrupping the
system,  overall, is likely to be fairl y closely-coupled to the
environment.. Malure hedges  of  one  form  or anobher will usually be

exposed above a young crop, but they may be level or even, if it g a
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tall cereal, submerged below its upper surface at crop maturity (less
well-coupled and more dependent dircetly on net  radiation receipt at
that canopy level). [u addition orientation is likely to altfect the
degree of coupling in different parts of the system, although it may
all be fairly well coupled. It will certainly modify the effective
wind speed, slowing it down across hedges, or speeding it up between
the rows, so especially, iofluencing water loss  trom well-coupled
vegetation.  Orientalion may, therefore, be rather more important for

hedgerow intorcropping than in less well-coupled situations.

As  well as  water use aspects we need also to consider the factors
affecting water  input  where  hedycrows  are  grown, The soil  water
status  and waler balance in o Ledgerow  intercropping site will be
different frem that of one occupiad by an  agricultural crop »>r crop
mixture. In the first place, and especially depending on the siope,
aspect and characterisitics of the rainfall, the soil beneath the
strip; themselves  should  readily  collect runoff. Infiltration rates
under hedges can be as much as five btimes greater than in  adjacent
cropped soil on o vertisol in India (Charandrasakariah, pers comm.).
How much runuff is available to be collecled will clearly also depend
on  the type and soil minngement, as well as the distance between the

hedges.

Being able Lo store water that might otnerwise have run  on down-—-slopoe
is clearly beneficial, LE the hedgerow  is cut back at crop-sewing
time some of it may ceven become available to the immedioately adjacent
crop rows, and so help Lo diminish any adverse tree/crop interface

effects.
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Accumulating more water is likely to prolong the growth of the
hedgerow plants and, as this will be to a large  extent effectively
under stomatal control, it will, in some circumstances, lead to
greater water use. However,  there are close  similarities when
considering  well- or  poorly-coupled vegetat ion with regard Lo
assimilation. In close-coupled tree  canopies the atmespheric carbon
dioxide concentration is effectivaly controlled by Canopy  conductance
and by changes jo stomatal resistance, In poorly-conpled agricul tural
crop canopies assimilation, like transpiration, is strongly dependent
on radiatijon. Thus, wel - coupled ulluy~crupping systems  that make
better use of available water thap sole agricultural Crops  are likely

to benelit from this t hrough improwved and/or extended assimilat ion,

Unlik: the situalion wilh agricultural crops (except in Lheir early
fgrowth stages) both waler use and assimilacion in hedgorow
intercropping  are likely  to depend very closely on Lhe amount of leaf
area prnécnl and the way in which this iy managed  in relation to

seasonal  climatic opportunities (an outcome that might soen more

obvious to the farmer than to a crop physioltogist ! PAR) .
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Provious Page Bluaek

D.  TWO ASPECTS RELEVANT TO HEDBGEROW MANAGEMENT

There are many aspects of mananging woody/plants that are relevant tou
hedgerow intercropping bul, for this paper, I would Like to
concentrate on what happens when we remove parts, and on some effects

of fruiting.

Lopping and subscquent growth in general

As Maggs showed for apple many years ago (Maggs, 1964), removing parts
of o woody peremnial,  as  in o any lopping or pruning operation, will
have the ettect of decreasing the next season’s dry matier  increment.,
The extent to which this huppens  will  depend on: {(a) the amount
removed in relation teo the total Living "capital” Lhe plant  possesses:
(b) the effects thal any removal of aerial parts has over changing the
geometry of the canopy (or Lhe renewed canopy) vis—a-vis improving the
illuminatljnn of  leaves; as well as (¢} changing the proporlion ol
photosynthetically-active to less~active leaves (i.e. Lhe proportiion
of young versus old foliage); and (d) whether non--living parts
(lignified secondary materiuj- dead or senescent leaves elc. are

removed as distinet {rom living ones.

The effect of plant parl removal on diecreasing the following loevel of

biomass increment is shown i some of the accompanying tables.

Tables 1y to 15 VHustrate  the  situation with Fea (Camef Lia
sinensis). Magambo (1984 hies provided  data that show vy o bor 1y
the detrimental  offect  of Phockang  on total  hiomgas prrovdoe * g of

container PEOWID youny ey b ot o ke, cabr e t Lon



Tavle 13
Dry mattar procuction (g/plant) 12 montihs (Aug. 1978 to Julv 1973) in plucked
and unplucked young plants of 3 TRFK tea clones growing in nursery beds
Dry matter g/plant
31/8 6/8 7/14
Planz part Pl Unpl. Pl unpl. Pl. Unpl.
TR* j N
Leaves 39,447 171.8%9 7.3k 165.159 171K 182,99
Frame 95.2"%] 267.8°¢¢ 99.ghJ 281.43P¢ 57,83k 337.3
. 3 . jk ccée
Lt tof } , .47 242.
iocts 69.077% 217.5°9¢ 129.69"" 514.09P 39.4°7 6
S0 Py ! 1 1 v 1
TaTAL 216.7° 657,10 276.9° 761.1" 114.3% 762.8°
- = Mpan seperation by Duncan's multiple range test, at 5% level. - from magambo, 1983.

8L
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the field were similarly affected after an initial 6 months from the

time plucking started (Tanle 14, which also shows th coffects on the
distribution of dry matter). Table 15 shows the efrect of keeping
young tea bushes to a rangie of different plucking heights (70cem  down
to 10cm). Shortening  the plants #rcutly reduced the surtoce area for
plucking and, hence, the vield of leaves per bush but, as yields per
unit  plucking arca per bush were increased, a projected re-adjustment.
of spacing indicated a pussibility for increased loeaf vields under »a

complete ficld cover.

The data from Russo  and  Budowski (1985) on pollarding of Erythrina
poeppigiana in Costa Rica, again, illustrates exactly  what  one  would
expect  (Table 16 and 17) i.e. fewer pollardings resulted in o preator

total biomass pioduction (although more leaves).

The time ot which parts  are  removed may atso be important  as,
depending  on the phenological s tage the tree is in, it can be
"entrained" so that shoot growth, floveriang  and fruiting takes place

in a more or less favourable part of the season (Huxley, 1983).

In non-woody perennials (evg.  many frasses)  there may be o resl
improvement in subsequent vields when  these are  first cut  over, or
burned, due to  the removal of  Mageing”  parls of the canopy.  With
Lrees, even "fast-growinn” ones. Lhe decline in growth  due Lo various
restrictions Lo transfor of organg e Cand  possibly organie)
miterials,  because of  an nereasing complexity  and dystance of
Lransfer  pathways  (e.y. Warerng, 1964), 15 Likely to Unke o number of

years, In  general, Lrees e sdowly  and thesas el ety cun Lo

mitignted, or  even chimimated by e} TENDGT b e aeger bl e

Tt ot
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Table 14:

Mean accumulative dry matter
July 1977 to June 1978,
plant parts

production {tonnes/ha) from
according to sub-divisions of

of plucked and unplucked tea bushes of clore
6/8 in the field,
1977
Septemkg{ DecengE
Plant part By, Unpl. Pl. Unpl.
Pluckings-leaves 0.25 - 0.65 -~
Pluckings-st ems 0.05 - 0.16 -
Leaves - young -0.03 -1.09 -1.26 -0.84
Leaves - 0l1d 0.96 1.10 1.53 3.12
(including-fallen)
Frame - Young 1.33 1.08 2.10 2.66
Yrame o - 0Ol 18 0.15 1.38 1.17
Joots - thick 0.64 1.30 -0.05 0.59
Hoots - thip 2.76 1.53 0.50 0.3
TOTAL 6.14 4.07 5.01 7.04
1978
March June

Z£“99“POFE:,~_ bl Unpli Pl. Unpl.
?luckings-leaves 0.99 - 1.11 -
2luckings - it oms 0.28 - 0.3 -
LeGves - Young -1.31 -0.20 -1.70 -1.22
Leaves - Ole 2.33 4.46 5.59 8.42
fincloding -falten)
Srame - Young 1.206 1.97 2.75 1.69
trame - 0ld 112 3.63 1.62 11.73
Tanty - Phiyck -1.06 95 3.01 3.77
Foot s Thin 1.64 1.19 .22 1.85

TOTAL 5.25 13,00 6,90 26, 25"

4 Sianificant diftforenee: between placked (01} el

unplucked (Unp!.) plante means ot peo, 05, - 1y om Magambie, 183
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Plucking = area and yields {Feb -Dec 1981) of rea bushes pruned
and mainta different heights.

Yields
Assuming Actual
Plucking complete Yields
Surface area. Vields. Yields/area cove:r at that 1.22m x 1.22m

3ush heigh: (m?) (kg/plet) {kg/m? ) kg/ha (kg/ha)
70 en 530 15,42 0.2¢¢ 2847° 28472
30 e 39.5° 13.5° 0.34° 3109° 25047
25 o 256 9.8% 0.37° 3746° 1814°
1o 5.58°% 3.9¢ 0.44° 14258 723

18

TS M2an geparation within columns by Duncan's multiple range test, 5% level.
- from Magambo, 1383.
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Table 16:

Biomass production (Kg/ha/ycar) for leaves and branches
of Erythrina poeppigiana trees.

~

Treatment Leaves Branches Poll. Total Bilomass

(kg/ha/yecar)

2 pollardings/
vear, branches
left on the
ground

3,839 a 1/ 7,492 a 11,829

2 pollardings/

voar, branches 4,041 a 7,803 a 11,844
removed from

the plot

I pollarding/

year, branches 3,270 b 15,200 b ly,470
left on the

ground -

1 . .
—/Mcans with the same letter in the same column are not

statistically different (P20.05) -from Russo and Budowski, 1986

Heproduced by permission of the publishers: Martinus MNi jhoff.
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Annual biomass product ion (dry \'Ll(_]ht) fLom Erythrina poecppigiana pollarded
once, twice and thioe times a year in ‘lurrialba, Costa Ricq (280 trees/ha,

corresponding

Lo a spacing of 6 x 6m)

Pollarding
frequency
per year

[eaf Biomass

——

Pollarded Total

Branch biacnass o
Biomass

1 (12 nonth
interval

Rg/tree 11.70+3.39
kag/ha 3,270

2 {6 month
interval)

kg/tree 13.93 + 3,99
kg/ha 3,900

3 (4 month
interval )

kg/tree 15,50 + 4,95
kg/he 4,340

T —— e

54.28 + 13.82 65.98 + 17.17 1/
15,200 18.470 ~
28.26 + 8.11 42,13 + 12,67 2/
7,900 11,800 ~
12.52 + 4.85 28,02 + 9.80 3/
3,510 7,850

—/D;xta fram 24 trees, on pollarding

2 ) .
l/l)uta from 48 trees, sum of two pollardings

3 .
—/l)a ta from 12

Reproduced by nermission of the publishers:

Lrees, sum of three pollardings

- from Russo and Budowski, 1985,

Murtinus Nijhotf.
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Allometric relationships

wWhen it comes to  considering  the changes in relative amounts of
different parts as affected by pruning and lopping we nced Lo remember
that the relative rate of growth of different organs can be described
by a particular set of allometric relationships which describe the
change in  the ratio between parts of an organism with time. 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 environment (or both). The stage of plant
development  will also alter the allometry, because new "sipks" will
arise with changes in growth and  plant  development ( e.g. secondary
stem formation following ecarly secdling  growth, and  flowering and
fruiting). Allometric relationshi,s are often described by »slotting
the changing dry weights of the varts being considered eg. root:shoot,
stem: leaf etc. on log/log scales (and then the slope of the line

. . M .
indicates the relevanl relative growth rates).

As Cannell (1983) points out, the important issues to realise are that:
o Shoot or root pruning does notl permanently alter the
shoot~cambial- root  allometric relationships, Shoot pruning

Lemporarily checks root growth, and  root  pruning temporarily

checks shoot  prowth, Both in proportion te the amount
removed, and unt il Lthe original allomeiry is  restored. ‘I hus
root pruning Lemporarily diverts #  greater  amount  of

available, curvent assimilates (and, possibly, some mobilized
stored materinls) to Lhe rools, and a shoot pruning similarly

to the shoots.
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o Where the production of stem wood is an objective we must
remember that the sten cambium represents one of the plant’s
several "sinks" which is continuous throughout the trunk
(bole) and larger and smzller 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 stemwood  dry
matter allocation will be used to produce a bole as distinct

from smaller branches (as foreste-s well know) ,

0 Similarly, and where we are mainly interested in leaf or
young leafy shools (without secondary thickening), pruning
away these will divert current  assimilales and/or  mobilijized
reserves  to o repace  Lhese organs, _lglLl____J_jl_(:'[‘_f;ﬁ_jii_l_LJ)i__lgit}
LQLQJMQ§§jmil§L9§mﬂYQi12919_Ehgﬂ_if they had not been_removed.

Lonping hedgerows

The above facts have heen well known  to crop physiologists for many
years, but we jpeed to re-examine their implications in the light of

hedgerow intercropping.

Tables 18 o 20 Five  some hedgoerow production daty - mainly  on
Leucanena Leucocephala, The  major Factors  affocy ing  biomass
production from hedegrows  will  be species, climate and o) by lopping

vrgime and in-row spacing; and compelition from between row cropping.,

Whether  he hedgterow loppings  are left. on o site or removerd wil |

probably be important g Lhe Tong term, but gt appears . Lo hiave  litlle

inmediate effoct (see Tables 16 and I18).
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Table l8a: Some examples of bionass production from Leucaena leucocephala hedgerows

Spacing Country Authority Bicmass Production Comments
-1 -1
(t ha yr d.m.}

2 x 2m fndonesia Sockotyo (1982) 3.6 (cv Cunningham) Sun-dried

rows Queensland Raymond an- 1.5 to 12.5% (cv Peru) various cultivas

TN 4m Australia Bray (1962) 0 sites

1 x Im ~obarnath Sudhir et al 20.6 cv X3 ("
India (1982) fextrazalated)

various various Torres (1984) 6.1 to 17.6 summarized yvield
- R data from 7
Tropics

authnors

Kang et al 5.77 =5 7.04
(1985) (prun:ngs remnved)

vtained)
stems

meancx~l1l.5 {removed)
=1C.30 (retarnad)

Table 13b

Leucaena hedge biomass and crop yields.

Treatnents Lrents Coments
1474 1930 1981 1982 1983
o Nitro- a, 6.4 mitreqgen a, 5.1 6.30 7.04 5.770 Ko, !H(_)lt irrial
gen N . ; ) b, - 1.50 2.23 10.52 ) biunes yr
b. 3.8 ? ;;.iu?x,':(g ¢,y 0.48 G.6! 0,26 ] Mize guain yieles vy i
c. - TNt antiuad cregping Witk g,
d. - - 0.459 0,27 7 lemgEvtis residhas,,
[ 2.55 n.59 05T 1 Goagen is ittle atfectie oy
[ 1.81 U.58 0,49 ] Vil tvatzent
leonitragpgn oa, 71 6,32 5.43 G 79 L Frtainug peaan,e, Gies, e s
awt nruning b, - 1.29 2.40 FRULE IRURC LR N VIV PFUN R TIN ER
e ned ¢, 3.5 1.21 2.10 Lo92) Mddenarpe e, ranve grain ol
d, - - 1.57 ST ] wetter watl an Ol o ot
3] - 2.95 0.n1 Hodh ) Ggea an it e W foctand 1n 1y
f - 2.5 0.5 U,'r"j et tert dether leve ieta
PO e Bl o ot
al Dry matter yield - - vl Woody stem prunings  ©) Maize p:oagn yrolde talled
Leucaena prontss (0 b yroo°

d} Hutze grain gieltie wers tiljed o Cowpea prain yields (tilled) (5 pes gt gte bty - sero el led

~obren g et oaf, bt v
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Dry weight of prunings from species

alley cropped with

maize and cowpeas, LITA, 1983
Spacing/ Glirty-
Fertilizer® cidia Leucaena Alchornea Acloa Mean
t/ha/yr
2m/Elo oo, 6.30 9.06 3.83 2.62 5.46
am/El.o.oL.L, 5.03 8.16 3.28 1.50 1.19
A 5.40 9.23 4.49 2.62 5.43
/P2, 3.99 8.10 3.47 1.51 4.26
Mean .......... 5.18 8.64 3.77 2.07
LSD({5%)
SPOCIOS MEANS L 1.52
Spacing and fertilizer wre ONLOMSans Lo L ... 0.60
Spacing and rert. trime. mesans for soame species oo, ... 1.30
Spacine and fert. trtme. means for diff. species .......... 1.83
* Spacing between hedge rows.  Fl=45-20-20 and F2 = 90-40-40 kg
N-P-K/ha applied to the maize crop. - from IlTA, 1984,
Table  20:
Shoot biomass production of Ffour species at [ITA,
sites A20 and Wl
) - ~thoot by THeigne T
A0 T T s T
------ G/tree --- = ---= kg/ha - e e
Leucaena 229 506 716 251
(;l'i("l(,"l(l.lil 121 162 118 Lot
Flemingia 158 ERY Y o
Castgia 177 “unv Hh 3 27109
(OVANEN A4.5 44,0
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Table 1B summarizes some of the available dala  and gives the 1ITA
results  from 1979 - Y83, Also  from [II'TA are Lhe results from o
species X spacing x terbilizer trial  in which 1t s clear that

Leue:

enay leuwcocephala will  outyield the other  Lhree species Lesboed
(Glirvicidia, Alchornea and Acloan - see Tabie 14) Further
investipations (Hall, 1985) have given a preliminary  indication  Lhat
Flemingia  congesta and Cassia siamea might also do well in this region
(Table 200, and farther da' y oare piven in the recent papers  of  Yamooh

el al., 1986Ga and 1986L ).

There may  be  even  more promising species Por allev-cropping in humid
regirons  than  Leuacaenn feucocaphala, For  exomple,  Yamoal ot al.
CLOBG: and Tustbs have looked al Cassia Siawea, Glirvcudia sepium and
Flemingia  congesta and  assessed bolh Lhe  biromiss yields and
contributions  of J.PUK. made over L year (2 maize growing scasons)

stacvting 2 vears From pranting out, Caszsin provided 1he most  biomass

(neavly 17 U ot by g Lhe whole period, however oulpuls were very
dilferent, boun tolal:s and with Lime Litter fail during  this  period
differed by o faclor of nearly 8 (126 L ha'! for Ghiricidia as

against 1001 4 ha D oror Cassia).  Available plout residues  for mulch

al Lhe  first et varied some 5 times (196 L ha' } for Flemingia as

rs

agatnst 107 1 ha Vo For Cassiar,  and  subsequentl  viclds  of prunings
varied by a0 tactor  of 6 Tt b for Cosean amd 5.0 0 b U for
Flemingiao . Tlese Diguees can be compared with 1 hose of Levcacnn an
Tablte 1S cand  coc Hatl, 19835 For olhor comparisont) bebwesn Loeucihena
and  obher  species; . Cansia also produced  peardy 30 1 ha! of

fuctwood, an apainst only 6.8 L ha™ !l for Flomingin,
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There are clearly very large differences between the performance of
different species, and a great need for more information of this
kind. Particularly, for the long-term  pertormance  under different
hedgerow  munagement.  sysioms. Also, it is interesting Lo nole thal
despite the large amounts of planl residues produced imtially by
Cassia in  this experiment estimates of the nitrogen made available Lo

Lhe maize still showed o shortfall of that required.

in a drier region at Morogoero, Tanzania, Lul.ndalp (1985) oblained
hedgerow  fodder  yields of around only 3 tonnes ha-l per year for Lhe

First 22 months of growth (Table 21,

Although more datn are necded 1t would  seen that, in welter regions

{rainfall, 1200 1500mm p.ac), and on appropriate sites, a fast-growing
,

species such as leacaena will produce some B to 10 tonmnss ha-1 or per

annum - cul over  several  Limen g year, and in drier regions 3 to 9

tonnes e ! per year, similarly.,

The probable effects over time of in row hedgerow spacing are  shown in

Fig, 134

Relatively  few  studjes give tnformalion ahoul the actual proportion of
subsequent dry matter increment, that goes bt the  rools  after lopping
but  we  can SUppose, in principle, thyl loppinm would probably restrict

this Lo some extoent, However,  some recent  roviews (Bowen, 14ns .

Cannel [, 1985) have indicated that diatir e pow available to show Lhat.
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Tanle 21:
Leucacna hedgercow fodder ylelds (Morogoro, Tanzania) -
= ha Cant. - from Luiandala, 1985
Age {months)
roaTment 13 23 26 28 32 25 38 41 Total (& Ann. Mean)

ceeded 2.38 0.38 1.70*  0.52 0.64 1.06 2.14 0.40 9.52 (2.86)
2.39 0.65 2.24”% 0.97 0.72 1.08 2.78 0.50 11.53 (3.45)
2.03 0.56 1.48* 0.88 0.90 1.01 2.12 .49 9.47 (2.84)

ilcdgerow was first harvested at
h/le wide.

5001)=3.03; 1x5(2000)=3.05;

06


http:1x5(2000)=3.05
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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 matter in intermittent destructlive
harvests  (sece Table 22). It is lear thal there is some seasonal
"turnover" of fine roots (e.g. Head, 1973; Bowen, 1985) and, where
they occur, of root nodules and mycorrhizas - the latter having
especially high respiration rates. Indeed, Bowen (1984) calculated
that fine roots + mycorrhizas can coniribute 2-4 times more N, 6-10
Limes more P and K and 2-3 times more Ca to soil  than above-ground

litter fall.

Methods of calculating fine root production are discussed in Fairley
and Alexander (1935 but,  untortunately, we still know very little
abou!  how much, when and what happens Lo the fine rools from difflerent
tree species on different sites, and we may have to be careful not Lo
generalize too widely from  just o few dala. For example, visual
observations foer coffee roots in 2 root observation laboratory
certainly did not  suggest  such high rates of fine root death (Huxley
and Turk; 1975).  indecd, they noted that many of the f[iner roots of
Arabica  coffee  remain while and unsuberised for at least up to Lwo
years. The old, but  Lhorough review by Lyr and Holfman (1967)
mentioned cases where [ine roots were observed Lo survive for  periods
of from 2 to 10 vyears. A recent investigation (Gholz, et al, (1486)
ol the organic malter dynosmics of Fine roots in plantations of  slash
pine (Pinus elliottii) in North Florida, gives an excellent exsmple of
the kind of  rescarch  that  needs  to be  adapled to alley cropping

studies.

Certainly, we understand  the general way in which soils and different
kinds of plant management can affect the growth and aclivity of  woody

perennial root



Table 22:

Some recent high estimates of

-1
net Production{t ha

root biomass increment (extracted from Cannell, 1965)

yr
> s i , Lo nches Founit s “oliage ¢
Species ountry tom «x?..\d/ Branches Fru Folage .oot Corrrents
stombark cte. estlmate
1. Picoa
ttchensiy U= 16.43 4.30 - 601 5.2
3.15
2.
Root
1. .57 . .0¢ .5
11 0.5 0.20 3.09 2.55 subsegent ly
SPp. 0.39 (woody 0.46 rc—cstxmaf?d -1
Pinus ochinmata  USA litter) at 9.0 t ha “yr
S 0.59(under-  0.02 0.50 0.37
storey)
0.52 0.04 0.02 0.10
3. Scconé generat.on
forest:
Pscudotsuga . . With estimated
menziesii UsAa 1.37 0.27 - 2.41 9.16 turnover of
Castanea mycorrhizal rocts
chrysophylla
Alnus rubra
Usa .3 — 8.5
0.6 (uncdor- to
storey) 0.4(losses) 10.2

heterophylla
‘Thusa plicata

+ Understorey shrubs

€6
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systems, and the balance between roots and aerial parts; clearly, root

residue contributions Lo soil nutrients cannot be overlooked.

In the 1light of new information, and :he possibility that, in some
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, although the immediatc effect, especially if root
die-back ocecurs, may be a surge of available easily decomposable
sub-surface malerials Gincluding nodules from leguminous species). 1f
lopping  brings about  tine root death it may oper up possibililies of
increased attoack by root pathogens such  as Phytophthora and Fusarium

spp.  (recent  report on die-back of Leucacna leucncephala at Mtwapa,

Kenya  pers. comm. B. Jama) .

We mighl 8lso expect a delrimental  effect on nodule numbers  and
nitrogen fixation aclivity when part of the canopy is removed, if the
rate  of  carbon assimilation is thereby reduced (Sprent., 1986)
Similarly, the assimilation "-ost" of mycorrhizas has to be met if

Lhey are to remain or, at least, remain effective.

Matching above--ground plant management.  practices  (e.g. pruning) Lo
entrain  the trees so thal rool activity and enhanced ion uptake occur
ab Limes when nutrienl release under mulech/litLler are  grentest (e.g.

Husley, et al., 1974) may scem, at this stage, Lo promole a policy of



perfeclion. But developing a greater understanding of
plant-environment interactions in alley-cropping should eventual ly

lead to this.

Finally, both rainfall and  leaching of nutrients through the plant
canopy  provide importlant additions to the level of nutrients brought
to the soil. For, example, Table 12 (above), from a study of Lwo
types of rainforest inp the Ivory Coast, shows clearly, that the
amounts and kinds of nutrients can vary with vegetation type and that
they are not inconsiderable (Bcnhurd—Reversat, 1975). However, in
wide spaced zonal agroforestry systems Lhat arc  regularly lopped this

contribulion will, of course. be greatly diminished.

Fruiting Hedgerows

Hedgorow intcrcropping is less-often proposed for edible fruit
production than for mulein fodder, fuelwood ele, There are, however,
many  species  of  tropical fruits that will grow and fruit well as
hedgres (e . guava and Indian mulberry being two evuuples of

widely -adapted species),

The  challenge  for such o system s Lo estavlish  the appropriat.c
compromise  belween maintaining  growlh of branches  which form the
fruiting siles wi Lhout imposing Loo high ¢ level of competition on  tLhe
ad jacent, agricul tural crop. Thal s,  we cannol just "cut--back" the:
hedgerow al the beginming of the cropping season - or is unlikely

that  Lhis will  be satisfaclory Lrontment, Lo promote fruit product ion,
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However, there are many forms of vestrictive pruning that con still
maintain, with regard Lo the ground area occupied, a high level of
fruit production., For exawple, guava can be trained in hedges  to
produce prolific fruiting on "shorl shools" and se occupy only a very

limited space most productively,

The reader is referred Lo some summaries on  intensive  fruil growing
practices that might be applicable (Huxley, 1974; Mohammed and Wilson,
1984; and Lo Nair (1985) for some comnents on and lists of fruil t,ees

foar tropical agroforestry syslems.

I we  have Lo deal wilh the "fruiting” tree the implicat tons
concerning dry matler distribution which were briefly mentioned under
"lopping" require  some  lurther modification. A number of  woody
species have been examined in detnil with regard to the cffects  of
fruitivg or growth and dry matter distribution, bul a good rxample to
take here is that of the work done on  Coffea Arabica by Cannell,

(1971) and Canncl! and Kimeu (1971).

This work showed Lhat fruiting coffee trees had at least a 10-20%
higher nel assimilation rate than de-blossomed  ones. Indicating  that
the  addition of o froit "sink"  enhanced assimilalion, It also

tnereased the rale of uptake  of nutrients as Table 23 shows. The
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extent Lo which these nutrients moved into fruits, even at  the expense
of other parts ol the tree, is shown in Table 24, and Table 25
provides information on the "turnover" of nutrients returned  to  the
soil in prunings and fallen leaves as compared wilh that removed in
harvested fruits (similar amounts, in this case). Careful  studies of
this nature are needed,  al least for selecled sites, species and
management procedures, if we are fully to understand the physiolopical

basis of the management of hedgerows.,

Figure 18 shows  the  way planting density e Likelly to ef fect fruit
yreld with time o anbruned Urees, Varsouns Forms ot intensive  proning
can  marke:lly  enhance  the vield from close or very closely planted
woody fruils, bul  this will need to b tested  experimentally  for

specics which ave not usually grown in this way.
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E. SOME USEFUI, KCOLOGICAL CONCEPTS

Stress-tolerance competition disturbance
s—==—=22trance, competition, Liturbance

In this scction, 1 would like just to introduce some ecological
concepts, discussed and developed by Grime (1977), concerning the
evolution of 3 major "strategieg" for vascular plants. And to
cmphasize  hew important an understanding of  Lhese could be to our
approach to the selection of species  and types of management  for
agroforestiry systems  in general, including hedgerow intnrcropping

syslems,

Our understanding of "disturbance” and some of the factors  that affect
the compelitlive ability of plants ig g useful place te start before
going on to consider stress tolerance and jig relevance Lo choice of
species m:mnﬂumshy.

Grime (1977 iy his  most thought ful  and pereeplive  paper defines
"Disturbance” s any mechanism which limits plunt biomass by causing
its destruction. This can be selective (litter dccompusition) or
non-select jve Fire), and with or without removal  from  the habitat,,
Compe:titive and  stlroess Lolerant Lypes  have evolved in gites that do
not have g high Joevel of disturbance (Table 26) . Mantg adapted to
disturbod Sites (”rudnrnls") have ecertain other common feainrey (fable
27). They tend 1o have attributes which usigt generally i Lhe
ability to "capture” site, Grime hag inlerpreted mass of

physinlogicnl/uculogicnl evidence to Suggest  Lhat ke abilities (o
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Table 26:

Suggested basis for the evolution of three sirategies
tn vascular plants
- from Grime, 1977

Intensity of Stress
Intensity of
distarbance

Low High
Lo Compe . iltive strategy Stress-tolerant strategy
Hiah . Ruderal strateqy { No viable strateqgy )

Table 27:

Some: chavacterisuics of ruderal plants

Ruderal
sorphnloagy of siioot Small stature, limited Jatcral
spread.
Leat form, Various, often mesomorphic
Litter Sparce, not usually persistent

Maximum potential

relative growth rate Rapid
Life forms .nnual herbs
Longevity of leaves Short

vhicnology of leaf
production Snort period of leave production
in periods of high potential
productivity

Phenology of flowering Flowers produced ot the end of
temporarily favorable period

Provortion of annual
production devoted
to seeds lLarge

- from Grime, 1977
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compete for light, water, mineral nutrients (and space) are
interdeperndent.  For example (and greatly summarized), adaptations to
arid habitants have resulted in rather obvious changes in stature and
in leal sclerophylly.,  In shaded habilals {plant~induced) it is the
species that show the greatest capacity to maximise dry matter
production in low light conditions, by exhibiting large phenotypic
responses(e.g.by increasing  leaf area, changing root/shoot ratio),
that  are most  competitive (Table 28) - but  thesc have evolved in
unshaded or tightly-shaded habitants where, for example, leaves are
organs of  aggression.  The truely shade-tolerant species are, in fact,

stow - growing and can under lengthy  periods of  low light

intons ity

In mutrient -deficient habitante, both truely impoverished and/or where
Lhe  nulrients ure sequestered  in the  biomass, we find that
wel I adapted species have a small stature, a  tendency to o
sclerophyllous leaf form and slow growth rates. They have, therefore,
fow rates  of demand on s0il nutrients and, presumably, a good ability
to slore nutrients in times of excess; as well as o loss of any

well-defined scasonal pattern  of growth and o slow replacement of

leaves (again o nutrient-conserving  feature which may  be associated

with o high degree  of unpaltatability). AL these are features to
conserve absorbed  mineral nutrients  roabher  thon Lo muximise  the
quantity  caplured, Az Grime poinls  oul, miany  of the features of

stress Lolerance (Tabie 29) are to some extent comnon to all  Lypes of

slress environment.,

Thus  we  can distinguish some WALJOr  groups arising as an outcome of

Teompet b ive” Ut eug Lo lerant " and s Teadera b trends which exhibit
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104

Some characteristics of competitive mlants,

Horphology of shoot

Leaf {orm

Litter

tmum porential
celavive growth rate

Life forms
Longevity of leaves

Phenology of leaf
vroduction

Phenology of flowering

Propertion of annual
proauction devoted to
sceds

High densc canopy of leaves;
extensive lateral spread above
and below ground

Robust, often mesomorphic

Copious, often persistent

Rapid

Perennial herbs, shrub, and trees
Relatively short

Vieltl-defined peaks of leaf
production coinciding with
period(s) of maximum potential
productivity

F'lowers produced atter (or,

mwore rareiy, before) neriods of
maximum potential productivity

Small

- from Grime, 1977
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Table 2Y:

.Some characteristics of stress--tolerant plants

rorphology of shoot £

Leai form Often small or leathery, or
needle-1like.

Litter Sparce, sometimes sersistent
Marinum potential

selative growtl rate Slow

Life foruns Lichens, perennial horbs, shrubs,

and treces (often very long 'ived)
Longevity or leaves Long

*henology of leaf
vroduct ion fvergreens with various
patterns of lea! production

Phenology of flower ing No dgcneral relationship
between time of flowering and
scason.

Proportion of annual

product ion devoteod
to seeds Small

- from CGrime, 1977
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particular plant characteristics and confer certain attributes. of
course, there is o continuous spectrum  of  evolutionary types that

overlap these definitive classes,

Plants may have evolved some common strategies of form and function so
as to overcome cenvironmental stresses of  different kinds, as Grime
asserts.  But Lhe imposition of stress at different  stages in the
growth of an individual plant species can still result in a quite
different outcome depending on what stress factor was applied and when
(e.#. Table 30, for cowpea). FPropably, because, on this more detailed
time-scale, particular stages of plant growth and development  are more
susceplible io one form  of slress Lthan another  {(waler, light,
nutricnts) according to the sensitivily of the processes o Lrain al

that particular _point in time.

The reader is referred to the paper by Connor (1983) for a discussion

of how to view the development of differential stress belween the
.

woody and nor-woody components  of  an  agroforestry system so as to

achieve the greatest complementarity of resource-sharing

opportunities. Wi thout such  an understanding  the management  of

agroforestry systems reverts to a process of trinl and error.

Fortunately, some  informalion is  coming Torward on some  of  Lhese
aspects, For example, Hesla et al.,(1985) have studied  the leaf
conduclance and leaf water polential of two savanna ceosystems  in East,
Africa  and found that  prasses and shrubs  appear Lo have different
water use sbrategies,  Shrub  leaves  showed small  or no  differences

between the wet  and  dry seasons, implying  that  their access Lo a
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suitable water supply was not strongly affected by seasonal

precipitation patterns. There was consistent diurnal closure of shrub
stomata reducing midday transpiration during all months, The grass

species, however, tended to maintain a constant stomatal conductance
and allowed water loss Lo be contrelled by saturation deficit. Hence,
the grasses used what water they could before the near-surface sapply
was depleted.  The shrubs curbad their water usc  (and thus competed
less with  themselves and  associated species), and so they extended
their growth into the dry scason. Such infourmation has considerable
pracltical dmplications for they management  of agroforestry systems,

incInding alley -cropping.

i for agrc

What are some of the lessons for agroforestry from these and olher

ccological/physiological approaches?

o In continuously fertile habitats competitive species will do
best, although in single-crop situalions we need also to chose
resource-sharing  "crop" ideotypes. In mixtures "associaiton”
ideotypes are  likely Lo exploit the available environmental
resources betler (Huxley, 1985).

0 In continuously unprodoctive habitats  competitive Lypes are

likely to exhaust resources of  water and/or nutrients quickly.

Stress-tolerant Lypes will conscrve the utilization of water and

nutrients, although dry walter production rates will be low uand,
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where folinge is to be continuously removed (e.¢  hedgerow
intercropping), "stress—tolerant" types  are unlikely to have

rapid re-growth characteristics.

[ Plants with adaptations for disturbed habitants ("ruderals")
will generally  have rapid growth rates, high sced production
(which may or may not be required inp woody perennials,  used
for agroforestry), short leaf--longevity cycles  (good  for
nutrient recycling), and with flowers produced at the  end of
temporarily  favourable period (not the best sittualion if this
is followed by o Tong dry season on un impoverished st when
the plan! is comitted {o using  stored and/or current

assimilates for rruit deveiopmcnt).

In fact, utl(mstenlnlmmunary appreciation of  the range  of  plant.
strategioes Lo  be encountered, including factors al fecting and affected
by flowering and fruiting, is of some considerable  importance Lo

agrotoresters, bolh with regard to choice of woody species and their

management oplions (Huxley 1983; 1985).

Quite  simply  we can summarise these: “ather Lheoret jeal but
Far-reaching  issucs by reminding  ourse]ves Lthat  there are "no free
tunches” !t The seleclion of species for high biomass  Lurnove in, for
example,  hedgerow inlvrvrnppinﬂ systems,  dmplics 1t hint cerlain site
characteristics have Lo be  met. The selection  of slress-Lolerant
types o woody specics For otherp agroforestry situalions carries with

1t some in-built consbraints Lo continuons harvesting, The  age-old



evolulionrary conflicls between “survival” and "competition" are slill
very real considerations in understanding  the praclical choices  we

have to make for agroforestry today.

Exploiting heterogencity (from Huxley, 1980a)

Whichever type of agroforestry  system is chosen Lhere is a chance to
Lake  advantage of  environmental heterogeneity, Much of tomperate
agricullure and forestry has been aimed atl spectalisalion
(homogencity), which utilises Lhe benefits in oulput that can accrue
throngh the relative ease with which various inputls can  be added,  and
management  processes manipulated,  so  as Lo maximise oulput from such
systems,  However, environmental heterogencity,  or variability, is a
fundamental  feature of our surroundings.  From among all this apparcnt
"disorder” we have development. highly skilled ways of hardling sample
data _in order  to try to contain variability in order, as scienlisls,
to be able to understand the main features of L. Nevertheless, users
of land in the tropics invariably exploit heterogeneity, both in space
and time., For example, o small farmer will often arrange his crops  to
take  advantage of the varied pattern of  soil fertilily across his
plol.  Also he may use sequentin plantings to obtain  the best growth
apportunitics, or Lo avoid pest intestal tons, a5 Far as possible.

The  Tarmer  adopling hedpgerow  inlercropping is, in fact, crealing
heterogeneitly  in order o exploil  ils possibilities. As hedgerows
grow they increase the potentinl - for cxploiting  Lthe site vertically

even i, for environmental  resource sharing  reasons,  Lheir  aerind
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growth is restricted, Deeper  soil  layers may be occupied by
nutlrient-acquiring roots, and the soil waler profiles  will be
spatially wmodified. Accumulated biomass is moved laterally and there

are induced micro-climatic changes.

Agroforestry systems of landuse, by incorporating plant  species  of
very diverse  cconomic  |ife span and  phenology, and with di ffevent
spatial  requirements,  provide o better than usual choice of
combinations which  can share  the environmental  riches  available.
Hedgerow intercropping in an appropriate olimatic zone, and  involving
the  ripht chartee  of species and management may exploil enviconmental
potentials  in o more  sat istactory  way  than many sole cropping
systems, But  unt:l  we understand more fully exaclly how it achieves

Lhis we will not be in any position to develop the system fully,
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F. SOME FURTHER CONSIDERATIONS ABOUT RESEARCH,
Introduction

There are g number of previous ICRAFK publir:utions, and  others iy the

press, that  relate to  apro I'orestry research methmlulog‘y, or the
background (o such  research, Most  of these are  appropriate Lo
hedgorow inlr,~r(:r()ppi g investigat ions. L wonld be unnecessari |y

repelitive to reproduce all the relevant mitterioals heve, but 4 list g
produced g Appendix ) which (he reader may wish Lo rafer (o for

additiong] informat ion,

Simplj fying experiment o) agiolorestry

Hedgoe row inlu.‘l‘l'rnm»in){ 15 just one form of "zonal" agroforestry and
may  be useful (o consider the place of hedgier e in(.m't,‘rnm'im{ researeh

inrelation to Lthe whole seope of possible agroforest ey inw:.';f.i;{;ll.ions.

At first sigint the number  an types  of experiment g required (o
nvesLigat,. particular agroforestry problems and polential

intervent jons might  seem undimitod and (:unl'll:;in;{ly inlricate. For

erample, g are not oply hundreds  of diFlere agroforestry
boand - Bystems bhat ey are lijornd Iy thouside ol difflerent
COMpLae gty Species b, desl with. And Licaularly o, Lhe  woodldy

BPEec e very bttt e g kuown  about how hest 1o HLEanye g Mty
Phem so e 1 aplimive e miy of maltiple prodocts avirklable,  or how

to use them (o et max imom soi | :;u::l:xin::lxillly el fects,



This situalion is apparently ecven worse with regard to tree/crop
mixtures, some of which can be very complex. So, will this welter of
potential investigations chasing possible solutions lead to an
unlimited proliferation of experiments? Or is there any way of

rationalizing what has to be done?

The situation may not be as bad as it seems. Firsl of all, a good way
to simplify the kinds of systems we are dealing with, amd one which
takes into account Lhe set of initial experimental needs required  for
cach, is to lump them all  into  just  three categories: "zonal" or
"mixvtures” (which are both based on spatial arrangements) or

"rotational” (which is alternat iny, landuse with time).

d rotational plols

Zonal agroforestry systems are  those in which "trees" (including any
kind of perennianl woody species! are gecmetrically actanged  in slrips
or plots interspersed with  agricultural crops  {including grasses).
That is where the intimiacy between Lhese  two components, or sels of
components, is  restricted. Mixtures are where these associations arc
arranged in a way that more freguently brings them together (bul nol
necessacily more  closely);  thal  is,  where initimacy is encouragsd.
Hedgerow intercropping is on example  of  the  first  and mulli-atrata
home  gordens  an example of the sccond kind. Rotational planlings are
found where Lhe land unit is ased, Fiest of all to produce  cither  the
"tree”  component/s  or the agricullural crop/s, but i Lhen changoed Lo

the obher, Bush  fallow systems and  fuelwood and/or  browse/ Fodder
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pPlots wusing bushes are examples of these kinds of systems.  This does
not, of course, cover the detatled ways of classifying agroforestiry
land  use, but it may well be adequate, and enable researcin workers to
start thinking about whal general Lypes of experimental approaches are

needed, initially, at least.

Two more!

Before  these approaches  can  be considered, there are two other areas

of  investigalions Lhat  need, necessarily, to be  included in a

comprehens ive brogramme,  if  this  is  what is  required. Research
workers  knosw cnough, ot present, aboul ol Jesst some of Lhe:
agricul turgl plant components, but for many of the so-called

"mullipurpose Lrees", with Lhe exceplion of a  few genera (Leucaena,

sOMe acaciag, Glvricidia, Callim

ra, eted), it may well be that very
ittle is known aboul such things as propagaltion or tree management
(for &xnmplu vesponsces to o changes  in spacing or lopping or pruning,
etel) Thus, almost certainly, o set of species introduclion and
seleclion  and establishment  trigls will be required os will, in duc
course, some  management invustigntions, for at least some of the
"trees”, In addition to this t here could, and most probably will, be

specific arens of technology that, ned to be  addre

od. For example,

the potentinls for ritrogen fixation, or for s0il  improvement in

general opr palatability and feed viilue, ag forage, ofc. These  kinds  of

investigalions will  almost cerbeinly pge existing  well tried and

lested experimental methodologios  and they will not be considered

further here.


http:pal;it.ab

116

Trials needed to select and test multipurpose "trees" will involve a
set of assessments that are somewhat different from and more  complo

than those usually carried oot for, say, sole purpose Limber Lrees.
This arises from the facl that seleclion might well be required for a
range  of  outputs, such as gums or medicinal extracts, honey production
and such "service” factors as soil fertility improvement, soil water

conservation, shelter ete.

The implications for assessment methodology  and  data analysis when
investigating trees in this wiay are numerous, and some of them are
considered  in the sel of "Source Materials and Guidelines for Research
Methodology For the Exploration and Asscssmenl of Multipurpose Trees",
avatlable  from  1CHAF. Toble 31 is an overall summary classifying the
basic "sets"

of investigations to he undertasken  initially o as to

&

cover a full programme of inveslipation.

Common: ¢ lemen

In fact, although we have reduced ihe kinds of experimental approaches
to five sets, there are some common elements in 2,3 and 4 that make it
even  simpler. For both zonal and mixed agroforestry the first type of
information reqguired, after choosing potential species, is  about  their
interactions, This is best  done by investigating  Lhe "tree/crop
intertfaces", In fact, the initial choice of "zonal" or  "mixed"
arvangemenls,  as owel m;thnh'SMmumumllmmnmmwnl(mnmﬂ.lmﬁnnﬂy
be wode unless the inleraclive offects of Lthe woody and  agricultural

crop components on one another sre known, or can be predicted.
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The five basic approaches to agroforestry

Catcgories

1.

Species selection and
testing (for all types
of agroforestry

Investigal ions
concerned with
promolion of mixed
agroforestry systems

Investigations concerned
with the promotion of
Zonal agroioresry
systoens

Invesligalions concerned
with the promotion of
rotational agroforestry
systems

.

Special subjeetl areas
(according to

problems associated
with particular kinds
of agroforestry systems)

Note: 1 is likely Lo be common Lo o1} programmes; 2,4

will be lected

agrotrestry

undertaken, aond 5 may be necessary only o particular ease

ion¥ (from Huxley,

stems Sor

1986L) .

Sets of experiments_requirved

Multipurpose tree introduction,
establ ishirent

and assessment trials;assessment
methodologies and data analysis
need careful review and, in

some cases, have to be

developed, Tiee  establishment
will offen need to be studied.

Tree/erop interface effects;
simple phenology studies

aimed at providing information
aboul tree management;
investigalions into ways of
optimizing environmental
resource shaving; loand
sustainability,

Trec/crop interface etlects;
simple management trials
{(lopping, spacing:

land sustainability.

Trec-planting density; carly
management; harvest removals

in relation to the "trade-offs"
to be decided with reference to
quantity of outputs removed
versus land sustainubility.

For example, nitrogen Fixation;
honey or gum production; fodder
value; timber or fuelwood
quality, etec. These will mainly
use well - tried research
methodologies

>.'mtA]m a
according Lo the Lype or Lypes  of
which the research s Lo be
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Similarly, all agroforestry systems are supposed to oddress the
problem of land sustainability more effectively than many agricultural
cropping  schemes; so  that  investigations aimed ot promoting zonal,
mixed and rotational agroforestry will all need to evaluate, from the
start, the effects of the plant components,  either singly or in
mixtures, on soil characteristics. Thus there is another set of
common, priority investigational techniques that should be included in

any experimental programme.

Crop production or soil improvement: the dilenmg

Figs. 14 and 15 show, diagrammatically, examples each type of system:
"zonal”  (permanent "alley cropping”):" mixed” {permanent., mixed high
tree/high crop); and “rotational plots", The accompanying notes
indicate  whiat  the pranciple  objectives (oulcome) of adopling cach of
these 15 likely to be, Taungya  leading Lo plantatjon forestry  (or

perhaps, to a tree "fallow”) is also included.

The systems'  constraints  which lead to chosing hedgerow intercropping
(permanent. alley cropping; are likely to be  relatea Lo achieving
sustained crop yields.  However, from what has been said earlier on  in
this .\'Iorl(in;{ ‘aper, there may well be sites where long-Lerm heneficial
soil changes are unlikely to be simuitaneously achieved, or at  least
not. unti miny vears have  passed (e g, in semioarid zones) .,
Similarly, rotational plots may be chosen in order, mainly, to bring
about  beneficial changes  in__the soil. But  there are a number of
economic and social factors that may well  preclude  their use, as 1t

means taking the site oul of crop praoduction for a mmber of yesrs.,

In  fact, a compromise approach  between  the "zonnl” and "rotational
plot™ approaches may well hold the most promisce.  The  wcheme  lor  this
is  shown in Fig. 16, Basically it means planting o suitable woody
species for initial hedgerow intercropping,  but  then amilowing it to
grow into o  complete cover as o Ltemporary  "rotational plot" (see
LLCA’s current trial, using the "rotational plot"  period for animal
browsing (and see Raintree and  Warner (1986) for « discussion of

trends of intensification in agroforestry systems).  This is o highly
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(DEPEINDS OV TPEE
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—CROFP ONLY IN FIRST
FEW YEARS,
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TREE/CROP INTERFACE
EFFECTS ((SINGLE TREE”
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DENSITIES "~/ 1ty
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NANAGEMENT
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TREE FLANTING DENSITY

EARLY TREE MANAGEMENT
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vy CCULD G, TO ROTATIONAL FLOT
SYSTEM (ALTERNATIVE CEOPING
AND TREE FALLLW).

Diagramatic represcntation of some basic
agroforestry planting arrangements -

"permanent,

mixed high tree/low crops" and "Taungva'.
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flexible approach which will enable the farmer to adjust the crop
output/sotl 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 oplimize the ratio of time under alley-cropping as compared with

"rotational plot",

There is  considerable scope for systems research ("protntypc—research)"
on such an schemes which, once again, cmphasizes the need Lo consider
"hedgerow intercropping” as Just.  one  form  of agroforestry. 'I1vis is
especially the case i it were  to be elaborated as  just part of
nultistorical  system, should the  environment  offer this possibility.

"

L illustrates, also, how the basic “sets of experiments listed in
Teble 31 can be envisaged s each underpinning a wide range of

poltential agroforestry land nse systems.

Focus

large or small?
Field experiments  which establish  Iarge  plots with various kinds of
liedgerow systems on them can provide an invaluable initial insight inte
the dimensions of  tLhe problems involved., They can also, undoubtadiy,
clarity what kind of effects are important (e.g. the overall outcome of

using plant residues, the influcnce of shelter,
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hedgerow management etc.), and what their magnitude is, as well as
giving an  indication of what are the most important experimental
viriables influencing these effects. But then what is needed is a
move  critieal assessment, using experimental situations where the most
important. variables can be carefully examined, over a suitable range
of environmenlal  conditions, and without them being confounded. In
addilion, some specdy, cost-effect ive adaptive research  approaches  are
also needed  for those who, necessarily, hive Lo try "best-bel” options

now.

For  miroforestry the ways Lo  tesl the: variables quickly but.
eritically,  is  through carefutly designed single tree or smnll plot
trials in which they are isolated and tested in retatively  simple
combinations. By doing this we lose o measure of  experimenta)

cefficiency that would come from studying the interactions of variables

in, say, factorial combinations. However, block sizes must be kept
small i punwanted  locational variability is not Lo swamp the

experiment. Morcover, we may be so unfamiliar witn the experimental
plants (MPPs) and possible managemenl praclices that we Just  have to

start very simply.

The  form  and cfficiency of adaptive trials depends on what we know (or

think we  know)  about Lhe relalive imporlance of the variables
involved, but. these an target in on sil,(:—~:-;pt;(:i(:S"mmuu{cmcnt

optimization.
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Considering the arrangements and behaviour of MPT species

As with all other forms of agroforestry research (Huxley, 1984) that

for hedgerow intercropping will involve:-
o selecting the appropriate species
o] selecting appropriate management practices
0 designing an appropriate geometry for a system.
In fact, o complete analysis of the problem requires a careful review

of the most relevant topics for any particular set of research ubjects

from the matrix shown in Table 32 below:

Table 32 Factors to be taken into account when considering the
selection, management and evaluation of multipurpose trees

(see Huxley, 1985 for a full explanation und examples).

What species? How many, and What
How arrenged? management
The single
tree X X X
The tree
as o ocrop X X - X

The tree
grown in
a mixture 0 0 0
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The bottom line clearly refers also  to such  systems ns hedgerow
intercropping but, as more fully discussed in the original Working
Paper (IWP No. 28, 1984 published in shortened form as Huxley, 1985),
and in previous sections on ecology/physiology in this one, )
knowledge of what to expect with regard to the origins and behaviour

of the tree, overall, is also likely to be necded.

Breaking the system down

In order to focus  the rescacch more precisely o division of any
hcdgerOW*intcrcropping scheme into 3 seperate  parts s proposed.
These are: (a) the cropped area, (b) the hedgerow itecelf and (¢) the
“"tree/crop interface" (see Fig. 17). Enough might well already be
known about how to manage the agricul tural ¢rop, so that rescurch can
be co;cchtrnted on (b)) and (¢). As stated above, these might weli be
best tested separately, unless some information on how Lo manage  them

is already available.
Issglsxgumiulgrfncc,iuypshigﬂhigns (sce also Huxley, 1986d)*

Tree/crop interface experiments  will normally be undertaken with one

of two objectives i, View:
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0 To test pairs  of plant comporients  (woody and  non-woody)
and/or  management  ruclices (Lime s degree of topping the
hedgerow) in order to obtain o relative ranking of the
outcome,

- these most  be done under a set of standardized conditions
rather like o "biological assay", which will tend to
maximise the interfouce effects (see Table 33) whilst
still retaining a  feasible level of growth/production of
the crop and (say) hedge plants.

o To simulate o practical situation

- mternative  advantageous  management conditions compared
with the "stundards" (above) might be imposed, but some
of these may obviale competitive effects between  the
woody and non- woody  plant  components and so  reduce
interactions.  Indeed, the objectives may well be to  sgee
exactly what  combination of management  treatments and
specics results a4 minimam amount  of competition
between the woody amd non woody components.

Table 33: Management factors and their relative effects on treeforop
interactions indicated as beneficial (+)  or detrimental ()

trendsx
Effect on crop Affect on woody
vrowth plant (hedga)
growth
Fitlage + -
Fertilizer/irrigation
(overalil) ' +
Hedgerow lopping 4 -
Retention of hedge
loppings on site + ?
Presence of crop } -
Late sowing of crop - -+
Weduced planting
density of crop - ]

¥An increased  degrec of  osny  treatment is likely to have an enhanced
effect of the some kind, and omission of a treatment will tend to

reverse  the trend for  the woody and  non-woody plant component.s,
respectively.

A “Programme  of Work for [956" ond Lhe Firel "Interim Heport” of the
ICHAF/GTZ Project on  "Development  of Hesearch Mcthodology Aimed at
Simplifying the Study of Potenlinl Tree/Crop Mixtures" is available on
request.
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Geometric designs

Fig. 18 shows the "deometric” and "geometric/systematic”" field layouls
that have been proposed, and which are under test. These designs can
and should be replicated, but they are not amenable to
"between-treatment”  statistical analysis. However, it is our
experience  so  for, that they produce a considerable amount of valuable
observational/measurement data that can provide a useful insight into
the way various pairs of woody and non woody plant associates can
interact under any particular set of management cordilions, [f they
can  be  instrumented  so as to discover  the reasons  for the plant
behavioural and growth responses found (i.e. 1o terms of envivommental
interactions),  then  the results become much more meaningful and can be
usad to interpret  what  would happen under different  environmental/
management  situations, At  all events, they help to focus on the most
importanl experimental  variables, which can then be examined more

. . . L . . . CR3 .
eriticaliy in conventional, statistically-analysable field experiments.

Barly on in hedgerow intercropping experimentation it is necessary to
decide whether orienlation is a factor to be considered or not. There
are  a number of reasons why it should be (sun-angles and shading, wind
profiles colo.). [t may be of less impor tance in the  humid
tropics/less  chance  of  soil  water stress, although slowly conditions
make any shading more detrimental), than in semi-ar:td regiens  where
hedgerow intorference with rainfall distribution could be eritical.
If orientalion is Lo be inciuded as a  faclor in desipn, then the
geometry of the layout will involve selecting particular angular

relationships.
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Fig. 18:

Geometric field layouts for assessing the tree-crop
interfaoce,

(a) an anterface can be studied wherever 1t ococurs
(b)) a sugqested layout where orientation s
important

{c) a fayout for use with nedgerow trials which
combines a systematic set of treatments

(ta) and (b) from Nuxley, 1986¢)
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The "geometric" designs tested by ICRAF so0 far represent the first
examples of a whole set of possibilities. The existing designs (1200
"Y' designs) were chosen as  affording the least number of arms that
couald be used and still allow some estimation of the oeffects  that
would occur in any other orientations. To be able to predicl these it
is assumed that any "response" will (ollow a sine curve. However, one
then needs Lo know  the orientations at which the maximum and minimuam
responses will occur. For a climatic variable such as shade, which is
dependent on the  sun’s  declination and the latitude, this is easy Lo
calculate.  The direclion of rrevailing winds, which will affect the
crop plant’s  responses  both to shelter effects and to rainfall
redisteibution by hedperows, will be also known, or it can be
measured, However,  the effects of sun and wind may nol co-incide

angularly, and so seme confounding of eftects will occur.

It remains to be seen from the practical field tests what  actual
difficulties there may be in interpretation. tlovever, to aveid this -
although at greater cost - it is easy Lo estoblish o geometric  layoul
with a greater angular discrimination - i.e. more arms. For example,
at ICRISAT an H-pointed "star" design has been Inid down with gaps ot
the centre (M H.Rao, pers,  comm. ). Figs. 19 and 20 show iLhe most

recent. layouts being Lested at ICHAF's Field Station, Machakos, Kenya.

Thus  the first decision is  aboul what angular discrimination is
required (a common multiple of 180° - as arms on all reciprocal
oriecntation angles are  just replicates). Then  the units  (arms)

representing ench angle can be spaced out ns required in order to
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A reasonably compact way of arranging the "set" of
arms from Figs.19 and 20 which still reduces mutual
interference to some extent.  ‘f'wo replicates shown.
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avoid mutunl interference., depending on the extent of the
homogencous, flat arca available. To arrange them, seperated, in a
strip may take up rather a lot of space - but they can be Fitted

together as in Fig., 19,

I'roblems of small plots

There are Ltwo aspects of using geometric designs  for Lree/crop
interface studies  that  need careful  consideration; or, al least, an
awareness of Lhe problems involved.  They are common to all  small  plot
trials, i fact,  but their effects  are  of especial concern if the
results of an experwment measuring plant prowth and development  are  to
be related to climatic factors in o quantitative manner in order, for
example, to tests a physical theory (e.g. to establish o precise
measure  of  plant. response  to evaporative domand caused by chanpes in
spocific climatic variables).  These are the "fetch” of the site  and
the degree  of  "envirommental  coupling” that is exhibited by the crop

(or vegetation (as discnssed in Section ¢, above).

Feteh

Feteh s defined as "o line of continuous extent”. In the sense it is
used o plant stadies iV can mean the Dinear distance of ground crop
or  vepetabtion swrtace needed  to eliminale  boundacy  turbulence or
perturbation effects (for exomple yn crop water  use studies); or  the
distance required to  achieve an cquilibrium flow rale of air, or an

equilibrium set of humidily condition etc.
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Small plots may suffer hiag effects and an  increase in the error
variance caused by unwanted plant responses to anomalous
micro-climatic variations. This is due either to an "island" effect
or  some  external impedence  to the smoolh flow of air, water or heat

energy across then,

Because o tree/erop interface will onty consist of g relatively  short
transect, and be under study in a plant arrangement of some particular
shape (e, g. angled  hedgerows),  there will almost inevitably be
problems of fotch. However, if external obstructions are avoided any
conditions of, for ewimple, irregular patterns  of  turbulence  af Lthe
intertace  witl, ar  jeast realistically simulate o nalural conditjon,

complex as it may be.

This was cuﬁsidurud in Scction C. As o reminder, briefly, vegcetation
with a  rough canopy is  "closely coupled” o Lhe atmosph.re and the
individual plants have effective stomatal control over  their rates of
transpiration and assimilation, Dense, "smooth" agricullural crop
canopies  are "poorly coupled”,  and  their rates of Lranspiration and

assimilalion are wore closely set by radiation.

in terus of experimental design for tree/crop  interface experiments,
it is as well to vemenber that hedgerows are likely to well-coupled,
but thouse that invelve plots of  a woody plant  Lhe outside  odge  of

Lthese will be belter-coupled than the middle, and this might influence
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the "driving” variablea controlling water loss and photosynthesis to
some  extent. However, "canopy" structure in an experimental tree/crop
interface plot is  likely to be similar Lo the agroforestry field
situations to which il might be extrapolated. So  that there is
probably Llittle to be concerned about  with regard to the practiecal
validity of any comparisons, in relative terms, bul the interpretation
of more detailed investigation of absolute values of biophysical
increments (e g, assimilation and/or cvapotranspiration) need more

cautions interpretation.
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