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As part or itsprorammie X6of work tRAF hfs established a C611&bbratdve 
andSpeciul Projects, Programm (CosPR) to strengthen the capability of 
national institutions 
,, to develop grotoretry systeam In order t0
, ,ood.	 Ao,
cover a wide spectrum of Agr9ecoIlogtc~l and so loecconpaic conditions, 

7_____- COSPRO -Is -organ I ed--on-the- e &ofkagahc7eirs-nt.
assumption that regional land management sytrtems shhire broadly stellar
cultural conditions. Within each of these regions, three or fou~r major
ecological zones areselected. to build ageographical/ecoloa$cal 
framworklin which a network of potential research sitos are to be 
locatd. Southeast Aisa is one of such goographicaIJrolIons,
 

This aocond case in the ICHA seri s oCase Studies In Agroforestry
Diagnosis and Dtesign isn ute roult of collaborative activities undertaken
by scientists from ICRAF,, the Toreat Research Institute (rORI) of the
'Philippine Council for Akgricultiaro and Rvsourc~s Research and Development,

11the Visayan State College or Agriculture (VISCA), University Pertanlan 
S 	 Malayial, aid Kasotsart University, who joined together under the
 

sponsorshiV of theSoutheas 
 t Asian Regional Center for Graduate Studies
and Research In Agr~culture (SEARCA),to do the field work on which this 
came study Is based. T'he findings of the field exercise *ore presented
at the Southeast Asian Rogional Semi nar-Workahop on Agroloriestry held 
at SEARCA In October, 1982. This No(O to the formulation of proposal
for a research preject to beimplemned by the Philippine Institutions
with the technical back-stopping of, 7,CRAF. 

The 	 aim of the proposed research project Is to develop Improved systems orland 	management for upland farming systema In the Southeast Asian region, 
-with special attention to the faming circumstAnces of the beneficiaries 
of a land reform progrnmme in the study area on th island or Leyto InPhilippines. the 

The case study in tho result of an application of ICIIAs Diagnostic said
Dusign methodology IJ&D) by a multidIscip,1insry, team of scientists from
the participating institutions. The purpose of the initl ')rapid
appraisal' DID exercise %as to diagnose existing and future land 
manag2ement,,constraints and agroforestry potentials, design appropriato
agroforestry systems and formulate plans for research to develop the
candidate agroforostry technologieik throug~h a combination of on-fare and
field station research. As'the-project progress*s, the iterative DOD 
process wi '1 be ropeaked in modified form to take 	stock of project
experience, refine the diagnosis and design, and introduce appropriAte
modifications into the resesrch plar, in order to optimixe the produtivity,
austaltiability and adoptability of the experimental technologies. 

In due course, prototype agroforeatry technologies and la&" manage'n't
systems arising rrom- t~1s process will be evaluated for extension and
adaptive resoarch t.;1oughout. a'wider recommondation domain InSoutheast *j
Asia and in 5imil.itr, farming situations' In other parts of the world, 

Filemon Torres 
 John B. flaintree
COSPRO Programe Cordinator 	 C as Studies Series Editor 
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1. UIOLAND FARMING AND LAND REFORM IN THE PtQLIPPINKS 

The hazards of upland 'farming in the Phi I ppines,a,raselsewhere inr''
 Southeast Asi, are notorious. Problems range the whole spectrum

from shifting Icultivation to permanent upland farming systems. In 

A.areas 
 of,high Population density where peruan npt arable cropping has
been the predominant formof and use f'or'many:enerationaorpor.sante, 

soil mining, accelerated erosion and diminishing yields. Althuugh the 
system may aventually stabilize at a very lowIlevel,itJholds little 
prospect of being able to meet a future of increased human population

which cannot be realistically,,absorbed lntoU09 urban economy." 
Low
 
cash ticomes of peasant farmers and lack of adequate tnptkt supply7 and

marketing infrastructurea createa.situation which offers little hopo

for improvement of the rural economy through conventiorwe high-input
appro~ches to agricultural intensification~ 

Land tenure issues compinund the problem, i nrlike among the shifting
cultivators, where the main issue is insecurity of tenure over ancestrallands In the face or restricttveiprest laws andi increasing prvs~ur.
from .ind-grabbing outsiders, the main problem In peaascn 
 farming is 
unequal distribution of land and other procptlva rensources between 
smallholdora, 
often tenant, farmers and large, often abeentae. land
owners. In some casesthe traditioal sywutem of rights and obligation 

safegurded a reasonaliy stable symbiosis. With'modernisatlon and
tne breakdown of these traditiona, however, lanlord-tenat reations 
have be:ome increasingly exploitative in many area". In response to 
mounting political pressures, the government has sought, to Implewmt
land reform through various progre". One such progr~m ts opeainLand Transfer," which to being Implemented in the Tagbango case study 
area on the island oi' Leyt3.rP 

In Tabango the relationship between ecological and tenure p#'pbl~m Inupland farming systems takes on a particu:arly Interesting and 
challenging form to developers of agroforestry tecbnologtee., There are
basically two main forms of land use in the'aroat coconut-based 
perennial tree crop systems and permanent UpIand cultivation of field 
crops, As presently practiced. the cocotiut-ba*ae ering system, with 
or without additional tree rrope and livestock grating in the understorsy, 
appears to be a productive and sustainable land use Syst".Lbut 
permanent uplan(I cultivation is not. Although theitre. crop syltem to 
feasible for fanrm with upwards of S hectares at their dispoal, the 
major part of the coconut system is hold by a small number of large
landowners * 

In areas not designated as "land reform are"" large larvdowners ar 
expanding their tree crop holdings Using the?,i bour of landles
farmers to plant the trees in return for the*right to cultivate annual 
crops until the canopy closes and forc. sI.hem out. Eviction. . In this case, is accomplished by the tree rather than the landlord. WIile the
do have the option of remaining' on the lare h aciendas as wage
labourerm, most farmers would prefer to be independent seallpdro
at least periiinent share-cro e on open land. lpdro 

To meet the smiell farmers' need for land the Operation Land Tarsoafer (OLT7)
programme, in iAreas where it is being implemented, ,buys out thel.-andlord
and Offers the farmers eventual title -Jfter a specified pa-beck 

7 
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Period, to the 
land they have traditionally cu)tivated as 
tenants.
The problem facet by many of 
the beneficiarjes of thie programme
ia that the amount of land to which 
they can thus Ivy claimquite small, usually under Is 
two hectares.

cotitemplate a transition 
This is too small toto the tree crop yetema for farmers who
must meet their families' dail.y suslatence needs. 
 They are left,
then. with the uplnd field crop dystem whch, under tradltional
technology, iW only marginally pruductivo bnd highly 
oubject 
to d severe
form of the upland degradation syndrome. 

In Tabango we are confronted with the land usewithout parajox of ivtain4bIIityequity and eqluity without %uttalnabIllty. If land reti)r-.in to -uc.'eed in Trgbang, and aimilr tituations throughoutPhilippinev, thenew technulogLeu will h,.veamallholdep upland farming on 
to be developed to plice 

a sutainable fouting.agroforeatry may have a role 
This in where
 

to play. The tpecific forv which
role could take 
ia the subject of 
that 

thl Case itudy. 

2. DESCPlTIVe OF THE STUDY AREA 

2.1 
 Site Location
 
Tahano Mulicipality in located In the ni,,rthern
Leyte in part of the Island ofthe 'hilippines. about l)9 km from Ta l,>ban City, betw. elamunicipalitle theof Villaba and San 
129 ,o 2 

laI(4 ro. Comprising an area of sce. the municipality in traverneJ by unpaved all-weather roaiis.
Coastal rreas along the Visy~naaea are accessible byhas a total of bofat. TAbang(o11 local administrative 
to the 

units known as barangays. DueLnacce- ibility of nome of the barmgayi during heavy rain.the atudy was confined to five barangdyu: Poblacion, Catoon, OmAgitwuln
Taoing and Camp kpok. 

?. 2 P.grhy
 
Mostly hilly with moderate to 
steep elopea draining to the V144yazThe highest peal, sea.is Mt. Canturaw with an elevation ot
level. 362 ft aboveLevel lowland areas sea are limited to abojt 25 Percent of the 
total
 
land area.
 

2.3 Climate
 
The Project area in situated In the humid tropics.rainfall between with an annual avprslv2000 and .'JX) mm. The water balance i usually
positive (rainfall in exce . of evapor.tion) through 9 of I' monthg.from May/June to Feb/Mnrch. Thi 
growing period i 
approxinate.y .y
days/year. Am the rainftll in to a large extent inflieanced bytropical depreasinors and ntorms (2-, per year) iti inter-annuatlin considerable. vartabillityThin renulte in temporary drought situtions as wellan heavy rains representing high eronion hazards.
 

The mean temperature at nma level In arouknd ?"C with littlevariation (2..). The annualabsolute maximum and minlmum rande betwen340 and 22"C respectively. The elevation effects the mean temperatur)with a loss 
rate of 0.55*C per 100 m. 

Nebulosity follows 
the seasonal changes 
in rainfall distribution And
Is mccordingly high. 
Th- average duration of bright su, shine 
is betvmen
40 and 50 of the astronomical day length.
 



- . -

High reliative' air ,rjit' -dP, it, al Ili %cU.,zdd41Cic WItII t. 
general climatic paratern. 

The prevailing wind diretron-i 1rdng fr ,m SE in .Jgriary to grsa Iri
 
July. The rnrtin iii.~t'~
 

2.4 11, p1lit I,) 

As of' 19HO the tuoi I pui./'hit ,f Municipality u.&A .4 

Ma 1e C rr iAF n t- -,o . ,; ,.p( -r vrt -*tn I ,mj a Iti 43). 1P p 4-r( e nt )f' t he tKp u i. ~t I tI 
The dnrvilI rude~po)pu r~iIon~ *rgtM r -t t- I I t. percent and thc a.3' rage 

,me major mirilcLpel ,re saie,produ"K ArcwIutC and rice. mptoymen t
 
and monthly incom are an l,,w-i:
 

EMPLO', A N1 

elf'-employed far'ner' - 4, percent 
Labour'"r - 40 percen. 
Other- employed - 1, percent 

M'NMi[ INCOME
 

L.enJ thdI I '0 p tso,:- 14 p rent 
100 ti) ) . r t 'i - p e c 
Thr- Thon 1,x) p,. - 1..,Prcent 

2.6 At, oeco wiiehin0t the .kl'VI 

a) level top;,ireiphy n-q-.% C wIhc~n'p-c ann. A -rtoiland 
beO (ul t.vdty triiwij orlin.iry nt-,l. f,farming, trhiion 
hazt-I v--ry 1Ilghr. ?t, nitI 

b)b n I op I rigc .tn I 11,-ti' -tl'X1 -.h L;i Ah~n; IA be ,i t id 00 id 
t eCiulI g erv~ i~.e'I'll Aiiu nh I I LO' th' o D'bJe,'t t 

t o-dode r..r A ,t

2.7 Critrli for ii or iltia in . t 

Formsa in t he ,a'u y ar, i -in beo-4I o,%if'ied lo'itfferent. rarmtng syritem
 
types .)n the bani o'i I ,nA Ievii 
 re * t rm qtI r OrnJ product ion emphana a.
 
The ma in ('I ta'i. art- a!% , Ilow,&v'
 

Leind tenur" 

- OWTIC l vori 

- bee ficiarit-a"f i ioverlnmont Itrid r-fn-m prcgr mv known~ an 
Ope~ratlon La.nd Truir'~r )LN.1. .nr lrdn lo thi Minte4try if' A4 rarti 
Reform -iltiout 00) !111, in Im' ;ar.i are' now xidear the Ian,] re fnrn 
proramme.a ben-fit Lrn. them.'I lrran tr 

- I etmaho 1d'r".; tin i a r y .q ~p #n b r i na phnod oe. Ii, Inv 
OL.T I tht, *arvey tri-m only .n tar'dte ('Armor ina thial -4%teglry 

Owner cailtivntora and O)LT ba'rhefici~Arien -or'nt ittes About 90D perce.nt 'f' the 
farmers. 
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Tabango 

~Iu. .Site location and cliadc IMAP Of the study area
 
0 Aon the island of Leyte In the PhIlippines. !
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Fm1rm ase 

lose5than-2ha
 
2)
2to'5 ha. 

- more than 5 h 
- large hacienda' 

Most faesrs cultivate no more than 5 ha. The majority or theac operate
farm$ Or 1~.5 to 2 ha, 

2.8 Production Emehasis 

Table 1. Production emphaale' the predIominant farming systems in the 
Tabarga study area, 

Primary Productiom Z~phAinm Socondanv P itetivameai. 
AMMal Crop& subasitence 

rice 
mail* 

utages. supoemom"~ foods 4 cash see" 
sV 

sweet Potato A074hor n"e 

cash crops 
peanuts 

Pvrtntal Crops ceeh crop cash trop 
coconuat i..M4Aes leoepqbal 

(ipil-ipti) for 146f. 
I' wea sad fucww* 

Paru Animals drautht power aibaW$"*~ cseaimptt
carabee 
(water buffalo)
 

cash n,a
 

2.9 Characteristics of the Selected Farming Systva 

The following information summarias the salient charscteriotic. of a
typical farmu in the farming system sel"etd for priority eaapasts by
the diagnostic and design teamn: 

Agroecological characteristics
 
- topography: upland slope* ranging 
 from 10-60 	percent (av& Xr30)
- 8oil: 	 clay to clay lamr, generielly deep
 

pH w 7.
 
% N (total) *0.06 - 0.14
 
%ON* 04 2.5% 
P (availablie) a trace, particularly In uppvr slop"e,

22~- 32 ppmm lower si"In 
-erosion 
 hAxzard: 
 sheet and rill erosion notable on many forma 

Tenure status
 

OLT beneficiaries
 

Farm size
 

1-2 ha.
 



Production system' 

Table 2. The role of major crop and livestock components in the selected
(arming system and~their associated cultural prectices. Where tvo or 
more purposes are served the primary one is underlined.
 

CMOF/AN1Itans 
 CrLWAL MLACTIcS 

Primary 

----------------- ubit cab oiolfod is----- el os Wce, rotat 
r;.. rice s..eL"teace, casab a foed i toeearotaion 

Peanut cashmaftsri Iais
mIq beesCA maWKrept oaione 

sweet ott 0iAbistsoc., cashrop 1A rttion 
"eS"Ya subs45"5 nowssrep
basses subsasc. , fote beI~r 0I~e9. 

hl. fo h, t d catrd To%.sa" 

Animals 
carabde drouaght aamI *;raskso e,.deg

"Ad oshbsurla 
oecoems pustitie 

PAI, Cash, soctal c sup..t on -eave4 q a-d 
SplsUNNIary tee'

chickens suebsistence staves" &W 

Cropping schedule for major crop., 

Planting Harvestins 
NMile April-Nay July-Auuet
peanut Sept D~-& ua 

Average crop yAeldas .. 

mail* 5 sacks/ha (250 hg/ha)
peanut 10 sacks/ha 

3. DIAGNOSIS Of KAJOR LAND USE PRODLVIS AND POrENTIALS
The results cf the disancstic survey and analyse. carried out by the r..Iaia .DiD tae are presented In Filg 2. This is a combined causal f -etwrk
and flow diagram which depicts, Trom left to right, the ,ouj housohold
supply problems. The rlow or related LUiput and outputakwlbroken liin'e,),*! and the causal Factors which cont*itbute (bm4on linesl t the cr1i1io etthe Identified problems, c 

"3.1Problem in the Household Supply System.
 

Contr•ry to.initialexpectations, the diagnostic survey r i.-aId
there are no presently perceived problem 

that 
in the .taple ood end Am I "wood 

,.-, 7/:i, 7.t7;:,-U 

i:f:7t " ;77Wtf; );;T:n;.: .7 k <; '3 y:7 ;:c; ;] -;;/;f:<, !'; 
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supply subsystemaof households iWc-Zhe target farmingsytmDomestic needs for fuclw od are report'dt eaeutl e yte~red~Pply- of coconut fronds In'the general area together with fareplantings of Leucaena leucooephala. Although, rarm produced staplefoods are in most cases insufficient' to meet the annlual needo or somehouseholds, the dominant strategy of the household economy is one ofmixed subsistence and cash crop production, supplemented by income fromKoff-f"rw labour (mainly agricultural labour on other farm In the area).Since cash income is sufficient to meet the needs for supplementalpurchase of food, food shortage per so ts not felt to be aproblem.AThis does, however, cnttt~ 

Inodaquate cash, income 

Insufficient cash for purchase of other household needs (olothing, ~educatlonail expenses, and non-food consumer itss) and for capitalizationof farm improvementii emerges, therefor, as the main hque"oId supplproblem, in the survey area. The main *0ce* of cash Income are proceedsfrom the sale of cash crops (mainly peanuts and sung bean), livestock(pigs) and earnings from off-farm employment, as showni In Table 3. 
Table 3. Sources of cash income 

'4 

Source of Income Percentage of farmersSurveyed (N10 ~f. 

Off farm employment 
Peanuts 
Pigs 
Rung bean 

K.Maize 

Rice 
Sweet potato 
Banans 
Ginger 
Onion 

90 
g 
s 
50 
0 

.20 
20 
10 
10 
10 4 

The main 7rains on household cash resources aefood purchase tosupplement farm production of staples and hired labour for weeding,land preparation and planting. Some 50 percent of the household surveyedown no carakbao and must spend an average of 0 250 per crop J2 crops/year)to hire the services of a ploughan and carabo Thirlacgohtanimal is a severe capital constraint which, given the low net Inca"e,Is very difficult to remedy. 

Income from 'sale of cash 'crops and livestock As generally Insufficientto meet the cash needs of the household and moat f~rmers resort to of f-famemployment to supplement farm earnings, Of the 10 farmers survayed whofall into the cstegorly of the target farming system. 8 'engae in off-am7 agricultural labour 'knd one is self-employed as a maker of wooden plovgh.
K All farmers expressed interest in increased ~lmoae from farm *cure*, btthe survey team did not detect a notably high level of entrap urIl'~~'aspiration among this group of farmers. 

KKK kK 

''~K~ 

~ KK 

K 

K 

3.2 Causal actors Isnilf rHueod ahPolm 
;. 

On the income sids, the main factors associated with low on-farm cash 
production ar shown in Fig. 2 as causal complexes or 'y~rmsresponsible for Low yield of field crops and low-offiiamo f theKKpig production enterprise. 

' 

.. . . . . . . . . ..JKKK 



Low Yietd Seidroe 

Continuous permaent cropping without mineral nutrient inputs and 
Inadequate soil conservation practices have resulted in low nutrient 
status of the soilsa and low and declining yields of both iuboistence 
and cash crops (e.g. 250 kg/ha or maize). The small, farm site and loW 
productivity or the land necessitates a permanent cultivation regime witft 
no opportunity to rest portions of the land In order to restore soil 
fertility, thus perpetuating the lo"i yield syndrome. The non-use of 
mineral fertilizers in attributable both to the lack of cash resources 
and the lack of a local Infrmatructuro for supply of agricultural inputs. 

Sheet and ril erosion procesues further exacerbate the degradation
syndrome on these farms through continued nutrient losses and poor 
crop stands. Erosion hazards are substantial under the provalinr~
conditions,,f steep slopes and cropping practices leavewhich the 'soil
exposed to heavy rains following field preparation. Impropr ploughing
practices and the burning of agricultural romidues are major contributing.
factors in soil erosion. The fact that the farming system Is still 
operational at all, even at low levels of yields, is attributable to the
dep~h and only moderate erodibility of the soil. Mevertheless, at ani 
estimated rate of loss of 1 cm of soil per year, this system of poor
huisbandry cannot be sustained indefinitely. 

The prevailing tillage practice Is to plough the field In lines perpens-
Sdicular to the main slope. RIbwever, sincethe fields typically exhibit~ 
r~sn undulating topography wtth minor slope* in variation to the main slope,
the ploughing pattern usually deviates oubstantially from reacomeondod 
contour ploughing practices, with the result that sover* erosion occurs 
in areas of downalope furrows. From discussion with farmers it io clear 
that the decision to plough perpendicular to the main slop4 to mainly
based on the desire to conserve the energy of' the draft animals and not
specifically intended to prevent erosion. Although proper contour plough
ing woould more efficiently satisfy both erosion control and energy
conservation purpoves, casesno of oontour ploughing by saalihoidere were

* obsrved in the entire survey area. 

The retention of agricultural residues on the fields would itloo tend to
mitigate both erosion and low-fertility problom, but all farir surveyed
reported a strong inclination to gather up crop residues anad burn theg.

I'The main reason given 'or. rmoval of crop rosidues fr~am the fields was to
avoid interference with ploughing operations, sInce* with the tradi tional 
chisel plough used in, the area maize stalk-- and other' residues tend to 
bunch up in frontof the pl.oughi. 'making tillage difficult. The e-%prnmutIei
rpason for burning the gathered residues was not any conscious desir, to
'.zleasonutrients to the soil, butt rather to destroy potential habitats 
for rodent pests. 

All of this I* done without any evident consideratilon for erosion control 
and maintenance of soil fortility, although both of these factors a"e
acknowledged by fares" as major contributing causes of. declining yields.
The only notable fertility conserving measure practiced by the majority
of farmers is the rotatiott of cereal crops with graits 1egumes. 

LUw Eff1iciemiq( of the Livestockt Entatrprse 

The low tims-use efficiency of carsbso~ (water buffalo) as draft animas 
is a notew0'rthy latent constraint on agricultural production, but not 
one which admite of an, easily conceivable and feasible solution. Theme 



I water after brief peri~ods :of,draught labour. Nev'eteless,- the~islow i ; 
anial"
unikeoxen, mutbe rested and allowed a cooling-off period 

little scope at pr(aent for any attempt to disruptethi--congenial

symnbiouis by subst'itution of more' efficient draught animals.
 
The m nea1 lraint L thereforeminitec1-
of the pig production enterprise, which Inpresent as a source of cash 

/,income and socially expendable wealth (fiesta contributions, etc.) on
most far--z. Inefficiency arises in connection with the labour requirements
2~o~ho.presnt-system of--feeding- and -the -nutri tional -inefficiency-o-f-uii-present~diet. Free range pig feeding to not possible on motifarssbecause'of the 'danger of damage to one's own and neghboure crops.

,Consequently, labour is required to move end tether pigs from time to time.Supplemental feeding of rice bran and shredded banana stalk Is com'monlypracticed, but this does not make up for the lack of high quality prot4inin the diet. The resulting slow rate of live weight gain yieldn rather lowreturns to labour invented in the pig enterprise. 

4. DERIVATION Of DESIGN SPECIFICATIONS
 

The following list of design specifictiona may, for convenience. be
divided into fitnotional specificatcions derived from analysis ofintervention points 'inthe system suggested by the combined catuml
network/flow diagram (Fig. 2),and other dasic po/fioation. derived fromi#w

the general understanding of resource constraints and farmers' strateges.
gained In the course of the diagnostic survey exercise. 

4.1 Functional Specifications
 

To redwoe the outflow~of caeh: 

a) 
Reduce the need for hirod labour by reducing
 
Lthe amount of tillage required for field preparation
 
t-h-
h.level of labour required for weeding
 

b) 
Reduce cash expenditure on supplementary food purchases by Increasing
on-farm production of staples by removing or mitigating the yield-
reducing constraints. This could be done by: 

. 

- improving the avmilability of nutrients (mainly 'MNP) 
- reducing erosion by 

- adopting proper contour ploughing practices 
 ' - instituting a feasible system of organic matter maintenance
 
on the fields
 

To increase the inflow~ of cah: 
a) Incorporate new cash crops Into the farming system .
 
b) loprove the productivity o..existing cash 
 crop .nterpri.es(see .

b above .)
 
c) Improve the efficiency of the main livestock enter~prise by
 

- prnducing 
a more balanced pig ration from potential farm feed sources 
- reducing the labour requirement of pig feeding by 

- 'introducing iprovd processing technology 
- substituting the current tethering practice by an efftcient pen

feeding regime
 



4.2 Additionai'Design pci~atos 

-0be apptppriate and odo~abie by Career* in the 'cvantext o their * 

X
0x* ng iaming system (i.e. without major t$ntrastructwral or' " 

lotivational cha~1%es) candidiAte technologies must; 

a)-hv ow capital requirements and muet not rely on Inputs which are 
not generallyr accessible to amaaU Werer*~ I4 area, 

b)- ba-ftin-n4eAe-faa~be-lbu-e rce .0, .at-----
pauiglvep ff r acceptable to the majority of farmers) and 

t, make efficient and Antons lye uso of scarce lend resources 

d), nof~contribute unduly to increased pest problems,, 
e)b6consisten~t, in tho case of nom css crope, with marketing potent4alo
Inthe area.
 

5. ALTERNATIVZ TtCMiNLOGIES 

Cash deficit was identified nt the dli&"rotio stWAgea to main symptom
of the farming systems Inthe Tabango are*, a problem that motivate,
farmers to look for off-farst Income. The causal diagram inFig.::2 Indiratom 
that this deficit mtemoailninly from factors in the orntion of croppIne
and animal production sor~k,rprisos within the fare. Of,1the two a highmr
priority should be placed on'improvement of cropjping enterprises ,sInc* thoy
constitute the main source of both food (maixe) ani Cash (peanuta). 

'I+++ +I++ + ++
++++++:
:i+:+:++t+++ + + + +++I+ :+'++S)] + i+i++ 
Low moil fertility and soil erosion were singled out as the mainPcse: 
of low crop yields, indicating the most promsing points for tochniclosicalI 

2.+ +1+++++1++j . ++++ . ::; + +i + .++: i I + . ] 11interventions In the ay~teu. Table 4 sumaries stme of the alternative 
practices, of an agroCorestry and noci-agroforoetry nature, envisaged by the 
multidisoiplAnary team as having the potentialto overcome those constraints. 

* 5.1 Kon-agroforestry Alternatives 

Although a thorough discussion of these options vis-a-vis the identified 
constraints is beyond the scope of this document. it is* worth mentioning 
s;uoe of the reasons leading to the selection of an agroforeetry altetnatlve, 
moet, of them linkee\ to the design sp~cificationsdiscusd above.,* 

In the field of soil nutient deficiency the Introduction of tnorganic
fertilizers.would moo ' certainly overcome the ,biophyicsl constraint. 
However, such. an input would further strain the already scarce cumb 
resources available at the farm level. Even ifa credit programme were masde 
available, there inno existing infrastructu rm for distributing fsart11iers. K 
Compost could bce an Interesting alternative, particularly to avoid reiie 
burning. However, lack of knowledge und labour requirements may prevent
its adoption. 

Green manburing with appropriate herbaceous speie. has been sh'own to improwe 
soil fertility, but land and labour sdarcityand local attitu~ i inst
grow' crop solely for thepurpose of improving the soil, would te" to 
prevent the acceptanceof conventional green manuring practices by farers. 

One of the problems farmers would fea in trying to Incorporate residuoe 
is the type of ploughing equipment A us*, which dome not have a moul6
board to turn the Soil over. Substituting the existing chisel plough by 
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a mouldboard plough would be a relatvely costly option. possibly requiring 
stronger animal traction., It is kcnown that no-tillage methods will 
improve soil and water conservation as well as reduce traction inrly and,labour requirents, but the specialized knowledge and i4quipment required. 

S together withhigh cost'and prcblems with the supply of her i-de may ~ 
again prevent its widespread adoption, Thereit a need 'moreover, to provide
for a source of mulch which sho'~ld not compete unduly, with the main crope
for light, moisture, nutrients and space eand/or time in, the cropping regime. 

..seem"to rule them out an a locally ado abl alternative- Contour ploughing
would certainly be a feasible erosio mitigatin alternative to which,,farmers ought to ba introduced. At the WMment~rthere'Is a kind or "stroes 
the slop O ploughing, not preciselys a soil conservation practice but 
to avoid having the carabao go up and down the u*I"*. 

A permanent vegetation cover would certay decrease the impact of
erosive factors. However, establishing perennial crops (like coconuts)
would compete with food and caah crops for the use of scarce land, depriving
the smaliholder family of Its livelitod for quit* a few years (ttcould becoee 
a viable alternative. however, for holdings of 5 he or larger). Relaycropping would also,provide a permanent protective cover, b~jt Its
efficiency may be impaired by the low soil fertility level. ~ 

The efficiency of tillage operations culd possibly beimproved by
substituting the carabao (short effective working tOme) by Oxon, but this 
may be a very'difficult change to introduce and itmey disrupt a cherishe C
symbiosis between Vtoaytn farmers and carabsos.' At any rate, It would 
appear that in the medium to lort run land pressure may tend to displace,
animal traction frm smllholdingsparticularly If ard w free acceas 
to grazing under the coconuts of the larger pilntation ow..rs.i. rstri t*d. 

Cash income could be increased by substituting alternatIVe cash crops for 
peanuts, but the rate of adoption w be slow under marketing.a.y existinL 
conditions. Cattle fattening does wot appear "a asustainiblI alternative 
for smallholders, since fodder production will compete with food and 
cash crops for land and labour.
 

5.2 Agroforestry Alternatives
 

Collumn 3 in Table 4 summarizes the interventions of on sgroforestry naturewhich were considered by the team for addressing specific constraintsin the 
diagnoaed systs. From the discussions at -tfo design stage or OWe DO 
process there emerged a general design concept for an .grforestry........ 
land management system which appearsto have the potentia to r ve or
mitigate several of the most limiting constraints. teas deci1ded,-The 

therefore, to focus its attention on the elaboration of this deaIgn concept
as a-prelude to the planning of a research projectto develop,,ua~d teat the
proposed ugroforestry system. The results-of t i '+@!jtee thin ng, ao
 
developed Initially in the rapid arainalmi sim'vand later in the followu 

r phase of the DD process are preented bel-ow. 

'2. 1 Design concept: hederow interropping or allay crpping systm 

the use of mulch, from a nitroaen-fixing tree is a'source of organic
fertilizer for the predominant field crops appearedto the to" asa' 
promising technique for restoring and maintaingeoil nitrogen at ans,
Increased level. The possibility for arranging such trees In hedgerow,

! //(:;!!•:::' l!e€ P.Pl.Im d -]:eV.l!" !11:i l~l~i +.+ fi h~i~ l S :I<:SI" *
 

.+*" M : ~ t- .. ... "1 + : t+ ': +j.," 
 ., + : < :jkh e " ' : ; r .'' k , , < ZT t. S.5Sk.. ) .h'S5 

SSS55-S ; '"++ +'+ '": " * : '+ " ; ""('' ''- + ;:+',:+ . .. + : ; "; + *+ + : :+' .++) +S: * 5 5 , * 5 
+ '
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along contour lines in the field suggested itself an a way of forming
 

vegetative barriers capable of arresting soil erosion which in time ould 

result in the development of natural terraces. The eAiatence of contour 

hedgerows would also force farmers to plough -long contour lines. tr.
 

reducing inter-row eroston.
 

The food and/or cash crops normally gruwn by farmers could be inter

cropped between the hedges with the expectation that, If such a sytitem 

were perfected, the increase in productivity from organic ftert1lLtatijr 

would more than offuet the reduction in cropping area alluted to the na4iT 

crops. Moreover, if the hedge" were compooed of Leucaend or Otjer 

fodder-producing treesi or shrubs, the tops could be ud to produce leaf

meal during those times of the year when the prunings were not being uu%: 

for mulching. Firewood could also be produced as a by-product of 

management practices. It was further envisaged th,t the apace alloted to 

the hodgerows could be Intercropped In a two-storey arrangement with 

ahade tolerant root crops grown at the tide Or the hedge, and vLne :r',pa 

(such as black popper) grown within the hedgerow by planting self-pruning
 

tree apecieo at 10 meter Intervals or more kn the hedgerow to nerve as 

live supports for the vines. See Fig. j for an artist's concep.in :)f the 

proposed system. 

This design concept will bo recognIhed ot S vritltoti on th "31.1-y 

cropping" theme found in the i(tcrature (Parer, 'o; Guovarra , ; '.r', 19? 1; 

Sipl ins, 1981; Metzner, 1901; Evytaen. i98Z). 

EBnge. 1979; do in oc.1O IITA, l9WOa, 198'b; Wil-ton and Knital. l'R60; 

Wilson and Raintree, 1900; nIintreA and Turay, 194,l; Kane, V stts m-.1d 

An a orn of "'.:oal .4rgp'iogA" 

(Huxley, 1980), alley cropping In a type of agroforentry syntom whic4h 4%4y 

allow mimplification of management proceduren by dnaling with es.h 

zonally arranged compcntnt largely as a sole. cropping enterpriwLe .w01t[hi 

the cropping system.
 

Evaluation of different alley 'ropping nystem, hc-evor, han shown 

(Verinumbe, 1901; BalasubrAmanian, 1983) or predicted (Ikvkstra. l)d't. 

Torres, in pres) variable results in d,rrerent environments. IndL,'at i 

the need to denernlize with caution and dietlnguieh clearly betoeen .pecific 

design variationa on the general alley cropping theme. The concept of 

alley cropping or, more generally, hedgerow intercroppitngimplips a 

"family of technologien" often linked to each other only by the shared
 

some form of zonal arrugement of woody and herb&a,oes 

componente. 

attribute of 

The specific hedgerow kntercropping syntem depicted in Fig. . in only 

a design prototype, intended to convey the Renprnl idea of the " '

proposal and to serve as a starting point for the remearch envic.aged 

as necessary to develop an optimal system for the farming condition of 

the Tagbanao area. The product of such research. ase.ming the project 

is siuccesefLI in developing An optimal site-specific system, would i'.aeof 

revert in the dissemination phase to the statua of a prototypo for Adaptive 

research throughout the potential recomffondation domain.
 

Although various hedgerow interrropping syntems of thie general type are 

krown to exist in the Philippines and in other forms elsewhere in South

-ast Asia, it is doubtful whether any such syntem ham gone through the 

process of reiterative development and refinement which would be characteristic 

of a Pystematic and cost-effective approach to the development of 

nystem-specific tigroforestry techr.ology (ICRAF, 1913a. 1963b). At. the
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Figure 3. Artiset's conception o( the expvriw,ntai hedgerow lntercrpptr~g 
system proposed for research at the Tah4ngo qtte. 



outset of such a process it is essential to set forth the desirable 

characteristics of the eventualtechnological product (i.e. the des-ign
 
specifications) which would make it &"iropriate and~adoptable In the
 
context of the target land use system.
 

ddiionto addressing the fuznctional requirements of &oil fertility 
improvement (sainly increosed nitrogen) and erosion conro an 
appropriate alley cropping sys tem fr the target group in Tabango would 
also possess the following 'desirable charsctiristicr-

In 


- ___~~\ 	 _abe efficient in the intensive use of land 
b) (befficient in the use or labour and not create Iaso'_ui~r 'l tlaiickTs 
c) not increase pest problem beyond an acceptable ievel 
d) be flexibleas regards management for different products on diffrerent 

farms and at different times of the year a 

a) allow for t6 possibility of minmum tiliage management in the 
eventuality of reduced draught poweorlon the smaller farms 

f)not involve management complexities which the local farmers, after 
I ) a sufficientNfxto€lat od, be willinghh demonstrationiSd trial pe would not :7 ; 

to accept.
 
In additinli 

5.2.2 Plant ideotypso for the tree/shrub comp=ont of the evsse 

Although maize is virtually a "given" as a component of k"y widely 
adoptable alley cropping, system developed for the Tabango mkite, the 
chioice of the most appropriate tree/shrub component for the system is 
an open question for reeoaroa. In addition to specifying the desirable 
characteristics of the 'p.opose4 system, It is hol;1ul to set forth the 
desirable characteristics .Qfplant componnts prior to &crooning 
(Raintres, 1901). The folls.'ing characteristics have been Identified 
as features of the ideotypq for the ideal ,e/shrub component of hed4#row 
interoropping systems of the type propoeeid for ?agjiangoa 

a) high N-fixation capacity 
b) fast-growing 
c) able to coppice vtoorounly snd yield required volume of suitable mulch 

material 	wncreE eeal~t eOcuttU' regime...... 
- vigor and yield requirmentS~iil4~ry with cutting frequency

deemed acceptable to user (which will bo affected by labow.r 
availability, shading effects and mulch'i~ireemntto actitev 
desired benefits) dtrie yai~hrceitc 

-	 suitability of mulch materialdeemndb -10pi hrtfsic 
(e.g. rapidly decomposing leaves for quick releaaelert.liiser. 
slowly decomposing leaves for weed and runoff control. desirability 
of insect-repel lent properties, nutritional quality and ,palatability 

d) f herbage to be managed for fodder by-product, et.) 
ddeep 	rooting habit for drought resistance, recycling ofsabouio,' 

nutrients, and minimal surface root comptition with associated 
arable crops
 

o) easy and economic obtablishment
 
f) high yields e,'conomic by-products (feed and firewood),
 

It is difficult to assign priorities to the various characteristics 
prior to on-farm trials to assess performance In termw of features desired 
by the mnd-user. Other, more detailed plant physiological characteristics 
may be identified as the research progresses. it may olso be necessary 
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S','tthink of satisfying the totAl Package or requirements ry a -owi&itaon : 
of hedgerow speciei it they are not optinaai combined in a single Spec i- : 

5.23 E ante 	evaluation of the eroposed system 

The basic hypothesis behind the proposal of the experimental hoedgerow syste
to that the increments in crop yield due to organic nitrogen inputs from 
the nitrogen-fixing woody component would incraset the productivty per
unit of inter*ropped land. Available Information wis analysed to 
evaluate the potential contribution of aucacna hefgerows ond to formulate 

-more-quantitative-hypothesis -on-the -Jmpat-on grin nd -fuelwood-yies--
of the inteor"opping of leucatna hedgerow with maize (Tor"es in press). 

The use of data on L~,uaona iuucooephala in the following computations 
is made without prejudice to the eventual selection of other woody 
componnts for 	the hedgerow role, although the choice or l*euoana "s an 
initial "best bet" component for the prototype system is justified 
on several grounds: 1) lucasna does possess most of the charnciteritics 
of the plant idotype for the tree/shrub component of the system (although
It does not have slowly decomposing leaves, which might be desired If in, 
more durable mulch is required for a minimum tillag variant of the system);
2) the giant "Salvandor type" leucaerna varieties are a wll-eetablinhed 
feature of the existing farming system (though not in the srrasment 
envisaged in the prood design); 3) sufficient data on the performance 
of lnucoena and associated crops exist In the literature to allow a 
fir1 .orderapproximation of its performance under the propoed 
conditions (this is not the case for moot of the woody sp.t* often 
mentioned as having Potential for agroforestry). The following calculations. 
therefore, give an approximate indication of the performance of ovw 
vJariant of the 	 prototype system. 

. r 	 Based on production data from the humid tropics It was assumed that a 
linear meter of leuce4na closely planted in a hedOrow would produce
about 1 kg of "'leafy" dry matter per year with a nitrogen content of 
3.5%. and around 850 g of fuelwood. It wos further assumed that an 
Increase of 5.3 or 6.3 kg of maize per kg of nitrogen applied asi 
leucasna mulch would be obtained from such practice. Results of this 
speculation In terms of kg or maize per ha of inteoropped land fr 
different baseline maize productionis are shown in Table S. Incro&ee. In 
grain yield expressed as percentage Df baline production &"arsn 
In fig. 4. (Torres. in proe). 

Table 5. Estimated yields of maize per hectares or Inteoropped land. 
as affected by baseline production or maize 

Leucasm iet-ow malic baselne produaction (fthe") 
spacing (CMa) Soo 1000 
- Applyfig ratim detivad (mom oaaimd ids 
150 731C 

*300 1405 
450 1103 
600 953 

* - ~Applyint; ratios dsrvrd reai trcdwru 
ISO 11100 
300 130 

*450 933 
600 3 

2120 
1560 
0)73 
1230 

ylehs (73%~ o(obwtvvd) 
1710 

1335 
323 
1171 


230000 

1110 
1105 
1703 

2170 
M0I 

20S4 
XM303 

1770 
WS3 

1339 
1~.460 

Ingo 
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Figure 4. Increase in maize yield per unit or intercropped land 11't1.
 

As mentioned above, thu existing production level at Tagbang oppea4 a, 
to be In the order of 2W0 kit ha- . Under those circum tances thv 
nypothetical relationships shown in Fij. 4 Indicate that even at t h 
wider Inter-row spacing, Increa.is in phy tical produtioni It higher than 
30%. Should those relatlonships be supported by experimental evidenc . 
espacement would still depend on economic consideration, partiCularly 
in relation to the labour cost: maize price ratio. The proposed practice
would obviouisly require higher labour Inputs than the prestnt oyoti., 
but it sho .ld be noted that at the 150 cc spacing and 1: 6.3 ratto thA 
increase in maize yield would,be equivalent to about 60 man d ya.
 
(assuming 1.1 pesos per kg of matie and a salary of 7 pesos day I which
 
could be expecd to orroet the increased labovr input.
 

Table 6. 'attmated potentia.L (uelwood production per hectare of% v
 

Intercropped land. 

Leucacna bn'ween-tow Stein producion 
spacing (Cm) kj . . ... n. ha . 

1.O I O .. r..0
 

300 803 1.1S
 
450 537 IT
 
600 403 038 

ii)
 

+' .. . , :
k: I.-
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In addition to the potential benefit to be derived from an increase in
 
matze 
 Production, 2 hectare ot hedge intereropping at 150 ca gpacirg
would supply enough fuelwood to satisfy annual requirements of 8 persons

(Tablem), and the equivalent value of another 40m n- &y ofnlabour

could be obtained if one of the hedgerow harvests 
is sold for leafae#l,productlon (assuming that 50% of the Ileafy' portion would be accepted
for'ieafmel'at a price of 500 plea. per op of laflheal). 

mteshould 	 be ephaaised, however, that th4e.e"t)tia of tuis'Ce) nologi
mut stilIbe tested under feld oondit'm before being considered 

4y 

for dissemination to farmers. That. in act. is .hatipat-te -s 	 iiier c 	 this report, 

6. RESKARCH PROP'OSAL 

Accepting 	 that the quantitative hypothesis fcrmulated in'the previoussection is based upon some exp.rimental den, the designed technology.prototype could already betetd on-farm. hils more controlled experimentsare carried out concurrently, to test hypothetical relationship. (to allow ' 
for a better understanding of fundamental Processes) and to try altei ative
 
components.
,
 

It Is proposed, therefore, that re.earch activities be carried out at3 sites:P~~~zmo~on .. . .? Jo-it-'w_i ifarmers' fields. In~a local fiel,dstation (to be developed onland generously offered by the Tabango May or'! and at the VISCA capus.
In general, information emerging from those sites will reach the developmentstage in the short (2 years), medium (A year.) an long (6 vow-*,) terst
respectively (meaning the period of elapsed time before they 'R tsm tobe disseminated by the extension *yet".). 

In this context it it suggested that the following research activities beimplemented 'in the difterent sites. 

6.1 Intercropping withleucaona hedge. (1) 

Sit.: Farmers r
field 
Per'Wo:d Immediate (short term).
ProbIaM to 0,.roome: 

1) Low N and P
it) , Soil erosion 
iii) Improper ploughing 

4 

Objeot ives 
General: 	 Utilization of legumAnous trees In cropping, with contour hod&"s 

to reduce water run-off, and increase N and P availability to 
the interplanted crops
 

Specific: 	 (I) To examine the effect of between hedge distances on the 
yields of crops established on farms with different
baseline productions and slope grudiento 

(it) Ta examine Mhe effect of cutting frequoenies on the legcaena
yield end labour input 

(III) To examine the overall effect of the proposed system~ on 
wtter run-ofi, erosion, and soil and chemical Properties. 
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Rueseam, De..n.. 

a) ?eohnoloigy components and management: 

0) L~uc'Aons cultivars - local giant K8~ or K28 (best~bet)
it) In-row planting dilstance of leuceens  15 cm, along contour line* 
Wi)Height of cutting of leucaena,1- 115 co (best bet) after allowing 

months for establishment
 
iv) Lemon grass to be planted on the uphill site& of hedges
v) Crop cultivars -local' 
 .. .
 j 


b) 	 Treatment Variables: 

1.) Distanco between hedges 
3. inter.row specln&,% to be tested on different fane, acco .ng
to existing maize prvdixtion levelsti Farms with 250 k& I .ha  3 and 5 maize rows between hedgerow.; farms vith 5 0 kg ha- . 
2 and 3,mete rows betw,~e. hadt,rowa 

ii) Slope gr-dient - 20%. 40% r 

lit) Frequency of cutting of hedge -1 

- 2 frequencies vill be tested
 

(1) Farmr's way 
(2) 8 cuttingo as shown (first cutting 10 day, before planting maize),(
 

May Jun Jul Aug Sept Oct N~ov Doc Jan Feb Mar Apr Msty 

1 2 34 7
 

iv) Replications, 
 3
 

c) Criteria fov farm Selection. 
i) Field extending from ridge to lower slop " 
ii) Uniform major slop.
 
iii) Minimum width of 50 m,
 

Tutal fares required: 12
 

d) 	Parameters to be Monitored
 

i) Yield of crop 
 Field Researcher* 
ii) Yield of leucaena
 
lii) Labour input
 
iv) Farmer's observations
 
v) Rainfall measurement 
 " " 
vi) Soil: chemical and physical properties VISCA scientists
 
vii) Run-off and erosion control
 

6.2 Itntercroppinawith lucaena edgerows (2)
Site:j Field Station (inTagbangoL
Period: Medium term 
Pxobl"m to Overcome: 
1) Low Nand P 
it) So),l erosion 
ii) Improper ploughing	 L 
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Objeet iues 

General: )tilizaLIo.A of leiumItious treeb in Crop ,Lngb with CGtktour "Wejerc
to redace w'iter run-off, arnd inicrease N and P av 1ibiuy -.0 
the Interplarited crop ,. 

Specific: (t) leucaena cultiv ir
 
(L1) height of cutting ' 
Iii within row tree Ip)ACLijg to hedgee, and 
ivl rate 3f green ,ai.4t appc',(L*kton tn ter.d of: 

- leucaend lehi" prOiJxCt i on 
- crop yild 

-1 d1jur iipwt, Efld 
- t utrieent (N rnd Pi :jcl ing 

Research Dedign 

a) TechnologLy components 
 nd mtwadenteft ulmlir to 6 .1
 
b) Treatment VartdhLe
 

i) Leu(-%ena cultivdrs: ', ki) giat arid (ii) local 
i) 
 fiight of hedge c,itttrg - ' tre~tne.t
 

ifl) Within row ipoc~n[ of loucden i trece 
- 3 opacing 

1.) I), c ,
 

iti) > I', .-in 

iv) Rate of green M.Ar:Larr AIpltctkovi 4muilching) - 3 treatmvnta 
(aeparate 'ekwittend tand ) iceestabliahed. to suppiw needs for 
additional -nuich) 

V) Replitcation" : 2 

c) ParamaterN to be Moniltor(d 

j) Yiehl of cr',p field Researcher%
 
ii) Yield of l e,' i
 

iii) Labou:" irput
 
iv) Nutrient (N & P1) yclItn 
 V!SA Scientiot. 

6.3 Hadgerow inter zping of camhcrops 

Sit : Field Station (in Vl'aii .o} 
PF)riod: Medium trm 
Probleme to (vr,;m 

a) C-Ash shortngio 

Objec i',S: 
',nora: To oxnmin. tho foanibility of introducing som c.ash crops a
 

components of hedgerown
 

Specific: (i) To examin, the effect 3f caah crop incltnion ir, the hedgerow 
on labour input 

(ii) To examine the effect of caah crop 
inclusion in ".he h,!r,w
 
on the yields of leucaenn agronomic crops and cask' 
croi
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Revec 'ch design
 

a) 	 Technology coinp:n,!t6 atrd management 

i) 	 Hefdgerow tipeci-t, dijJace betweeti planti. heignt of cutting 4nd 
frequency of cwut..ng, sImLIar to L.1 

iL) 	 Lemon griit3 to be p1-inted fJn the uphil[ ide ur hedgeruw 

iii) 	For peppe r, I-) rn 1.itanlce bet.ween supp, : .ng poles 

iv) 	 AUl cash crops to be planted on the Ecwnowhi,1ttlde of hrlerow 

b) 	Treatment Vuri:1bieL,: 

i) Types of cish crIps 

a) 	 Black ptepprr Ihwrainda cpa&iuid, N!rtCu-iv, 5'tbunia 
as polos at trntervala within the hedgerow) 

b) Ginger 
c) Pineapple
 
d) Gabi
 

c) Parameters to 	be moniltored:
 

i) 	 Labour Input
 
ii) Yield of' l-tcaena
 
iii) Field of Cash crop
 

iv) Yleld of agronomic crop
 

6.4 	 Mulch farmin with contour hedges of other species 

Site': Hemearch Station (V .;.CACampus) 
Period: Long term 

i) Low N and P
 
ii) Soil erosion
 
Iii) Labour requtrementm for cultivation and weeding
 

Objectives 

General: ft.llizntion of trees in farming with contour hedge* to redu.e 
water run-off. tillage 4nd wtedti while Incresing 4 ,%nd 11. 

Specific: (W) 	 To examine the po~nibiiity of using other N-f..*inj and 
coppi ing woody per.nntltn a hedge uperiLar ror tprovdine 

mulch and nutrient. (N & P) #-g Nryhrin I 

(ii) 	 To determine the moot nistable cutting height and within row
 
npactinW rur sufficient leaf production 

(tit) 	 To deterntin" the reqtlred quantity of mulch for effective 
,:ontrol or weed tnd mol 1 erosion. 

Research Naigni 

a) 	Technoogy componento anzd 'anatneont:
 

i) 	 Species. mrlectrd on the basis of:
 

1) N-fixing. P-pumping capability 
2) Broad and slow decomposing lenvea (non-deciduousl 
31 Deep rooting 
4) Fast growing nnd good coppicer (e.g. t,'ryihriir. Glireidia and 

S aban ia ) 
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b Treatment Variables:
 

Height of hedge cuttifli - 2 levelu
 
ii) Within row mpacing of Frythrlna trees - 2 np~cings
 
iii) Mulch rate o( applicatjoj - 3 rate 
 (based on potential prod"uCtion)
 

c) Purameteru to be Monitored:
 

i) Leaf product,.on
 
ii) Content (A N tui" P in leaves
 
Iii) Weed growth
 
iv) Crop yield
 
v) Erosion
 

http:product,.on
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