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Prefa]ce 

One of the most serious problems facing developing countries today is the volume and rate of
 
deforestation. Destruction of tropical forests has been especially rapid in the last 50 years due to
 
logging; transmigration; systematic clearing and conversion to agriculture; and unauthorized
 
felling and nomadic farming for food, shelter, fodder, fuelwood, and pasture. Each year, some 11 
million hectares are removed for these purposes and less than 10 percent are returned to forest 
vegetation. The loss of forest resources can only damage a nation's economy and its environment. 
The trend, therefore, has to be reversed, and all available land must contribute to rural income by 
alleviating short gqes of fodder, fuelwood and small timber, especlly among resource-poor rural 
conimLmitieS of Abi 

Forlunatly for mankiid, some interesting developments have resulte(d from national 
reawakening ,dl donor agency supporI. Ole such rilovement is intensified planting of 
niultipmlrose ItWO I)ecies (MPTS) ol smnallholdings and farms in the developing world. These 
tree; not oinlv priovidle slhade, shelter, food, fodder, fuetCwood, and timber, but in some cases uray 
iimnprove ;()il Althoughfr1ility the practice of planting trees arournd horresleads and small farms is 
a(e-old, s,:ieitific (litfg)rprent and improv.,nent of theseo tree species are recent. It is therefore 

rinqIlIitriot .:;tJrl ;ivailble published illfoririatuon on how MPTS are presently used is scarce. 

The ipittr, r nitulaiwd iithis proceedinls help fill this information gap. They were presented at 
the w,sik Icip 'iiipirposo Two Specioe for SmIll-Farm Use, held November 2-5. 1987 in Pattaya, 
Tlhaildid. This won thop,k the first of its kind inAsia, focused onladvancing biological and social
&rioiicfii .,miion MPTS. with the ullirmte goal of itrlprovinlg tlre livelihood of small fariers in 

Asia Sp,: cii(ily, tIne dsirnl(t ] to:f v'orkshop v, 

( 	 idliritfy illl(liscrile whait is kinoo, i ) stm ill-farin ise of MPTS inAsia, 

identify k-, l,' d(le g1p anrlJ (' straints to iiipro\'ing prodlucion ard use of MPTS on 
rsimll f1mli, anid 

o 	 prodlu,ce a stimierly for fiture MPP S research effor:s to improve the livelihood of small 
farmers in.te,i 

Over 10 partici);mrns fro i eight Asnan couintries participaled in this multidisciplinary and 
multiclonor effort SIX m'jor seessions, consistinq of papersin 	 id posters, focused on the following: 

o 	 small flrm1 rise? of rnillil)url ( :j tre species, 

o 	 role of Eucalyptus- oin sinll fhani. 

o 	 nilroqunn lixirna trees is MPIS for srim ll-farni use, 

o 	 fruit treer; and other woody perennials, 

o 	 socioeconomic consideiraiois for MPTS research, aind 

o 	 research strategies to fill info rmation gaps. 

We hope this publication serves as a usefu! guide to anyone involved in research targeted to 
uplifting the resorurce- poor. 

Cherla B. Sastry Kenneth G. MacDicken 
Senior Program Officer, Forestry F/FRED Team Leader and MPTS 
IDRC Singapore 	 Network Specialist 

Winrock International 
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Session I Summary 

George F. Taylor II 

U.S. Agency for Iotormational Development
 
Kathmandu, Nepal
 

Session I introduces the workshop's theme by
examining small-farm uses of niahtil)Lirpose tree 
species (MPTS) across the tropics ol Asia. K.G 
Tejwani reviews in detail research on MPTS used 
by small famers inIndia. While he notes 
substantial tesearch on several species, most has 
not been d(hvoted to iderstanding MPTS Jse's 
within the inlegrated produLcti.n system context of 
.small faurris. Tejwani presents a typology of 
,agIrosilvicult ural, .iivoa gricultijral (with the tree 
coufponelt predomina it), [)astomrli'sivicultral 
(with grazing as the major componeint), and 
iJrO.;ilvopas;foral systefms, rioti,g reseairch resutjlts
v,
here available. On the whole, his review inldicate,; 
thaIt none Of tie 1/many species (rowr byviitntJlty 
fim r ; on agric ullral fields, farm heLridaries, held 
hivids, arid as voodlots has been researched. In 
ftret, tirel",s S'treCies have ben stLdIously ignored. 
'A ii . le necies grovrr by ftmaers have been 
c'atilol jed aild M TS plactices Icive hs.en 
do,,scribed, rese;archers CMarirot y,( c (!rw al 

Pr ogre.ss inimaking these traditiorcl ev.trurs 
more 
productivo. Irnpoltant chalilenfes and
Opportuisies Ililns exist in an es.e'it ially tiiha'rt( 
area of research. 

Evans examines free, planting On small farms al 

the tropics and reviews why farmers grow trees, 

whrat they glow, arid what rhey want to grow. He 

noles trat research on a tree crop nast riot be air 

eon in itself. The primary focus of rLseorch slroa d 

be farmers, their overall production systems, arid 

their priorities. As a stari, farmers need to 

determine what needs iobe researched. The 
chcJ~enge is not doing rrore research to fill 
knowledge gaps, he sayr, but principally in finJing 
ways to fill gaps in farmers' information. He 
cautions against excessive scientific formality as a 
possible source of conflict and mis'Jrderstanding
oetween sciertific culture and local needs and 
perceptions. He stresses the importance o;
effectively cormuniminiicating ideas to farmers by
meeting their needs at their point of reference, 
Among other tlrins, this requires that the 

technologies developed must have low input, low 
risk, and provide high returns. In addition, these 
technologies sholJId build on traditional practices,
be developed in close cooperation with the local 
people who determine how resources are used and 
managed, and include an element of ongoing
evaluation. As to which species should be chosen 
forpriority research, Evans sugqests that, provided
perceived needs are met, native species should be 
chosen before exotics, MPTS before single
pirpose species, and nitrogen-fixing species 
beforo others. 

Session I conlrites with four papers on small
farm uses of MP1S in parts of Bangladesh, India,
Nepal, arid Thailand. The paper by Abedin et al. 
'"vsuses on MPTS of the Ganges r-ioodplain .s A1: 
Bangladesh. Itprovides results of a survey carried
 
out by the On-Farm Research Division of the
 
Bangladesh Agricultural Research Institute. 
 Using
 
five representative locations, a pre-tested
 
questionnaire was used to collect information from
 
marginal, small, medium, and large farmers. 1 lie
 purpose was to understand species distribution on
 
farms, tree-crop interactions, arid the various uses
 
of predominant species. Survey results indicate 
wide variability in the species grown arid the
 
density of on-farm planting. None of the trees are
 
grown for a single purpose. Although there has
 
been increased tree planting in recent years, many
 
trees have been cut before attaining the farmer
defined optimum age. Trees are important as 
insurance during difficult periods, particularly for 
marginal and small farmers. On tree/crop 
associations, the survey found virtually all trees 
grown with allcrops. Predominant associations 
with different crops and crop sequences are 
grouped on the basis of land type The authors 
conclude that as this is, to their knowledge, tire first
organized study on trees grown on crop fields in 
Bangladesh, there are inany agronomic arid 
socioeconomic aspects of agroforestry practices
that could not be covered adequately here. They
identify an impressive array of issues that deserve 

10)
 



careful consideration in future studies, including 
detailed analysis of tree-crop interactions in relation 
to several factors, identificaiion of improved 
management practices for both trees and crops, 
the role of trees in food security for small farmers, 
the economics of various agroforestry production 
systems, arid a better understanding of the 
historical arid social processes involved in species 
distribution and use. 

S rpkota's paper on MPTS for small-farm use in 
Nepal briefly describes the demand for 
PiL1ltpitrriose species in Nepal and pr-esents results 
ftom tile Tribhuvan University/lDRC Farm Forestry 
F'roPjct As these results are also covered in 
S ,. i IV and V (Karki arid Dixit, respectively), 
they' will not he disctissed at lenglth here. The Farm 
Forestry Project is a pioneeirg research effort in 
Nepail, involving flculty from the Institute of 
Af\jriCulItue and Animal Science and the Institute of 
Furestry. They are working together onl an actlio 

I,,k Ii progran designed to better uridlerstarid 
tiJcour igeincro ase use of multiputpose trees 

mn,liims inns(,li,('te d c iiro nritit-s 

Iii(h,,o's p) vo conmplerits the overview 

p rte+d hy Iejwri. Aftar introdtcing major 

I opoiols (,ai million smiall heri fmlrilius with a 

SLJh:; IrtiAl .11nd l rsiirn i riv'o:;ocl, population 
reqtJilirl I atjo a rn1 or its of Id INld fodder currently 
urr uv iilabl+ Oil a siUstaillabh , P;i,)Ide ouutlines 
the !-cope for MPTS. notes several prograriis 
currently underwvay, and presents in some detail 
vriojs species rost sUitalre for cultivation by 
,,mill farmers it) different climatic zones. 
Profirability, presented as a key to the successful 

0,1pasion of tree planting, is directly linked to 
ariketing. f legde notes that programs will not 

sticceet withoit setting rup suitable infrastructure 
for marketing aid, if possible, post- harvcst 
proces int; of tfe pioClructs. 

Simre Lhumihharron's paper on MPTS for smiall-
fam use in the Centrai Plain of Thailand presents 
results of recent surveys. Like Abedin et al., Suree 
found considerable diversity in the types of trees 
planted arid the variety of their uses. He highlights 
numer,us important socio-cultural factors that bear 
directly on species selection in central Thailand. 
For example, Barassus is planted extensively in the 
westcrn portion of i,, Central Plain ill areas of 
Bunriiese cultural influence, arid is cormpletely 
absent ill the eastern region under Thai cultural 
influence. Socio-cultural factors, including strict 

It 

restrictions on the planting of certain species (e.g., 
Ficus religiosa) and cultural mandates to plant 
selected species at various points around 
homesteads, are shown as fundamental 
determinants of species selection and planting 
practices. 

The final paper in Session I is a case study 
presented by Zhu Zhaohua on the extensive use of 
a single species, Paulownia elongata, intercropped 
with food and cash crops in Northern China. Zhu, 
whose presentation includes both a paper and 
videotape, describes the work he has led at the 
Chinese Academy of Forestry since 1973. The 
story is an impressive one of careful, systematic, 
and extensive research and extension efforts on 
this indigenous, multipurpose species. Some 230 
scientists were involved in the first national 
Paulownia reseach coordination meeting in 1976, 
which has beer,, followed by the planting of some 
500 million trees over 1,5 millior, hectares of 
farmland on the plains of Northern China. 

In his paper, Zhu presents the main research 
results to date. These have concentrated on 
determining optimum spacing and management 
methods through careful observation of the 
ecological, biological, ard socioeconomic effects in 
va, ious cropping patterns. Paulownia 
intercropping has been developed on the basis of 
farmers' experience, arid the rapid, large-scale 
extension of this species with continual 
improvements in genetic stock arid cultural 
practices has been based on close cooperation 
between research scientists, extension agents, and 
farniers. Extansion methods used have included 
the news media, several large training courses, the 
production of th,ee ilis shown throughout China, 
arid extensive use of demonstration farnis. 

As noted earlier, the seven papers presented in 
Session I outlirn,. the enormous diversity of sriiall
iarm uses of multipurpose species across Asia arid 
highlight a wide range of issues, challenges, arid 
opporlunities for future research. In attempting to 
sunmarize the most salient points of the papers 
arid the discussion they gcoerated, I propose that 
the overriding challenge facing this workshop's 
participants is to "Identify Feasible Solutions for 
Multipurpose Tree Species (MPTS) Use," as 
outlined below: 



Identitication and
 
Description of
 
Existing or
 
New 
Types of production systems followed by 
Interdisciplinary 
Farming system based 

analYsis carried out by 

Foresters,
 
Economists,
 
Agronomists,
 
Social scientists
 
Innovative plant/animal breeders,
 
Botanists,
 
Livestock experts, and
 
Extension specialists.
 

Seeking 
Optimal
 
Low input/low risk land
 
Use
 
Technologies designed to 
Increase 
On larm 
iNcome and well-being with particular focus on 
Small and marginal farmers, through 

Farmer (including female)
 
Oriented
 
Research to increase/improve use of
 

Mix of 
Preferred
 
Tree
 
Species that are
 

Understood by farmers, are 
Socially acceptable and technically sound, and 
Enhance both the productivity and sustainability 

of farming systems. 
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Small Farmers, Multipurpose Trees, and Research in India 

K. G. Tejwani
 

International Centre For Integrated Mountain Development
 
Kathmandu, Nepal
 

This paper focuses on the role of multipurpose 
trees in the socioeconomic life of small farmers in 
India and research efforts to improve current 
practices. Indian farms are usually small, and 
farmers have traditionally iwtegrated trees in their 
production systems. Tifis tact has been 
recognized by researchers and dlveloprient 
agencies ill the recent past. Agroforestty systems 
contribute much to the use of tree products by 
snrall farmers. Many specific examples of tree 
species used under various agro-ecological 
conditions and available research data are 
described. Current and future directions of 
resea-ch are discussed. This authorconcludes 
that et.'orts to date have mostly described the 
practices and have not greatly increased their 
productivity. This is where challenges and 
opportunities await scientists. 

India is a country of small, snbsistence farmers, 
most cf whom do not have access to irrigation, 
These farmers have to produce their own food, 
fodder, arid fuel. Already they have integrated trees 
with crop production more intensively than many 
researchers and extension agencies realize. Indian 
farners not only make use of the trees grown on 
Ol.ir own agricultural land, bui they also use trees 
grown in government forest aid community 

r,.zing lands. 

Traditional agroforestry practices are common in 
India. Some have been researched extensively--
e.g., growing tea under shade trees (since the late 
19I century) and fuelwood plantations (since the 
1950s). Many institutes conduct research on 
agroforestry systems. Realizing their importance, 
an All-India Coordinated Research Project on 
Agroforestry was begun in 1983 to operate initially 
at 8 institutes of the Indian Council of Agricultural 
Research and 12 universities. This project was 
expanded considerably in the seventh Five-Year 
Plan (1985-90). 

Agrosilviculture Systems 

Trees in Agricultural Fields 

Farmers grow trees in agricultural fields for many 
reasons. Prosopis cineraria and Zizyphus 
nummularia are grown extensively inarid parts of 
Rajasthan and Gujarat states, and inareas of 
Punjab and Haryana that border on the Rajasthan 
Desert. Annual rainfall varies between 200 to 600 
mi. Soils are low inorganic matter and have little 
water-holding capacity. Unstable crop production 
leads to low arid unprofitable yields of rainfed crops 
(Pennisetum typhoides, Sorghum vulgate, 
Sesamum indicum, Phaseclus radiatus, P. 
aconitifolius, and Cyamopsis tetragonoloba'. 

Liv ,stock husbandry plays an important role in 
the economy. Cattle, sheep, goats, arid camels are 
the most important livestock, aithough their 
productivity is generally low (Acharya, Patnayak, 
arid Ahuja 1977). By arid zone standards, the 
Rajasthan Desert isone of the most populated 
deserls of the world, having an average density of 
48 people/km2 compared to an average density of 
3 people/km 2 in most other desert regions
(Malhotra 1977). Size of individual holdings varies 
from 3.27 to 24.6 ha, increasing with aridity (Jodha 
1977). 

Prosopis cineraria grcws slowly in the early 
stages. It takes 10-15 years to be useful in the 200
350 mm rainfall zone, and 20 years in the 100-200 
min rainall zone (Manin and Saxena 1980, Saxena 
1980). The planting density of P. cineraria varies 
from 5 to 80 trees per fIa, depending upon soil arid 
rainfall. Its density increases from western to 
eastern Rajasthan as rainfall increases and soil 
regeneration conditions improve (Shankar 1980b). 
The tree has a high regeneration capacity. 

13 



Every part of the tree is useI. Leaves and tender 
twigs are used as fodder (green and dried), 
oranches as felwo:,d, tl.{rrhy twigs as fencir g 
material, green and dry pods as vegeiables, ripe 
,('ds as frLit, td flowers ard hark as medicine. 
The bark arid galls fonned on branches are used 
!,)r ti-rirrir: grrim is used in ri'lkiig sweets, and the 
r ;iut:, ldfor nrakiig cot frames, handles forare us 
agricultiral implemet,, rales, bullock cart frarres, 
amd butte:r (AIr ning stickS 

Fh tlhs Imry irdi,ct treteits. Aparl foam 
iw~mrtvin soil fertility (A(gyirwal 198), it inds soil 
Jeeafsts ti( velocity of hot surinier winds and 
provid(s; ,ade to hlrrarr.;rlaoirts dJrirnrglh 
:;srrrre atr greerrery in aerite dry )eric-l;As a 

')rcte of illcoil (dh1litg dJoriclhts, it h1,llo; firrre,; 
orrorrrrc( soll-.ulirii ucy N oader the 

i, i : ll] d thie 'ktinj of the de t" rld i; all 
i i p int of coltirail in Mr(JO reliliori's 


f tiw-" irudiil we(; rrrj's frirerals, and other 

' :of'Hr,i: aridl Kirari I i(t Ofr ar t l ().a). 


,i, ,t ,, ir'il ;r)Tril: r i rirS arrnd 
. '1..; r tiiN; I ii i ' , oxt(rmT hsidly 

c,. triil Aid Z(;n, Hiir Ill 1 1 ta,rr Irr 
a I a rid Thrl i rr iv ii 1 *t 

( 'ff t It' ) lii 
j-tjl lt r ( ' i , l ei 

tdo to 0) l liw, r) tr)poiiewor r the S- ril 
illa ,vihole Alt, h I t I- k, . W-'-l-rairitair . 
Iq r(.,( fil t Iot i I if, r cr( isesIj, r10t 

a nrofi,r- rrii rit ir-he rii- !h ,,s of 
i)rolpgifjtio:, gro l, arl i a li ini )I . Cil)ire aa 

l u d ol Iredelrioni in!-, ite Permealr 
ali r 


i1 ia S I I l, I of tre trees ;llr cro)s; s(l(edioi aid 

vajilatida of i grig tree wNhI high foliage 


' ds(&; ii..;e 'Jrrg i n hrodaby j illt 

'fle(i f ( rdpric)ii i r (n orir:rreirsnrral t wi , hihl 
io te n t.crrehrrhl dije!'stibility , arid IvI trlrlin 
content lofh devolopmret of Irmartgoet 
l)ractics with respect to tie !oplpirig cycle, IV-ppirlg 
rrt.frJiTy, plInt spumiflqj colrirol of (.:ill forarrItior 

,.rr~r] Jnlmo'st pe;t -nrc( eC:Hormic evaliatior of 
lh, -;ylim with respect to (ire(. and indirect 
benefits- (fl.elt and Ssorra 1980) 

Zizyplos rlrjo,:ol,, iS ir i; i t woody 
shrub mairitairid cxtensively in cuIltivated fields ilr 

,1 is often 
shrub (250-500 per ha) in cultivated fields with a 
well-defined calcium carbonate parr at 100-150 tri 
soil depth. Exposed, gravelly plains support a 
density of 120-150 shrubs per ha (SaXena 1984). 

tie arid zone. era a high derrsity of tis 

The air-dried foliage is Used as fodder. Yearly cut 
shrubs on cultivated fields do not bear fruits. In dry 
years, farmers still can harvest the dry fodder. Z. 
nommoularia has rerarkable regenerative powers. 
Its branches and twigs are used as fencing material 
and fuel. 

Other indigenous trees and shrubs in the arid 
zone of Rajasthan identified as providing valuable, 
palatable forage are Acacia nilertica, A. senegal, 
Albizia lebbek, Anoqeissos rotmirdifolia,
Azadirachita indica, Grewia tatiax, arid G. spinosa 
(Ganguli, Kaul, arid Nambiar 19(.1). Maost of these 
tree and shrub species are IUlliprirOS (Table 1). 

Other species are grown in agricultural fields in 
lie Himalavart regions in Hirriliahal Pradoesi and
 
Uttir Pa esli at elevartio.n of 500- ,.3( rir fle
 

climate is subtropical ti.i tellperate, iccorldng to
 
elevation, with distinct rainy, wirier, and surrfirer
 
seasons. 
 Mean annual rainfall is 1.000-2,500 min. 
Topography arid soils vary. Agri(Auliure is generally 
subsistence with s.irne cash crops. Individual land 
holdilgs are usually Iess tian P ha and fragmented 
(Gfhildyal 198 1, Shah 1981 ). Mljor agricultural
 
crop!s are maize, p n(dy rice, wleat, barley, and
 
potato. Off-season crops ar teailo, cabbage,
 
arid Miigill fruit treesaeal.. le, pluti, peait, 
apricot, arid mango (at lower elevations). Fruit 
trees also are grown ini agricultural fields iir aIn agro
horticulture ';ysteI. Only 10% of the a ricunlra 
fields are inlgated. Farmiers grow Grewia opt/va 
(300-2,50(; n), Morrs serrali (1.000-2,i00 n) arid 
Celtis australis (500-2,500 rim)for fodder, fiber, fIL], 
ard tirrhber. 

Grewia optiva is a small to mediteM-sized 
deciduous tree. It is Multipurpose and polards and 
coppices well, especially during winter when no 
oilrer green fcdder is available. Its bark yields fiber; 
its leaves provide nlutritious fodder; the fruit is 
edibl,; and its wood is used for axe handles, 
shouilder poles, and cot frames. It is seldom used 
as flJelwood because of its unpleasant odor (Gupta 
1956). It is most often propagated by planting 
seedlings on terrace risers. 

Ceis alstalis is a moderate to fairly large 
deciduous tree that grows over a wide altitudinl 
range of 500-2,500 m. It pollards and coppices 
well. It is raised primarily for fodder, but also is 
used for firewood, tool ha;idles, and plows. 
Summer-lopped fodder has higher ,utt itive value 
than fodder lopped in autumn. 
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Table 1. Impolant multipurpose tree specles grown by farmers inIndia. 

Botanical Narnre 

Acacia 3'Lida (A. Ieucophloea) 

A niluotca (spp. inrldica) 

A. planiiforrs 

A. sriegal 

Achr .s zo;pota
 
A,lantlius ecelsa 


Albi:ia
falcal.ifia 

4. iobbek 

Aracadim occidentale 

/rrr u,':a reticulate 

A. squamrosa 
Areca catechu 


Artocarpus altilis 

A, hirsuita 
Aa:xjirachta indica 

Eor.;1; sl ,rtur:dirraea 

Bassia 1it;folia
 

b.Lluhlra pur'purea 

Bor ss.ruflatrrj~,ifer 

Calop;)Py/u!rr ifropjhylur 

Calotrofp;,procera 

Cassia.soarr:ea 

Casuarinae.quisetifolia 

Ceitha pentandra 

Celt,;australis 

Citrus sinensis (orange} 
Cocos nucifera 

Commiphora caudata 

C. berryii 
Dalbergia sissoo 

Delo,ix delta 
Eurtiicaofficinalis 

Eriobctrya jtponica (loquat) 

Erythroa indica 
Eucalyptus camalculensis 

Climtic Zone 

Dry to moist tropical 


Dry to moist tropical 


Dry tropical 

Dy to mo!st tropical 

Tropical moist 

Very dry to wet tropical 

Dry to moist tropical 


Moist tropical 


Moist tropical 

Very dry to moist 


tropical 


Moist tropical 

Dry and moist tropical 

Moist tropical 

Moist tropical 

Moist tropical 

Dry to moist tropical 

Vey dry to wet tropical 

Dry to moist tropical 

Important Uses 

Timber turning, fodder, and fuel
 

Fodder, soil conservation, agri

cultural tools, tannin, and fuel 

Gum, fodder, and fuel 

Fodder and soil conservation 

Soil conservation and fuel 

Fodder, oilseed, soil conservation, 

timber, and fuel 
Fruit, fuel, and soil conservatiw. 

Fruit, limber, and fuel 

Fodder, soil conservation, timber, 

medicinal oil, anri fuel 

Tannin, fodder, and
 

agricultural tools
 

Soil conservation, fodder, and fuel 

Timber and fuel 

Floss and fuel 

Soil conservation and fuel 

Fruit, oil, fiber, and fuel 

Timber, soil conservation, 

fodder, and fuel 

Fruit and fuel 

Industrial timber, oil, gumT, 

tannin, ornamental, and soil 
conservation 
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Table 1. Continued. 

Botanical Name 

E. globulus 

E. tervticomi3 


Ficus benegalensis 


F. religiosa 

Garcinia indica (mangosteen) 

Glricidiasepium 
Grewia spp. 

G. optiva 

G. sp.7nosa 

G. tan3
 
Hardm'cAiabinata 


Holoptelea inlegrifolia 


Leucaena leucocephala 


l ichi chihenssis (lichi)
 
Aidhucj,Iongifolia 


var. laitola 

Malus sylvsprs (apple)
 
Mangifera indica 


At r~nda hnctor-ia
 

Mo'iogaoleifera 


Ml. Spp.
 
Morns' setrz:ta 


Phoenixdacryfiferd (date palm)
 
PithoceIIobiumduice 


P'anamiapinnata 


Popului spp. 


Prosopischileasis 


P. cinerarti 


P. juliflora
 

Prunus dcmoasuica (pl,:m)
 

P. atnygdalus (almcnd)
 
P. armenaca (apricot) 

P. persica (peach) 

Climatic Zone 

Moist tropical and 

subtopical
 
Dry to moi.t tropical 


Moist tropical 


Subtropical to temperate 

Dry tropical 


Moist tropical 


Dy to moist tropical 


Dry to moist tropical 

Moist tropical 

to subtropical 

Moist tropical 

Subtropical 

Tropical 

Dry to moist tropical 

Subtropical to temperate 

Very dry to moist tropical 

Dry tropical 

Temperate 

Temperate 

Important Uses 

Timber, pulpwood, fuel, and oil 

Pulpwood and fuel 
Fruit, fodder, fuel, and along roads 

Soil conservation, fodder, fuel, 

and timber 

Frdder, fuel, and agricultural tools 
Fodder, timber, and fuel 
Fodde; and soil conser 'ation 

Oilseed, fruit, timber, and fuel 

Fruit, fodder, timber, packing cases, 

plywood, and fuel 

Fruit and fodder 

Industrial timber, small timber 

poles, fodder, ornamental, and 
soil conservation 

Tannin, dye, medicine, and timber 
Oilseed, soil conservation, and fuel 
Soil conservation, fodder, packing 

cases, pulpwood, and fuel 
Soil conservation, fodder, and fuel 
Fodder, fuel, fruit, cultural uses 

Small timber poles, fuel, fruit, 

ornamental, and soil conservation 
Small timber poles, fuel, edible 

fruits, oil, gum, tannin, ornamental, 

soil conservation, and medicine 
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Table 1. Continued.
 

botanical Name Climatic Zone Important Uses
 

Psidium guajava (guava) 

Ptoiocarpusmarsupium 

P santalinus 

Quercus incana 

poles, fuel, fodder, 1:annin, 

0. spp. 

Salix spp. 

Santalum abum 

Sesbania grandiflora 

Swi etenia mahagoni 

S. macrophyila 

Tamarindus indica 

Tectona grandis 

Thespesia populenea 

Wrightia tincotoria 

Zi.yphus jujuba 

Z. nummulaia 

Tropical and subtropical 

Moist tropical 

Dry tropical 

Temperate 

Temperate 

Temperate 

Dry tropical 

Tropical moist to 

subtropical 

Subtropical, 

tropical moist 

Dry and moist tropical 

Dry and moist tropical 

Dry tropical 

Dry tropical 

Edible fruit and fuel 

Fodder, timber, medicine, and fuel 

Fodder, gum, dye, and timber 

Industrial timber, small timber 

ornamental, and soil 

conservation 

Fodder and fuel 

Soil conservation, match wood, 

sporting goods, fooder, and fuel 

Industrial timber, oil, ornamental, 

soil conservation, and medicine 

Fence posts, tannin, gum, medicine, 

fodder, fuel, and pulp (fiber) 

Industrial timber, small timber poles, 

gum, tannin, ornamental, ar'd soil 

conservation 

Fruit. timber, and fuel 

Industr;al timber, small timber 

poles, fuel, fodder, tannin, 

ornamental, and medicine 

Timber and fruit 

Fodder, edible fruit, tannin, 

ornamental, soil conservation, and 

medicine 

Fodder, fruit, fences, and medicine 

Morus serrata is a moderate to large deciduous Grewia optiva, Celtis australis, and Morus 
tree found in mixed lower western Himalayan forest serrata can be lopped at 10 years and continue to 
at 1,200-2,700 m elevation. It is found in be lopped 'or 30 years. They are raised on field 
subtropical as well as temperate climates and is bunds/terrace risers at a 5-8 m linear spacing. The 
raised for fodder, timber, and fuelwood. Its leaves average number of trees per farm holding is30. 
make a valuable base for sericulture. Its wood is There is no specific mixture of trees and crops, and 
excellent for furniture!, carving, cabinetmaking, animals are part of the system. Moringa oleifera, 
sporting goods, toy,,,and agricultural tools. Its fruit Quercus spp., Bauhinia spp., and other minor 
isswee: and edible. It is lopped insummer (Gupta species are also grown (Table 1). 
1956). 
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Eucalyptus 

Many Eucalyptus species are grown in and 
around agricultural fields. Eucalyptus globulus was
introduced in 1843 (Samraj 1981) from Tasmania 
into the temperate, high-rainfall Nilgiri Hills in Tamil 
Nadu. It is grown by farmers on the outer edges or
risers of bench terraces, The terrace crops are 
potato, cabbage, and cauliflower. The trees are 
grown primarily for harvesting of leaves to extract 
oil. No economic analyses of this practice are 
available. It has been reported that the yield of 
potato is adversely affected by growing E. globulus
(Samraj, Haldorai, and Henry 1982, Tejwani 1981).
Farmers apparently are willing to sacrifice partial 
yield of cash crops to be able to harvest Eucalyptusleaves and fuelwood. 

A Eucalyptus hybrid is being grown extensively
in many parts of India, mostly on field bunds. The 
economics of this practice are unknown. It is
reported that this hybrid reduces the yield of rainfed 
wheat (Khybri and Ram 1984) and that E.citriodora
reduces yield of many rainfed monsoon crops (e.g.,
Phaseolus radiates and Sorghurn vulgarc). 

Acacias 

Acacia nilotica subspecies indica, found indry

to moist tropical climates, is allowed to grow

exhensively in and around agricultural fields 

throughout India. Almost every part of the tree is 

used. Leaves, young twigs, and pods are used as
fodder, branches are used as fueiwood and fencing 
material, bark for tannin extraction, arid umber formaking agricultural tools. It also yields gun. 

Jumbulingam arid Fernandes (1986) reported

that Acacia leucophloea is grown inover 100,000 

fha
in the dry tracts of Coimnbatore arid Periyar

districts of Tamil Nadu. Rainfall is erratic from year

to year. A. leucophloea regenerates profusely
when the land is plowed after the first rain. Farmers 

encourage the growth of young seedltrrgs and also 

sow crops like Pennisetum glaucum and Do/ichros

biflorus (horse gram). 
 Depending upon the rainfall,

the crops are harvested for grain or fodder. 


At the end of the first year, about 1,000 treeseedlings rerain. This number is further reduced 
by natural mortality to around 500-800 per ha at the 
end of the third year. Farmers continue to till the
soil up to the base of the trees to sow crops. After
about 10 years, the trees, which are about 10 m tall 

and 20 crn diameter at breast height, are thinned tc 
60-100 trees per ha. It is reported that sorghumyields 20-23% more dry fodder when it .s grown in 
association with Acacia leucop'l/oea (Seshadi
1976). The trees develop a large spreading canop
when they are 15-20 years old arid are thinned out 
to 25-60 trees per ha. Such trees yield up to 100 kc
of pods annually, which provide excell-nt high
protein fodder supplement in the dry season. 
Wood is used for timber and fuel. Due to erratic 
rainfall and socioeconomic reasons, farmers 
increasingly plant Cenchrus ciliaris grass instead ol
cereals and pulses under the trees. Thus,
agros;lvicultural practices are changing to pastoral
silviculture. 

Jarnbulingam and Fernandes (1986) reported 
that Acacia planifrons grows extensively along thecoast in Tirunelveli and in localized pockets of 
Ramanathapurani arid Coinibatore districts. 
Species regeneration is achieved by penning goals
that have been fed the pods. To ensure successful 
regeneration (up to 80%), the land is plowed prior
to penning. At the end of one year, the population
is thinned to !.,250-1,500 seedlings per ha at an 
approximate spacing of 3 x 3 m or 3 x 4 :a,.Between the trees, sorghum, pulses, peanut, or 
chili are grown for 4-5 years until the tree canopycloses. The trees are felled at 7-10 years,
depending on the socioeconomic conditions of 
fariers. Trees provide wood for fuel arid valuable 
,odder pods during the dry season. 

Other Tree Species 

Leucaena leucocephala,which has attracted 
much attention recently, is being attributed manybenefits. While it is popularized for its reported

good qualities, little information is available about
 
its interaction with agricultural crops or its
 
economics. When it is intercropped, its fodder and

wood yield are reduced and crops grown with it
 
yield less. The types of crops grown and their
 
yields are determined by the amount of rainfall. 
However, it is premature to draw valid conclusions 
at this early stage (Khybri, Ram, and Bhardwaj
1984; Mittal and Sirrgh 1983; Prasad and Verma 
1983). 

Jambulingam and Fernandes (1986) estimated 
that about 40 million trees of Borassus flabellifer 
grow in the plains of Tamil Nadu. Usually the tree is 
grown randomly on croplands, but it also is planted 
on the bunds of paddy fields. It grows on a wide 
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range of soil types from littoral sands to fine clays 
arid tclerates water logging and salinity well. It is 
surmiseJ that the effect of its shade on crops is 
negligible because of the tree's small crown and 
usual spacing of 10-15 rn. Sale of various products 
obtained from the palm probably compensate for 
reduced crop yields due to root competition, 
I, ;oreover, the tree provides cash income during 
11e dry season vwen no crops are grown. 

Ilhe major product of the palm is rora, a ,sifr",ry 
exudate from the cut end of a flowering spalie 
lapping of nora usually begins when the tree is 11-
16 years old aid is limited to about 5 miornths each 
year. Other products frol the l~iln include leaves 

Imhthe fiber from petioles, v. dely used for 
I!![Id a wide variely of h1Iindictalfts. 

Jrnii Omla aid Femnandes (1986) have 
ritte t ltT, rr/lt iocosu iedica grovs on a wide 

0rit./er soils in dry to moist tropical climates. 
irnucommonly 12 ni,i(lopted are 8 x 8 in1,8 x 


md 1' x 12 (1n.The tt egin producing fruit
 
I . hi n ,i a 7 ye m id tie. yield stabilizes at 

i:t 	1 15 y i,,trs A aIl, ri' tree ('10 years) can yield 
l,, i) (a pod,a year. iving f0 250 kg of 

,dih pulp. Lsu ly. pod yirlkl i, cyclical v ith 
Ltweu id, .very third yeat The pulp is used as 

(0 i(tll(Jiit tue o t i, n cod to extract starch for 
ttile, P :I;X r, arid lut i pr ohitir ini and wood is 

u laandt timhr. Delieriding upon site 
c' imm1;, tie tree can imiture to 0-25 in with a 
r:t r.1 crow r te(duced yields of interplarited crops 
o:aJtSed by shnidirii is reportedly severe. Once pod 
yilds necline (aftcer ,0 years or more), the trees are 
cut d. an 

Jmbulitnaii ard Fernandes (1986) have 
reporled that the Kapok tree (Ceiba peutlartdra) is 
Grown by the farmers in the Madusai, 
Rartranalhapurai, Tininelvi, Coinibatore, Periyar. 
and Salem districts of Tamil Nadu. Tre trees are 
plmled in agricultural fields and field bunds at a 
sp;acirtg of 5 x 5 m or 8 x 8 n, and intercropped 
with cereals or pulses until their canopies close [it 
about 7-8 years. The trees begin producing fruit at 
3-4 years. Stabilized pod yield, usually obtained in 
the seventh or eighth year, carl vary from 1,000-
1,200 pods per tree depending upon managenient. 
Well-managed 15-year-old trees yield 2,000-3,000 
pods annually. The small-pod variety yields up to 6 
kg of floss per 1,000 pods, while the large-pod 
variety yields up to 7-9 kg. The wood is soft arid 
used by the match industry. Yields from 

interplanted crops are expected to decline from the 
fourth to seventh year when the tree canopy closes 
especially with the Singapore variety, which has a 
dense canopy. Ifa farmer wishes to prolong 
intercropping, the local variety, with its sparser 
canopy, should be used. The Singapore variety 
can be used on field bunds and boundaries. 

Prosopis julitlora (mesquite) is used by farmers 
in Tamil Nadu to reclain wastelands arid saline 
soils for agricultural crops (Jambulingam and 
Fernandes 1986). in Ramanathapuram district of 
Tamil Nadu, farmers use P. !nliflora as a fallow 
species for four years. TIhis improves the soil 
sufficiently so that farmers car grow annual food 
crops for at least two years, after which the trees 
are allowed to grow for another four years. The 
tree is a major source of fuelwood and income for 
many rural people in Andhra Pradesh and Tamil 
Nadtu. The wood yields good quality charcoal. 

Trees on Farm Boundaries 

Trees grown in the above setting also are grown 
on farm boundaries it) India. Apart from their 
specific uses, these trees also help demarcate farm 
and field boundaries and serve as wridbreaks and 
shelterbelts. Leucaena leacccophalaplanted 
along field boundaries in Burndtelkhard is reporled 
to yield 3.21 tons of fuelwood arid 1.44 tons of 
forage per ha three years after planting (Patil, Deb 
Roy, arid Pathak 1981). Willows (Saixspp.) and 
poplars (Populus spp.) are (frownon field 
boundaries in Lahaul in Himachal Pradesh. 
Willows provide fodder and wood useful as fuel and 
for making sporting goods. Poplars yield fodder 
arid their wood is used for inaking pacKing cases, 
pulpwood, matches, and fuel. Delonix delta, a 
leguminous tree, is grown in Tamil Nadu on field 
buids arid boundaries to provide green manure for 
rice fields. Tfie trees are pollarded at a height of 
about 2 tn to yield 20-50 kg green leaves for 
incorporation into soil. Branches are used as 
fuelwood (Jambulingam arid Fernandes 1986) 

Eugenia janholaa and Gliricid'a spp. also are 
grown as green manure trees. Tectona grandis is 
popular with the farmers of Tanjavur district in Tamil 
Nanu. Prosopis iolifora is grown extensively. 

Information is unavailable on the interaction of 
these species with agricultural crops and the 
economics of their production. Like Prosopis 
cineraria, some leguminous trees (e g., Acacia 
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nflotica or Tamarindus indica)and other species
(e.g., Ceiha pentandra)shed leaves that may
benefit the soil. P. julifora, on the cthei hand, 
affects agricultural crop yields adversely when 
grown on farm boundaries in semi-arid areas. 
Reports indicate sorghum yield was adversely 
affected 30 m from the tree or 4-5 times the tree 
height (Prajapati 1971). 

Wood Lots 

In many parts of India, farmers grow trees in 
separate wood lots. This practice is expanding 
rapidly as luelvood shortages become more acute. 
Casuarinaequisetifolia is grown extensively in
Andhra Pradesh, Tamil Nadu, and Karnataka states 
on lands too poor or unsuitable for profitable 
agriculture This method was practiced by farmers 
in Tamil Naldu long before India began to 
popularize farm forestry. The trees are pronted 
densely and harvested in 5-7 years when a yield of
about 120 tons of fue'wood per ha may 1e obtained 
(Reddy 1981). Casuarinal is clear-felled, and 
stumps, which also secure a riood price, are 
uprooted. Often the land is seqcuentially brought 

Under agriculture for a year or two and then 

allowed to revet hack to Casuariia 


Farmers in the Punjab have started diversitying 

their farming practices due to marKet pressUres, 

They now perceive that an acute shortage of

fuelwood makes Eucalyptus plantations 

economically more viable than annual crops.

F.,inrs in Assam grow wood lots of bamboc 

aloug with paddy fields. Some tree species grown 

ouily under specific conditions include Bambusa 

arundinacea in depressed and waterlogged a-reas 

in Andhra Pradesh and Pterocarpus santalinas iii 

the arid/semi-arid Cuddapah District of Andl~ra 

Pradesh (Reddy 1981). 


Silvoagricultural Systems 

Under silvoaricultural systems, trees are the 

major component and agricultural crops are grown 

either sequentially, as in shifting cultivation, 
or as
intercrops, such as in taungya systems, 
intercropping under coconut, areca nut and 
horticultural trees, and growing cardamom under 
forest trees (Tejwani 1987a and 1987b). 

Taurigya systems are usually practiced by the 
Forest Department, which leases government land 
to small tarmers who have no ciairn on the trees. 
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Recently, large farmers have started growing 
poplars under a taungya system Since the system 
concerns the government or large farms, the tree 
components are not described here. 

Growing Agricultural Crops with Commercial 
Trees 

Since conniercial nut and fruit trees require
much time to mature and yield cash returns, 
growers seek ways to generate interim returns. 
The most outstanding examples are intercropping 
with coconut (Nair 1979), areca nut (Nelliat 1979), 
many horticultural trees, and cardamom. 

Coconut (Cocos nucifera) is essentially a small
growers crop in India. Over 90% of the coconut 
holdings in southern India are less than one ha and 
the average is only 0.22 ha. Hardly 2% of the 
holdings have an area of two or more ha. 

Coconut grows in eastern and southern India, 
with temperature determining the boundaries with 
respect to altitude and latitude. Kerala, Tamil Nadu, 
Karnataka, and Andhra Pradesh in south India 
account for over 90% of coconut production area. 
A mean annual temperature ot 250 C with a diurnal 
variation of 6-70C is optimal. Coconut does weil if 
the annual rainfall is 1,500-2,250 mm and is well 
distributed (Menon and Pandalai 1960) 

Within 8 years of planting the coconut palm, the 
crown size increases gradually and the interspaces 
can be used for intercropping with annuals or 
short-duration crops that do not compete with the 
developing palm. From 8-25 years, when the 
canopy covers 80% of the ground and the trunk is 
short, there is little or no scope for growing other 
crops. The most important period for intercropping
occjrs after 25 years (Nelliat 1979). Awide variety 
of crops (tuber crops, tapioca, elephant foot yarn,
rice, banana, pulses, oilseed, cacao) are grown 
under the coconut canopy. Data on yield of 
coconut and the crops growing with it in farmers' 
fields are not available. 

Coconut is truly a multipurpose tree. Ail its pails 
are used by the farmer and for industry. The 
Central Plantations Crops Research Institute, 
Kasargod, Kerala, has been engaged in research 
on coconut intercropping. Many important
?-nects, such as selection of compatible crops, 
spacing, water management, fertilizer application, 
soil fertility, pest and disease management, long



term production, protective benefits and 
interactions, and socioeconomic concerns need to 
be researched. 

Areca nut 

India produces 75 0. (about 191,400 tons from 
!8.1,500 ha) of the worlds areca nut (Areca 
catechu) (Vellapan and George 1982) It grows in 
K ,rala, Karnataka, Tamil Nado, Assam, Meghalaya, 
mcrWest Bengal For good growth, a temperature 

r1ing of 18-380C without extreme variation and a 
ldiistributed annual rainfall of 2,250 rmi appear 

necessaty Because of its height, crown shape, 
.rrrd wide spacing, areca can be giown with annual, 
rienniail, and perennial crops suCh as banana, 
t icao, I,ick pepper, pineapple, betel vine, 
elephant foot yam, tapioca, turineric. ginger, and 
Guinea grass. Reports indicate that the yield and 
ii nditir n of areca niLit are not affected adversely 
.w i intrcropped with elephan; foot yam, yair, 

uwt potato, tapioca, banana, pineapple, ginger, 
i4rlieric. betel vine, black pepper, and small 
c(,[rdainon increased yields of areca nut have 
ttltri reported wheii cacao (Bilit 1978), cinnaion, 

e. nutmeg and coffe re grown with it 

(:'dl ,iramppi a l/cJMirikharziri 1982) 


F,r im: s t every pairl ol tihe areca rit tree (nUt, 
, . i>:aind !stemi) This (crop is stuii ed 

i tirsivdy by the Central Plantation Crops 
1 i>itrcrh i;titute. Kaisargod. Kerala With respect 
to irjturor))inig, aeas re(uirring research 
,iril~asis are . iiilar to those of coconut. 

[horticultural Trees 

i in' fruit trees th at take longer to bear !ruit and 
irte paced widely are amenable to intercropping. 
E,' rirples are roango (Manqdent indica), chiku 
(Achris zipota), loquat (Eriohotya japonica), 
orange (Citrus sinersis),guava (Psidium guajava, 

-ple'(Malus sy/vespris), apricot (Pranus 
ari'Iniaca), peach (P.persica), almond (P. 
amygdqalu:)Iplum (P.saliciaoa),nectarine, lichi 
(Litchi chinensis), arid date palm (Phoenix 
dactyliferai). Most orchards are irrigated. Although 
information is incomplete, different species may 
require different management practices (Gangolly 
et al. 1957, Singh, Krisiinamurthi, arid Katyal 1963). 
About 2.1 and 2.5 million ha were under fruit trees 
in India in 1976 and 1982, respectively. This 
represents a 19% increase in area over 6 years, 
indicating that many young orchards are fit for 

intercropping Mango is the most dominant fruit, 
occupying over 400) of the total arua (Ministry of 
Agriculture 1983) 

Though intercropping is generally practiced for 
economic reasons, neither detailed descriptions 
nor research results are available. Mango is a 
multipurpose tree species. Most other fruit tree 
species are valuable sources of fodder arid fuel. 
The Indian Horticultulal Research InStitute in 
Bangalore is responsible for fruit tree research. 
However, as mentioned above, intercropping with 
horticutnural trees has received no attention. 

Pastoral/Silvicultural Systems 

Indian farmers have integrated crop farming with 
large numbers of livestock (Ministry of Agrictuture 
1985). Most of these livestock graze freely on 
village lands and adjoining forest lands, where 
villagers have grazing rights. Livestock also graze 
freely onl agricultural lands where no crops grow. 
This is well regulated by traditional and social 
practices. The agro-ecological conditions in India 
lead to tree growth even iil grasslands (except in 
alpine pastures). The practices that include grazing 
as the major component and a scattering of trees 
are referred to as pastoral/silvicultural systems. 
The practices that have trees as the major 
component with associated grazing are referred to 
as silvopastoral systems (Tejwani 11,37a and 
1987b). 

Pastoral/silvicultural systems are practiced 
extensively by most farmers in the country. Types 
of grasses and trees vary with local conditions. 
Some practices are well developed, particularly in 
the semi-arid and arid zones. 

In the seri-arid zones, farmers leave the land 
fallow with existing trees. Natural succession of 
grasses follows. The grass crop is protected for 1
3 years, depending on farmers' economic 
conditions. The grasses (usually the Sehemia-
Dicanthium grassland type) grow fast arid can peak 
in 4-10 years, depending on location and site 
conditions. Farmers determine which of the many 
trees represented in this climate should be 
encouraged to be grown or planted. Commonly 
planted trees are Eucalyptus hybrid and Casuarina 
equisetifolia. Palms like Borassus flabellifer and 

S.Chinnanmani r93 personal communication. 
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Phoenixsylvestris also are common. Trees are 
lopped for fodder and fuel. Custard apple (Annona
squarnosa),mango (Mangifera imdica), Zizyohus, 
and tamarind (Tamarindus indica) fruits are 
collected for home consumptionr Neen 
(Azadirachta "ndica)fruits are collected for sale, 
Idahira (Ma(tuca latifolia) fruits yield edible oil arid 
the tree's flowers are used to brew an alcoholic 
(rimi-

Atials are an integral part of the system,

coimrorily terimri(J Aat,cts. 
The system is 
pr;aticed inthe semi-arid pirts of Andhra Pradesh,
KairntaLTermil Nadu, klaharAsthra, and Madhya 
Pl.,tdsh int11Deccan PlateauM. The elevation isi 
J;0- 1.3)) n with 45-70 ra;iy dh;ys occurring 

irrimjflly ninirily durLing the soulhwest 
monsoon. 


Fariers owr the V,.-Inc, as>
ulthough so1)e aire 

roar ged tinder the (lovernriient forest 

J.,prtmrents. 
 Resourcu inu)ut is restricted to 
i nclos.ing the area!, plxnrtil'('prolectirig the grass
 
.,o
or trees, aid nrnrajing themlKanclias are 

j 'a, ur(ction and protective sy;stems ilthell 

,i i mid lands 


IHthr, h( t 1i e Pzo.sojis c'iaia and 

Z'.0//7 ti'n Iia e
f'e.'r!rr are vital inl tt 

I5tAOr al.siv ic ultitral systerr. Community and 
, i in-iaIr ilnRajestlian are termed Olan 

;r RL isoh scies ae encouraged and managed
ill orm, Whern P. citieraria is cut, itproduces 

inila,rus ntw lbids that result inn
several (5-12) 

,.,,h ols. Within a ye:ar, these a.smme a bushy 


lcture? Cep)pirhd sIroots are grazedJ 

(c riilitloiilyillar or 
 ,heading to a "cishion"form 
of crewviin [LJIeur severe grazing aril trmilpling, the 

twrevy sprouted branche,s spread horizontally and 

provide feed to small animals like sheep (Saxei na 

I98.). P. cinera ri, is compatible with grass
(Shafiar 198.1). Tile shruis of Z.,ill fnii/aria fiave 
is meerkable regenerative powers through root 
stjckers,. Af:ari from leaf fodider, mature Zizyphtus
yiflds abt 20.5.0 kg of fruit per blish it)an oran 
;,,iih
t F)1--0 min rainfall (Saxet a 198,1). 

Experinmenui! olts have been reported on 
closure t hitic ierPt-ferenrce and planting of 
grasses arid trees iii tiastoal/siivicultural £,-.te is. 
These include Dalbe-gia si.soo, Albizia lebbek, 
Grewia optiva, Banhtiia purpureaarid Leocaena 
leucocephalainigish rainfall, subtropical humid 
cliriates and Acacia niot/ca insemi-arid to medium 

rainfall areas (Tejwani 1987a and 1987b). 
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Agrosilvopastoral Systems 

Since Indian farmers usually integrate animals 
with their farming operations, many of the 
agroforestry systems are, in fact, agrosilvopastora.l 
systems. Some examples include trees in 
agricultural fields and on farm boundaries and 
intercropping vith ZOCOIIt and hoilicuitufal trees if 
grasses also are included. 

Home gardens supp ot a var't'y of livestock 
(cows, buffaloes, bullocks, goats, sheep, arid 
soetimes pigs), birds (chickens arid ducks) and
fish. These animals are combined with crops arid 
trees. In Kerala and Tarnil Nadu states, which have 
humid tropical climates, coconut is the main crop. 
Edaphic conditions are simiiar to those for cocolut 
and areca nut. Itis only recently that home garden
practices in India have been describe (Nair and
 
Sreedharan 198)
 

The wide variety of food crops includes arrow
 
root (Maranta arntcdinacea), cassava (Man//rot
 
esco/enta), Chinese potato (Coletis parviflorus),
 
dicscorea (Dioscorea spp.), rice (Oyza sativa),

sweet potato (,'pomooabatatus), taro (Colocasia
 
spp.), a.d elephant foot yam (Amorphophalos
 
canpanulatlJs).Pulses include cowpea (Vigna

unguiculata), horse gram (Dolichosuniflorus),
 
liung bean (Vigna radiate), and pigeon pea
 

(Cajantis cajan). Fruits include banana (Mosa
 
spp.), passion fruit
(Passiflora edulis), pineapple
 
(Anaras comosos), papaya (Caricapapaya), and
 
ponlegranate (Punicagranattrm). Oilseeds are
 
groundnut (Arachis hypogaca) arid sesame 
(Sesanurn indicum).Spices and condiments 
include cardamom (Eletteria cardanionorn),ginger 
(Zingiber officinale), pepper (Peper nigrum),
timmeric (Curcuma /onga).arid betel vine (Piper

betel). Vegetables are lady's finger (Ab /lmoschus
 
esc/lentus), bitter gourd (Momordic,charantia),
 
eggplant (Sclanurnmelongena), cucumier 
(Cuctrmissativus), snake gourd (Trichosanthes 
cucormerina), water melon (CitrllUs lanatus), and 
winged bean (Psophocarpustettagonolobus).

Beverages include coffee (Colfea spp.). 

Fodder grasses like Brazilian lucerne 
(Stylosanthes guianensis),Guatemala grass 
(Panicum maximurn), Napier grass (Pennisetum 
purpureorm), lemon grass (Cymbopogon citratus), 
and Vetiver (Veliveriazizanoides) are grown in 
combination with a large variety of trees, most of 
which are multipurpose. Many are fruit trees such 



as custarrd apple (Atnon ,[)p ), bread fruit 
(Artocarp;js a/(fiis), g,-'(:i:)ia (Gercini indica), anla 
(Ernblic oficinauis gava (Psidiumruj,va) jack. 
fruit (Artocarpos heterophyllus), sapola (Aciras 
zapota), arid tamnarind (Tamoirindos i', dica). Other 
trees produce bevera(es (Thoobrooi credo) 
spices arid condireils like cinframon 
(C.;roanor; z,;'e,]coo; aCrOCI (M'lyL tiC~il1it1l0k 

fogrim.;)i arnd vegetahl-, ,iAich as moriI 
(,Meori/e spp ). 

Other tree sp,;cies often pireseit include 
baniboo (BaoNiba ,,rU/nain ) erythrina 
(Erythrinaindica), glificia (Gliricidia sepiun), 
sibauebl (Leocemi !lecoclphi), rimahogany 
(Swiueuria,racrop/iylt,) morinda (Morinda 
tincoria),porlia (Thespesia popole.a), leak 
(Tectoa grandis), wild jack (Artocarpos hirsuita), 
,.reca i it (Areca catoch). ca Iw (Atrecardi/or 
'): c/nsita/e) pa Iii lPda or.s tife ), 
a-Ind rolle,,r (Hove,"r /11eili/.fis). It is irriporlait to 
restate! irda the pireicie revolves arould cocoirut, 
Mar(iroves also ire essential in home gardens of 
backwter ar 'e il Iowlarrds and along coastal 
tracts, 

Wide variation in the inloensity of tree crop ping is 
noticeable among hone gardens located ini the 
same agroclihatic zone Reduction ill tire size of 
the holding intensifies Cuhnivatiori (Nair and 
Kislriainkutti 1913). As Ihe intens'ity of t e 
cropping increases, ni.-ceelillaieous trees ravirig iro 
mimediate benefit are replaed will i1niltipurpose 
species. Tree crolppin if terirty also is irflence.1 
hy famiers' socioecoiromiccConditioiis and t.oe'r 
respon:-e to e ,tern,'l changes, iarticularly those 
roared to input arid product prices and land tenure 
systeis (Nair and Krihnainkutti 1984, Nair and 
Sreedharan !9 d) 

Information is rifle,:r/2 Ye on relative yield of 
ag:icultural ared tre 's10) . arc aniials in individual 
home gardens. Although it appears that trees and 
crops ae not grown in specific patter is, it seeris 
unikely a syc:ter that has evolved ov r a,.long 
period could casually consider location, spa'irnl, 
and site condiiions of important crops. It nay [,. 
assumed that those who practice horie gardening 
have a practical knowledge of what. wiiere, and 
vhen to plant arid renove crops. 

Eccnomic yields nave been reported in one case 
study of a 0.12 ha horne garden (Kerala Gandhi 
Samarak Nidhi 1984). Although the values are 

speculative, these resuits arid others obtained 
outside India indicate that the system is 
reiriunr rerative and provides good subsistence. The 
system's major constraint is that it is the least 
uIderstood scientificaily. 

Research 

A brief reference to research efforts was made in 
the introduction. Some results, though limited, are 
cited in the text. This review indicates clearly that 
the many tree species grown by farmers in 
agricultural fields farm boundaries, field bunds, 
arid wood lots have not been researched. Irnfact, 
these species have been studiously ignored. The 
reasons for this neglect are obvious. Agricultural 
scientists only see tri crops arid refuse to see the 
trees. Foresters do itl acknowledge the role of 
trees except in forest lands. Curre- t s ::cioecone nic 
factors compel scientists to acknowi ,dge these 
tree species. Most of those grown by farmers are 
cataloged or the practces described. Though 
these activities are importaitt, substantive progress 
and discoveries in production arid productivity 
require more froni researchers. 

Basic and applied research must be conducted 
side by side. The reasons why certain trees arid 
crops are compatible while others are not need to 
be understood clearly. India's wide range of agro
ecological conditions arid the phytoelasticity of 
many tree species make it imperative to record arid 
evaluate the biological diversity available in each 
species. Many basic issues need to be understood 
before production and productivity can be 
improved. These include interactions between 
trees arid crops/grasses with respect to shade, 
rooting patterns, competition for plant nutrients and 
moisture, soil fertility, etc. Scientists need to 
deterrndhe whether it is possible to select fast
growing, high yielding, more compatible native tree 
species. Questions that need to be addressed 
relate to use of resources; spatial and teniporal 
arrangernent of trees; inputs/outputs; and 
increasing sustainabile production per unit of 
space, time, arid water. 

Apart from the Forest Research Institute and 
Colleges and the research institutes of the Indian 
Council of Agricultural Research, agricultural 
universities scattered throughout India's agro
ecological zones are the rightful places to study 
multipurpose tree species grown by farmers. Some 
beginnings have been made, but the pace needs to 
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be accelerated and goals set. It is obvi, us that 
research cannot be conducted on all species 
simultaneously, at least in the near future It will be 
necessary for each university/institute to focus on 
2 3 priority species within their area. Many 
challenges and opportunities await scientists 
r.,-nbarking on this uncharted research. 
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Overview of Tree Planting on Small F rmSin The Tropics 
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Agroforestrytand multipurpose trees are notdistinguish between a planted tree and onefdo
fashionableresearch topics. Although much new that arhiflls naturally. Neither should scientit . By:work is In hand, one must beware of making tree "small farm" Ism1eant the farming'unit (rarely more 
crop research an end in itself. Scientists fail if than a few hectares) that 13 cultivated or tended byfarmers and villagers are not their primary focus.Throughout the tropics small farmc-rc plant, protect, 

one family using mostly hand tools. In this contoxt,most trees grown on the farm are for Personal orand care for whatever trees are available. .local use.
 
Familiarity, not science generallydetermines
 
which ones they select and most know much 
 Why Farmers Grow Treesabout how to use them. The challenge today is not
 
principally to conduct more research to fill 
 Of the numerous reasons foiggrowing and usingknowledge gaps about species, but to fill..., trees, .. , helpful to recognize the following main,nformation gaps farmers have regarding seedling .types o'benefits:Supplyines and post-planting care. ExamplesJ,

from C.entraleicacentral Africa, Sotes 
 0 nvironment '-shade, shelter,'and soil stabilityAsia, and the Pacific illustrate the discussion, 

crs - fe f ia oieiIlInthe developed world, farming and forestry areoften viewed as separate activities yielding different o Wood produts - firewood, fencing materials,products. The divorce Isrecent, and like the poles, and timber
seartio of husband and wife, creates many
more problems than Itsolves. Howvever, acurrent /~ o Savings and 'security - possession of or rights~
trend, certainly discernible inmy own country, to troes as a realizable asset to meet specialindicates a rekindled interest inreuniting the two contingencies..

and recognizes the advantages of Integrating the
growing of food and trees., For guidance and Categories 1and 2refer to living trees
example, Westerners must turn to small farmers in Category 3usually refers to atree that Iscut down ~the tropics. 1. or whose branches are chopped. Category 4 

My emarsItiouclrysres th fac tht Iandrecently felled. Of course, the farmer does notwish to learn and perhaps help, and do not want to usually dsigshamong ctgreadone treeimpo6se fixed viesorih and wrn.
acknowledge that the tropical farmer practices one 

may be,cared for to supply two, three, or alfour of'the above uses. The fourth category Isworthof the most complex arts of land use.',or eoytm stressing beajse ithas been largely negl 'ectedmanagement Inthe world. Thus, intitling my.paper (Chambers and Leach 1987). Provided farmers 
" 

'Overview of rree Planting on Small Farms In'the own or at least have full rights over use of trees,Tropics,,I,wish only to set the'scenp and Indicate they frequently treat them as assets for
some things scientists should carefully consider to contingencies su(,h as drought, feasts, marriage

Said the poor seriously. .* expenses, funeral pyres, 'pledges, and even. 

ii-'redemption of debts and mortgages. WithAlthough new on-farm plantings must be a ownership, farmers will plant and build resources;priority worldwide, this overview stresses the without it,much pleading Isto no aval<7 Importance of considering on-farm trees in,general, 
Poor

people are often thought Incapable of saving. Inregardless of how they arose. Most small farmers fact, deprived people are much concerned about 
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vulnerability, indebted ii,,s, md assuts. They make 
sacrifices to nlai tait lawd anid trees and lo s-_vte [or 
future neds and surlitity. 

What Farmers Girow 

AlthoLuch thate ato local d itfarar rres ot emphasis 
Or reLtive impo tmc ,most farntets and villagers 
cj(-, trees for tlt samt, roasons wherever they live. 
I ho it'tersinq 1 :)ilis i11attlhoy use different tree 
".pci('-,to fist tilre Pe i).oult; rule (I 

Ili teiporate co[i i;:, cast timu r comes from 
p)ilS, SirUces, aud fih. hIaspecie used differ 
'uliOtq regiota;, del)Or(hitt(j largely itwhat is native 

0i eaclt locflity In tht tr pics, a 11uch wider range 
oi species xtd (lett ra (othll amlve an(1 exotic) 
()c(:r on farms 

Table 1 is 11ot exhaustive, and numerous other 
examples could be cited. What is interesting is that 
all the specics are internationally available and well
known. This has implicatioris tor research 
•agendas, and raises the following questions about 
future research: 

o 	 Should forestry follow bhepath of agriculture, 
providing the tropics a few highly adaptable, 
nmultipLirpose trees, such as plantations of 
pine, eucalyptus, or teak? 

o Should scientists develop germplasrn based 
on what faimers already use and know, 
thereby denying opporlunities to introcuce 
other potentially helpful species? 

o 	 How do scientisus deciJe what to do? 

Although what follows does not answer these 
questions comp,ehensively, it provides some 
pointers. 

Table 1 Exarnples of tee species used by farmers inanalogous situations illthe hurrid tropics. 

Moist Lowland Tropics 

Country Shading cocoa/coffee 

Belern, 
N. Brazil Ing.1eduls 

Costa Rica Gliricidiasepium 

Erythriia 
poeppigiana 

Papua New Leucaena
 

Guinea leucocephala 
(unimproved) 

Sabah, 


E. Malaysia Albizia falcataria 

Cool Highland tropics 

Country 

Costa Rica 

Ecuador and 


Ethiopia 

Papua New Guinea 

Rwanda 


Fuel, poles, timber 

Cupressus 
lusitanica 

Alnus 

acuminata 
Eucalyptus 

globulus 

Casuarina
 

oligodon
 

Cupressus 
lusitanica 

E.maidenhi 

Grevillea 
robusta 
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What Farmers Want To Grow 

It is now conmon knowledge that what the 
expert recommends as most suitahle is frequently 
ht what is viewed as most useful by the farmer or 
his fa 'nily (one rolust never overlook the multiplicity 
(f lab jr in tho rojrl trofc't) The "give 'ema 
Encalyptns" syndfiie rellects the oversimplified 
appilechs of hle past. E(ually, as we recoil from 
such latronage, Eucalyptus species are loved and 
nsod by the Ethiopian, PCruvian, aid Indian farmers 
for Countless domestic puposes. Indeed, remove 
El CalyptuS front Ethiopia and Ite highlands will 
begin to resemble ravaged, cut over rain forest. 

Neve;ti hcless, when far ners are asked about 
the it leelrences, their replies oftlen differ from the
tw'no-lix s-olution s at ofusl (ers Usually, fruit and 
Vl,,nd(-r ties are high on their list, follo,,,d by

n:tiv, hwer -growing species, such as Acacials 

,nf CIArbreturn in West Africa. rallier than 

Fulayptus and Prosolis. III ptlicular, women 

".liogither firewooLd in mides freler these 

iree's. The ;,; rrea;GiCisrg e.ideuce that change iin 

or~gnoent af native species, e.g , freqneicy of 

i'tn!ardin i :,, t) as tuselul in increasing 

: Ictiol a' illro-lncioi of new 


i Jtnins anld Minnick 19£17). The reference to 
v.ramei and their sl-ecial perceptions m,!aches the 

irportiance of dialo,tie with all concereed when 

dssessing needs Vhen ask-d what trees they 

would like to see 
Il)aitid l l. headsnern ilh 
ntol erri Kenya cited cypress, pine and encalyptus, 
,v.1ich a few h.d seen in the moist Kenyan 
hil llnrds but which are wholly uinsuited to the 
atuioy of the Turkana desert The women simply 


meFited more Acacia torftilis woodland near thet 

villages so ttiey would riot have to walk 
so far for 

fi ,wvvoad and fencing materials for liestock pens. 


Formality and Informality 

A second, neglected aspect of where and how 
tes are planled on small farms centers on 
lia'trrions of spacing regularity, woodlo shape, 
ijin lines and plans of farming systems. Research 
c;fil!s aid dewranstralion plots also are carefully laid 

Out according to convention arid the requirements 
of experirrental desitn. Textbooks arid leaflets 
hov,,ing tree planting invariably display orderliness. 

Car this forriality become a constraint to the 
farmer who would like to try a species he sees 
(irowing but does riot know how to modify his arid 
or cropping patterns to accommodate it? 

This might appear absurd since theure is no tierd 
to reproduce faithfully the diofions at a trial pkt.
But does the farmer know? Does our fo :nality 
inhibit adoptico of an idea? In a project in southern 
Shoa, Ethiopia, spacing of terraces and bends was 
carefully meas jred at 8 fi regardless of slope 
angle, because hc- it61il reprt (hy ihis writer) had 
specificd such a disi ice. By contrast, alltlough
the Gerlan-fuided agrofore,,tty trial at Nyab;sindu, 
Rwanda has regular, straight linns o Grevillea, 
bananas, maize and ''eans, it was the model for air 
apparently haphazarJ but astonishingly successful 
cropping system begun in neighboing villages. 
The impoitart point is to be aware of toss;ble 
conflict or misunderstanding between o)nr Westerin
scientific culture and local needs and perceptions. 

Encouraging Tree Planting 

Most tropical countries rave extens;)an services 
that pron iote tree plantiog directly or in cooperation
with non-governlment organizaions. Although their 
success vairies considerably, what Mbitii (1971) 
wrote about agticultural extesion in Krenya
 
geneally remains true. 
After finding that fear-fifths 
of all the programs lie examined failed, he stated
 
'peciesoar extension agents tend to possess a
'that 
package of technological practices but very little 
skill in the art of cotni lnicating ideas to farmiers." 
This remains a central problem. The nec(,ssity or 
urgency to plant trees is often lacking bec'ause it is 
riot recognized. This is quite separate front 'he
 
mechanics of being able to do it. Following a 1.380
 
energy sector review, the general effort to
 
encourage village tree planting for fuel in Tanzania
 
was stopped. Attention was conceniraled ol those
 
villages requesting such assisar ice, i.e, where lack
 
of fuelwood was perceived as a real need and
 
initiatives would command suppot.
 

The problem of post-planting care of trees is 
well-known. Of the billions of seedlings raised arid 
distributed, how many survive arid grow into 
healthy trees? Every stage is fraught with risk, but, 
without doubt, inadequate or inappropriate post
planting care is critical. Protection from browsing 
arid control of competing weeds are the principal 
requirements, but in the tropics little effort focuses 
on follow-up programs. 

Successful programs that encourage f-Irmers to 
plant do exist in all countries, but these usually 
regard the political, social, arid cultural milieu ascritical rather than the species. 
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Meeting Farmers' Needs* 

The majority of rural dwellers in the trooics are 
small farmers or landless people faced with many 
physical and socioeconomic constraints that 
prevent them from overcoming the daily struggle 
for subsistence. Although the relative imoortance 
of these factors varies from one region to another, 
seve ,id common charmcteristics can be identified. 

In many regions, physical factors pose a degree 
of orivirorinmental risk to which the farmers must 
adapt. Examples inclide erratic rainfall and 
drought in arid and semi-arid areas. Inhumid areas, 
steeply sloping or relatively infertile soils depend on 
organic matter input to maintain thcr productivity 
and they often cannot pprtsupportcon1rous 
cropping. These physical constraints are frequently 
con pounded by a lack c. infrastructure in many 
rura! areas. Existing roads are often in poor 
condition, limiting transport and d,,i;!utior,. As a 
mOsult, farners are not well integrated into the 
mnttket economy. ey have low incomes, little if 
any cash reserves, and typically lack access to 
credit. Government extension services are often 
weak. Thus, small farmers and the landless 
generally have limited access to outside inpuis and 
technology, and must rely on locally available 

resoUrces to meet a wide range of subsistence arid 

cash needs. 


Because agriculture is still based largely on 
trdccitional practk..s of low productivity, farmers are 
utiable o produce a surplus thef can be stockpiled 
,
a protection against environmental risk. Under 

these c(r)ditions, farmers take the rational course 
of adopting low-resource farming strategies to 
riinimize the risk of failure. Any outside 
intervention to increase farm productivity must fit 
into this framework. Thait is, technologies must be 
low input, low risk, arid provide high returns if poor 
farmers are to benefit. 

By their very nature, tree plant;ng and 
agroforestry are small-scale and oriented to 
producing multiple outputs to rneet local needs. By 
building on traditional agricultural practices with 
little or no reliance on outside inputs, agroforestry 
approaches are affordable, relatively easy to adopt, 
and widely replicable. Households arid 
communities can determine their own priorities and 

Adapted from VAnterbottom and Hazelwood, 1987. 
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grow the types and numbers of trees they choose. 
Trees are grown where they are accessible to those 
who need them, making households more self
sufficient. Finally, agroforastry can help farmers 
minimize risk by producing a more diversified arid 
stable farming system. Agricultural production can 
be made more sustainable because of the physical 
benefits of combining trees with crops arid 
livestock, and more flexibility exists to distribute the 
workload over the course of the year. 

Conclusions 

This shor! paper has delibcrately focused on 
people rath-r than trees. Scientists must never 
forget for :ioni they work. Successful tree
planting programs on small farms are achieved 
when villagers' perceptions arid hopes are met and 
riot when another's ideas are imposed. Referring to 
agroforestry, Winterbottom arid Hazelwood (1987) 
state, "it seems to be most successful when it 
builds on traditional practices, is developed in close 
cooperation with the local people who daily 
determine how resources will be Used arid 
managed, arid when there is a sustained 
commitment to continue evaluation. This points to 
the need for greater involvement of non
government organizations which have a 
demonstrated ability to foster the participation of 
local communities arid respond to their perceived 
needs through integrated, flexible, arid long-termi 
effects." 

Scientists agree with the writer of Ecclesiastes, 
who wrote, "There is a time to plant." One might 
say now is the time to plant, but these efforts and 
advocacy will be fruitless if the enthusiasm for 
science ignores the planter. Should scientists fail, 
their epitaph will change the meaning of the 
acronym MPTS to Many Proposals, Trivial 
Sitccesses. 
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Uses of Multipurpose Trees on the Small Farms of the
 
Low-Rainfall Ganges Floodplain Soils of Bangladesh
 

Zainul Aaedin, Shafiqul Aktar, Fazlul Haque, and Sharnsul Alarn
 

Banrladesh Aqricu!t,iral Research Inst'tute
 
Joydehp ir. GatiI)ur
 

A survey was conducted in the Ganges 

floodplain of Bangt/auesh to understand the 

dist,,ibut,'on and uses of nmuttiptupose tees,
tre-
Crop interactions,and the crafts/cot tage industries 
il ese trees iuppoit, A predesigned snurvey 

was.nni,'ewa ned. ts showed that 
,a: ;a rfihi' ce'atewhu, Artor",-pos 

,leerehpl lts. Phoenr i ,iventris, LBorassus 
fi enllift-.r mincf tagifea iidica ire the major tree 

';,r,,;n o ir the crophatcls in the low-rainfall 
il)( . loo /,Ilal' a tea for h1it, timhor, fuel, atno, 
!- matoeriil 11e tieen soppoit different 

f'lf,. (," .' i .istons. Fuel was a con mton, 
h h n ,;,tprimar/, un,,e of ,ill the tree spocies, 
U 0e;cli aiaol/r trees vaied from pace to p/ace 


t/ th, if etder of importaice c/tanged over line.
 
I ,cios diobotiondiffered antong regioits. Tree 

cro, h
combinationsand their interoctions 
IJn/ 'ride)(j t0 e onit an tyfpe, ale of the trees, 

canoy/s1'tictmte, a id o/t location of trees ixther 
tim tto ltpo oft species ,owi. Deterintiition of 
ni?,' 'in/ t!Iotopde'.t;ities, (:1 tCflomcei it titt age for 
c ltn;g,t l i/ ?ChcecOnic ir:;)(talttce.and 

o t wJgoniont s 

for fuure rI'elrch. 

f )I f l ne ei ti t i 0,0 criticalin; s 

In Bangladesh, sysntatic dart: oil agroforestry 
prr:ctices in diflferett eco',ogial zones are 
unavailable. The, :afore, ini ti!; paper, the authors 
attempt to docuOt the ultipurpose tree species 
grown on the low-raittall areas of the Ganges 
floodplain. They ale raise future research and 
dlcnvlopiient issues, 

Most of Bangladesh's land was formed by the 
alluvial deposits of the Ganges, Bralfiapt lra, 
M.eIglrna, and Tista rivers and estuaries. The land is 
rivided and named after the deposits of these 
rivers. The Ganges floodplain is the largest soil 
tract, consisting of the districts of Jessora, 
F.iridpur, Kushtia, Khulna, Pabna, and parts of 
Rajshahi, Dhaka, and Barisal. 

The soils of the tract are physiographically 
subgrouped on the basis of relative age of deposits 
into (i) active Ganges meander floodplain, (ii) long 
Gar,ges meander floodplain, (iii) old Ganges 
meander floGdplain, (iv) mixed young and old 
Ganges meander floodplain, and (v) mixed old 
Ganges and its tributaries floodplain. These lands 
are arranged in a catenary sequence and are 
mainly level to gently undulating with ridges and 
basins (Joshua and Rahman 1983). The highlands 
are flood-freo, t.tit othier areas are shallow to deeply 
flooded ([ahle1). 10he surface drainage is carried 
by the Ganges and its estuaries. Subsurface 
drainage is eflicient in the highlawils but less so at 
lower altitludes. 

Soil texture v:vies from sandy loarii to heavy 
clay. Light textured soils occur in the highlands 
and ridges. The texture gradually becomes heavier 
in the basin Unlike the other tracts, the Ganges 
floodplain is characteri,'ed by calcareous soil. The 
older soils are decalcified up to a depth of 25-60 
cin..3Soil pl1h ranges from 7.0 to 8.5. 

The area enjoys a tropical monsoon climate with 
the lowest and least reliable rainfall in Bangladesh 
(Manalo 19/6). The moncoons usually start in May 
and end in late Septeriber. The an,,ual rainfall 
within the tract varies from 1,400-1,800 mm. About 
90% of the total annual rainfall occurs during June-
September. The mean annual rainfall increases 
from west to east arid from north to south. The 
average daily temperature range'.; from 120 C 
during December-January to about 310 C during 
May-August. 

Comiion crops in the area include direct seeded 
rice (Aus), transplanted rice (Aman), winter 
transplanted rice (Boro), wheat, jute, pulses, 
sugarcane, and vegetables. 
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Table 1. Percent rf area flooded in the Ganges floodplair. 

Flooding 

District Seasonal Shallow Modefate Deep 

Jessore 54 31 19 4 
Kushti- 57 3-8 16 3 
Pabna 100 50 
Charghat 40 15 25 

50 % shallow to moderately deep flooding. 

Table 2. Major and minor tree species in crop fields of Ganges floodplain by location. 

Location Majoi Species 

Bagherpara Phoenix sylvestris, 

Borassus flabellife,, 

Artocarpus hetero-

phyllus 

Narail P. sylvestris, 

B. flabeifer 

Kushtia P. sylvestris, 

B. flabellifer, 

Acacia ndotica 

M. indica, A. hetero

phyllus 

Ishurdi P. sylvestris, 

B. flabe," r, 

A. nilotica, A. 

catechu, A. hetero

phyllus 

Charghat P. sylvestris, A. 

nilotica, A. catechu, 

M. indica, A. hetero-

phyllus 

Minor Species 

Mangifera rdica, 

Bonbax malabaricurn, 

Acacia catechu, 

Albizia procera, 

Azadirachta indica 

not available 

Tamarindus indica, 

A. catechu 

M. indica, Eugenia 

javanica 

B. flabellifor, 

B malabaricum, 

Cocos nucifera, 

Litchi chinensis 
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Methods 

Five locations with different rainfall, land, soil, 

arid land-use characteristics were selected to 

represent the study area: Narail, 

Jessore/Bagherpara, Charghat, Ishurdi, and 

Kushtia. Earlier knowledge about the study area's 

land use and soil types tbIped inselecting the 

locations. A pre-teste: questionnaire was used to
 
collect information fro1 farmers (narginal, small, 

modium, and large) v,,ho grew trees on their crop 

fields. 

The following t.i rd classification of the 
Bailadesh Buie a.' of StatiJics was used to 
c,itogorize larld CL;Iti Vdt(d hb!iri size inhectares: 

Marginil - up to 05 
Small - 0F1 10 
MeditiI - 1Il 2.0 
Large - worf' ;h:m 2,0 

For this StUd]'V, in'Jt i[,Urpo ,f' trees were defined 
as "trees arid shrulh!; dt,,li,'t;ily ,jrown or kept and 
mianaged for nworc tiian oin inteided use, usually 
econoniically arid,,' (!ntiClly motivated major 
prlo-Jcts andor s,.nvit , ; in any 11ttlitnfmpose iarid- 
Iso, systef, e.' p i lly :! 1(r()fofe-",try system" 
GULinr; 197). 

Tree .Sprcies Grown 

Srvey data revewi!d Iliat as mny as 13 
Jiflercnt tree species ate grown in the crop tields of 
tue low-rainfall Ga grijes loodl-lairr. Eut their 
oc(:itrrence is not sirtil:ir at sotid locations of 
he study are ( aClea2) 

Only Phoenix sylvactrt';. the wild dlate paltii, 
,)ccojrs at all locations;. Except for Nairail, at least 

stijr major spectes ae growvn at all locations, 
B[3rcat so the land of Niril ispredominantly 
nedt-Jlt~i;ih to -nedium lov, only P. sylvestris ard 

oerassas ilabc/lifer ate grown there. The othtr 
species are absent rnrinly because of ecological 
conditions. At the other locations, where elevation 
is highnr and lloorls fw.,i,,/er and less severe, Acacia 
ntiloica, A. caechvi, AitociTfms heterophYllus 
,jackfrui[), and Mao qifera indica (mango) are also 
grown. 

Species considered major at one place are 
considered minor at another. For example, 
;,anoifora indica isthe major tree species in the 
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crop fields of Charghat and Kushtia while it is a 
minor species at Bagherpara and Ishurdi. Though 
mango is usually a highland crop, its minor 
occurrence at Bagherpara is probably caused by 
the strong competition with Phoenix sylvestris, 
Artocarpus heterophyllus, and Acacia arabica. At 
Ishurdi, its minor status is caused mainly by 
competition with A. helerophyllus and A. arabica. 

A clear pattern of density changes exists in the 
six tree species. In the Jessore District of Narail, 
Borassus flabellifer isthe major species grown on 
high and medium lands. Phoenix sylvestris is 
grown mainly in the highlands. Mangifera indica 
and Artocarpus heterophyllus do not thrive in the 
crop fields because of the high water table and 
poor drainage conditions (both surface and 
subsurface). Further research is required to 
determine other possible reasons for the 
conspicuous absence of these trees. 

As one moves northwest to Bagherpara, the wild 
date palm (Phoenix sylvestris) isfound growing 
abundantly both ol highland arid mid-elevation 
sites. Densities of 102 trees/ha on highlands and 
84 trees/ha on mid-elevation sites are found 
(Tables 3 and 4). Althouglh Artocarpas 
heterophylus and Acacia nilotica grow well on the 
highlands of Bagherpara, tradition supports the 
growing of P.sylvestris. But some farmers have 
begun growing jackfruil rather than date palms to 
increase their income. Further north, at Kuslitia, 
the densities of P.sylvestris and Borassus 
flabellifer are reduced in hiigh- arid mid-elevation 
sites. 

Further north across the Ganges at Ishurdi, the 
densilies of Phoenix sylvestris arid Artocarpus 
heterophyllus are found to increase, probably 
because this area has more well-drained highland 
areas than Kushtia. Although the density of Acacia 
nilotica is geater in the highlands of Ishurdi 
(38/ha) than in those of Kushtia, its overall density 
is higher inKushtia. This is probably because there 
are more medium highland areas in Kushtia than in 
Ishurdi. Further. the higher demand for fuel to cure 
tobacco in Kushtia might inspire farmers to grow A 
nilotica, primarily a fuelwood tree. P.sylvestris and 
A. heterophyllus are mainly grown for juice and 
fruit, ,espectively. Water stagnation caused by an 
irrigation project might contribute to the lower 
jackfruit tree density at Kushtia. At Ishurdi, Acacia 
catechu densiiy increases in the highlands. In the 
northernmost region of Charghat, an average of 39 



Table 3. Number of planted (P) and voluntary (V) tree species/ha on highland sites in the Ganges floodplain. 

P. syl- B. fla- A. nilo- A. M. A. hetero
vestris beifer tica catechu indica phyllus 

Location P V P PV V P V P V P V 

Bagherpara 60 42 37 25 20 40 10 10 30
 

Narail 
 q 42 60 7 
-

Kushtia  2 29 15 8
 

Ishurdi 10 40 11 20 18 
 20 8 50 

Charghat 51 30 8 - 9 16 23 217 35 

Table 4 Number of planted (P) and voluntary (V) tree spec;es/ha on mid-elevation sites in the Ganges floodplain. 

P. syl- B. fla- A. nilo- A. M. A. herero
vestris belifer fica catechu indica phyllus 

Location P V P V P V P V P V P V 

Bagherpara 45 39 20 8 7 

Narail 4 8 38 16 

Kushtia 12 2 12 4 5 22 8 1 25 

Ishurdi 8 1:3 8 7 

Charghat 12 6 7 9 12 
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Table 5. Average number of planted (P) and voluntary V) trees owned per farm by farm sizu. 

P. sy1-

vestris 

B. fla
1 

bellifer 

A. nilo 
-2 

tica 

A.
3 

catechu 

M. 
2 

indica 

A. hetero
2 

phy//us 

Farm Size P V P V P V P V P V P V 

Marginal 

Small 

Medium 

Large 

3 

3 

16 

14 

2 

2 

13 

11 

2 

1 

2 

4 

1 

1 

.3 

2 

.3 

1 

5 

.3 

3 

2 

4 

5 

0 

.1 

.3 

2 

1 

.2 

12 

4 

.1 

1 

2 

3 

0 

.2 

.2 

0 

2 

5 

6 

4 

0 

0 

0 

0 

available at all locations. 

unavailable at Narail. 
3 unavailable at Narail, Bagherpara, and Kushtia. 

Table 6. Farmers' uses of P. sylvestris and B. flabe/lifer (by percent). 

P. sylvestris B. flabellifer 

Location Fruit Fuel 

Juice/ 

Molas-

ses Mat 

Bldg. 

mate-

rial 

Fen-

cing Fruit Fuel 

Juice/ 

Molas-

ses 

Bldg. 

mate

rial Canoe Fan 

Bagherpara 

Narail 

Kushtia 

Ishurdi 

Charghat 

100 

100 

93 

100 

100 

100 

78 

85 

87 

100 

100 

100 

100 

100 

100 

100 

68 

83 

80 

96 

100 

33 

33 

54 

52 

4 

38 

13 

33 

68 

100 

100 

100 

100 

100 

100 

83 

73 

74 

88 

100 

93 

95 

94 

80 

100 

63 

25 

50 

64 

56 

86 

55 

50 

50 

85 

83 

75 

64 

80 

35 



Table 7. Percentage of farmers using Acacia catechu and Acacia nlotica for various purposes. 

Acacia catecpu 
Acacia nilotica 

Location 

Bagherpara 
Narail 

Kushtiashli 

Fruit Fuel 

Wood 
extra 
ct 

Bldg.
mate-
rial 

Fumi-
ture Fruit 

11 

Fuel 

96 

Fenc-

ing 

4 

Fumi-

lure 

81 

mate-

rial 

22 

Cart 

wheel 

100 

Plow 

96 

Boat 

Ishurdi 63 8313* 54 50 46 67100 83 
Charghat 

8 17 83 79 
79 

44- 54
88 100 40 
39 23 78 58 2960 
 72 
 92 
 80 80 88 92 44
 

80 


used oniy as cattle feed. 



Table 8. Percentage of farmers using Mangifera indica and Artocarpus heterophyllus .Dr various purposes. 

Mangifera indica Artocarpus heterophyllus 

Location Fruit Fuel 
Fenc-

ing 
Furni-

ture 

Bldg. 
mate-

rial Boat Fruit Fuel 
Fenc-

ing 
Fumii-

ture Boat 

Bldg. 
mate-

Hal 

Bagherpara 

N arail 

Kushtia 

Ishurdi 

Charghat 

100 100 

....-.......... 

100 94 

100 86 

100 100 

74 

-

18 

16 

100 

85 
75 

100 

7 

17 

--

S4 

--

--

29 

68 

100 

100 

100 

100 

100 

93 

96 

94 

52 

-

-

15 

96 

93 

86 

92 

19 

4 

-

40 

14 

25 

-

78 



trees/ha are found. The density of P. sylvestris in 
the Charghat highlands is similar (81 trees/ha) to 
that of Bagherpara. Albizia procera, Bombax 
malabaricur,Azadirachta indica, Tamarindus 
indica,Eugenia javanica, Cocos nucifera and Litchi 
chinensis also grow in the crop fields of the study 
area. 

Although larger farmers own more trees grown 
on crop fields than do smaller farmers, marginal

and small farmers own a comparatively higher

proportion (Table 5). 


Multiple Uses 

The trees are not monopurpoe, although 

different ones are planted or grown for various 

primary uses. Mango, !or example, is grown mainly
ior frLJt and timber, but is also ,ised for fuel and 
boatmnaking. The six tree species discussed here 
haJve at least two common uses, including fuel and 

building materiais (Tables 6-8), but the primary 

usI;s are as follows: 


o 	 Phoenix sylvestris -Molas';es. fruits, mat 
making 

o 	Borassus flabellifo. -Fruit, juLice, molasses, 
fans 

o 	Acacia arabica -Cart wheels, plows, fuel 

o 	A-acia catechu -Tannin ,Khair), fuel 

o 	 Mangifera indica -Fruit, fuel, furniture 

o 	Artocarpus heterophylhus - Fruit, furniture, fuel 

The uses of and preferences for these trees vary 
among locations. At Narail, where boats are 
important during the wet season, making canoes is 
as important a use of Borassus flabellifer as is 
making juice. 

These trees provide considerable amounts of 
fuel (Tables 9 and 10). Use of cow dung as fuel is 
comparatively lower at alt locations (7-22%) and 
farm categories (14-21%) than the national average, 

The trees also support various crafts and cottage 
industries. Thus, employment opportunities for 
women, artisans, and small businessmen have 
been generated. Phoenix sylvestris leaves, for 

example, support mat making for household use 
and for sale by women, particujlarly those from 
poorer households (Aktar and Haque 1986). Juice 
extraction and molasses making also support a 
special group of technicians, who are usually poor 
farmers. Making boats from Borassus flabeilifer 
requires skilled artisans to work about 8-10 days 
per boat. Collection and marketing of its fruit also 
generate employment. 

Making cart wheeis and plows from Acacia 
nilotica wood also requires skilled artisans. Small 
traders market cart wheels in different parts of the 
country. The Charghat area is famous for making 
cart wheels. A. nilotica isprobably the most desired 
wood for making bath cart wheels and plows, as 
farmers believe the wood ic not easily damaged by 
prolonged use inwet conditions. 

The juice of Acacia catechu is extracted by

boiling the wood chips of the tree to make Khair
 
(tannin), used as an additive for chewing betel
 
leaves. Small cottage industries have been
 
developed to prepare this product.
 

The array of tree uses is expanding. For
 
example, making boats using Borassus flabellifer
 
trunks was uncommon 100 years ago. The high 
cost of more traditional wooden boats has 
necessitated widespread use of this tree for this 
purpose. Use of Acacia nilotica wood for making 
cart wheels was uncommon in the Bagherpara-
Jessore area 20 years ago. But the current higher 
price at Charghat and the cheap and relatively
under-exploited Acacia trees inthe Bagherpara-
Jessore area has influenced artisans of Charghat to 
move to Jessore to make the wheels there. 

Because of economic pressures and increased 
demand for fruit, fuel, fodder, and construction 
materials, farmers plant more trees today than 
previously, even non-traditional species such as 
Acacia catechu orA. nilotica (Table 11). At the 
same time, many trees are cut before they attain 
the farmer-defined optimum age (Tables 12-13).
Although farmers define the optimum age of A. 
nilotica for wood at 3U-40 years, about 38% of the 
trees are felled at less than 10 years and 53% felled 
between 10-20 years. Though large farmers 
maintain the trees for longer periods, the difference 
isnot striking among farrr categories. 

Farmers fell trees for various reasons (Table 14). 
Marginal and small farmers use trees to meet 
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Table 9. Sources of househo;d fuel. 

Wood and lopping 

Leaves/ Jute Cow Husk/ 
Location Ps Bf MK ,Ah An twigs stick dung bran Other 2 

Bagherpara 12 4 4 4 9 18 16 19 4 10 

Narail 10 11 - - 28 33 7 4 7 

Kushtia 5 4 13 12 10 6 18 22 6 4 

Ishurdi 10 2 4 2 10 21 19 15 10 7 

Charghat 15 4 14 7 12 10 15 10 7 6 

1 Ps = Phoenix sy'vestris, Bf = Borassus flabeflifer, Mi = Mangifera ihdica, Ah = Artocarpus heterophyflus, and 

An = Acacia nlotica 

2 includes rice and wheat straw, collected root stocks of jute and sugarcane, and other tree species. 

Table 10. Percentage of household fue! souces by fatr size. 

Wood and lopping* 

Leaves/ Jute Cow Husk/ 
Farm Size Ps Bf Mi Ah Ai twigs stick dung bran Other 

Marginal 9 3 2 1 6 20 18 21 5 15 

Small 7 3 3 1 7 19 21 19 7 13 

Medium 9 2 1 1 6 20 25 19 8 9 

Large 4 2 16 2 7 16 23 14 10 6 

Ps = Phoenix sylvestris, Bf = Borassus flabelifer, Mi = Mangifera indica, A - Arlocarpushoterophyllus, and
 
An = Acacia nilotic..
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Table 11. Percentage of trees planted more or less than 10 years ago, 

P. sylvetris B. flabelliftir A. nilotica 

Site 10yr > 10yr -10yr > 10 y < 10yr > 10yr 

Bagherpara 45 55 98 2 100 0 

Narail 36 64 28 72
 

Kushtia 57 
 43 100 0 85 15 

!shurdi 100 0 50 50 67 33 

Charghat 97 3 54 46 50 50 

Mean 67 33 66 34 75 25 

A. catechu M. indica A. heterophyflus 

Site < 10yr > 10yr < 10yr > 10yr < 10yr > 10yr 

Bagherpara 33 67 81 19 

Narail 

Kushtia 11 89 64 36 

Ishurdi 100 0 43 57 NR* NR* 

Charghat 69 31 8 92 73 27 

Mean 85 15 24 76 80 20 

Note. Acacia spp. usually occurred voluntarily and rarely were planted before the last 10 years.
 
NR = not reported.
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Table 12. Age at which species are felled (by farm category). 

P. sylvestris B. flabelfifer A. nilotica 

< 10-20 < 10-20 > < 10-20 > 

Farm Size 10 yrs yrs 20 yrs 10 yrs yrs 20 yrs 10 yrs yrs 20 yrs 

Marginal 0 0 100 0 0 100 30 60 10 

Small 0 29 71 0 0 100 50 50 0 

Medium 0 39 61 NR NR NR 55 42 3 

Larqe 0 34 66 0 0 100 17 62 21 

A. catechu M. indica A. heterophyflus 

< 10-20 > < 10-20 > < 10-20 > 

Farm Size 10 yms yrs 20 yrs 10 yrs yrs 20 yrs 10 yrs yrs 20 yrs 

Marginal 100 0 0 50 50 0 0 0 100 

Small NR NR NR 0 40 60 0 0 100 

Medium 21 71 8 0 63 37 14 57 29 

Large NR NR NR 0 0 100 NR NR NR 

NR = not reported. 
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Table 13. Farmers' perception of minimum and optimunm, age and production duration for various species (in years). 

Use 

P. 

syl. 

vestris 

8. 

fla-

bellifer 

A. 

nilo-

ti:a 
A. 

catechu 
A. 

indica 

A. 

hetero

phyllus 

Juice 
Minimum age 

Optimum age 
Duration 

6-7 

15.25 

6-45 

15-17 

25-33 

15-45 -

Fruit 
Minimum age 

Optimum age 

Duration 

8-10 

15-25 

8.45 

16-19 

30-40 

8-60 

8-10 

20-30 

8-50 

8-10 

20-35 

8-60 

7-10 

20-35 

7-60 

Wood 
Minimum age 

Optimum age 
Duration 

15-20 

25-35 

15-50 

20-25 

35-45 

20-60 

8-10 

30-40 

8-60 

10-15 

35-45 

10-60 

15-20 

30-45 

15-65 

15-20 

30-45 

15-65 

used cnly forca, etfeed. 

Table 14. Percentage of farmers who fell trees for various purposes by farm size. 

Farm 

Size 

Repay 

loan 

Buy 

bllock 

Culti
vation 

cost 

Cere-

mony 

Mate-

rlJ 

Bldg. 

expense 

Buy 

land 

Farm 

tool 

Marginal 

Sinall 

Medium 

Large 

19 

28 

31 

11 

19 

5 

16 

21 

10 

10 

11 

22 

4 

3 

5 

14 

24 

28 

5 

5 

19 

14 

11 

7 

0 

5 

5 

5 

0 

0 

9 

5 
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household expenses (including purchase of food), 
repay loans, and purchase bullocks. Medium and 
large farmers use trees to purchase bullocks, meet 
cultivation costs, and as part of social ceremonies. 
All groups, especially marginal and small farmers, 
use trees to meet contingencies. At Bagherpara, 
income from date palm sustained poor families 5-6 
months in a year (Aktar and Haque 1986). Small, 
medium, and large farmers also use trees to 
purchase land. 

Trees and Crops 

Trees are found growing in association with 
almost all predominant crops. Variations in 
different cropping patterns are associated mostly 
with land, soil, and socioeconomic factors. At any 
particular location, cropping patterns do not differ 
because of the tree species grown. The crops and 
cropping patterns found associated with different 
trees, locations, and land types are presented in 
Tables 15-20. Differences are also associated with 
age and canopy structure. Turmeric cultivation is 
linked to relatively older trees, as rurnieric grows 
well under shade. 

Planted trees are usually well-spaced in lines. 
Wild trees are allowed to grow scattered in the field. 
Crop production and productivity need to be 
studied with respect to varying tree density arid plot 
location and arrangement. Though direct benefits 
of trees in crop fields have not been measured by 
farmers, they understand that litter fall adds organic 
matter to soil. Acacia nilotica arid A. catechu add 
nitrogen to the soil, which probably offsets some 
adverse effects of competition for light, water, and 
nutrients. Furthermore, birds living in trees may 
help reduce the insect population. 

Farmers select trees to fit crops and vice versa 
(Table 21). Existing crops may dictate what tree 
species will be planted. However, in an existing 
orchard, the crop introduced must be able to 
produce satisfactory yield in association with the 
tree species present. For example, turmeric may 
be preferred in a shaded jackfruit orchard. 

Conclusions and Recommendations 

To the best of the authors' knowledge, this is the 
first organized study of trees grown on crop fields 
in Bangladesh. But several limitations prevented 
these scientists from thoroughly studying intricate 
issues related to the agronomic and 
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socioeconomic aspects of the agroforestry 
practices. Because of deteriorating food, fuel, 
fodder, and timber production ar.d environmental 
degradation, growing improved trees with crops 
must receive adequate attention. Agroforestry 
practices are crucial in areas where establishment 
of block orests is almost impossible. Future 
research on growing multipurpose trees on crop 
fields should consider the following issues: 

o Detailed analysis of crop-tree interaction in 
relation to soil fertility, tree density, canopy 
structure, and root growth pattern. 

o 	 Improved management packages for both 
trees and crops. 

o 	 Determination of rotations of various species 
for different farm categories (smal farmers 
may desire and need shorter rotations than 
larger farmers) 

o 	 Selection of appiopriate species 
(development of improved varieties of 
traditional species versus introduction of new 
species). 

o 	 Identification of effects of tree-crop 
competition for light, water, and nutrients. 

o 	 Research on how trees provide small farmers 
food security. 

o 	 Research on how trees affect crop pests and 
diseases. 

o 	 Development of appropriate tree-crop farming 
systems and the minimum area needed for 
small farmers to survive. 

o 	 Understanding social implications/conflicts of 
growing trees. 

o 	Research on present tenurial arrangements. 

o 	 Documentation and research on the historical 
changes in species distribution and density in 
particular areas. 

o 	 Economics of growing trees in combination 
with various crops. 



Table 15. Tree crop associations with Phoenix sylvestris Roxb.-

Location Highland 

Bagtherpara 	 Aus rice/fallow/wheat 

Aus rice/fallow/chickpea + mustard 
jute/fallow/lentil + mustard 

Narail jute/fallow/mustard or lentil 

Aus rice/fallow/mustard 

Aus rice/fallow/chickpea or linseed 
Kushtia jute/faflow/winter vegetables 

Aus rice/fallow/wheat 

Ishurdi 	 Aus rice/tallow/mustard or lentil 

jute/fallow/mustard or lentil 

Charghat 	 sugarcane 

sugarcane 4 lentil 

turmeric 

Au,; rice 'fallow/wheat or lentil 

Medium Highland 

Aus rice/Aman rice/ 

chickpea o, vheat 
jute/Aman rice/mustard 

or potato
 
Aus rice/Aman rice/
 

chickpea 

Aus rice/Aman rice/ 

winter vegetables 

Aus rice/Aman rice/wheat 
fallow/Aman rice/wheat 

Aus rice/Aman rice/ 

mustard or lentil 
Aus rice/Aman rice/wheat 

jute/Aman rice/wheat 
Aus rice/Aman rice/wheat 

Note: Aus rice is direct seeded, Aman rice is transplanted, and Boro rice is winter transplanted, 

Table 16. Tree-crop associations with Borass,-, 'ollifer L. 

Location Highland 

Bagherpara Aus rice/fallow/mustarJ lentil 

Aus rice/fallow/chickpea 4 linseed 
jute/fallow/chickpea i linseed 

Narail jute/ tallow/mustard 

jute/fallow/wheat 

Kushtia 	 Aus rice/fallow/winter vegetables 

jute/tallow/winter vegetables 
Ishurdi Aus rice/fallow/mustard 

jute/fallow/mustard 
Charghat sugarcane 

sugarcane + leintil 

Aus rice/fallow/wheat 

Medium Highland 

Aus rice/Aman lice/chickpea 

Aus rice/fallow/Boro rice 
jute/tallow/Boro rice 
jute/Aman rice/lentil or 

chickpea 

fallow/Aman rice/grass pea 
Aus rice/Aman rice/wheat 

Aus rice/A.nan rice/mustard 

fallow/Aman rice/wheat 
Aus rice/Aman rice/wheat 

Note: Aus rice is direct seeded, Aman rice is transplanted, and Boro rice is winter transplanted. 
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Table 17. Tree-crop associations with Acacia nilotica Willd. 

Location 	 Highland 

8Bgherpara 	 Aus rice/fallow/mustaro + lentil 

jute/fallow/radish or country bean 

eggplant/fallow/country bean 

taro/fallow/lentil 

Kushtia 	 Aus rice/fallow/wheat 

jute/fallow/winter vegetables 

Ishurdi 	 Aus rice/fallow/lentil or chickpea 

jute/fallow/mustard 

turmeric 

Charghat 	 Aus rice/fallow/wheat or mustard 

jute/fallow/wneat or mustard 

sugarcane 

Medium Highland 

jute/Aman rice/chickpea 

Aus rice/Anrn rice/chickpea 

Aus rice/Aman rice/wheat 

jute/Aman rice/wheat 

Aus rice/Aman rice/wheat 

Aus rice/Aman rice/ 

Boro rice 

Aus rice/Aman rice/fallow 

Note: Aus rice is direct seeded, Aman rice is transplanted, and Boro rice is winter transplanted. 

Table 10. Tree cop associations with Acacia catechu Willd. 

Location 	 Highland Medium Highland 

Ishurdi 	 Aus rice/fallow/lentil 

Aus rice/fallow/wheat 

Rajshahi 	 Aus rice/fallow/mustard 

Aus rice/fallow/lentil 

Suga cane 

Note: Aus rice is direct seeded. 

45 



Table 19. Tree-crop associations with Mangifera indica Unn.* 

Location Highland 

Kushtia 	 jute/fallow/winter vegetables 

Aus rice/fallow/winter vegetables 

Ishurdi 	 Aus rice/fallow/mustard 

Aus ice/fallow/lentil 

Charghat 	 turmeric 

sugarcane 

Medium Highland 

Aus rice/Aman rice/wheat 

fallow/Aman rice/Boro rice 

fallow/Aman rice/wheat 

Note: Aus rice is direct seeded, Aman rice is transplanted, and Boro rice is winter transplanted. 

Table 20. Tree-crop associations with Artocarpus heterophyllus L. 

Location Highland 

Bagherpara Aus rice/fallow/linseed 

eggplant 

country bean 

Kushtia 	 Aus rice/fallow/wheat 

jute/fallow/winter vegetables 

Ishurdi 	 Aus rice/fallow/wheat 

Aus rice/fallow/mustard or turmeric 

Charghat 	 Aus rice/fallow/wheat 

sugarcane 

turmeric 

Note: Aus rice is direct seeded and Aman rice is transplanted. 

Medium Highland 

Aus rice/Aman rice/ 

chickpea 

Aus rice/Aman rice/wheat 

Aus rice/Aman rice/ 

mustard o, dickpea 

Aus rice/Aman rice/wheat 

Aus rice/Aman rice/ 

mustard 
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Table 21. Basis for selecting species ii' tree-crop 1rixtures. 

Crops based 

on trees 

Location Yes 

Bagherpara 85 

Narail 79 

Kushtia 33 

Ishurdi 8 

Charghat 48 
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The current demnandfor food, fodder, fuelvood, 
shade and timber increases thre urgency to 
improve multiputrpose tree species. Although tie 
concept of planting woody species on farnis and 
martgu/ral lan)ds is niot entirelynew to Nepal, the 
lantifg of onilI'purpose trees is still limited. Since 

f,Anr.-; bfieve that trees compeute with agricu'tural 
/O'ps for ir,/ht, nutrients., ard space, they 

,afmflit hl/ni/,nohvateoo to plant trees The re.search 
Ort d or t m tis roe-ard ndcates that iniproperly 

It yields, l)rimarlybyi/,d ties depress c1oa) 
.~'',ii for lijhr t-lowver, with/proper species 

: 1,,'l crop tree Irageour,t such as 
tit , olaur of Luc;e. leucoce)halai andr. P 

p,Of)/C() Dii/mr' 3Setania aculeata) with 
of' f ort/i; h fodder anid fuelwood 

,hoo / if /1 (cofen'ilclop productio,. The soil 
, ,'r;,c ,";,Ca th b/or iller., Scientists still 


two,(/, ) ntatod h I t 
 Sib/"si more pro'iisin.g 

.'iu,"t,"/ 'o;s ti '.; . ,i/idJ q'ra ? 

S citJ ICfu,00fi1)i/ )l')pmi'c i irmi' r rs. 

Ne p ! is )r(cdilrrian1ly ain aIgraria COutry that 
t) .taii irge part oif the centra:l Himlrya ard 
i!.; fiolhills Of the rirtihrn's tolal lrd arlea (141, 1 1h) 
kni ) the Terai plair is occupy 17' o, the hill and 

rtlntin region 6,13'., and the Himalayan region 

SCtl'iable krid occupies 180% uf tire total land 


area. From 1975-190, the forested area 

Jc("r(ded airid cultivable land area increased. 


From 1980-185, hov'ever, the forested area 

increased from 29.06 to 37 60%, largely because of 

rimajor afforestatiurn projects However, these 

projects have riot greatly affected ie food, fodder,
iirewod( a)d tinner sittwation bocause of an 
iic t-;irg p, pulation, especially in the Terai 

Tltrefore, vtr'jLJs ag(.ercicS haJVe begUtn planting 
mnultilpLrpose fa.;t groving tree species, sich as 
Leacaena let ,s)repha/a, Acacia atriculiformis, 
Cassia siamec, Eticalvotuis tiarnldt,lensis, 
Dalbergiasissoo, Artocarpins lakoocha, arid Pirr s 
roxburghii. About 92,833 ha of land have been 
afforested, arid the current five-year plan calls for 

planting an additional 175,000 ha, and 1 1 million 
ha more by the year 2000. 

Farm Forestry Project 

Supported by the Intornationl Development 
Research Centre of Canada, the Institute of 
Agriculture and Aninral Science and the Institute of 
Forestry have collaborated for the past five years to 
det'ermine wlhic niiiltipLrrpOse trees are suitable for 
various acroclinatic regions of Nepal Agroforestry 
studies, species elimination tri~l. aJid .-pacinml 
experiments have been carried Oit. In addition,
 
feeding studies onf goats and )tlafnt) calves ha',,c
 
been conducled Mutipurp)ose ree;(.eedlin gs of
 
promising species are Cultfvated ard distribted tu 
farmers. Three districts (Chitwai. Parsa, and 
Sarlahi) have been selected a. re.iearch and 
extension sites, and another three districts (Gorkha, 
Kasl;i and Bira) as reseatch siles. 

When Leucaena leuocepliala, Daloer ia
sissoo an," Eucalyptus camaidulensiswere planted 
at three different spacings (t x 1 Ir, 1x 2 m and I x 
4 in) at Rampur, the rmean heighl and mean dbh of 
L. letucocephala and E. camraldilen.ciswere more 
than double the height arid dbh of D. sissoo (Table
1). Howevu , 0. sissoo did eqILnally well in sandy 
soil with a high water table at Parsa, Chitwai. In 
another trial, L leucocephala performed better 
than D. sissoo arid Cassia siarnea after six nionths, 
but tile three species were still too young to have 
established a proper growth pattern (Table 2). At 
Tamagarhi, all seedlings of Heynia trijuga arid
Acacia decurrens died within six nmonths after 
planting. L. leucocephala, Ce;ba perntandra. 
Acacia catechiu anid Moris initegrifclia sur.,ived arid 
achieved the greatest heights (Table 3). Ceiba 
pentandra also performed well in lerims of height 
and survival achieved in six months at a trial in the 
hills of Gorkha. (Table 4). 
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Table 1. Mean height and dbh ofspecies in two-year-old blozk plantation at 

Rampur, Nepal. 

Spacing Ht dbh 

Species (m) (i) (cm) 

L. leucocephala (1 x 1) 6.32 4.20 

D. sissoo (1 x 1) 3.48 1.94 

E. camaldulensis (1 x 1) 7.60 5.10 

L. Ieucorepha/i (1 x 2) 664 5.42 

D. sissoc (I x 2) 3.56 2.12 

E.camaidulanss (1x 2) 6.84 5.14 

L leucocephala (1 x 4) 6.26 4.70 

D. sissoo 01 x 4) 3.16 2.88 

E.carnaldulensis (1x 4) 8.02 6.46 

Source: Third Annual Report, Farn Forestry Project (19,5-86). 

Table 2. Height (cm) of various six-month-old tee species at Rampur, Nepal. 

Plant-plant 

distance L. leuco- D. C. 

(cm) cephala sissoo siamea 

30 72.5 45.0 44.5 

60 95.0 15.0 25.0 

90 92.5 30.0 52.5 

120 85.5 30.0 37.5 

150 35.0 57.5 48.5 

180 95.5 77.5 52.5 

210 97.5 52.5 35.5 

240 75.0 37.5 45.5 

270 60.0 37.2 35.0 

Source: Third Annual Report, Farm Forestry Project (1985-86). 
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Table 3. Height and survival of six-month-cld multipurpos. trees planted at Tamagarhi, Nepal in 1985. 

SperJes 

Dalbergia sissoC, 

Bauhinia variegata 

Leucaena leucocephala 

Albizia lbbek 
Sanraneasaran 

Ce'ba pentandra 

Casuarinacunmngharirara 
Abizia amara 

CedaeIa odorata 
Prosopis h'ftorzia 

Acacia catecthu 

Bauhiniapuwpura 
Albizia
procera 

Acacia decurrens 
Bauhia rralabarica 
Cassia sophera 

Heynia tirijuga 

Morus integrfoliI 

CV- 23 % 
LSD 0C5 0.29 

Height Survival 
(in) 0%) 

75 63 
.80 56 

1.31 96 

.52 

.89 65 
1.43 100 
.63 71 

1.05 65 
.27 37 
.87 40 

1.37 96 
1.61 93 
.86 96
 

0
 

.94 
 75 

.65 56 

0 0 

1.06 100 

Source: Third Anual Repoit, Farm Forestry Project {1985-86). 

Table 4. Height and survival of six-month..old multipurpose trees planted at Gorkha, Nepal in July 1985. 

Species 

Pinus roxburghii 


Ceibapentandra 


Acacia auriculiforiris 


Dalbergia sissoo 


Eucalyotus camaldulensis 
Ficus rnxburhii 

Leucaena leucocephala 

Albizia procera 

Mortis integrifoh'a 

Melia azedarach 

Cassia siamea 
Albizia lebbek 

Bassia butyracea 

CV - 20 %
 
LSD - 0.05 8.26
 

*augmented species 

Height Survival 
(cm) (%) 

37 47.4 
34 92.8 
27 83.3 
26 65.2 
26 28.6 
25 71.5 
23 50.8 
23 39.6 
18 63.5 
18 63.5 
18 85.7 
16 74.5 

13 73.8 

Source: Third Annual Report, Farm Forestry Project (1985-86). 
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Table 5. Uses, propagation techniques, and germination of some multipurpose trees. 

Species Us Propagation Germination 

Leucaena 
Ieucocephala 

Good fodder, green 
manure, firewood, 
thatching material 

Pods should be 
collected Nov.-
Jan. Seeds should 
be scarified 

22,500/seeds/kg 

80-95% 

Dalbergia 
.issoo 

Furniture &veneer, 
fuelwood, good char-
coal, fodder 

By cuttings arid 
seeds. Seeds ripen 
in Dec.-Jan. 

95% when fresh, 
decreases later 
on 

Acacia 
catecho 

Timber, firewood, 
charcoal, medicine, 
coloring material 
goat fodder 

Seeds. Seeds ripen 
in Nov.-Dec. 

80-90% start in 
1-2 weeks 

Artocatpus 

Iakoocha 
Good fodder, edible 
fruit, firewood, 
fruit wine (local) 

Seeds, fruits ripe 

in July: stump cut-
tings Seeds viable 
only I week 

80%, 3-5 fruits, 
4-5 seeds per 
fruit 

Bauhinia 

purpurea 

Fodder, edible seed, 

fuelwood, casual 
timber 

Seeds, eedlngs 85-90% 

4,250 seeds/kg 

Bauhinia 
varegata 

Fodder, edible flower, 
pickles, edible seed, 
fiewood, casual 
timber 

Seeds, pods ripe in 
Feb.-May. Seedlings 
are transplanted July-
Aug. 

90% fresh, 
decreases to 
40% 

Cassia 
siamea 

Fodder for goats and 
sheep (but contz.ns 

alkaloid), firewood, 
timber, green manure 
mulch, bedding 

Direct sowing of 
seeds or trans

planting of seedlings 

80% 

More species listed in Singh 1982. 
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Use of Multipurpose Tree Species 

Of the numerous tree species used to meet the 
needs of people and livestock, a few are mentioned 
ncre. Leucaena leucocephalo and Dalbergia 
sissoo are fast-growing species iftat have many 
uses for small farmers. Tl e lkaves and tender twigs 
are hd to animals, branches are used as thatching 
mat rials, and stems are used for timber. D.
sissoo'svaluable timber is used for furniture and 
construction material. L. leococephala sietns are 
used for makitig the hanudles of sickles and for 
constructing temporary hOLSeS. BecHse of its 
nitrogen fixing characteristics and the high 

percentage of protein in its leaves, itis becoming 

popular in the Farm Forestry Proj(ct areas artd
 
nationwife. Eucalyptus camalUlensis is a fast
growing s)ecies used for limer and fireweod in 
Nepal and inmatch industries inIndia. InNepal, 
crops such as finger millets and pulse seeds cal be 
qflw' inder tho trees witlsut teducing crop yield, 
eg., tii"cottrnuinity-niatiagedJ trial site inGunja
 
Nargar, Chitwan. Cassia "IaMea and Acacia
 
amrict/iforwis arc (rougltt-resistant, fast-growifll
 
species. Their thick leaves can be used for green 
ttatture and tmiilch. The leaves of A.auriculifortnis 
ate eaen by Twigs and branches are usedioats. 
fr firewood, and the steits are Used for thatch atid 
ternporar' house cotistrJct:otl. 

Local species like Artocarpus ,koocha, 
Baotiria ptrporea, B. vaiieqata and various
 
Barnbusa spp. are liked hy small farmers because
 
of their Many uses Sonie coMMot rultipurpose
 
species and their uses are given it Table 5.
 
Although Sesbania aculeata is tnot a petenial tree, 
it isone of tileMost popLtar species of small 
farttters inthe Terai. Itis;us2d isa green ttauring 
crop, adding 30 kg,/N kg to the soil forthe use of 
subsequent paddy crops (Pandey !983). Twigs 
and leaves are used as fodder, bark as fiber for 
making reaps, and dried stems as firewood arid 
thtching material. Acacia catacho is a valuable 
multipurpose tree species used for timber, fodder, 
nmedicine, and for producing Kattha, a traditional 
betel Int chewitng Mixture. 

Agroforestry at Rampur 

When maize was intetcropped witlh Leucaena 
leucocephala,Dalbergias."ssoo, and Eucalyptus 
camuldulensis in1x 1 m, 1x 2 m, and 1x 4 m 
spacings, the crop yield was substantially reduced 
in all but the 1x 4 m spacing. When sesame and 
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wheat were intercropped in the hedgerow (alley) 
cropping pattern of 2 x 5 m, there were no 
differences between yields and controls without 
trees. In addition, the growth of L. leucocephala 
increased (Farm Forestry Project 1987). 
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Multipurpose Trees for Small-Farm Use in The Central Plain of Thailand 

Suree Bhumibhamon 

Kasetsart University 
Bangkok, Thailand 

The alluvial plain of Central Thailand is a highly 
fertile area for growing agricultural crops. The 
forests in this region have decreased continuously 
at an alarming annual rate of about 2%. Only 9 of 
die 18 provinces in the region have varying 
degrees of existing natural forest. The total 
forested area in the region is about 260, which is 
less tian the nationalaverage (29%,). T irs paper 
discusses land use and tree growing in the Central 
Plain, and includes a list of trees grown around 
fait hotises. Fijtt ire tree-cgrowingtrenpds a2 
pfesented base, on sttidies of the attitudes of 
,da0tistratorsald po/icymaAers. 7he studies 
/cl,,irly
cenitonstrat? the great opportunity that 

';t1to grow t/tiptilposo tree,!s to serve t/'e 

;rsvig regional denm-id. 


Tle Central Plain of ltailand was created after 
other regions of the coutLry during thre Jurassic 
poriod (about 181 million years ago). Its filoristic 
:,tttctLjre varies accoding to topographic structure, 

oIrwland rain forest occurs if the large area of 
:Allftei.l soil deposition. The western IIouLntainous 
.tone
contains most of the remainitfg forests, 
including dry evergreen, dipterocarp. and mixed 
decidLJou3 types. Mangrove and beach forests are 
located near the sea The Royal Fofest Department 
(1984) estirnates areas covered by tropical 
evergreen, mixed dOciduous, dty dipterocarp, afid 

2 2mangrove forests at about 12,449 km , 5,192 km 
510 kin', and 335 kn 2, respectively. 

The total area of the Central Plain is 67,398 km2 

and covers 18 provinces. As inother regions of the 
country, its forests hav, been continuously 
depleted--from 35,660 km2 (1961) to 23,970 krn 2 

(1973), 21,830 km2 (1976), 20,420 kirt 2 (1978),
10,520 km2 (1982), to 17,228 km2 (1985). The 
present annual depletion rate of forest resources is 
1.%, exceeded only by the northern region. Nine 
of its 18 provinces have no forested areas. Only 
five provinces in the western mountains have large 
areas of remaining forest. The other four provinces 
have only small forested areas. 

The forests of the Central Plain can be classified 
as protected or productive. Protected forests 
include two wildlife sanctuaries (6,447 kin2) and 
four national parks (668 km2).The remaining 
protected forests consist of botanical gardens, 
arboreta, nature parks, and nonhunting areas. This 
means that only 10,000 km2 of forested area can be 
exploited. 

Exploited forest includes concessions, as well as 
reserve] and protected areas. About 300,. of tho 
reserved forest has been clerd to grow cash 
crops and develop new settlements. The volume of 
growing stock in the exploited forest is estimated at 
only 20.25 million r 3 out of the total national 
growing stock of 184.88 iiilion nQ, or about 10%. 

While sawmills are scattered throughout the 
country, other factories that produce plywood, 
veneer, fiber board, particle board, and paper are 
located mainly in the Central Plain. 
Urapeepatanapong and Mungkorndin (1983) 
surveyed the supply and demand of charcoal inthe 
Central Plain. Results showed that most charcoal 
ismade ['sing small kilns (41.95%), graveyard type 
(32.25%), big oven (16.13%), sawdust mound type 
(6.45%), afid Mark V (3.23%). Each type has a 
different capacity and uses mainly miscellaneous 
hardwood species. Bambusa, Dendrocalamus, 
Gigantochloa, and Thyrsostachys are also used as 
ources of charcoal. 

Of the total charcoal consumption in the Central 
Plain, about 30% was for household use (3.07 
million ton/yr.), about 80% for industrial use 
(556,932 kg/yr.), and about 50% for the service 
sector (0.3 million ton/yr.). The total charcoal 
consumption in the Central Plain was about 30% of 
the nation's total. This indicates that a high 
percentage of illegal charcoal from the northeast 
and the lower northern region is transported to the 
Central Plain. In the remote areas of the Central 
Plain, Combretum species on maiginal lands are 
also used to produce charcoal. 
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The present paper addresses the possibility of 
growing trees for snall-farrn use to help create 
regional self-sufficiency and reduce the amount of 
illegal charcoal taken from other regions. 

Climate 

Climate in the tropical savannah of the Central 
Plain is influenced by northeast and southwest 
monsoons. Based on precipitation, three zones 
can be identified. The first is a large, moist area 
covering 14 provinces with a high precipitation rate 
of about 1,300 mm and about 121 rainy days per 
year. The second zone is in the western 
mountainous area (Suphan Buri, Kanichariaburi, 
and Ratchaburi) with an average arrnal 
precipitation of 1,174 rnn and about 110 rainy 
days. The third zonle is the dry area of Prachuab 
Khiri Khan, having an 'avemge precipitation of 1,031 
nm and 119 rainy days. Tie average temperature 
over the area ranges from 26-30('C. Tlhe relative 

hurnidity ranges from 56.7-89.7,. 


Geological formations consist mainly of 
se. Fnentary and nietamorphic rock. Alluvial soils
 
ard river gravels were foried two-three million 

years ago. Soils of rhe Krabi, RatchabUri, and 

Tanansi groups are scattered in the western parts 
of the region. There are basalts, granite, diorite, 
quarizcliorite, andesite, rhyarite, tuff grmnodiorite,
porphyry, gneiss, and schist. The Chao Phya River 
Delta can be divided into the old arid new deltas. 

Fan complexes are also found in the a!luvial 

terraces (Departrrent ot Land Davelopient ,965). 


Soil resources in the Central Plain include sandy, 
loanny, clayey, and skeleton types. There are about 
30 great soil groups. The large groups are slope
complex (27.6%), clayey sulfic tropaquepts 
(10.89%), and clayey tropaquepts (10.12%). Eacl 
;oil
group has varying potential to grow crops 

Problem soils are found in at least 37.3% (2.6
million ha) of the reo;on's total area. There are 
shallow soils with gravrl (6%), saline soil near the 
beach (1.8%), sandy soil near the beach (1.5%) and 
uplands of more tha~r 35% slnpe (27.6%) 

About 54% of the total land area is used for 
agricultural farming, including paddy fields (2.1 
million ha), cash .rops (1.36 million ha), intensive 
horticulture (8,780 ha), and fruit trees (0.24 million 
ha, of which one third is coconut plantation). The 

available area for tree growing in the Central Plain 
is about 0.82 million ha. 

While growing more trees on private land is a 
possibility, only 47.180" ,st!,e agricultural land is 
farmed by its owners. This, of course, affects the 
possibility of growing trees in farm areas 

Man and Trees 

For mere than G0 years, the Central Flain o: 
Thailand has been considered the center of Thai 
civilization. The relationship between man and 
trees was mentioned in a !tone pillar inscription in 
which farmers were encouraged to grow Areca 
catechu, Mangifera indica, Cocos nucifera, 
Tanrarindus indicus, arid Corypha umbraculi!era. 

Existing trees on tarm lands indicate the 
preferred choices by farmers. However, 
introduction of new species into the region has 
slightly altered the evolution of plant species. Any 
plant that provides maximnm satisfaction to the
 
land owner will remain in the farm area.
 

In the early days, bamboo houses were built 
near waterways. Plants grown in farm areas were 
selected by tradition, e.g., Cassia fistula, Mangitera 
indica, Tamarindus indicus, arid Diospyros
 
sianrensis. Various bamboos were commonly
 
grown as shelterbelts surrounding home areas.
 
Bhirorn (1972) wrote that three cooking stoves
 
were buili in the kitchen arid only fuelwood sticks
collected from nearby forests were used. 

Behirid the houses were farming areas, followed 
by bush forest arid, beyond that, the natural forest. 
When a canal was constructed, a strip village was 
formed. In the Central Plain, scattered villages 
were also formed by farmers building hou"es near 
their paddy fields. Trees were planted in most 
temples, which were community centers. 

Bhirom (1972) discussed some restrictions in 
Thai culture about growing trees on farms and 
around houses. For instance, it was believed that 
growing Caesalpinia pulcherrima or Plurneria 
acuminrata in farm areas would bring misfortune. 
Even today, Thais in the Central Plain still maintain 
the trad;tional practice of planting Phyllanthus 
emblica in front of the house and Artocarpus 
heterophyllus in the backyard. 
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Future Tree 3rowing 

To determine the tree-growing trend in the 
Central Plain, CO district cl i-;L; in the area were 
intervicwed. Most indicated they had served in 
thuir poests for less than 10 ears Their degree of 

, ticipation in tree groing ran'ged from slight to 
iederate. Only six said tl11V were fully invoNed in 
re grojilng in their districts. The size of each 

dislIlit varies (r,:eatly, but most district chiefs are 
I eeyeesibh: for about 150 villages. 

About 37 districts clainred to have fuLwood 
scarcities District chiefs cornclIIded that greater 
opportunities for growing tree. existed in farm 
areas rather than in industrial plarntations or large 
farm woodlots. They reconimendeoc groiwing fthe 
h ilowing trees. In order of preference, they are: 

lyptus camnal(Iilonsis.Casualha 
III? 3,1111ll/ii/t, Ca , ,i-iea, terocarptis 

,n / ua 's, Aziuri,,c'ia indica, Acacia 
nuie ,liforo, Loicaonu lneocophala,h4an4egifra 

imfic( , T, miioi(i; in(/ica, Coco; nmcilt)ra, 
1-,i(t ,-trooe iia i:a/yc.'rllta ,L ;nrceo ia speciosa, 
ard Cassia fislol,. Di.,trictl ;eLi i .rsiend d 
!hat the govr.imeit shoe'i 'YJ[)fly TOe(iliniisno 
f mers. if eo'said that firro sr,sti!1 lack basic 
I r ledg' about agrofo, estry arid that e teris'cr 

',' cr; d: major activity tie ridJr tda ir sponsillIa 

',v 1t :rgceieOS.rii 

lh rr Ijori ty of iiiriie ntatry rin ibei s iii thc 
Contral Plain indicated the need for tree planting, 
partjculai ly ini abandoned areas, infertile zones, and 

oii farnis. They believed farmers should sO up self-
I lp programs to supply wood from forest 

resources, as they are renewable resources. 
Farmers should decide by thernseives which 
Multipurpose species should be grown in their farm 
aeas. Menmbers of Parliament also thought that 
farmers would grow multipurpose trees if they 
provided more cash earnings. They recommended 
thal village chiefs take the lead in developing more 

reen areas. 

Farmers Make Their Own Choice 

Two groups of farmers were interviewed, one in 
the old farming area of Bangkok Noi on the 
outskirts of Bangkok and the other in a remote 
village area inSara Buri. 

The first group earn their living by growing mixed 
fruit tree species in the farm area, e.g., Durio 
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zibethinus, Baccaurea sapida. Eugenia javanica, 
Artocarpusheterophyllus, Cocos nucifera, Garcinia 
mangostana, Garcinia schomnburgkiana, 
Azadirachta indica, Bouea bumtanica, and Citrus 
hystrix. Growing cuttings of these species is 
economically feasible. Leucaena leucocephala, 
Bambusa, and Eucalyptus camaldulensis are 
scattered throughout the area. Expansion of the 
settlement area has decreased the number of Ir . 

Farmiers in two villages of Sara Buri comprised 
the second group. The first village is located in a
 
poorly productive forest, while the second is on the
 
edge of a natural forest, Farmers in both villages
 
grow various fuit crops, inIclding Mangifera
 
indica, Cocos ncifera, and Artocarpus
 
heterophyllus Ftilwood and charcoal are
 
collected main!y foni farm area cuttings of
 
Leucaend !eucecep'ia/a,Mangrilora indica,
 
Tamarindus indicus, ald Annomasquamosa.
 
V'' igers said the state should plant more trees and
 
provide seedlings of trees they are interested in,
 
preferably multipurpose trees species.
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Small farmers dependenton fragmoots of 
daptaded, ciy land for t,i(r livelihood represent 

4 5% of a/i agricultural holdtings in India. in tire 
,h';ence of assured irrigation, the present 
giciriculturalsystor cir hatly )rovide eMploynrert

for 100 days, ofteir ,vith the risk of crop filure. fIr 
' ' toe to yar-rouo/d en/.oyonie t and fo;d
Ii~lf,, Ili-o? famolf,i/;) Irood fo(/1/t and fu. to 
mfnt hoil hon;hld lit)d; bhsrttiols,r fial/

iH inicato thIt p/a/ni/ri. of i/f"rtipirpeset./ 

;.
)o(10?S isapf(/it,ih// )p"ol "'itio!lutrdr. latl 

;un- a/id agroloreoy tcln;uni:; 
 IlOucor, iinfhu 
t .-u/ire of v'"ti;co rut;,;)thctuli f!too ,;tray 
,/iliia/s, ,i i/i7,t i/)c sm./!flunoers/lt 't(',

/iohtat rf; .'mv'itue,. 7/hn3tieed to
initi[o 


h~ct ,;to)ie,fr .jrowio} tn.' thcie, 1/1rat 

; tiPItlleOW11i/)/Yi/11/it ayd p/olit; wihcut
! 


(;.')iS al/r'i 

,, ;trn:tue r ,'i', r.pu~m/ t ; g.iy, and 
II'lt.i. /rj)/l.S t)ftd li , ,i(/ this pro r'ri 

, of the tit .;pocu-;s ideally sluited for ;';r,:/ 

, t i/,,;!q 1/0 f/lo d to do.svnlop a b .,; 

taiim ;,are A ici,ni!orica vat (Ul)rs ;iforiisi 
i.,ia A-idseiachia idichtc , Cassia siarrba,


C,hsira equiseifolia, Deridrocalarrms strictus, 

l-rerris irrdir:a, Euycalyptus hybid, Mei, aze0arlch,

foringa oleifera n/0 L rucaena leucocephalh 

I /owevw, tlho;o ';pew0,,,sf//i'.tbe scerfoerdby

fh(0 -encif o/oitlr rsowrces, ability to 

pI()t, t Soodlings tV/ii/i livoock, and loci! 

or(ic( deroand Spocoios ouir as Agave 


r11 r,prm car;tn;; irid Prosopis juliflora 

lin( lood ti'irgI t, while ge/rorating 

</ .n,i/ic;,'i, 


fI ,ldJr wn (!l)ooojd sinoag.s are steadily 
:wr r-a.rinj a., production prograis become less 
,Ihe to cufe with increasing demand. Arr irportant 
reason for the slow rate of reforestation is lack of 
cooperation among rural people inplanting and 
protecting trees. Until recently, fLelwood supply
was tire responsibility of the state forest 
departments. Farmers never bothered to plant 
trees, as fuelwood was easily available from the 
forests. Moreover, the tree species promoted by 

tile forest depariment had slow growth rates and 
long gestation periods of 80-100 years. Farmers 
did not perceive any diioct, short-term benefits in 
plarling these tree species. Furthermore, under 
government regulations, farniers were not 
' irntted to f,;llthe Irees (own on their own land. 

t-he forest dcparilnrI'ts ,stahtished during
 
British ule k) Carry jut woodoextraction aid
 
ConserDation nieedod fturlhe gidarrCe to cop with 
tle chan iig S;tati(ll So ire serioLs problelns 
faced by the lorest officers were poor growtir of
traditional species on heavily eroded forest :arids. 
tbiotic interference beyond the tolerance limit, acd 
lack of concern arnd Cooperation ny local 
communities in prolcting the plarrtationw. There 
wa,; a nled for an immediate change in the forest 
development policies to ineet tie growing fireod; ot 
tile people, while fprotecting rerraiinirlg forests. Tins 
seriou:; concern led the (ov n ent to establih 
and implement a separnt social forestry proarlir 
in the field. 

Social Forestry Progrars 

For tire seventh National Five-Year Plan (1986.

90), the Government of India has earmarked a

budget oi Rs 45,450 millionr (US $ 3,636 million) for
 
forestry in which Rs 37,950 million (US $3,326.9
 
million) is for social forestry and As 7,500 million
 
(US S600 million) is for product:ol forestry, as
 
corn)ared to Rs 4,521.9 million (US S361.75
 
rmillion) spent during the sixth Five-Year Plan (1980
85), through both social forestry (US $ 281.5 
million) and production forestry (US $ 80.2 million) 
prograrns. While aiming to promote tree planting
through social forestry programs, it is necessary to 
make sure that tree planting will not in any way 
suppress food production. This is not difficult with 
the availability of 93.69 million ha of wastelands 
throughout the country. In addition to these 
wastelands, about 45 million ha of forest area are 
barren. 
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Although the govermen is avvare of its inability 
to develop and protect the plantations, many 
policymak'ers are opposed to parting with the 
ownership of these wasterands. Recently, however, 
several new schemes have been developed 
recently to lease those wastelands to poorer 
fariners on a usufruct basis. With that, many sr nail 
faamrrrs can soon ohtain part of the v'astelands to 
p:an trees. In addition to afforestation of 
vwlands, farmers can he motivated to initiate 
tim-,i forwstry on their miarginally productive fields, 
aurkihodors and t, yarts 

i he g v(sif i n, i, ruaor objective in protitoting 
1usr" pro rai )a . t n re that these farmers 
( d tll(0i101 c1 -if ;ild fiJ1Jlwood requiremenls 

huil thrimfle A l!d:iitiml, Ihi"Over, the schernes did 

1it 111,ct the lrilt ()Jinip Most of the small 

finnt,r were riawart ri liese schonles, although 


' tf(fred the li.,t I(i
orfodder ad fueLwo-r 
iritcm -they vorried nioin aL-out their daily 

,,V'(tioalrlig, of which more lht 80' v as spent 

1M hId, aP),Jt futire sn of fodder and
tmth oplirs 

11,,I fEn,'e, ta(lay, t ;y 1)no(:u , their fteh'oirodf free 

ifl isti r frc (;Omfimiiiiii~tw od lots or illicit 


('itirlln ii i)fi brn, Nri ' ;ilhri( l roads. 

,(n air t(itr is r i (J I,+.l Uiiic' sSAry 

1V;fnlo:-t f+ lttt will fr t ,ii 11iiW rr if [Hwry 


i l p ( (tillity i fI( r i i live.tock are 

ci to iii quh:irtis- aviilahle.
rriv ; (1ii r 

F tarrrForestry Schemtes 

!in ' fa ri-,r:; i) 'litt-J hy piarticipating in farm 
forestry p(,ojtmi; .Most 0f these were large-scale 
Ii..Ihtlen. who could reili,:e re ladvanfages of farm 
flra:sh y over oeri(ultraL rps aJ) hisciM lone. 
pra)( mr nwS fnirther oocs ted when wood-NInnserf 
inr:hi:jnres entered tIe. field toensure a support 
L h is i"- conitc t- 'l Ol e purchirise of weood as 
;v riterial for papctr pulp. arid plvood 
proli ti in. liefiw r' C'L"'J correctly assess the 
111i Ii et L(iity a t)ie p[ ((c2 ald fo iird that selling 
wood Is tinmfreri, oles, eind irduistrial raw matial 
W(illd etrsia. hi,-jhfer pric-s in a ready nnarkel !i, 
ci trast, )p2oplemecdirg fodder and fuelwood over 
a widely scattered areoa did riot have this 
puiahfisiitl power. In tIr abhserce of a market 
ifitrasctructre for forder arid fnILCwood, farmers witlh 
surplus produce ad to waste threse valuable 
commodities. Recognizing this problem, most 
f,.arrers shifted to marketable species, such as 
Eucalyplus and Casuaritia. Another important 
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reason for selecting such species was the problem 
of providing protection from livestock. It is almost 
impossible to prevent browsing when fodder 
species are cultivated in isolated plots. Control of 
stray animals in the field often creates tensions 
among various village groups. In such a situation, 
Eucalyptus and Casuarina can be managed easily, 
although these are browsed by sheep and goats in 
the absence of other forage. 

Feeling the pressUre from farmers to supply 
seedlings of commercial species, the social forestry 
department, of the state governments started 
raising these seedlings ior free distribution. This 
helped the departments reach their seedling 
distribution goal, but it did not directly promote the 
prod:iction of fodder and fuelwood. The 
profitability of this farm forestry was high, and most 
of the early adopters earned their fortunes through 
Eucalyptus culti',.ation. These farmers felt it more 
profitable to shift their farm forestry operations from 
degraded wastelands to fertile agricultural land 
where biomass vield could be increased seve;alfold 
in shorter time under good management with 
optimal use of inputs, such as fertilizer, irrigation, 
and protection. Farm forestry became a boon for 
tie absentee landlords to retain their ownership, as 
they did not have to depend on local managers 
who might claim owncrship un111der the prevailing 
tenancy act 

This style of fatra forestry development has 
become somewhat controversial among 
policymnakers. the public and social forestry 
departments were seriously criticized for deviating 
from their objectives. The major objections were 
that the program was decreasing food grain 
production and riot helping the local poor meet 
their fodder and fuel needs The allegations are rot 
totally true, arid social forestry officials are riot 
entirely to blaIne. However, these developments 
provide an excellent insight into the entire fodder 
and ftuelwood crisis ard the modifications required 
to motivate farmier , cultivale fodder and 
fuelwood species 

The conclusions are as follows: 

o 	 Although the severe scarcity of fodder and 
fuelwood affects small farmers in rural India, 



"'eydo not seriously consider producing 
these commodities on their farms until the 
alternative free supply is exhausted. 

oFormers like to grow trees mainly to earn 

moore money rather tlaln to miieet their 
household needs. 

o Farmers like to grow tie prodIuce tiat call )e
sold easily at a higher price. 

o Farmers need inirk etiog Nisk-up in terms of 
miniiumlli support prices arid assurance of a 
mxkiet for the (rrtire (gualilily plroduced 

"Oi (laiized commullily pri(rgiaii:; to coinlrol 
strly rain 'If(remled 

Ifthe alhove poil.; ;im gjiven (Ie coinsideration,
large scaie ;o(iAl I ,wie;tiy caIII he promoted to 
lierictil simi ale f,''iiiersll 

lncrez-sing the Profitability of MPTS 

Cultivation
 

True I)LImiitil i tl:;i(irrttil riof only to .;itl)l)ly
leder and lirelwo d, hut also to (jonerate 
,idilional emrnleCyrien thrhulr it the year. For a 
:a-uuiiul, lair-I trm program, activilies should be 
profihle to sust,'in the interest of the intended
hen1e1it:i;rie,.;. Thi.s jt ifies the need for developing
Jtr;ithie! to make tree plaiting l)roit:ihle. While 

there is lnuadditioIal oxdpeithiur involved in 

ad(o)ting a groforestry, form lorestry requires a
 

hi,
ale investmen not on(ly to carry out field 

operations but also to sslaintl 
 families uiitil their 
plltfation.s start geritrating inconre. The 

(jovernment has recotInized this by arranging bank 

loans at lower interest rates for simall tarmers. This 

onraliles them to use all the irecess'ury inputs to

iicre,.is the I)iiiia ss produhctiton. 

It if;lossible to iricrease profitl)il:,y by
impieving the growth rale of trees and yield
througfh improvedl agronomic prat:tices. It is 
generally believed that tree crops (to riotrequire
interculturing, irrigation and i anuring, as they are 
capable of obtaining nuntrients and water at greater

,;oil
depths. However,recent field trials
worldwide 
have proven the beneficial effects of these inputs, 

Water isa ciitical inputtat affects the 
establisiment and growth of trees. Bionrass yield 
can increase by 300-400% with regular irrigation in 
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dry areas. It may riot be possible to irrigate all 
plantations because of water scarcity or undulating 
topography. Ilisuch areas, innovative approachessuch as contour burildirg, soil mulching, use of 
water- retaining chemicals (polymers), and drip
irrigation can help conserve available moisture. 
Efforts czni also be made to tap availahle water 
resources through open wells, bore wells, liftirrigation schemes, and by plugging gullies. In 
most areas, itshould be possi)le to carry out 
watershxd surveys and store the rainwater in
ponds. Water collected insuch ponds may riot 
remain until the end of suMMer, but can provide at 
least 3 or 4 irrigations and significaanlly rcduce the 
effects of dry spells. However, this tecliCiiue can
be practiced only when all farmers owning land in a 
watershed unite to develop their area. 

Most wastelaiids have poor soil fertility,
and 
plants re.sfpond well to the applicalion of fertilizers. 
Analysis of the soil for plI dlii acro- and iricro
nutrients would help in schedulin( fertilizer
 
application.
 

Selection of Suitable Tree Species 

The key factor contriblutiig to the success of
 
afforestation is the selection of suitable tree
 
species. The (SlablislIienIt, survival, growth,
 
ability to withstand adverse condilions and
browsing, yield arid mnarket value for the produce
 
are some important factors reated to species that
 
affect profitability.
 

Snmall farmers inIndia do riot have the ability to
 
invest in long-term projects. In the absence of
 
wage-earning opportunities, poor farmers harvest

immature grain to avoid starvation. Such faririlics
 
prefer to plant short-duration trees.
 

The selection of tree species also depends oil 
the demand for tree products. Naturally, farirers
like to select species that bring thern more revenue. 
The wide choice of available species produce
fodder, fuelwood, poles, edible and non-edible oils, 
raw material for pesticides and medicines, fruils, 
nuts and vegetables, honey,lac, guru, silk, timber 
for general construction, handicraft wood,and raw 
material for a variety of wood-based industries. In 
a given situation, farmers should receive help in 
identifying all
species that can adapt to the local
agroclimatic conditions. The next step would be to 
prepare a short list of these species based on the 
demand and market valJe for the produce. 



Farmers often make mistakes in analyzing the 
long-term demand and supply for wood products. 
In Gujarat State, farmers started cultivating 
Eucalyptus in anticipation of selling poles 5-6 years 
ago, when Eucalyptus poies of 8-10 rn length and 
15 cm diameter sold in the local market for Rs 90 
(US $7.20) each. This raised high hopes and many 
farmers planted Eucalyptus. But now the prices 
have fallen to Rs 20 (US $1.60) per pole, well before 
these trees are ready for harvest. Planting for 
pulpwood would have been more profitable. 

Further selection of species can be based on 
capital requirements and a farmer's ability to invest 
that amount. Other aspects, such as biotic 
interference and ability of farmers to provide 
protection, should also be considered before 
making the final selection, 

It has been observed that small farmers like to 
maintain a few plants of different species that can 
provide income at different times, whereas large 
farmers prefer large-scale plantations of few 
species. Small farmers, who generally have surplus 
manpower in their households, can intensively 
cultivate a variety of species, which demand labor 
on different occasions. This would help generate 
additional employment and increased income, 
Small families can also sell produce directly in 
local markets at higher prices. Such operations 
would be expensive for the large-holders, as they 
have to employ outside labor at higher wages. 

Before establishing a plantation, it is also 
necessary to ensure that the species selected do 
not harm crop production on neighboring farms. 
Farmers often complain that trees affect crops 
adversely through moisture stress, shading, and 
obstruction in agricultural operations due to the 
spreading of roots. When rich farmers take up farm 
forestry, neighboring poor frmers are often too 
afraid to complain. But when poor farmers plant 
trees, rich neighbors start complaining even before 
they observe any stress on their crops. Poor 
farmers need to select the species carefully to 
avoid any later resistance. 

Another way to ensure safety of the trees is to 
promote block plantations, where all the farmers 
owning land in a block of 50-100 ha of degraded or 
poor soils are persuaded to plant trees, Irrespective 
of their income status. Under such situations, the 
poor farmers will have access to all the Improved 
techniques available to the eite farmers. These 

farmers can jointly organize and protect the 
plantation for the community at a lower cost. In 
such situations, it should be possible to select more 
profitable tree species, even those prone to 
browsing. 

Marketing Infrastructure 

As profitability is directly linked to marketing, a 
program cannot succeed without selting up a 
suitable infrastructure for marketing the produce. 
Fuelwood disposal is a big problem in rural areas, 
even though the national surveys report a widening 
gap between the demand and suppy. In the 
absence of organized selling arrangements, 
farmers must depend on middlemen known for 
exploitation. Marketing networks would help 
reduce the cost of handling, transportation, and 
storage as the produce can be dispatched directly 
to the consumers from production site. 

Introduction of post-harvest processing 
techniques in villages can contribute to the value of 
products before selling. This arrangement provides 
additional employment opportunities for people, 
low overhead cost of establishment, and reduction 
in the handling loss of the raw material, which helps 
ensure higher profit margins. 

Above all, a marketing infrastructure can 
increase the confidence of farmers about the 
salability of their produce at a remunerative price. 
This setup caa also take up input distribution 
services and motivate the farmers to plant trees on 
a larger scale. In addition to the government 
departments, several voluntary agencies are 
presently engaged in the promotion of tree 
planting. Some of these agencies can be entiusted 
with the responsibilities of training, motivation, 
supplying input, developing nurseries, and 
organizing marketing to strengthen the program. 

With an initial Increase In profitability, small 
farmers are motivated to work hard and make 
efficient use of the time of all family members. At 
this stage, they may find it better to use thr, 
fuelwood and fodder grown on their own farms 
than to waste their time and energy In collecting 
these materials elsewhere. Moreover, it is the 
women of only the poorer families who gather 
fuelwood free of cost. Poor farmers would prefer to 
end this hardship faced by their wcrnen as soon as 
possible. 
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A similar trend was observed in the cattle 
development program undertaken by The Bharatiya
Agro-lndustries Foundation in India. Farmers 
wanted to sell most of the milk they produced,
while policyrnakers wanted this milk to be 

consumed by the farm families. The farmers

initially sold most of the milk, but they started 
retaining enough for home consumption as soon as
tie anxieiy of collecting more money subsided, 
The same logic applies to farmers taking up tree 
planting in rural areas. 

Suitable Species for Small Farmers 

Tree planting on private lands by farmers to 
gtnerate additional employment arid income is a
fairly new concept in India. Inearlier years, farmers 
established fruit orchards under assured irrigation,
Deliberate planting and cultivation of multipurpose 
trees as an economic activity was restricted to verytew species. 

Cultivation of Sesania sesban on tile 
:;(uJarcane field bulnds is an old tradition in t'ie 
south arid central parts of India. Farmers sow the 
seeds whiie planting sugarcane and maintain them 
for three years. During this period, farmers 
regularly lop the side branches for fodder arid 
finally harvest the main trunk for fuel. Its foliage is a 
pOpular livestock fodder, and there isgood
derm,,d for this fodder in the towns, parlicularly by
goat and buffalo owners. The only disadvantage of 
this species isthat the plants lose vigor if the 
foliage is harvested continuously for more than 1or' years. The burning cluality of the wood is 
srtislactory. However, this species is confined to 
irr inaeJ a 'eas. 

Thresposia populnea (Portia) is another tree 

growr if) lurriid regions, particLilarly on paddy field 

burids in central India. The growth rate of this 

species can be enhanced by regular pollarding
Portia foliage makes a good fodder, but it is more 

profitable to allow these shoots to grow as straight 

poles that can be harvested inabout 3 years.

Olher species grown by the farmers in humid areas 

are Dendrocalamus strictus (male bamboo), Albizia 

procera (white sints), Erythrina indica (Coral tree),
Derris indica (Pongamia), and Melia azedarach for
various purposes, especially household needs. 

In dry areas, species like Acacia leucophloea,
Acacia nilotica var. indica, Acacia nilotica var. 
cupressiformis, Acacia senegal, Ailanthus excelsa, 

Azadirachta indica, Pithecellobium dulce, and 
Prosopis cineraria grow naturally on the field bunds 
and uncultivated areas. 

In addition to the above species, farmers in 
certain areas plant small numbers of trees like
Alhizia lebbek, Dalbergia sissoo, Tectona grandis,
and Terminalia aljuna in their backyards to 
generate additional income. Food species like 
Artocarpus heterophyllus, Emblica officinalis,

Mangifera indica, Moringa oleifera, Syzygium
 
cumini, and Tamarindus indica are also planted intheir backyards for home consumption and sale in 
local markets. These trec, also serve as cash reserves for poor farmers, who sell the wood as 
timber for meeting family obligations. Such tree
 
planting programs by farmers had been low key

until the goverrment introduced the concept of
 
social forestry in 1951. 

At that stage, the forest departments promoted 
the large-scale cultivation of several other species,
such as Eucalyptus hybrids and Casuarina 
equisetifolia. F-rn forestry was undertaken on 
degraded lands to rileet the growing demands for 
pole timber and pulpwood. Because these species
need a regular source of moisture for straight
growth arid higher biomass production, cultivation
 
could riot be extended to large areas. For dry
 
areas, species like Acacia tortilis, Cassia siamea,
Parkinsonia aculeata, arid Prosopisjulif/ora have
 
been recommended, as these species are drought

resistant arid not browsed by livestock. 

In the late 1950s, the Department of Agriculture

started promoting Gliricidiasepium as a green
 
manure crop in heavy raiiifall areas. This species
 
has been included in the social forestry program as
 a fodder and fuelwood species. Gliricidia looks
 
tender, but trials inKarnataka and Maharashtra
 
states have proved its ability to withstand severe 
drought conditions. When this species isintroduced into a new area, livestock initially do not
browse its unfamiliar foliage and trees grow without 
any interference. Some of the wood based
industries in northern India have promoted the 
cultivation of Poplars (Populus euphratica) in an 
agroforestry system, with an arrangement for 
buying wood at a oeasonable price. This scheme is
becoming popular among farmers, as the trees do 
not interfere with crop production and a fair market
price is assured. 



not interfere with crop production and a fair market 

price is assured. 


Leucaena letcocephaia is a recent introduction 
in India, although the Hawaiian type has long 
existed in some pars of the country. During the 
past 10 years, Leucaena has been planted 
extensively under social forestry programs in most 
s11tes with an encouraging response. Currently, 
1u1ny exotic species are being screened for 
suitability under various agroclimatic conditions in 
India. Some worth mentioning are Acacia 
man,"um, Albizia falcataria, Calliandra calothyrsus, 
arid Leucaena diver'sifolia. Furiher trials are 
needed before these species can be prornoted 
under social forestty programs. 

All the species listed above are not necessarily 
ideal for small farners It also is not necessarily 
true that farmers select these species to maximize 
their earnings Except for large-scale farn forestry 
operations, most farmers grow these trees for 
.specific benefits instead of selecting species with 
hirlher returns The time has now come to 
determine the direct and indirect beriefits of 
dilferent species so farmers can select the best 
oies for their soc ioeconomic needs. 

Table 1. Seoectioo of tre3 species for small farmers, 

Rainfall for which brow.rng 

range can be prevented 

200-400 mm Acacia nilotica 

var. cupressiformis 

Azadirachta indica 

400-800 mm Azadirachfa indica 

Acacia nilotica 

var. cupressiformis 

800-1200 mm Leucaena leucocephala 

Albizia
lebbek 

Moringa oleifera 

1200 mm 3nd Leucaena loucocephala 
above ,'.felia azedarach 

Dalbergiasissoo 

Cendrocalamusstrictus 

6[l 

Evaluation of Irnpcrtant MPTS Suitable 
for Small Farmers 

Keeping in view the present marketing 
infrastructure, demand for produce, farmers' 
household requirements, and agroclimatic 
conditions, lhe cultivation of some of the species 
presented in Table 1could profit small farmers. 

Commonly known as Ramkanli babul, Acacia 
nilotica var. cupressiformis grows erect and 
reaches 25 m in height with a slightly crooked trunk 
of 30 cm in diameter. This species is ideally suited 
for dry. areas with annual rainfalls of 200-400 mm 
and a long dry season. The species, being less 
thorny, can be managed easily in agroforesry and 
farm forestry systems. Except for goats, livestock 
generally do not browse the plants. Saplings start 
branching soon after planting. Branches grow 
straight, almost parallel to the main trunk, arid close 
to each other. As goats cannot approach the 
branches in the central portion, growth is generally 
not affected even after browsing. Its wood is 
heavy, strong, and commands a good price as 
timber for general construction arid farm 
implements. The annual biomass increment cart 
reach 10-12 m3 per ha when planted at closer 
spacings. 

Species 

for which control of 

browsing is difficult 

Acacia nilotica 

var. cupressiformis 

Cassia siamea 

Cassia siamoa 

Denis indica 

Deris indica 

Casuarina 

equisetifolia 

Eucalyptus hybrid 



Commonly known ;s neem, .4zadirachtaindite 
is one of the most popular plants in India. Neern 
tolerates severe drought and a variety of soils,
including alkaline, shallow, and gravelly land. The 
annual biomass increment can reach 10 m3 with 
adequate moisture. The wood is hard, durable, andmakes good timber. Farmers usually lop the side 
branches of trees grown on field bunds every year
to reduce shading on field crops, using the 
loppings for fodder a;'d fuel. 

The bitter compounds present in neem seeds 
have in,;ecticical and bactericidal propertics.Recent research recommends the use of neern oil 
and neem cake for controlling certain pests and 
diseases of several important crorps including rice,
cotton, fruits, and vegetables, Use of neem 

products as pesticides can reduce the cost of 

insect control. In India, neein oil is presently used 
for making soaps and brings Rs 11-12 (US $ 1.0) 
per liter, 

Neem trees can be established easily on 

wastelands if a 
spacing of 4 x 4 rn to maintain 625 
trees per ha. The trees mature !n 6 to 8 years and 
yield an average 30-40 kg seeds every year. / the 
currant price, the gross annual income from seedsalone is Rs 12,500 (US $ 1,000) per ha, almost a
fivefold increase over the income from food crops 
grown in drought prone areas, Thus, neern can 
generate more employment, income and protect
the environment by reducing the use of pesticides. 

It has also been reported that mixing urea with 
neem cake (10%) can reduce the activities ol 

nitrifying bacteria in the soil and help reduce 

fertilizer use and cosls by about 25-30% This 

species can be use-d to establish both farm forestryand agroforestry systems by small farmers. People 
are sloWy beginning to understand and appreciate

the direct and indirect benefits of neem. It will be a 

popular tree in social forestry programs. 


Cassia siamena (Kassod) is a beautiful evergreen
flowering tree that is drought tolerant and adapted
to awide range of soils. Being a non-browsed 
species, it can be planted in scattered fields in 
drought prone areas under agroforestry as ,,ell asfarm forestry systems. The annual biomass 
irr'ement may reach 15 M3 . Its wood is hard and 
useful as timber and fuelwood. 

Derris indica (Pongamia) is a native species, 
deciduous or evergreen. The tree grows fast and 

reaches 12 n, in height with a crooked, branchy
trunk. It prefers humid conditions but withstands 
long drought periods. The annual biomass 
increment may reach 15 m3 per ha. Its wood can 
be used for furniture, carving, timber, and fLJel, 

Derris seeds contain an oil usable for leather 
dressing, soap making, lubrication, and varnish 
production. Its oil and cake have pesticidal
properties. Livestock generally do riot browse the 
foliage. The species aiso can be established inagroforestry systems in agricultural fields. 

Leucaena leucocephalais a fast-growing tree 
species useful for fodder, fuel, pole timber, and 
pulpwood production. These trees prefer humid 
conditions, but can tolerate semi-arid conditions. 
Protection from livestock damage is the major
problem, particularly during the first year.
Fortunately, Leucaena has not yet been attacked 
by psyltids in India. The annual biomass increment 
can reach 50 in3 per ha with adequate moisturesupply. Leucaena is ideally suited for small fai mers 
in agroforestry. Paper mills have offered to pay Rs
6L0 (US$50)/t wet wood (minimum diameter 6 cm) 
as compared to Rs 450/t for Eucalyptus wood. 

Commonly known as Siris in India, Albizia
lebbek is a popular timber tree that can be grown in 
semi-arid areas with an annual rainfall of 500-2,000 
mm in farm forestry and agroforestry systems. This 
species prefers well drained and deep soils. 
Annual biomass increment ranges from 3 to 8 M3 ,depending on planting density. Side branches can 
be lopped for feeding livestock, allowing the main 
trunk to grow straight. Saplings require protection 
from livestock during the first two years. 

Moringa oleifera (drumstick) is a popular

vegetable throughout India. It is an ideal species

for agroforestry in areas where moisture supply Is
 
adequate. Trees can be established easily by 
planting poles. Fruiting starts within 2 or 3 years.Pods cornmand a good price. One tree can 
generate Rs 60-80 (US $5) each year. Tender 
foliage and flowers are also used as vegetables. Its 
wood Is light and burns fast. 

Casuarina equisetifolia is a fuelwood and pole
timber species that grows mostly In the southern 
part of the country and in coastal areas. It requires 
deep sandy soil with an adequate moisture supply.Except for goats, its foliage Is not browsed by 

62 



Table 2. Methods of propagation and products ofspecies used as living fences. 

Method of 
Species Common Names Propagation 

Acacia r-gata Shik ckai Seed 
Agave sisalana Sisal agave Bulbet 

4gave vera-cr, Agave Bulbet 

Caesal)inia Molucca bean, 
 Seed 


crista Sagargotha
 
Caesalpinia Chillar 
 Seed 

decapetal,
 

Erthrina Coral tree 
 Seed, cuttings 

sutbrosa 

E.pt)crta spp 
 Kalli, Thor Stem cuttings 

J1trCphacalcus Jatropna/ Stem cuttings 


Mogali-erand
 
laotanacarara Lantana Seed, root and 


stem cuttings 
P Inar lus Kewda Stem cuttings 

odorjissius
 
Prc nsona Horse bean Seed 


,aculeata
 
F; :rws Viiayati, Seed 


juidlori Babul
 

Table 3. Adaptability of living fence species to various soils 

SoilType 

Species Humid Saline Alkaline Dry 

Acacia rugata Vg Av Pr Av 
Agave sisalana G Av G G 
Agave vera-cruz G Av G G 

Caesalpinia
 
crista Vg Av Av Pr 


Caesalpinia 
decaptela Vg Av Vg Av 

Erythrina
 
suberosa Vg Pr Av 
 Pr 

Euphorbia spp. Vg Av G Av 
Jatropha carcus G Av G Av 
Li-tana camara Vg G V9 G 

Pandan,.z
 

odoratissimus Vg Av Av Pr 

Parkirsonia 
acult, ai G G Vg G 

Prosopis 
juliflora G Vg Vg G 

Vg = very good, G = good, Av = average, Pr pojor.
 

Source: Hegde, 1987. 63
 

Products 

Detergent 

Fiber 

Fiber 

Medicine 

Biomass 

Fodder, 

Biomass 
Latex 

Oil 

Biomass 

Fowers 

Biomass 

Biomass 

Gravelly Sandy 

Av G 

G G 

G G 

Av G 

Av G 

Av V9 

G G 

G G 

G G 

Pr G 

G Av 

G G 



liv(t)ock ft is (Joe, I f r t1iutIii o fowretry iin(lin for 

iijrofores ry syst(r l 


The Eucalypt, lithi ii, tife i(rot widiy lrown 
f ilril forestry fociii, inh tf),i,I.i, m11stA 
pllitaltioe, are (¢vlwcd hy ri l Illlw;i; It i,not 
.,.,I ;;Ibt'di., ijqio Di.i'-,Ir, ol i~ttti hrids or in 
fitile field' I-Ioiwevir, )ii c,diw ;itd ,lkctine 

{tetclirdw; v werell1ulire s ilg!il Ite, 
Vou( llyplwi> cuxIn !r(tlli'.,ihl to n :ah(iim ,ois mllI 
(tilerrat ddilio(lnA itiunie., [isClypts w(oxInis 
xii urn;i klft.,tin the' liftiwi ;Hl pofJwiw od 

titir < .ive:,t (:i: (pnri11,1 do it(t browse tire 
fr.i,iq 

AS u.,t a, i. c :c(u~ i i :i p(opukltr Nee irl 
llif, .(1trI ii I itti)t its )thl11ii Itftu "W. 

1,lif:-1) s;to , v 14httI w lun il c; t e6 ill t 
-!I;.I i icrin ieti t IIrrc 1 t-;Try ) i IIs c fillI it 

,fntIIkItII t I , l ii ' .I-I it) r its floli jie 
i,i i)r i It ;1ftit m l itstp, f to lv-

C i yi I,i vii ri lc;h: J iiiii , ti/ rjar[ si<;ssoo 
fis It. t witri ireellet tim er, arid side 

ilci~ ( Ii I-i ice) at fur feediig :vesto(k It 
1, lirt- (icc) loairy soil ,indtatequale iroi.,ure ti 
, r+.,' will 

Decuwi oc. !<mis S;tiictus (triale? b'rrunoo) is a 
l lir species in hinid regions, but farmers
 

ritly plint large areas with it. It grows well on
 
,till tiin(i!, Frees begin produ,-ing iccome in the
 
:ifllh ye,;r
 

tther species 

uii /t is aitn tfier (rOiiqi(Jt resistant 
. ;ovrt in dry areas of nortlherni India
 

-if;c ii i tow, 1)t . l (tlrn ldj)iot ed frrtif
yield 0 

tlir, lirc With t1l,il(;',lo u (nicthte necessary
 
, i,; tit'tl~rfoi (j m (jii tifictior;i iict Jroc(,ssin l.
 
,, i l nu (,,l I 1i )o; (? (o ire a reiqlalir sO urce
 
, ui pitH,thcrcIni ftriirr; 

, i<t ii()r, c~c~uh o, is riui r icipuortimt species, 
"It;I tt t ',Ilk ifitltry In the absence of/ u;;Ii 

f;, 11Wl; fly icfi;itl(ullre, li ovvr. Imr r s are 
imlith( to h icl- ()f ii; -pei(ICI(tv:int1 S 

Plantation Protection 

rriviJitr fprotection flion listIjc4A c is a major 
lrci lerri. Sfiiclll farmers c wii )ti fford to spend 
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money on fencing their felds. To overcome this 
problen, parlicularly tinder tarin forestry systems, 
establishment of live hedges isbeing prorioted in 
rutal areas; Before pantirng such hedges, a trench 
1 n wide an 7.5 cl deep is clog along the 
boundary, and the soil Is used to build a onutnd 
alonj thle ininer side of tlhe trench to prevent 
livestock from crossing the boundary The hedge 
plants are grown on the nroijrtd where loose soil 
facilitates etlter (.chthlisioent. 

While a wide rarile of oi; is> rvr.iltble for 
estahlisiitg hedles, intcore jenleratioti shiould be 
a c(itsidle ioti tire A list of species,itt ;?lectiri 

their ,t;itahhillty, auu use>, are given inTables 2 
;lnl 3. Siioo '; s icli as A!; ve Jatop/Ali-ic 
Cit('15, ofid Pr.- (u/)ois julth ,ri ire slc etrior l)(:atiSe 
of Itiir rcjec tie i:urlriljutinti arnd>of filor, oil. 
bio alilss 

Riftinn s 

IL(gde, N G 19i7 HandbooA of wastulands development. 
Pune, India: BAIF. 



A New Farming System--Crop/Paulownia Intercropping 

Zhu Zhaohua 

Chinese Acaideny of Forestry
 
Wanshoushrn, Beijing, China
 

Intercroppingof PaUtlownia elongaa trees with 
agriculttralcrops is being adoptod by an 
mcreasirig ,,mbotr of lalnrs in ifitplaiisof North 
China, Theto ae otw over 1.5 million ha of 
faftlrm/ sin , P,it) u;''ia iottelot/i),ri11q .ystem . 
About 500 lowoh, sta iir tf' in thiis region 
(0001l( o)ca/ -, ith an a ,uut/ tim!ber growth 

f ,niln nm d la,ath of I7 t/ hoo 10.1B 
y;(1 1 '-. .1).nn, rod 7';.;() Io t0orw.O 

'?. i'--tn a., ii o l; of litl oq)In This 
, [ ([jlj,'t ]' p) / '~ / ()0: 

, of t S . , /, ,! It/ru!,nt ,iu :; 

,1 , f , / '. 'nthe ! r01 
::m ,(/ ., l ;!!.{ ;:.GI , I,,,r,;) ,: ,) )'/ , o(f 

/y~m f t rh c>hlw Pf(i,, 

11Int tli Ch'I' ii I t, l r 1'litl f fthe 
Ht irrflr"1h (Y''hr,)A iil, I lli (!i.', rlh, Th 
ClIMI,10 11.;dIry b t,,- r OC1 (1 l d ( U ly JLIIht 

]ht. sniny ,,n;n;' 'nft(!ii rllid JlJuh to miI-

S(.nl.t:i ://[)(O to to inflmrrric of the rnowioori 
,,iJds fr,)it Ealst Asia It isJ (ry aid extrenely cnol( 

in . of the winds trom Siberia and thecitr scau.;e 
t'.lru!,iau Plateau Mean aLnnual rainfall is 500-900 
Timii. icreasing( gridtiilly from the northwest to the 
sotrtlroast. Almost 80% of the rain falls duriig the 

wet'esa, The soil in tIbis area is alluvial and 

mucih 0) it is quite poor. It is sandy, saline, and 
all-alire. Before liberation, the people led a very 

poor life (fLe tO seriouis natural calanities, mainly 
sari.oriMs, droughts alld floods. From May to 

Jire, a hot and dry wiind often blows with speeds 
over 3 /sec.,lemperatures over 300 ,. and a 
relative hlimidity of less than 30% This is quite 
harrIfUl Ic agrictiltural crops, especially wheat (the 
irain crop of the area), and 20-40% of the 

pro.(J 7tion is olen lost. Both timber and tirewood 
for farmers are quite scarce in this area of mcre 
than 300 million people 

In the early 1060s, an interesting phenomenon 
was observed by farrvrers in Lankao County, Henan 
Province. Farlownia elongata trees scattered in 
the fields did not reduce crop yields markedly and 

appcarod to minimize damage from sandstorms 

and soil erosion. The phenomenon then caught the 
attention of the local govern ment an(d foresters, al 
sone small scale plantations were established. On 

tihe basis of fariiers,' exl;{srie ces, sy:tematic 
research was coiiducte(,ii (exerimental fields, 
arid reseairch sIiplrf w, : i ei'OItt fioir the 

lternational Developimtert Reiar;i h Centre (IDRC) 
of Canada. At preser,' thr are 1 5 millioii ha of 

ilalIIIllnu iritel i Whatcroppe(J with Pi otlewiiai 
follows lhiiefly iiitroduaC.n the nini rese'lh res ults 
and th:, e;tension nie1llrxls u;(d to iraJe possib)le 
thelrapid (evenlopiillrt of the finriir1l ,y!nteli ii this 
reglio n. 

Major Research Contents and 
Objectives 

Research luil:; c(orlei(, i/ itd oil (Jel(;llllriln 

optimium sf)iciil( anid nimlia(Jenlle tllIethods. In 
spacing trials (5 x 6 m, 5 x 10 i, 5 x 20 m, 5 x 30 
6 x 30 iT, 5 x 40 ni, ant 5 x 50 Ili), the biomass and 
yield of tiremain crops (wheat, colton, maize, 
sweet potato, and tea) and imicroclimate changes 
in the fields have been measured, arid econonmc 
analyses have been completed. Most experiments 
have been conducted on plains along Ite old 
course or the Huanghe River in Minquan County, 
Henan Province and in Dangshan Counly, Anhui 

Province. Paulownia/tea intercropping research 
took place in Tongling City, a hilly area in the lower 
reaches of the Yangtse River. 

Paulownia as an Intercropping Species 

Paulownia elo)ngata is a deep-rooting species. 

In sandy arid other soils, an average of 76% of the 
absorbing root system is at a depth cf 40-100 cm. 
Only 12% is in the cultivated layer,of 0-40 cm where 
the root systems of major f- - - are pr:oarily 
distributed. Therefore, con pcrfio,, - 3ter and 
fertilizer between the tees and food crops is minor. 
Water in the deeper layer, as well as fertilizers 
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iroved int) tlhedeeper Ly, 's rn b;Lsf2 u rjir- by 
lho roots of Pauluwnia lro; Iltitdry .ca a;r, 
Piul'('.,rit cA t)lCan i I) rHt jn surr/f v',tir iull tih
(etper layers '11i frHlilrily Illi4flr i)ytr;r(';upir~f~I r. 

ene(ffircial for qiro .,',qlf I ,rr s 

tre ctown', )f 'lm',i .'s;))' oOfs , 
PiaI o :, ;sll l I, tI', ,-r,'f nid ;nrsh iqll (:itl 
,tstiiroo(iJ u, rsf'thstsnthr~tjr'h los 

(Ov)v~rwof 7 
is Hf) ,I'i:; . 

kiqmhrt~t 1 
li/ ,ll~i) ;IH 

i.. is i 

11.t 1,liitl t 
t 

r

Si (p1' 

1s1 S hi' w 

hlh o 

I,i!fr 

rd f-ydii (iJil irf. I (!saei 'll ll((inwr 
.arl,irst 'I ) .i(]trr f~ifnii l i((tr 

Hi, ,i.the hr irching angle of 
,sh~'ft'.> ~'ri r~'iy;irslly 

h ird
Ip ',() rifl(oriiil 

[i
ll lilif,L k: r1 1','irjtI r rlirulrrjr 
, i :,0 ,'11 ,; irtlr 01,1 of 

, ;,),tld /l,",i i r lrlrrn 
/>m 1" 110, ,,i,if 

,s A. ,OllJl l.u i ,: mf( ,1(1 
afs, (rI n l. t'of 'lis;i, t(i20t 

Poplar ),ilrrfl,,s fh)r lh: dfffrlition 
i'ifr r 

ftl,hif rfr iily( r,f,, 
pI5(i' kit w hr irio:, 

ia 
(u p;. urA Iifh ilt(ilii(f) 

e'lly Ireroin rstJsJ 

ith() limirrsi .pcies 
'irs ',lrhof s5irrlrer 

,realtI r(hif I.; Seedlinrgs 

Microclirnate Changes under
 
Intercropping
 

When fiel(H aeiti(, prriull(J with Patllowilia,
 
cil.r.igr
js brugho t it;!i tuf r,ji r(,hurl i(liiy,' 


wil(1 vlucily. arlJ (v'aolri,,nspiraiion are qeeri,

favorafhe to fo(,sf 
crops For exarirple, 
('fl ,lxlris'i'; ilvtiJe betweent( iin inltercrol)ped i('!(J
;lif(Ia COfutfol plt show tlhatir((rcror; ing car
 

uf(uce wis(i VelrCithy) 21 52'%, and reduce
 
(rouHnd ewva )ralion (surface walt ) by 917'U, d iuj.

the day and 4.3, illNight The mioidure couiii (i
 
ltlosoil tioir 0-50 cii is 19.4% fhgl er than that of
 
t ll rO aid. Inltercopping 1lso influences
 
temperature. Illt ateir tlLu,wirter, and early 
spring to wind velocity is reduced by the
 
resilanrce of tree branches. 
As a resuilt, the
 
tc,rperature i.'
0 2 1 C higler tlhln the co ltrol land. 
II suinilrier, the tfsi' pertitlrf inrlhe irtilrcropped
lanJ is rediiceod by O21.2(C dur;:ig lhe day. Tire 
trees car thus help protect crops aglainst iiiitutiAl 
disasters such tsdrought, wind, sadsltorir, (ry
arnd hol winis, and early arid late frosts. Clhan-js
in the hydrological b la c also are favora)le to 
crops. Whfoer evapotrrispirafiOrt was measured fby 
5 methods, lotal eva)otraFispiration of Ilhe conrol
land was evidently higher than that of the 
intercroppod land (Table 1). Inltercropping thus 
reduced the consumption of water in the field. 

Table 1. E,'apotranspiration inmm/day in inteicropped and conlol plots. 

Age Spacing EBBR P-M B-R D-P Pn
 

May 23 3 5x 6m
 
Control 
 5.19 7.47 796 7.89 10.05Intercrop 3.19 5.19 5.I 5.76 7.47 

May 21 3 5xiom
 
Control 
 551 6.05 7.59 7.26 9.38Intercrop 4.42 606 6.73 6.04 8.35 

March 31 11 5x30m 
Control 5.11 7.07 6.02 7.48 7.79Intercrop 
 4.85 689 5.72 6.79 7.19 

EBBR -energy balance, PM = Pennan-Morteith, BR ':Brown-Rosenberg, ,n = Penman, 
DP = Doorenbos-Prait 
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As trees age and planting density increases, 
however, radiation declines in intercropped fields, 
The average solai idiojiun in a field with 6-year-old 
trees planted at a density of 5 x 10 in was only 
45.7 of the control. For lields with 11-year-old 
tr,s piLtI,-d at a Slouirg of 5 x 30 in, average 
iudi,,tion The horizontalvlas 80 6', of the control 


,i:,trit
ion of solar radiation differs greatly, with 

(r(L; neorIte tee rows receiving only about hall 

t1 radiatiion of crops in the middle of tree rows 

pla tcd at a 6 x 30 II spacing. This horizontal
 
,fiitrih) lin of solar radiation is closely associated 

,,,il
the 	h,rizontal distribution oi crop yield. Thus, 
l orit'itobtairillg the greatest economic benefit 

tll!0,,U11 JLIJlirig arid SilvkiCltural Mr,1sures that 
uflect .solar radaHtioll int,1ity. 

Economic Effects of Intercropping 

ll,-lllan sulnler [iLrvest crop inthis region is 
vwle:il. Mraorous Itidies indicate that at tree 
er , ,~l Irrof 5 x Ii to 5 ):40 tmwith a rotation of 
I0years, ti10 wheat yield COuld be 6-23% higher

t!ter If~oicoartrol Out 'tgreater tree densities, solar 

titrL!(i Isr,t :;,ffiCior1t, especially for the late 
of Vi,.gru!!: eal, ard yields decrease 

cc,o 	 mlngsrpondingly. At D[mq Experimental 
Stalt r, whu;it yil(ds dropped infields with 4-year-
old F-rrlowniu trees spaced at 5 x 6 m arid 5 x 10 rn 
(I ile :). 

iI,', 	inittir sunimer-sown crops inthis region are 
., Sincecotton, soybean and sweet potato. 

yeliny pfcipitatiorr is conceitrated during the 
010vin -ew on for flhese crops, those in 
tintorcmtppe(drields have a stronger need for solar 
r hi:ioen than dos wheat. According to the 
rept fIrom He 'e Prefeclure of Shandong 
Ploitct, 8-year-old trees (average dbh 29.8 cm 
, In hight) ;imecedl 1 1 :in I at 6 x 25, 5 x 30, 5 x 40, 
e , rld x Ct tri, r(dLced yields of sweet 
p'rIti p ,aaut, maize, soybean and cotton by 37 6, 
3? 2' and 11.5.'27.7, , respeclively, below the 
conlrl l 

Cottorn yields sh(owed no signilicant differences 
wi er the intercropped trees were less thtan 5 years 
Old. B3ut when U e density increased, apparent 
dilferer ces occurred (Table 3). For 3-year-old 
Pauiowria trees planited at 5 x 6 m, the yield of 
cotton was about normal,wilh little decrease. 
Wilrc the trees are 4 years old, the yield of cotton 
was merely 13.8% of the normal yield. At a density 
of 5 x 10 11,cotton yields decreased by about 20%. 

At a density of 5 x 20 m, studies indicate that yields 
should exceed more than 90% of the control. 

The effect of intercropping on yield is intimately 
related to the levels of farmland management and 
soil improvement. In tire 1950s and 1960s, when 
sandstorms were not effectively controlled, crop 
damage inthe region was rather serious. The local 
farmers know that oii such land crops would yield 
nothing without being protected by trees. 

If farmers do riot want crop yields on 
intercropped fields to be lower than yields or non
intercropped fields, trees should t)espaced no 
closer than 5 x 20 mifor the first 6-7 years. After 
that time, trees should be thinned to a spacing of 5 
x 40 m. New rows of trees should be planteo to 
replace those inthinned rows. When the newly 
planted trees reach 4 or 5 years of age, the 
remaining 10 arid 11-year-old trees could be 
harvested. This is considered the optimnum 
intercropping pattern ifagricultural production is 
th. 	 main objective. 

Economic Effects of Paulownia 

Under intercropping, intensive management of 
the agricultural crops inevitably creates better 
growing conditions for Paulownia than is found ina 
pure Paulownia forest. Under intercropped 
conditions, 10-year-old trees reach a mean 
diameter of about 35-40 cm arid a volume of 0.4-0.5 
3
 m ,with the better ones reaching up to 1.5 m 3. If 

60 trees are planted per ha, 25-30 m3 of timber will 
be produced in10 years. This volurne will be worth 
8,750-10,500 Yuan RMB (US$1 = 3.7 RMB yuan), 
and the income from timber is an average of 900 
Yuan/ha/year. This represents a significant 
increase in income arid an improved living standard 
for people. Paulownia timber alone generates 15
25% of the eccnornic income by unit area. At 
present, about 500 million Paulownia trees are 
growing on the North China Plain (most are young). 
It is estimated that they can provide local farmers 
over 5 million m3 tiriber, which will alleviate the 
critical timber shortage inthe region. 

The whole Paulownia tree is valuable. Besides 
timber, branches, leaves aid flowers can be used. 
One 10-year-old tree can produce 350-400 kg of 
branches for fuel, allowing crop stalks to be 
returned to the field as compost. Leaves and 
flowers are rich in nutrients, and are suitable for 
feeding pigs, sheep, and rabbits. The leaves ae 
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Table 2. Wheat yield in interciopped and control plots. 

Yield 

Tree age Spacing Ilotercropped 
yrs m kg/ha 

35 x 6 3,630 


5 x 10 4,058
 

4 5 x 6 3,666 
5x 10 4,293 

55 x 6 2,930 


5x 10 
 3,555 

Table 3 Effeut of tree age and spacings on cotton yields. 

Yield 

Age Spacing Control 
yrs m kg/ha 

5x 6 


5x 10 


5x20
 

5 x 40 


5 x 50 


4 3,672 
5x6 

5x 10 

5x20 


5x40 


5 x 50 

Control 

kg/ha 

3,630 

4,730 

4,208 

Intercropped 

kg/ha 

3,425 

4,256 

4,010 

5,256 

506 

3,008 

3,600 

3,736 

3,683 
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r:ch in nitrogen (3.09% dry weight). The cortent of 
coarse protein in Paulownia seedlings is 26%. A 
single 8 to 10-year-old tree normally produces 28 
kg of dry leaves. If it ;s assumed that each of 500 
million planted Paulownia trees produces 5 kq of 
dry leaves annually, the yield wou!d be 2,500 million 
kg of dry leaves, 650 million kg of coarse protein, 
and 75,0C tons of nitrogen. The trees also offer 
much fodder and or( anic fertilizer for animal 
husbandry and agricUlture. Paulownia 
intercropping can thus combine agriculture, animal 
husbandry, ano forestry into a new farming system 
in which the three components stimulate one 
another. 

Extension of Paulownia Intercropping 
to Farmers 

Paulownia intercropping has been developed on 
the basis of farmers' experiences. But such quick 
and large-scale extens;qn with consistent 
improvemrnts has beeii possible because if the 
close cooperation between scientists, governrn'ent 
officials, and farmers. What follows is a brief 
account of this author's personal experience and 
understanding. 

Paulownia research begal in 1973 when there 
were about 20,000 ha of farmland under 
intercropping. Paulownia intercropping impressed 
this author immediately. He noticed that peopla 
were rich arid crop yields were high and stable 
wherever Paulownia intercropping was practiced 
well. He believed that more scientists should study 
this technology and extend it to more farmers. In 
1974, Wu Zhonglun arid he initiated and 
eslablished the National Paulownia Research 
Coordination Group. In 1976 the first meeting for 
Paulownia research coordination was attended by 
230 scientists, marking the beginning of a relatively 
systematic study of Paulownia on a national scale. 
In the beginning, this coordination was organized 
spontaneously. Since 1979, this research has been 
listed as a key project in the Ministry of Forestry. In 
1983 it was listed as a key research project by the 
State Science and Technology Commission and 
supported by IDRC. To promote the development 
of Paulownia, research personnel have employed 
various means, including writing articles and 
reports and popularizing the idea to political 
leaders and farmers through television, 
newspapers, and journals. Several large training 
courses have been held for forestry technicians, 
who then train local government officials and 

farmers. Ihree scientific films have been made and 
shown throughout China. Demonstration areas 
have been .et up to show silvicultural and 
utilization techniques, as well as provid, 
government officials, technicians, and farmers with 
good seeds In 1986-1987, nearly 10,000 
government officials, technicians, and farmers from 
all over the country visited these demonstration 
areas. 

The Chinese Government has played a decisive 
role in promoting large-scale crop/Paulownia 
intercropping. Based on farmers' experiences, this 
author prepared a proposal in 1974 and submitted 
it to the forestry minister and the leaders of the 
State Council. in 1977, the forestry ro;nister 
conducted an on-the-spot meeting, attended by 
100 county directors from the North China Plain. 
Many prefectures and counties have made 
Paulownia intercropping an integral part of the 
farmland infrastructure construction and include it 
ii their overall programs. For the sake of forest 
development in the plain region, similar on-the-spot 
meetings have been held since 1977. 

Technical guidance is offered to farmers by local 
technicians. There is a forest bureau in every 
county and a forestry station in every district that 
provide guidance to farmers. Some local 
technicians take part in the research project 
directly, and some farmers are trained as 
technicians. 
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Session I1: The Role of Eucalyptus on Small Farms--
Boon or Bust? 

Chairman: Suree Bhumibhamon 
Discussant: Patrick Robinson 
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Session IISummary 

Suree Bhumibhamon
 

Department of Silviculture, Faculty of Forestry, Kasetsart University
 
Bangkok, Thailand
 

Growing Eucalyptus remains a crucial issue in 
tropical countries. In Thailand, a national seminar 
on Eucalyptus was held in June 1987, and 
recornmendations on growing the species were 
proposed. It was concluded that Eucalyptus has 
had no significant negative impact on the 
errVironmenrt but that large-scale monocultures 
rquire proper assessments. Growing Eucalyphs 
as a communiy plartalion or in agroforestry
sy/sters regi ries open discussions with farmers. 
Growing EucalytIus in upland watershed areas and 
iii conserved forests is lorbidden in Thailand. 

The irst speaker, Amar Nathl Chiaturvedi of thle 
Ttta Energy Research Institle, New Delhi, 
Jiscuss.'S the silvicultural req(ulireM ents of 

Etwdyptws for snmall farms. Since 1790, various 
EtwAyptus species have been introduced in India,
ir kdigfi E.g)o)rl/us, E.cituiorloa. E. grandis, E. 

l').o
" 1ic ,E.Carauflulencic,arid a promising 
h'I,rid(E.toreticomis x E cirraMdriensis). The
 
tryhrid i-, lrown as a cash crer) to serve industrial
 

- ' Ch ltuvedi indicates that, conlrary to
 
'ttimori 
 belief, Eucalyptus uSOS watlr efficiently. 
[Itwoord iroduced per unit of water transpired is 
I igher ttra for most other tree species. It also
 
improves alkaline siles by lowering the p19-and the
 
11(Ircentage of sodium and potassium, as well as

i',mtsirrg the organic carbon. 
Chaturvedi also 

br- v idu's planting, management, arid rotation
 
owii ltlirtrs to maximize 
 'ields arnd income, as well
 
:is (lcteris c rtpetirOi with intercrops.
 

Zleng -laistui, research engineer from the 
People's Republic of China, discusses the role of 
0.7 million lectares of EucaIyptrs p art at lis in 
southern China. Armiong the many species planled,
E. citriodora and E. leizhoo No. 1 (hybrid) are 
planted intensively. They commonly are planted on
tlre sides of homesteads arid wastelands. They are 
used in .1helterbelts, arid also help conserve soil 
arid water. Eucalyptus provides constructionl wood, 
poles, Iuelwood, oil, arid honey. 

The last paper is presented by Kevin J. White,
plantation management consultant ot Sagarnath
and Nepalganj Forest Projects in Nepal. He 
describes a bright future for Eucalyptus. There is 
large and increasing demand for wood and otler 
tree products in Asia, ho says, and Eucalyptus 
species and provenances are available to fit 
individual sites. Furthermore, Eucalyptus can servi 
as a monocrop and in agroforestry systems.
Advances in vegetative reproduction will make this 
future even brighter. He recommends establishing 
a regional policy and a coordinating unit operating 
with major soil types and environmental zones. 

The consensus following these presentations
indicates it is too early to determine whether 
growing Eucalyptus will prove a boon or bust. 
Participants recommend that environmental impact
studies be carried out on farmlands. 
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Silvicultural Requirements of Eucalyptus for Small Farms 

A.N. Chaturvedi 

,rATA Enwergy Research Institute 
New D,,Ihi, India 

Eucalyptus camnaldulensis, E. citriodora, E. 
grandis, E. globulus and E. hybrid (Mvsor. gum) 
are ilnportant platitation species itr Ilia. Large-
scale plantings of the hybti have occurrecion 
larle and small faris. The species has beet botl 
f)taise(I and criticizedinlIndia. For good growth, 
the hytid weds well drained,deop, fertile s;oil 
witl a p/f ft V i "J5. The m1axim ieli t la r(t Jy 
,,licihncy of thew;o trees is between !) to 9 yeas , 

htlei riiw flt owti occur. ihi woood produco] 
fet reit of wvatr tioltiftt'(I is hiih that for nInoaI 
,)thIlw, It,irwe qw ,t ApMich loftht, w;ler cotisitrti(l 
Iy E it ,i1t)t s is ocyc lt,(t a,,; hw or rae aho)s.as 

iraldypt ; woo, isa aidl lis i readly imiirAet 
1(,t l:,l rm indu ,:t l usi.. tyhrid platltions 
hIw f)otr te'fpotn't to t lili iJ.;, alt(f diariloter 

t islows alt c;ase spaitio7:. Tie hybrid is 
,;;ttt(i~thd with tztycotthizate, wlijchl atfeet tee 
f;r v th. of at 0azinc doific i c ts have it ci?(Ifr 


it/tiH) !;i:' a;1t t tirrtle (Irmwll Ieo quallity of 
,; s aI'(.' cIf l wo to(I di itcIiot . fMllthoils of clon , I f t; 
fitt/aqa, ti froim ;i)ic(Ots '. Is hawve qiNet 
'itc( tiltttJititl;ieailts, 

Euca'yptus lutes hiv( uteri l)lplihid ir various 
cuntries to increase wood production. Between 
IIli an d 1975, the ailuuicl )roduction of 
Lautalyp[irn wood on plrirtations orilside Australia 
ixse0.d to about nine tines the volurme harvested 

anrrrnually in Australian natural forests (FAO 1979). 
Eucalyptus was first introduced to India around 
17901 wherl various specis obtained from Australia 
were planted by Tipu Sullan in the state palhce 
qardns at Nandi Hills near Mysore (Karnalaka). In 
1,,13, Captain Colton o, the Madras Engineers 
sLucc(ssfuJilly introduced Eucalyptus globulrs imthe 
Nilrtiri Hills of Tamil Nadu State. This species is the 
reain source of firewood in the township of Ooty, 
and the leaves support niariy small oil distilling 
units. Ericalyptus citriodora has been planted 
along avenues in several regions of India. 
Eucalyptus grandis has been cultivated on several 
thousand ha in the hilly parts of Kerala State for 
pull)wood and fuel for the local tea industry. The 

most widely planted species is Mysore gum 
(popularly called the Eucalyptus hybrid), which 
developed as a natural cross of the species planted 
in Nandi Hills. Boland (1981) believes that the 
Eucalyptus hybrid is principally a typical Australian 
Eucalyptus tereticomis, probably from the southern 
provenances, and that many Eucalyptus hybrid 
plantations in Irdia containi sonie n ixture of 
Eucalyptus camaldulensis. Eucalyptus hybrids 
were first grown on a plantation scale in 1952 in 
Karnalaka. Since tlhen, Eucalyptus has been 
planted extensively on plantations to meet the 
den iands for fuelwood, s; ialI timber, poles, arid 
wilpwood. This spcies has also been grown 
along highways, canals, arid railroad tracks in 
single and niultiple rows. Large-scale plantations 
(both riallal and mechanized) in several states are 
estimated at 210,000 hia. 

Eucalyptus on Farmlands 

Since 1972, Eucalyptus has been pla:-.ed 
increasingly l)y farmers in the Punjab, Haryana, 
Gujrat, Maharashtra, Andra Pradesh, Kamnataka, 
and Utlar Pradesh states. In Maharashtra alone, 22 
district Eucalyptus-growers societies have been 
registered. Trees are planted alone or in 
combirration with agricultural crops. Farmers plant 
trees to increase the prolitability of their farmlands. 
Eucalyptus species have an established market, 
arid wood is readily accepted for pulpwood, poles, 
sporting goods, activated charcoal, packing cases, 
small timber, firewood, arid charcoal. Large-scale 
)lantings of Eucalyptus have led some people to 

believe the tree is an environmental hazard. 
Unfortunately, the technical knowledge that should 
have accompanied the planting of this species is 
lacking. Much of the criticism has been caused by 
disappointed expectations rather than ecological 
effects. People have blamed Eucalyptus for the 
failure of some r',ntations, rather than blaming the 
real culprit, poor forestry practices. 
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Water Uptake 

Many people argue that Eucalyptus trees absorb 
too much soii moisture and thus ruin the soil. Soil 
water is of three types: 

o 	 Gravitational - not usually available for plant
grcvth, 

o 	 Capiliary - primarily availalle for plant growth, 
and 

o Hygroscopic - not available for plant growth. 

When plants permanently wilt under drought
conditions arid do not recover even when watered,
the Permanent Wilting Percentage (PWP) for the 
soil has been reached. It varies between 3-15% 
water (dry weight basis), and is miuch higher for 

clayey the 
 i for sandy soils. This author exanlned 
many sites where Eucalyptus (lied due to drought.
In riot,e of these sites were the soils totally deprived
(if moisture. Morlai,'y was higher at sites with 
clrrye'y soils. No free can completely dry out any 
sioil, and Eucalyptus is no exception (Davidson 

Lirciyptus species grow fast and need more
v.aXcr thm some other tree species. But they also 

1'roduce 
more wood, and the wood/water ratio is

hgher for Eucalyptus than for many other tree 

species (Ghosh 1978) 
 these stLdies can be 
carrid ojt only under controlled -.onditions and for 
short periods of about one year. To determine the
riesture uptake of a particular tree species alone 
under field conditions is not possible because 

many factors are involved. Similarly, the movement 

of water to and from a site cannot be controlled,

lie results of studies carried out on six tree 
:;ppecies clearly showed that the average
cun.,urnption of water/g of biomass was 0.51 for 
tue Eucalyptus h/brid compared to 1.30 for 
Pongar,'a pinnata (see Table 1) (Chaturvedi 

904a). 

Another important aspect of water consumption
is recycling of water. The water transpired by trees 
as water vapor is returned to tile ground as dew orrain, which is again available to the plant.
Therefore, water is riot actually consumed by plants
but is recycled (Tiwari and Mather 1983). 
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Growth and Water Consumption 

Study of the yield tables of the Eucalyptus hybrid
shows that its current annual increment peaks in 
the fifth year and then drops (Chaturvedi 1983). 
The mean annual increment peak- '..he sixth or
seventh year. During this period, growth rates are 
high, and trees demand more moisture and 
nutrients. Grcwth rates begin to decline after the
sixth year, and the demand for moisture and 
nutrients also decreases. During periods of fast 
growth, sites do not increase appreciably in 
nutrient and moisture status. Once the growth rate 
slows, however, nutrient uptake decreases andtheir recycling increases. If trees are harvested 
before maximum growth is reached, the sites will 
be poorer in moisture and nutrient status. This 
author carried out studies or chercial changes
brought about by some tree species in saline 
alkaline soils. Four years after being planted, the 
Eucalyptus hybrid improved the sites by reducing
the pH, increasing the organic carbon, and 
reducing the percentage of sodium and potassium
(Table 2). However, Prosopis juliflora had a greater 
beneficial effect. 

Under Planting 

Some people often complain it is difficult to plant 
any tree Linder the shade of Eucalyptus. This

factor, however, is actually related to rates of
 
growth. When Eucalyptus trees are growing fast
 
(3-7 years of age), other species planted

underneath Eucalyptus have little chance of
 
surviving. However, certain 
 igricultural crops can 
be successfully grown in the first three years, and
 
many tree species can be successfully,' planted

under Eucalyptus if they are introduced after the
 
seventh year. This author has planted Shorea
 
robusta under the shade of the Eucalyptus hybrid.

The species has been growing for 7 years and has
 
reached a stage where the Eucalyptus canopy can
 
be removed. 
 When mixing tree species, it is 
essential to know their rates of growth and to 
specify when the species can be introduced. 

Spacing 

Much confusion exists about spacing and 
growth. Some suggest that closer spacing of tree 
species (sometimes referred to as high density 
planting) can increase biomass production. Such
studies do not consider changing growth rates.
Also, the biomass reported at these sites is not the 



T&.ale 1. Average consumption of water/g of biomass for six tree species. 

Water Biomass Water consumption/ 

consumed produced g biomass 

Species g 1 

Pongamiapinnata 679 520 1.30 

Albizia lebbek 1,371 2,355 0.58 

,y.yqgium cunini 1,460 2,386 0.61 

Acacia 

,auricultiformis 1,475 1,713 0.86 

Daluergia Jssoo 1,794 2,005 0.89 

Eucalyptus hybrid 2,662 5,209 0.51 

Treeless area 502 - -

Table 2. Initial chem :al composition of soil and changes after four years of three tree species at various depths. 

Org. Na K Ca Mg 

Depth Ec Carbon 

Species cm pH mmoh me/OO g 

Eucalyptus 

hybrid 0-15 9.51 0.407 0.33 5.85 0.59 12.85 4.40 

8.94 0.340 0.39 3.66 0.45 19.45 16.55 

15-30 9.65 0.516 0.12 8.69 0.50 10.23 4.92 

8.93 0.500 0.14 6.53 0.40 21.56 7.37 

30-45 10.12 0.980 0.09 11.76 0.62 11.25 3.00 

9.12 0.583 0.10 7.19 0.42 17.30 4.03 

Terminalia 

arjuna 0-15 9.37 0.399 0.30 5.92 0.55 13.00 4.86 

9.00 0.275 0.40 3.86 1.18 17.85 13.45 

15-30 9.84 0.046 0.10 8.78 0.48 11.35 4.10 

9.10 0.410 0.10 7.00 1.00 19.55 13.28 

30-45 10.00 0.956 P z 10.85 0.59 10.50 3.50 

9.19 0.470 0.12 8.14 1.15 16.45 4.04 

Piosopis 

juliflora 0-15 8.75 0.430 0.30 5.67 0.60 11.85 4.90 

8.00 0.485 0.42 1.98 0.59 24.60 12.20 

15-30 9.20 0,495 0.18 8.64 0.52 10.05 4.44 

9.93 0.538 0.27 1.45 0.53 22.35 5.82 

30-45 9.95 0.500 0.10 12.28 0.76 10.35 4.02 

8.98 0.441 0.15 5.25 0.50 23.00 6.34 

Changes occur after four years. 
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Table 3. Strength properties of Eucalyptus hybrid at different ages. 

Modulus of 

rupture 

in static 

Specific her-ding test 
Age gravity kg/cm 2 

4 0.529 313 
5 0.539 515 
6 0,541 562 
7 0.584 644 
8 0.623 768 

type sold in markets. Such studies take biomass 
samples during active growth periods and often 

exaggerate the amount produced. These biomass 

production figures are irrelevant to small farmers, 

whose major consideration is production of salable 

wood. 

When planted at close spacings, Eucalyptus 
grows fairly rapidly. The wood density is generally

low, arid the moisture content of wood and the 

percentage of bark are high. The younger wood 

has low strength properties and does not burn well.

As a genus, Eucalyptus responds poorly to 

thinnings (Chaturvedi 1986,. Once suppression 

sets in, subsequent opening of the crowns does not 

increase the growth rate, especially with regard to 

diameter. It has been clearly shown that trees 

p!anted at wider spacings grow better in average 

diameter ivid height than do densely planted trees 

that are lai<, thinned to the same stocking level.
These thii:nings also increase growth stress and 
reduce the quality of wood (Kubber 1987). 

Price/Size Gradient 

A log of large dimensions demands a higher price 
per unit volume than does a smaller log of the same 
species. This is true of most Eucalyptus species in 
India. Thus, farmers who produce trens of smaller 
dirensions earn less per unit area than they would 
if they produced wood of larger dimensions. 
Consequently, it is unwise to plant trees at close 
spacings, even though the total 

Maximum crushing 

stress in 

compression 

parallel to Izod 

grain test value 
kg/cm2 

cm/kg 

179 136 
253 147 
282 163 

291 177 
340 218 

quantity of wood produced at the age of harvesting 
may be the same as for widely spaced plants.
Trees should not be harvested as long as the 
annual increment is more than that of the preceding 
year and more than the banking rate of interest.
 
Farmers can easily calculate this usitg the
 
following formula: 

D22 . D1 2
 

Accretion % .---------
x 100 
D12 

D2 is the present diameter of a tree and D1 is the 
diameter of the tree in the previous year. The 
increment of wood should be weighed by the 
increase of price due to size differences. Several 
farmers in India who have made such calculations 
before harvest have consistently decided to harvest 
trees after 10 years or more. 

Other Characteristics 

Wood Density 
Fast growth does not cause a reduction in wood

density. The wood density of the Eucalyptus hybrid
increases with age. The tree reaches maximum 
density at age 13-14 (Table 3). At this age, the 
wood acquires its maximum strength properties 
and, consequently, its marketable quality improves.
The market rate changes accordingly. Farmer. 
clearly get a higher economic return if they harvest 
trees at this age. 
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Pulpwood 

In many countries, Eucalyptus is used as 
pulpwood for the rayon and paper industries. For 
the paper industry, a high lignin content is not 
der;iralle Paper industries in India prefer 
Euc'alyptus wood with a specific gravity of lcss than 
0 6. The Eucalyptus hybrid crosses the specific 

gravity limit Must
of 0 6 in ttho ninth year. 
governillen;t plaiitatiouls are dedicated !o pulp" 
iod(tiur,i d the felling rotations of such 

p)lntlion; are 7-9 years. Many farmers also 
he)li m! tIatlthIis is th. best age for harvest. 
ilowtewor. Eiv:alypfris wood coirnna rlns a higlher 
i(r tmit v nllie price when used as small-sized 

t r C wint;quently, for farmers, it is 
IN , 'nfsily 	 1,more vi:able to full trees at about 

Y0111 At this age, the rocycling of nutrients by 
-cAlyptw: is significant and the price obtained is 

ci innlcin ti'.itly hig;her, 

Coppicing 

Eucalypts re,;l)orl(s well to coppicing. II 
' ew'eral planit~li ii projects, 4-5 coppice yields are 
projcl .td
Stidies carried ouLt in governmne-rt 
tIrlntitionis in Uttar Pradesh, Kannji ka, and 
.;'vral othir states have clearly shown that yield 
dwecliles in Ihe .(!coiln coppice rotation and (rops 
dltlc~ically in tIne stisegulient col)pica rotations. In 
c,,tain plamtations rom which data are available, 
tl dIro) in yield for lm :ccond and !hird coppice 

30 " and 70%, iespectively. This is probably 
duo to the short harvest rotations, which deplete 

o,)f Even thourgh coppicingcrtin nutrients. 
vigIor decwises after Ire tenth year, it is advisable 
to increase the rotation age and to restrict the 
coppice cycle to only one coppice rotation, 

Clon.l Propagation 

A trial of rooting young coppiced shoots in mist 
chambers had about a 70T. success rate. Young, 
five-year old trees gave better results. Harvesting 
trees during winter months and planting the 
copoiced cuttings (luring February and March 
showed fair succe!s even in open field conditions 
(Zohel et al. 19801) 

Chlorosis 

In several plantations, Eucalyptus has shown 
signs of chlorosis. Innone case, this was caused by 
deficiency in iron due to excess calcium in the soil. 

In sonic cases, fe'iar spray of p!ants with 1% 
ZnSo4 I, emioved symptolms ofiuira ilii 

chlorosis. 

Mycorthizae 

Preliminary SiUdies have shown that 
association- of mycorhizae and Eucalyptus benefit 
growth rates. 

Crop Rotation 

It has also been observed that the health of 
Eucalyptus suffers from repeated replanting. It is 
necessary to rotate species to maintain tie health 
of soils. In ongoing trials, nitrogen-fixing trees like 
Acrocarpus fraxinifolius, Albizia lebbek, Cassia 
statuea, Pongamia pinnata, Betla frondosa, 
Dalbergia sissoo, and Acacia nilotica show good 
growth and ability to improve the soil. A rotation 
with Popular deltokes hams also given good results. 

Planting Guidelines 

Eucalyptus species are excellent for planting on 
farmlands alone or in combinalion with agricultural 
crops. However, ii is necessary to match the 
edaphic and chmatic condilions of a site with the 
silvicJltural requiremonts of the species. 
Eucalyptus hybrid planting will be a boon ittife 
precautions listed below are followed (Chaturvedi 
19841)
 

o 	 Trees should be plantedo,:nwell-drained,
 
deep, and porous soils.
 

o 	Trees should eot b planted on soils below 
pH 6.5 or above pH 8.5. 

o 	 Under rainiteJ cc nditions, Eucalyptus hybrid 
should be planted in warm climatic zones 
where annual rainfall is 1500- 2400 mm; under 
irrigated conditions, rainfali should be above 
1000 min. 

o 	 Trees should riot be planted otn eroded lands 
with low organic carbon in tha soils. 

o Trees should not be planted on water-logged 
sites. 

o 	Trees should not be planted closer than 
3 x 2 m, i.e., a stocking of about 1,500 stems 
per ha. 
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o Trees should not be harvested earlier than 8 
years except where growth stops, which 
happens on unsuitable sites. 

o After the second coppice rotation, all 
Eucalyptus should be uprooted and the area 
planted with non-Eucalyptus species. 

o 	 Onl,, good-quality seed or planting material of 
known origin should be used. 

o 	 Eucalyptus trees should riot be pruned during 
grwth. 
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The Role of Eucalyptus Plantations in Southern China 

Zheng HaishUi 

Research Intittlet of Tropical Forestry 
Chit re,;e A ,dc.adry of Forestry 

Long Donm,, Gtnq.,'l os People's Republic of ChWia 

Fast growing(J, tniltitjiitpos(e Eucalyptu,; spo;/,; hehou No 1 was selected. In the 1970s, lhe 
1ailvo heer coltivated as orirtl'rit,i//t es siitice EuIcalyptus Cooperalio Committee of the five 

ej;oyw4eroiltoo(cerd to China in 1890 I/the scuthern provinces--Guangdong, Guanxi Zhuang 
i,)t0:, 1re; scalel. Encaypr we plairtori Nationality AuLtonorou.. Region (GZNAR), Yunnrari,oto.rs 
0 .r tnior aiilt other prhirt:; Nn;v'rotel athi Fujian, arid Ji;an(jxi300 - was teroined to promote
 
';Wohf, t hueo t)li loiaitld itr600 colJtltwo f 1o, coul(mration ald hifrinitilioii exchange. The
 

;ij'; ,od antnr r us(" upolv. Of the 0 ' Corrlriltee now includes nine provinces arid
 
m /i l.. d, thwn 0 " nlliH/e are regions. lncreasingly, Eucalyptus is beingla p)ai Il 

,'' a lle 
', t11.,Q17f r 

S 'I. i
E 6 d jl 
r,ih ii l llt;Fr 'r 

. iW tll t A , 

i1[1it;es(/ t) f(),l(ri ';trlaJ irtrorLced al(t cultivated in southel Chil .
 
rimmon
l lt t101 tie,,1/0, According to a 19132 census, over 300 species are 

F,I1 m, dii;triLtJted in more thaino No I /r ("00 counties in 15 
v, I i00 provinces arid regions More than 200 species are,,,d hor 

I Ii Iptl iwo)o(J. i,''' planted for timber. The roost widely planted 
"el k [' a1(n oils. 

. ;, 'litp p t lt " sore citriodora arid E. loizhrou No. 1. Tables 1and 2 
, 1 .(Ito t1117111t)1It1 species are Eucalyptus exserta, Eucalyptus 

,pl / n 'vee, 
wi; ,uteclmi.',q oil lrtuy and yieks show the growth of sorme Eucalyptus species innth 


t ncri~uod §cr? oe. 11tA rrsouthern EucalyptLS plantations now coveru; h ill rri0 to tiix China. 
, f,.:Eu:nlyph'; n'irt ,, 

uul rrri s: 

i t(a prr;s 'P aH(t,'al .,., 
u..tiiuurawe(, a,Jatlle , 

thAira)(!i?:, Arcicr 

I u(1;lui. 
' th';rly 10) yut.ar (A 

ii I rr trmtlru ( lira pr)verl thy ,;r1rA1 ,'ive 


I:,',Vv,;., ?ro.Jd;d soils WiWre
ill are~,; ol po))r, 
, tstir l"I's Pir'lls tlas.Sonirla,Casst' 

,,u a,Col,,lnr a r, Zi1riea sp. and Alhizii 
A,perform hidly. Sice Eucalyptus thfrve oH 

,i -, lartedIlhy ate wvlh4y Their platiatioi 
r,, iril)rrtalit roleinceasirli , aid tiley play an 


(11u.)rodJtiorr ardtihe likes of farrers. 


Development of Plantations 

I c-irslyptus were first ilr rodtced to China in 
1190 as ornarrental and gardner trees. They have 
gradually become plantation trees as timber 
dermrand has increa;ed. Intire early 1950s, Yuexi 
Eucalyptus Forest Farri was established to study 
teclrrilques of raising and planting seedlings. More 
lfian 10 state forest farms were set Up to plant 
Eucalyptus alongside railroad tracks in southern 
China. In the 1960s, when Eucalyptus were planted 
throughout southern China, selecting arid breeding 
a natural hybrid began. The hybrid Eucalyptus 

about 700,C)() Ira in SoLlI(rn China. Ahout 
200,000 are planled nw r villages, in fields, and 
along roads arid waterways. The state owns about 
200,000 Ia(30%), ard 500,000 Ira (70%) belong to 
individuals aird collectives Most plantings are in 
the provinces of Guanglong and the GZNAR. 

Small Farmer Plantations 

Because of their rapid growth, multiple uses, arrd 
adaptability, Eucalyptus are widely planted in the 
countryside. The majority of farmers inSichuan, 
Zhejiang, Jiangxi, and Yunnan provinces like to 
plant 300-500 Eucalyptus trees inwastelands, 
beside houses, arid along roads. About 10 years 
after planting, they can harvest 8-10 m3/ha of 
timber aid 3-4 lons/ha (dry weight) of fuelwood, 
halt Of whclr isconsumed and the other half sold. 
The average yearly income is about 100 RMB yuan 
($1 U.S. -3.7 yuan). Families that collect leaves 
for distilling oil or beekeeping can gain another 200 
RMB yuan annually. 

Farmers inGuangdong, GZNAR, arid Fuliar 
provinces like to plant 0.3-0.4 ha of Eucalyptus in 
wastelands near villages or surrounding crop land. 
In coastal areas where typhoons occur, these 
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Table 1.Growth of some Euc.flyprus species in southerr China 

Age he;ght Diameter Volume 
3
Species yfr m mn m Location
 

E.a rplifolia 52 200 45.0 1.27 Shipai, Guangzhou 
E.bicostata 4I0 20.0 100.0 5.81 Dengxian, Sichuan 
E bot,yoides 52 25.0 70.0 3.84 Shipai, Guangzhou 
E.camaldulensis 48 386 96.5 8.52 Leizhou, Fujian 
E. camnaldulensis 40 40.0 1tn 26.15 Fuzhou, Fujion 
E.cittiodora 60 300 85.0 6.81 Kangle, Guangzhou 
E.citriocora 40 380 960 10,95 Liaozhou, Guang(i 
E.dealbata 58 265 700 4.08 Shamian, Guangzhou 
E.exsera 40 30,0 30.0 6.03 Shipai, Guangzhou 
E.globulus 70 397 J20.0 16.61 Baoshan, Yunnan 
E.globu!us 40 47.0 1100 17.23 Kunming, Yunnan 
E.maculata 60 30 0 650 3.98 Kangle, Guangzhou 
E. microcorys 52 20.0 34.0 072 Shipai, Guangzhou 
E.paniculata 52 30.0 76.0 508 S.ipai, Guangzhou 
E.robusta 52 21.5 984 6.32 Nanan, Fujian 
E.rudis Endl. 70 366 1534 1830 Kuiqi, Fuzhou 
E.saligna 55 30 0 68 0 4.36 Shipai, Guangzhou 
E.seeana 
 60 25 0 500 1.96 Kangle, Guangzhou 
E.tereticormis 60 35.0 820 7.39 Shipai, Guangzhou 
E.tereticormis 50 20.0 91.0 559 Ganzhou, Jiangxi 

Source: Ci and Zhang, 1983. 

Table 2. Eucalyptus growth in southern China. 

Mean height/Mean dbh 

Species yr 1 yr 2 yr 6 

E.var. ABL no. 12 3.1/ 4.6/4.2 11.3/9.9 

E.alba 

E. botryoides var. lyne 2.9/ 4.0/4.4 9.0/11.4 
E.camraldulensis 3.5/ 5.1/4.3 11.8/7.1 
E.citriodora 2.8/ 3.9/2.9 9.3/6.7 
E.cloeziana 2.3/ 3.8/3.3 13.5/13.3 
E serta 4.6/ 6.1/4.7 11.5/8.0 
E.grandis 4.0/ 5.4/5.3 11.7/8.3 
E.houseana 2.5/2.7 3.2/4.2 
E.leizhou no. 1 4.7/ 6.7/5.3 12.7/9.3 
E.maculata 6.0/ 4.4/3.3 9.9/7.6 
E.nmoelanoxylon 2.7/2.4 4.4/4.0 
E.pilularis 3.2/31 4.0/3.8 --
E.reeana var, constricta 3.9/ 65/8.4 11.4/16.0 
E.robusta 3.9/ 4.1/5.1 11.1/10.6 
E.saligna 4.3/4.2 6.5/5.1 
E.staigeriana 3.8/ 4.0/3.1 13.1/12.5 
E.tereticomis 3.8/ 4.7/5.1 11.0/8.3 

Source: Ci and Zhang, 1983. 
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forests serve zs shelterbelts and provide thiber and Uses in the Southern Countryside
 
fucLwood in a 8-10 year rotation. Prior to the 1970s,
 
poor planting methods (digging 20 x 20 x 20 cm Wood
 
holes, rlot applying fertilizer, and poor
 
nilirtenance) ard wind damage (aloss of 3-5', Eucalyptus wood is hard, strong, and durable,
 
'cruly) significanily reduccr , urwival and and has a wide range of construction uses (girders,


"
pl :uIk (Xi ,92:,0). G:ieir ',f poles, doors, windows, furniture, farming tools,li,;i lly, 30 I lindiauf 
ad 10 tions/ha (dry weiglit) of ft Lwoo' could be posts, and fence stakes). But it lasts only three to 
lar,/ ehd in a 10 ye!r rotfi n live years as a pillar species. The total wood usaye 

by farmers in southern China exceeds 300,000 in 
each year. Inthe coastal provinces, E.citriodora 
and E.globulus make excellent fishing boats 

InI th, 190JQ pliitfinq aid fimmiauletnt rrethods because of their resistance to decay insea water. 
have greally imtproved aind ititeitiJfied TiIlling by Fishermen in Fujian Province are willing to 
tractor, apl)lyitl( i exchnge two-three m' Cunringhamia lanceolatabas;al atid additional fertilizers, 

rati tial spacinig (1.0 v 1 5 In or 1.0 x 2 0 in), and woo6 for one rn3 E.citriodora wood.
 
sholt ltaiois have been adopted by soie
 
,itlier.; The growth, yield, and incolme of Fuelwood
 
fit(Iwoort for shor-rutatiOri plantatiotis are shown i
 
,1rfles 3 andnI ,4.Differences in growth and Because Eucalyptus wood has a high caloric 
t'onloillicefficiency of nor-initensive and intensive value (4700-4850 kcal/kg) an( burns readily, it 
iraragerneint are shown in Tables 5 ard 6. lina makes a good fuelwood. To help nieet the serious 
•veN year-old starn(h, intensive Inatajertient need fcr timber and fuelwood inthe countryside, 
I:sCtias over 29.28 n 3//ha tiumber, 21.19 In3 /ha 400-500 kg of fuelwood (dry weight) can be 
fiwoud, and 996 94 RMB yuan/ha more than obtained from one m3 timber. A 10-year-old 
tirn-iitentsively rnimnaged stanirs plantation ustially produces two or three tons/ha of 

fuelwool. 

By-Prodiacts 
Continued planting of Eucalyptus aver lite can 

deplete soil fertility. To irrprove the soil, mixed Since '.958, Eucalyptus leaves have been refined 
plar tings of Eucalyptus with Acacia auricliufoanis into oils. More than 3,000 tois are produced
has been studrc,( -saioe preliminary results have annually for spices, periuinleu, and medicines. 
been obtained, and sonie farmers have begun Recently, China has begun to export 1,000 tons of 
platiling rilixed forests. According to one study, the Eucalyptus oils annually. Phytohormones refined 
anrouit of litter under mixed forests is 50-85% froni Eucalyptus leaves carl also improve the 
higher than ina pure Eucalyptus forest. Thre top growth of vegetables and fruits. Eucalyptus flowers 
!;oil in mixed forests begins changing color and its are a good resource for apiculture. In soufihern 
liuMUs increases. The growth and economic China, over 3,000 toris of honey are obtained 

efficiency of mixed forests are shown inTables 7 annually fron bees that feed orn Eucalyptus flowers. 
and 8.The biomass arid econoniic efficiency of 
mixed forests are 16 and 20% higher, respectively, Shelterbelts 
than those of pure forests. Acacia aoriculiformis 
c,an usually be cut for fuelwood arnd green manure Typhoons often strike the coastal areas of 
2-3 years after planting, and 20-30 tons/ha (fresh southern China and do great damage to rubber 
weiglt) of fuelwood all(8-10 tons/ha of leaves trees, rice, pepoers, and other crops. A typical 
(use;d for rianure) can be gathered. A coppice typhoon daniages 40-50% of the crops, and yields 
harvest of A. anriculiformiscan be obtained after decline by 20-30%. After establishinent of 
another two or three years, and the yield is slightly windbreak forests of Eucalyptus, however, only 5
higher than that of the first harvest. After three or 10% of the crops are damaged when a heavy 
four harvests of A.auriculiforrnis, Eucalyptus timber typhoon occurs. At present, the shielterbelt forest 
can be harvested. area covers 800,000 ha on Hainan Island and in 

Guangdong Province. Ashelterbelt can reduce 
wind speed by 40-60% at a distance twice the 
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Table 3. Growth, yield, and income of Eucalyptus leizhou No. 1 planted at 1 x 2 m spacing.
 

Mean 
 Mean TimberDiameter WoodHeight Volume Yield Yield Income 
Age cm m m3 m3!ha t/ha Yuan 

1 2.9 4.4 12.96 
2 4.8 
3 a 5.7 6.9 31.118.6 56.60 7.8 2-3 1,200 
4 6.4 105 67.905a 7.0 12.5 85.90 10-12 3-4 1,755 
6 7.5 128 91.50 . 
7 8.0 13.2 97.95 60-68 20-22 13,100 

a.ntermediate cutting of 2C', of the trees 
b harvest cutting 

source: He and Zheng, 1986. 

Table 4. Growth and yield of Eucalyptus leizhou No. 1coppices planted at a density 
of 3,400 trees/ha. 

Mean Mean Timber Fuelwood 
Diameter Height Yield Yield

Aqe cm 3
rn rm t/ha
 

0.5 3.2 1.8 -. 
1 4.5 3.1 -
1.5 6.1 4.2 -
3 8.5 5.2 31.34 13.0 
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Table 5. Growth and yield of Eucalyptus leizhou No. 1 in non-intensive and intensive management systems. 

Mean Mean Timber Fuelwood 

Survival height diameter Volume Yield Yield 
Managernent trees/ha m cm m3/ha m3/ha in 3/ha 

Intensive 4,125 11.4 9.0 130.93 80.23 5G.70
 

Non intensive 2,265 10.8 9.7 80.45 50.95 29.50
 

Table 6. Income and profit (inyuan/ha) from Eucalyptus leizhou No. 1 plantations managed in intensive 

and non-intensive systems. 

Income Profit Total 

Management Timber Fuelwood Timber Fuelwood Yuan 

Intensive 22,691 1,521 1,861 761 2,621 

Non-intensive 14,408 885 1,188 443 1,624 
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Table 7. Growth comparison of Eucalyptus exserta morioculture with mixed plantation of E. exserfa and 
Acacia auricuiifcnnis. 

BiomassType Age Dbh Height Vc'jme (drywt.) 

Pure forest 
E. exseera 3 3.k5 5.60 34.23 53.26 

Mixed forest 
E.exsetta 
 3 3.71 6.14 18.56 30.78 
A. auicui

forms 3 3.95 5.70 23.74 30.93 

t. ri 4 

A. luicrli
forriis* 
 3 3.82 5.80 42.39 61.71 

weighted average. 

Table 8. Economic returns (in yuan/ha) from a three-year-old pure plantation 
ofEucalyptpus exserta and a mixed plantation of Eucalyptus exserta and 
Acacia auriculifotrnis. 

Type Income Profit 

Pure forest 
E.exserta 1,720 620 

Mixed forest 
E.exserta 992 108 
A. ,uriculiformis 992 108 
E. tealra 

A auticuliformis, 1,984 884 

"weighlted average. 
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height of the windbreak. With the help of 
shelterbelts, farmers on Hainan Island are now 
obtaining stable harvests. I 1967, farmers in 
Tunpan community, Ftepu County, GZNAR planted 
328 ha of timber and windbreak forests with 
Eucalyptus. Rice output increased from 1,500 
kg/ha to 6,000 kg/ha, sweet potatoes from 3,000 
k,(/ha to 7,500 (g/ha, ardt te total output of crops 
,OLeNhd. The plantations also provided fuelwoo6 
md timbnlr for farmers. 

Soil and Watcr Conservation 

There are vast barrett 81n(1eroded lands in 
;mithitn China where Leucaera, Greliea, 

CaIftndira, Casitsia, and Zinnia species perform 
kI fly bit whetre Etuicalyptus species grow norlna':ly. 
E(1, Iy)t ts are often ,lantd as teefs foro ,iaonr 
a i)ilaild water coilser tiort. More thai 80 kin of a 

oft ofterbhlt con;posed of 6-8 rows of Eucalyptus 
were estahliolted along the banks of the Nanliu 
River, Hepu county, GZNAR. Banks with 
Jhetier ielt lo sf less ;oil in stortis tha i bare hailks, 
I.','h 1lac.k of protection led to (estruction oi 

h(mles antd fiolds.
 

Negative Impacts 

L.ong- ter planting of Eucalyptus decreases soil 
hloilily 11(dda ttags Ihe soil's physical properties, 
which rdueto crop produiction. A second 
jel~ttio oxsetla plantatiort produced oilythan. 

5. 3 OL, put cf the first generation in Shilin Forest 
Farn Leizhou Forest Bureau, Guangdong Province 
(Jio Ig A fi, st-generation, non-fertilized E.1982). 
is-sorta forest yielded 8-10 rlt3/ha annually in the 
Baistfiling Forest Farm, Hainan Island, biut Iliti 
second generation, which was fertilized, yielded 
only 5-8 m3 /ha per year. Wilhout intensive 
nanagement, pineapples, peppers, and other 
economic crops perform badly ott land formerly 
planted with Eucalyptis. 

In aiddition, Eucalyptus land becomes 
int:r,.i ngly drier because of the tree's tendency to 
(:mtttume large quantities of soil moisture. 
According to one study, a Eucalyptus torelliana 
forest transpired 206.5 mm soil moisture per year 
while only 138.5 mm moisture permeated the soil 
(Tan 1982). To maintain water balance, E. 
torelliana had to obtain wafer from deeper soil 
layers, which caused ground water levels to drop. 
In H1aikang County, Guangdong Province, a spring 
dried up in the 1960s when a secondary forest was 

felled and replaced with a Eucalyptus forest 
(although the Eucalyptus forest grew vell). After 
suffering years of drought, farmers in the 
Shangyong Community of Hainan Island 
complained that Etucalyptus used too much soil 
moisture. In view of this problem, we are trying to 
establish forests of mixed species. 
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Eucalyptus on Small Farms 

Kevin J, White 

Sagarnath and Nepalganj Forest Projects

Forest Products Develop: ient Board, Ministry of Forests
 

Kathmandu, Nepal
 

The use of Eucalyptus tree tops in the farmland 
,sectoro17 small or large ho!dings is in its infancy,
With increasing privatizatior and diminishing
regional forest land resources, it is logical to 
'xpoct and to promote the transferof responsibility

fhr wnod production to farners. Eucalyptus, with 
i,; wi( riio of end uses and presentand future 
y )l,tull~il, will ploy a major role in thi.s 
re,'. n.ssferThis; disc~usses species and 


p a 'en at an 
selectio, seedling profduction, field 
2 tallt/int, spacinq, lotation lnigth, use of;lit~,(ra' g;o 'vtlard yield, anod utilization. 

C(tmin )ro)leri areas, iriclu,'li.i the iriu)actof 

E:lcalpt'is onu the elv'o7nl 
 nit, tsa'r supply, and 
ht l'Iy, are( cited. To increasewood yiold,
,ma;triieitof capital for clcnalstod' p,,)dictioli is 
a,c'itly needed. A/;so needed is sopjisott for 
" 'tlt;i Ol-V'iar.- ill both trail g;1/1 id field:

S;)lat:'/"inl7; 


Llh this v,'ork:shp's agenda antId the commonly 
l,:i:~rlAlttlitituctes of peoiple who plant Lucalyptuslt i the tree's role as a cash crop,ii'e: 


phrlictIlarly ftr wood. There is nothing wrong with 

thih;
attittde. Farmers can decide to grow whatever 

iop;lhey like Io s;tain and improve their quality 

of life.
Wood shoiuld he and is beconing regarded

as airy other cash crop in the region. The goal, 

I 'ver should 'laite definitely be mulliple end
w;( c This pall)r does riot forus on ant 
 exclusive 


tfoCl, farniing o hiective, hut. in general, favors a
cm 
ialwion of trees ano other crops for optimum
ivi,ifieadadsutained farm incomhe. 

t,lliple en uses may not be apparent for 
Eiaalyptus. an exotic species familiar to few and 

Sov,,n
exLsively for wood throuighout the region.

The answer to whether it can be grown as a 
miltipurpose tree is strongly affirmative, although 
some end uses necd to he dveloped arid 
ci lhianced through research. Mosl additional end 
uses require promotion and ph'/sica! demonstration 
projects to ensure wide-scale adoption, 

For example, Eucalyptus camaldulensis has the 
potential to supply a high-quality, commercial 
grade pharmaceutical oil. However, there is great
variability in total leaf oil yield among provenances
and in yield of the valuable 1.8-cineole content. 
These can be greatly influenced and adjusted
through relevant screening of seed sources, 
selecting quality progeny, and multiplication of
igh-yielding strains in clonal vegetative
 

production.
 

Clearly, tree-farming research must be closely
related to end prDducts, which are extremely
diverse. I the Case of wood pulp industries, 
individual pulping procedures require wood with 
quite specific qualities. The possible uses of 
Eucalyptus are as follows: 

o wood products rzind tii!. , fijelwood, 
charcoal, p.;pwood, fib,,and flake board,
and converted timber. 

o leaves - oils (residues Isfuel or mulch), cattle 
bedding (compost). 

o flowers - nectar produtcJon for honey. 

o seed - seed sale 

o bark - tannin production (residue to fuel). 

Because of its rapid growth rate, Eucalyptus

wood can be regarded as a farm crop. There is
 
little reason to confuse tree farming with what isgenerally accepted as forestry. Indeed, with 
rotations ranging from 9 months to 8 years, trees 
must be treated like any other cash crop. With 
such short rotations, it becomes apparent that a 
market economy approach should be taken, under 
which wood production would be transferred from 
the public sector to private farms. Privatization of 
wood production would lead to cost effective 
investments, large-scale supplies, a id a self
regulatory price structure. 
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The title of this session, "The Role of Fucalyptus 
on Small Farms - Boon or Bust?" is extremel'y 
prematur e. Generally, the use of [I-lcalyptus on 

IL s iL (rent cucep Mlitiowily, end uws 

lo e rmtri( ed to r ldiv-ily few woodr(-ti 
r)l);~ jtl. (Irri, .)o l'l,, ald I,!I)) Little basic 
a 1'1,li !Csed specie.; forlt'-; ()oritfyirirl 

,;i,, rrifi- iriimaxilT(mviroimerilts N. (t,l lin yield 

I. 	 nt I s- rch iha; W)' , I rori natching 

wiIt llCois ilIi te-, whi h is esir-tntal for 

* 	 linii g- yi ,hd. Ev rr more nimited is the clonal 

.hJclir',l 	of trote ofi i(Joleifio (hI iil)hl 

r andxrr ltri:tis, thi.,ir veItahtive reI.,rodttctiorii, 
,:ti (Jitrilti]tihulion ax I0it , Firtlhi a tvances ill 

''ii(rli triirlri i t ( At~ tr clham :teti;tics 

110 0 a ! t of the(aly r)>',al,!ity tire ritoim bl,:ause 


It Iwk of tol(,;t ll,: rrk'a; ch 


The 	 h , been or Partiallyuris i,,t , hs 

1 ., 0 o :risvior'11o !:;A iiir's qu(ttionio , 

' t S', \ill lik y Iri(ttltir' a K ooronce its 

1( iil ;i (vrloptd. It ''ild he. anproprile to 

ii and tn t'il ;lptit, le I.froglrai s usingiil e' , 

'ii,; quite remmit, ii ie tY ili and - iy 
r'l".',l it 0, :;:ity t,' irnoirt ., a umity 

Eica;yptL!S Uilizationi 

ri r(el(,re(( isl irratt to sotme multiple uses of 

Dit littus Meits';re actual rise Of alry 

p(._,(ti:r ol makct f)tentials (local or 

txport), ti. ili in iiy A ;ian nations havo large 

h' ilt-ill h lrris andrd,:lrt rqis 0 t,,hl)tl 

poktirtiAll, fi,h ( iira t 

fJ''S of 'otJ:.J ',,vtt,d ire iklicit a rural setting. 
, ir-.1-i itr (,pnrr trt i ;,ii' i, 'ist for cha coal, 

' W,il.nit ,f lF(ld i(rt , Ihlarrhoo ili r;calfolding, 
Ii uiti tir to ' ic e ,.rrqy poles, feed stock, 

ti '.,nd i iti itt h oxtbir(l inidist-ies. 

.,lid w'rtd [Mo dLitlCI dre available fror YOUIj 

trt's; sot ' tO': of tieu tree volMnie could ho 
ioi(,lCedCf It timber using simple farm 

Ir chlii nws ipit . !,/irig or its equivalent) at rotations 

of 8. 1) y ',,. i1, , sari be carried out by 

t :iifnr:,ydtd rurJ labor in sreasonal down tines, 

r;aicir as; ,,,n or Prccixts can be ma keted from tIre 
farm or in urban cenlei',, iher indivitially or 

throt tl cooperativte vePtues. The opportunity 

exists to :etain wood of considerable upgraded 
value on farrms. 

Rural industrialization could follow large-scale 
plantings on large or smali farms. Local processn(]i 
to sawn wood can provide more benefits. Some 

feasible industries inclde produclion of electrica 
components (blocks, switch frames, and battens) 

and furniture, which W',ould provide the mal,il 
economy employment arid higher quality products. 

Regional industries, suhl a, pulp and fiber board, 

c'- rd improve the ircononi i, oi, ai even larger 
scale. 

Obtaining oil irom Elcaiyptiis 0itaVUn o,,rz a 

interesting pos-ibility. Leaf collection could be 
readily organized and use of a simple steam 

distillation processing technri(Lie has potential for 

village industry. Oil yields vary among species, 
provenances, and progeny of half-sib rpo latiorrs. 
Oil chaiacteristics are considered strongly 

genetically conrro!led, arid selection and vegetative 
re[)roduction cf clories with desirable yields and 

qualities are both practical arid idleally sUited t(0 

farm regimes. 

Yields of up to 3 5 , of fiesl leaf weight with 70 

75% cineole are reported with Eucalyptus dives 

(not suited to the subtropics of this region), while 

yields of Eucalyptus ciuiodora in India are 
reportedly 4.5% oil witlh 82% citronellel (Willis 

19CS). Experience vith Eucalyptus carnaldulensis 

of Petford origin from northern Queensland at the 

Sagarnath Project, Nepal, shows a commercial 

yield of 0.7% with 60% cineole content. Individual 

trees have shown tip to 2.700, yield and cineole 

content of tip to 720/. The need for and the 
productive capacity of selective cloning prograris 

are evident. 

Tannin is a potental end use of Eucalyptus bark. 

While Eucalyptus tannin is of a lesser quality than 

that of Acacia, it does have potential regional 
denand (Hills 1986). 

Honey is an uinusual potential by-product. In 

lowland Nepal, tho honey industry is limited due to 

the lack of a nectar flow in winter after the oilseed 

crop (rape) flow,'rs. There are 4-6 months of necta 

"drought" until the spring flowering of mango and 
litchi trees. During this period, bees must be fed or 

subsist on the stored honey, negating commecial 

collections. Eucalyptus camaldulensis flowers at 
this time, providing an acceptable honey. 
Observations indicate a wide range of tree 

flowering time and selection among many flowerinc 

types is feasible for a long winter nectar yield. 
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Apicullure at the small-farm level woud provide a 
useful ec,,nomic input, 

Eucalyptus seed is a puteitial cast' crop. 
Currently, seed from Australia costs $200-$,100 per
kg depending on quality. The northern Queensland 
natural forest yielded about 7 tons in 1985. It is 
uncertain how long this cat continue, though the 
detmard for export and local use will rernain high
anod assuredly increase. Hightviahility seed can be 
harvested from 2.5-year-old trees, and if reasonable 
,ttention is paid to the parent tree origins and 
(diversity,seed cropping could be a commercial 
firm venriture. Seed harvests at quality randomized 
',(','d s;tands of selected clone plants would attract 
high pfic s atnd are feasible on small farms. 

J hose pro(Jducts ate not t(cessarily dtrived from 
a .ingle crop of trees, but can be ohlained along
with ngri(iiltttral cro); as discUss"ed fUttlher on. 

Which Species To Plant? 

Th. ge its provides an overwhlmiing range of 
sce;s, and the options are vastly extended by tlhe 
large timinler of pravettanttons. It is indeed fortunate 
tiatplant researchers catt rely on the stored 

,dot tofthe CSIRO Diision ot Forest Resources, 
$,,id Section at Cattbeira, which can quickly list 
prorisin species and proven-ances for testing if.;t:.ioo soil, climate, altitude, and data are 

atpplied. Another advantage is that the Seed 

.',Ct n provides free research quantities of seed. 

Persoi a observations indicate that mosl large-

se.ala platings in the region use either species or 

provenances of lower productivity than the better 

seed stock now available. One can only wonder 
at 

the management inertia thcil
allovs this to happen.
In buth Bangladesh arid Nepal, my experience in 
the tropical and subtropical lowlands leads mte to 
recognize the outstandJing contribution and 
,reeminence of Eucalyptus camaldo/ensis over 
..ther species. Particularly good are some of its 
provenances front the Walsh River watershed on 
the western ftil of the Dividing Range, about 1' 
degrees South. Some of these provenances, such 
as Emu Creek Petford and Wrotharn Park, are 
.,'orld famotis. 

ltiterestingly, the next best species, Eucalyptus 
tereticornis, comes irom several hundred miles 
northeast, on the eastern fall 15 degrees South. 
Again, some provenances of this species, such as 

x8 

Kennedy River and North of Lakeland Downs, are 
widely known and respected 

Table 1 presents a short list of highly 
recommended species and provenances for the 
regional moist, non-waterlogged, non-saline soils of 
the tropical and subtropical lowlands 10-30 degrees 
North. 

These provenonces (except Katherine and Gibb 
River) are northern Queensland selections of the 
Walsh River Watershed (or nearby) and of thf. area 
200 miles north of Cairns. The localities are well 
known to commercial seedsnert. Species 
del.nined as unsuitable in)the trials ill"LIdPr 
Eucalyptus brassiana, E. exsorla, E. pelita, and E. 
robusta. Another species of interest is E. uro;ihyla,
for which continuing research is planned. 

Table 1and the discussion above ae only a 
guide but have been proven effective in me
described area. Anyone contemplating pla, ting in 
difficult areas, such as waterlogc'ed, saline, or
excessively dry soils, should consult the CSIRO 
Seed Section. More detailed observations on
 
species, provenance, and site interactions may,be
 
found in White (1979, 1986a).
 

Seedling Production 

Eucalyptus seedlings take only 5-,c weeks to 
raise. There are constraints, of course Nursery

fungal disease. may require a fully sterile
 
environment until the plants are 3 weeks old, and
 
the soft, fragile nature of the germinants requires

tender care. Heavy rains can dstroy stock less 
than 1 month old, and a misting spray system and
 
sufficiert water are essental.
 

Nurserymen should be careful not to extract the 
last germinating seed from ihe tray. They should 
take the early germinants and the better second 
growih ones and discard the rest (seed germination 
counts are unretiable inproducing quality results). 
Fast-growing tree selection starts in the seed tray.
S!ow-growing plants should be culled. Ideally, 
plants should be transferred to the field before any 
roots penetrate beyond the plant container. They
should be in a fully unhardened condition for 
planting in a weed-free, freshly prepared site with 
ample soil moisture (White 1979, 1986b). 



Table 1. Recommended species and provenances for the regional mist tropics and subtropics. 

Species 	 Provenance 

E. camaldulensis Emu Creek Petford; Lappa Junction; 

CSIRO 13849 8.1 km from Petford; 

16 km E of Petford; 7 km NW of 
Irvinebank; Wrotham Park; Katherine 

N.T., Gibb River; (3ilbert Rivcr 

E. fereticomis North of Lakeland Downs; Kennedy River; 

South of Laura; Morehead River 

Table 2. 	 Eucalyptus carnaldulonsis growth in various spacings at Sagarnath, 

Nepal after 33 months 

Average Mean Annua' 

Spacing Trees/ Diameter Increment 
m ha cm rn3 

1Y. 9,500 4.2 24.8 

3 x 2 1,534 7.7 15.8 

4 x 2 1,138 8.5 15.0 

5 x 2 930 9.5 15.7 
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Field Establishment 

Abasic ccncept that must he considered with 

t growth high productivity, short-rotation tree 


crops isthat such trees should be treated like other 

agriculural crops. This means trees must be free 
of weed competition, should he protected from 
g(ma'ingt and fire damage, and that standard 

,g icultural practice-" apply. 


Afew,' points oi aizqpipriate techniques are 
iieded. It ;s ual to plant durhirg the early r;i,is 
(pre ruonsoc if s-ufficier ily reliable) to max :e.

Hi growing season before diought or lower ..
, iter 
thillpera u C-;slOw grov)wth Weeds can busl I. 
mfimii ized hy using compatible iritercrops. Sc.-o 
tru,, will he lo;, huit reduced weeding ( Is(Irovil 
miake an acceptable trade-off Inany case, the 
(,'
umhined tore/erop yield will be greater than either 

IJini Grazing prohcttion will he required for G 

Fr2e , akedly ,ffec!- Jeld andHa )oth i 
Iproduct dion.nio'i CofC.q"icing (1X 1Pmi) 
,r des high yiels of cis-ll products suiable for 

hei- 11rnearby inar, ets, including fuel,
Iw .ueholdlimhers, and fencing. Wider spacings, 
!,,2 x 5 i, reduce total yield, which can be 

c()mpensated by increased individual tree unit
volume ('with hioiher MOenetary impact) and possibly
.)orler tree crop rotatioris (see Table 2). Spacing
'.-eh-cti,ni a managerint decision that mnust be 
c:;o:;ely linked wit;, marketing intelitions. 

Inpaddy areas, planting is restri, d to the 

buinds with one or two alter: ating !,, , of trees 

planted 1x I in or each side of the hund. Indry

laid, rouhiin( iine plantings are possible. Initially, 

he establi ,lu ert carl include many trees (1x 1m 

or 2 x 2 in)wilth the intention of thinning slerns 
early. Spicing also will be affected by intercrop
objectives. Crops that demand more sunlight will 
be spaced wider if second- ard third-year crops are
planned. 

Eucal'yIlus species readily fit into existing village 
plantings aid would be suitable for inclusion in
home/village forests in Bangladesh. The "mixed 
for,"st" direction insuch plantings would elirminate 
the alleged disadvantages of planting only 
Eucalyptus. 

Intercropping 

Ordinary farming in many soil and climate 
conditions offers an unusual rural iniuore option in 
which both trees and odhe, complementary crops 
can be grown simultaneously on the same land. 
While intercropping will probably reduce the yields
of both trees and agricultural crops, the total return
is considerably rrore than that of either system 
alone. Under extreme environments (hightemperatures, strong winds) the presence of trces 
in crop lands can increase crop yields. A preferred 
inlermrop system ina Nepal subtropical lowland
forestry project isdesigned to provide optimum
benefits to tree growth and fire protection of the 
tree crop (Table 3). This could be applied ina farn 
system. Although it does not take monetary yield
into account, it is considered near optimum. The 
cropping system may he varied in the first 
plantation year to take a(vantage of soil types. 

Sesame is used to control weeds, particularly in 
years 2 and 3. Cash returns should be 
approximately Rs.11,000 ($500) per ha for 3 years
of crops. In the foullh year, agricultural crops
might still be planted, with lower yields expected, or 
farmers could turn to fodder crops. In later years,

pineapples or fodder crops could be planted.
 

In this case, the depression of tree growth by the 
traditional maize crop is a tolerable loss because 
tree volume growth inan intercropped system can
 
be up to 16 times as rmci as in monoculture
 
plantations, with the complete transfer of weeding

costs from the forestry to the agricultural sector.
 
An example from two similar adjacent areas of
 
contrasting treatnients inNepal illustrates this point

(Table 4).
 

The effect of trees on a3riculiural crops was not 
quantified, but 1,250 tlees per Ira with a 50 cm 
radius clear space around the tree took up 450 m2 

per ha. The crop yield iii the first year was 
estimated at 1.5 lons per ha for ground nuts and 
maize, and 0.3 tons per ha for oilseed. The maize
yield was reduced by 30% and 6J" in the second 
and third years, although in the third year it was
used as a forage crop only. Since crops vary
widely throughout tire region, this regime is only a 
recommended schedule for a forestry project in 
subtropical, lowland Nepal. 
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Table 3. A preferred inteicrop system in Sagarnath, Nepal, with Eucalyptus planted at a 4 x 2 rn spacing. 

Season 	 First Crop Second Crop Third Crop 

Summer 	 Ground nuts* Early maize a. Maize as a fodder crop 

(sandy soil) for both b, Stylo Verano, fodder 

or soil types
 

Maize
 

(silt soil)
 

Winter 	 Rape (tori) a. Sesame or a. Sesame, to provide a 
and niger or small oilseed yield 

Mussar dhal b. Rape (tori) and ta control weeds 
after maize arid 

Mussar dhal 

"Ground nut, Arachis hypogaea; Maize, Zea mays; Mussar dhal, Lens escutenla; Niger, 

Guizotiaabyssinic, 	 ,pe, Brassica campetris var. toria;Sesame, Se,amum indicum. 

Table 4. Effect of inter:ropping on tree growth. 

Annual Volume 
Age Survival Increment 

3 
Block Treatment yrs % 	 m 

No intercrop 4.7 67 0.91 
Intercropped 2.7 91 14.60 
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A cautionar'y note essential for successful 
intercropped tree farming is that only compatible 
trees arid crops should be used. These must be 
determined locally. InSagarnath, inc)ipatible 
crops that strongly depress tree growth have been 
identified as sesame in the first year and sorghum
ill the first and possibly second ye.ars 

Where pcssible, it is sensible to retain traditional 
,igricultural local crops as :heir culture and yield are 
unders'.ood. The opportunities for higher value and 
longer-termn lorticultural crops like pineapple or 
medicinal crops like reserpine (Ranwolfia 
serjmntina) and plan-noi (Cotonsoblyratws) 
,-thoL
ldbe con'sid(-r;d in planilng, as should 
)dctioi n lnf iLKity cLttle fodder in older stands 

I9i{c 

ELnvironment 

Eucalyptus plmitalions in Asia have often 
attracted hostile media attention. Comments range 
from the Uninformed to serious scientific 
uncertainty about researclh results and their 
implications for land use options and policies. This 
seems to be a problem inAsia alone. The general 
f.?ar of e..ological changes inconve,-ting forest to 
iflotIoculture plantations may riot be an issue for 
Laiilands, but use of Eucalypts on farins c(in he 

iifluenced by ihe deblate over their uses in 

p1itations, 


Eucalyptus species are considered to ceusuiMU 
i rge amounts of ground water. They produce a 
high volume of wood, which requires a large w,.nler 
supply. However, the ,ell metaboism of 
Eucalyptus is highly efficient, and they nied less 
water than many species to produce a gram of 
bioiiiass (Chaturvedi, Sharma, and Srivastava 
19b4). Whether this affects ground water supply
depends on the local environment. At Sagarnath,
N,)pafl, this point is often raised. Here the plantation 
ti ) crops are grown under rainfed conuitions. The 
waler tables in over 9901 of the area are 
inaccessible at depths of 80 m or more. When Oi 
available soil moisture content is exhausted, trees, 
like other plants, stop growing arid die. 

Those concerned with Eucalyptus and soil water 
problems are advised to consider the local 
environment carefufly and to modify tree plantings 
to optimize local benefits. 

92 

In areas of high or rising water tables (and 
consequent salinization), Eucalyptus species have 
been used to reverse the situation. The drainage of 
the Pontine marshes near Rome has been 
attributed to the use of Eucalyptus. The extraction 
of soil water and its release into the atmosphere
through tree systems in West Australia is used to 
control rising water tables arid salinization 
problems. In Pakistan, India, and Thailand, there 
are vast areas of degraded soil of 
alkaline/saline/raised water table origin (Thomson 
1987). Experience indicates that Eucalyptus 
species tolerat.,these conditions. They will quite
probably be among the leaders in wood and other 
asset productivity, and will he responsive to simple 
breeding applications to greatly increase yields. 
lhomson (1937) considers that the current growth 
of 5-83 of Eucalyptus camaldulensis plantations in
saline land plantations in the Sind Province of 
Pakistan could be doubled by using more salt
tolerant provenances. Thus, Eucalyptus water 
relations ae more likely to be beneficial than 
ho rmnful. 

There is also a fear that intensive tree crops will 
cause excessive depletion of soil fertility. This 
should not be a problem. Evidance in forestry 
systems from older plantations in India give no 
proof that this will occur aid suggest the reverse. 
Tree roots deeply explore soil profiles and trap arid 
return leached minerals to the surface litter. The 
minerals lost in wood removal are limited, and most 
leaf litter is expected to be recycled. Furthermore, 
in the tree farming concept, !osses of essential 
minerals can be economically replaced in fertilizers. 
The removal of nutrients in wood harvests of 8 to 
10-year-old tree crops is minimal when compared 
to the total annual removal of agricultural crops and 
residues from adjacent farmlands. 

In farming syslems that may involve the total 
removal of the tree crop, it is possible that a fertility 
drain would occur. However, if the first principle is 
followed (to treat wood production in farn systems 
as any other crop), this loss would be covered by 
fertilizer application if wood crops are economically 
viable. 

Soil toxification by Eucalyptus root secretion or 
litter is not considered relevant, as is witnessed by
healthy, vigorous intercrops and the strong growth 
of understory species. The long dominance of 
Eucalyptus over a major part of the Australian 



scene arid their non-toxic impact must also be 
considered a relevant testimony. 

Concern is expressed that Eucalyptus plantings 
on small and large farms cause social problems, 
such as lowering production of food arid fruit 
crops, decreasing rural employment opportunities 
and, and contributing to adverse environmental 
conditions. Some of these fears (decreased 
employment and crop yields) can be overcome by 
[lie intercrop option, ,hich can lead to greater 
rmploymnellt opportunities, a widar crop range, and 

ronsiderably increased farm incomes. 

Large-scale prograrrms should note these 
concerns ai-d take steps to ameliorate them. 
Aduitionally, attention should be paid to the use of 
marginal lands (saline/alkalinci to minimize the 
armount of high-qlIuality agricultural land diverted to 
tree growth. With inargin:r lands, the need for 
investment in Specie - and Ivroverlance trials i'ds 
urgenl, as is the [I,- I to select superior gecehic 
stock. 

Growth, Yield, and Rotations 

Table 5 shows an expected yield value from 
agricultural soils in the subtropical and tropical 
lowland farms of the region. The higher yields are 
from the reasonably stress-free soils and 
eivirorinmnts. The lower yields indicate soil arid 
environment ;imitations. In every case, these are 
expectations of unselected seedling stock, and the 
yields relate to fully stocked star s (e.g., 1,000 
steris/ha, 3-5 years old). Nan', ::!Kv, lower stocking 
r-ites reduce yield,. 

The biomass yield of reasoilibly stocked stands 
(1,000 or more trees/ ha), including the wood 
yielding stem, is of great icterest wh,,n considering 
other end uses. Table 6, which Is useful in 
determining such yields, is extracted from data by 
Hawkins (1987). A practical local estimate of the 
yield of existing plantings can be rapidly and simply 
determined based on average tree diameter and 
stocking rate. 

At Sagarnath, Nepal, oil produc.iion from a 6-
year-old, Iully stocked stand is about 200 liters/ha, 
A similar yield could be expected from older crops. 
The over-the-counter price of this oil in Nepal is 
currently $8 per liter. 

The above yields relate to unselected seedling 
origin tree crops. Selected clonal plantings could 
double these yields. 

The question of rotation or harvesting age is 
often raised, provoking a range of replies. End use 
of the wood produced and the time to reach 
desired dimensions govern spacing. Where small
sized wood is intended for local fuel or farm use, 
short rotations of 1-2 years are practical. These 
also fit into farm management practices where 
there are fears of trees interfering with other crops. 
Under these cirunistanrices, the wood crop is 
coppiced before it affects the other crops. Larger 
end-use crops, such as poles arid scaffolding, may 
need 3-4 year rotations, and bigger poles and 
sawlogs will need b-10 years. Tile larger trees will 
still be multipurpose trees, with some 40% of the 
butt volume usable as saw logs or large poles, 20% 
as posts, poles or pu!lpwocd, and perhaps the 
remaining 40% as commercial fuelwood. The 
branches may be a commercial or social-use fuel, 
the bark could yield tannin, arid the leaves could 
produce oi. 

Clonal Planting 

Although still in its Infancy, clonal production of 
Eucalyptus is of great global interest. This resulted 
from the development of simple vegetative 
reproduction pioneered in large-scale forestry 
projects in Brazil and the Congo, and in the 
recognition cf an immense diversity within the 
seedling populations of many Eucalyptus specL,. 
Conbining the reproduction technique with 
selections from the broad spectrum of seedlings 
and their genetic characteristics is now being 
increasingly used in mass selection programs in 
fields as diverse as wood production and amenity 
floral displays. This is only the beginning. 

There is a worldwide trend to clonal plantations 
in wood production. The objective is to convert to 
vegetative reproduction instead of using seedling 
stock. This aspect is not new. Cyptomeria, 
Populus, and Salix have been vegetatively 
reproduced, perhaps for centuries. What is new is 
the emphasis on parent stock selection and later 
breeding of superior stock so that genetically 
supeior plants grown by vegetative reproduction 
will be established in plantations. As relatively few 
parents will enter this stream, their progeny 
(clones), carrying the full genetic complement of 
the parent stock plant, will replicate this parent. 
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Table 5. Annual Eucalyptus production per ha for regional subtropical lowlands. 

Weightb Volume Gross Valuec 
Site Quality a 3t 
 m US$ 

1 15-23 20-30 274-420 
2 8-15 10-20 146-274 
3 1-8 1-10 18-146 

a = moderate to high fertility, adequate soil inoisture 

2 = moderate fertility, scil moisture and/or alkalinity a limitingfactor 
3 = low to moderate fertility, adverse scil qualities, i.e., alkaline/saline, stony/sandy, 

and soil water a limiting factor.
b 30% moisture content, air died during dry season; al yields are overbark. 
c Value of standing tree of which we~ght is equated to a local market price of fuelwood 

at R 400 per ton ($18.26). No costs of g(cwing, harvest, transport, or sale 
have been deducted. 

Table 6. Green weight (kg) biomass table for lowland, subtropical Nepal. 

Dbh Stem Branch Leaf Total 

2 1.73 .23 .30 2.26 
4 7.85 .95 1.11 9.91 
6 19.11 2.35 2.51 23.97 
8 37.50 4.53 4.56 46.59
 

10 63.78 7.59 7.28 
 78.65
 
12 98.85 11.63 
 10.71 121.19 

Source: Hawkins, 1987. 
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Eucalyptus has become a priority species for 
this because of its worldwide distribution as a fast-
growing wood crop. Because of its seedling 
genietic diversity, it has extremely high potential for 
rapid selection of desired characteristics and 
increasing this produiction. Yields 3-5 times higher 
Ihm unselected seedling stock are accepted as 
cOcMIon. I he objective of an annual increment 
yih I oh100 m3/ha/yr is qt joted in the literature, 

flhe impact of tlli.s revuJtion will be 
xtii 	 orlii ary. There could t)e a global shit of 
,.)od production to countries er dowed with tihe 
,Ied and eivironmien for rapid tree growth. A 
Pire loclli.',. I (1ctct Would be raising local wood 
produiction lev(.,; (inrportant in fuel-deficient Asia) 
or iduciing the land area and prodUction costs 
n 0(10( to produce wood for a specific purpose, 
,uclh as wood input to a pulp mill. The effect of this 
will be similar to the effects of rice and wheat 
hreeding programs Indeed, it riuist be seen that 
ro otlrer wood production rranagement option 
pos,;esses a similar potential for rapidly increasing 
the wood supply arid drarriatically lowering 

rod,,ction costs. 

Although the wood production aspect has been 
,tressed, many of the other end uses are amenable 

to equally rapid improvement. The percentage of 
leatf oil could be doubled arid the 1.8 -cineole 
content lifted to commercially acceptable levels 
WtIhOUt further refinement. Tfre quality and quantity 
of bark tannins could ' directed to acceptable 
commercial grades. v(ring times can be 
I;)r,,ad to prov:Je a v.. long nectar flow. Tree 
forrr can be modified to provide narrowly crowned 
trees more suitable to intercropping practices. 
Wood qCuality can be selected for individual 
industries, e.g., to supply wood of less than 550 
kg/rir 3 for pulp production 

The potential of nIultiple-use Eucalyptus clones 
offers exciting challenges as well as promrising 
rewards for rural development. 

Research Directions 

Due to the generally unrealized potential of 
EucalyptJs on farilands arid to the large impact 
that would follow its expanded use on farms, a 
coordinated regional research body should be 
established to promote field research arid 
administration, taring of Eucalyptus in major soil 
amid environment land areas, and using existing 

facilities or establishing new ones in collaboration 
with national authorities. The charter would include 
promotion of multiple uses and establishnemt of 
demonstration industries and marketing. Its 
parallel could be the program at the International 
Rice Research Institute. 

A primary general direction of Eucalyptus 
research would identify (or confirm) the most likely 
species usable for rapid wood production. 
Combined with this and complementary to wood 
production would be increased yields of 
commercial by-products. More specific topics for 
research are mentioned in !he following 
subsections of this paper. 

Species/Provena rces 

o 	 Identification from the wild of appropriate 
species for the region's major site 
environments and the selection of matchirg 
provenances in this range. 

o 	 Mass selection Of (fLIality genetic clone banks. 

o 	Selection of genetically improved progeny 
(half sibling) from families raised from 
selected mother trees from the wild, favoring 
rapid wood or other asset production. 

Vegetative Reproduction 

o 	 Establishment of macro- and micro-vegetative 
reproduction tu.,hniques. National staff 
should be trained in these methods. Early 
high-yield selection attention would be 
directed to: 

increasing wood growth of identified 
provenances to twice the volumes of 
Table 5 with a long-term objective of 
attaining 100 m3/ha on Site Quality 1 
areas. 

manipulation of wood density to Yroduce 
pulp grades of under 550 kgs/m and of 
higher density wood (more than 600) for 
fuel arid construction timber. 

--	 doubling the total leaf oil of Eucalyptus 
carnaldulensis to 2% and increasing the 
1.8-cineole content to more than 75%. 



development (in conjunction with 
increased wood yields) of improved 
nectar yields and spread of flowering time 
for rural,honey-based idlJustries,. 

- research on balk tannin yield, uses, and 
economic feasibility in selected programs. 

Other inIporlIrt leatures aleclin(r tree culture on 
farms and requirinc early investicatioi arnd 
seleclion relate to tree torn A long-terin intercrop 
coribination can be succe;sful only if tree roots 
have :i strong vertical penetration rather than a 
spleadinol riet that causes probleurs of plowing and
e"\'cosive co mpetition with other crops. Crown 

1(rm also i, inlpitar)! A narrow tree crown of 


" shorl or pu'rhrloiws traliches miniizes
 
4lit!iis~rc Iuiirfl ploim(olos Vi(]or if) lhe 


IFii'ld epeidl i Cir t ' flicil;H ld iidilftI!; 

,,ir/hl tm,ij, (Li ni 
 Creek Pellwud proveiuaiice) at 

.Qd}lirillih Uplul Icet ; an accpahle loot systemni. 
mInltrlmUit r;,,)fit(e vig(ros ii,lrrow-crown 

i,t,: idrni mid are 1 reproduCe(J;1t h(i
 
, 1 IJllil( t(h ii l ivitls 


Coi c ISion 

her Is di rm ,eseatnd increasing deii anrd lot 
, ):)fl 111 (,hur tree products if) the regiol. In) 
; .* ral , INi; dfe1mranid roust he 11et front tree-

I:lriloirg hhnles .. the public and the private

r'- Matry of these needs can be provi(ed 


frii sl ort-le rit tree crops itl lime periods lhtat are 

il(li(iClultJ;l or horticLltural 
 ill scope. There are 


i1iii 
 i[); )Ct Itilies fI," using int ercropping 

( i Js(s oat trees anid com[IpltiUe crops (-an 

)oagrown simultareously on tie same land, which 


diversifies and increases farmn yield and ilcome. 


Elcalypt us occupies a key position ill this 
proposal as it offer; a ranrge of species for the

iropf:c;s and subtropics adaptable to many 

environmental conditions. These species are 
supported by a rangle of provenances that can 
match individural sites, including difficult soils and 
environrnent s. Eucalyptus species have the 
(esired characteristic of fast growth for wood 
products, and combine this attribute with many 
other ecorrmically important products. The 
different species and provenances exhibit a diverse 
genetic make-up at quite early ages that greatly 

facilitate selection of suPeior clones to reproduce 
desirable traits in rmoarkably shorter rotations. 

Thcse assessments apply to seedling crops fro 
unselected seed sources. Advances in vegetative
reproduction and the combination of this with 
selected superior genetic stock can quickly providc 
astonishing gains in yields, production cost 
reduction, and higher incomes. Early attention to 
capitalize on these gains is highly recommended. 
This could best be oitaincd through a regional 
policy and coordinating unit operating with major 
soil types and environment zones. In the overall 
assessment, there can be rro thought of "boon or
bust." Regarding use of Eucalyptus, the star is only 
rising. 
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Session III Summary 

K.G. MacDicken, N.G. Hegde, arid V. Liyanage
 
Forestry/Fujelwood Research arid Development (F/FRED)Project, Thailand
 

The Bharatiya Agro-Industries Foundation, India
 
Coconut Research Institute, Sri Lanka, respectively
 

The question of v'hy special emphasis is placed 
on nitrogen-fixing trees is raised by several 
pailticipants. Several genera are mentioned that do 
not fix nitrogen but have higher fodder value (i.e., 
higher nutrient content and digestibility) as well as
Multipile uses. Nitrogen-fixing trees may well be 
SLiitd to degraded sites low in nitrogen. Many of 
these trees are pioneer species that are aggressive 
c(loriiers of (Jegad(t.] ltes in their centers of 
rv~ri. 

Tt w dnigers or using a.inarow genetic base for 
introdurcing ililrogeii-fixing trees are described. One
exaniple is the reproduction of Ilige (uaritities of 
Lorcwaenar loecocePhalaseed fromi a limited 
l):h)u)ation of mother trees. Advantages of using a 
hioad gonetic base, particularly that of increased 
populaton resistance to pest and disease 
pi )teros, are recognized as is uncertainty about 

a',', thi!3 mi hitho he done wilt a self-crossing 

4)eci(!s like Leuca ena Ie.ucocephala 


Ihe asdii;piition thaft systems that work with 
alucawn,i cam work with other nitrogen-fixing trees

L;not so11iiJ Marry syst!ems based on iihogen-

tixii(l trees and tfne economic analysis of ttese 

practices are derived fron experience with
Ltnicaeinaleococephaa. It has generally been 

idSirined that practices based on Leucaena are 

oth iologically arid economically valid with other

ritrage n-fixing trees. This is riot a valid assumption. 

Current problems with the Leucaeia psyllid have 

led some to consider simply switching over to a 

rew species, such as Gliricidia sepium. The 

following lesson should be underscored: reliance 
on a sirrgle species for ITajor MPTS prograis may 
expose small farmers to 'macceptable risks. Using
alternative species, with reliance on indigenous 
speciOs when poss'hle, should help rcduce (but riotelirrimite) the risk of failure of planting programs. 

Limitations in the methodologies used to assess 
fodder value of trees are recognized. The in vitro 

digestibility approach used aone is questioned.
Other fodder characteristics, including palatability 
and tannin content, are noted as important factors 
to be evaluated. 

Long-terni research is critical. Lack of data for 
many MPTS is indicative of a hurried, short-term 
approach to produce quick results. Long-term, 
methodical research is seldom planned and 
implemented. Interests are more often directod to 
short studies that provide "quick-fix" solutions to
complex problems. 

Nutritional constraints for the growth of MPTS 
are highlighted by Palmer. As most small farmers 
own degraded, low-productive land deficient in 
several nutrernts, fertilizer application might help
increase tree growth and yields. Although resourcc 
constraints prevent small farmers from using allthe
inputs at optimum levels, it is advisable to 
recommend fertilizer applications, including the 
nacro- and micro-nutrients, in view of the low cost 

involved. 

It can also be suggested that regionai arid
 
blockwise soil classifications should be made on
 
the basis of mineral deficiencie- to enable

extension workers to focus on the application of
 
specific nutrients in the area.
 

In tile paper presented by Relwani, several 
promising nitrogen-fixing tree species are identified
for wastelands with shallow, gravelly soils found in 
semi-arid arid arid regions. Leticaena 
leucocephala has been reported as superior to all 
other nitrogen-fixing species tested in three trials. 
,ore of the naturalized species, including Acacia 
niloticavar. cupressiformis, Acacia tortelis, Acacia 
senegal, Dalbergia sissoo, Albizia lebbek, 
Gliricidia sepitin, Parkinisonia aculeata, Sesbania
grandiflora, Sesbania sesban arid newly introduced 
species like Acacia deafnii arid Sesbania formosa 
are also promising. 
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Shakya discusses 12 nitrogen-fixii ig trees 
indigenous to Nepal, of which six are found on 
faimlands of [he Terai ar d middle hills. Few 
nitrogen-fixing trees are found on farms in the high 
hills. The only indigenous species to be studied in 
the areas of propagation, growth, and yield is Alnus 
liepalensis,which has attracted significant 
international interest. However, nitrogen fixing 
tr, os are widely distributed in terraces and on the 
edges of rio,-irrigared farmlands intire hills and the 
Torai. Priority species suggested include Dalbergia 
sissoo, Albizia ;,pecies and Acacia catechu. 

Laquiion highlights the importance of nitrogen
fixii
g trees as MPTS for soil conservation. Serious 
ecological problems, such as soil erosion caused 
by delorestation and heavy rains, are being solved 
by developing Sloping Agricultural Land 
Technology (SALT), an integrated, diversified 
I illside farming system that uses thick hedgerows 
of nitirgen-fixing trees as soil binders, fertilizer 
generators, and moisture reservoirs. This system 
allows snal! farmers to grow arinual and perennial 
food crops between the hedgerows. While this 
system can reduce soil erosion and may restore 
degraded hilly land to a profitable farming system, 
initial soil erosion rates should be guarntified. 

Tile sigrnificanrce of nitrogrn-fixing tree species 
ior small farmers is basc 'argely on their use in 
rna agerincnt systems (e.j., looping for fodder, 
Iuelwood, and soil improvement). 
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Some Nutritional Constraints for the Growth of Shrub Legumes 
on Acid Inlet ile Soils in the T-rcpics 

Hobert Bryy, Rrian Palmer, and ratang Ibrahim
 
CSIRO Divi-iorr o Tropl, 
 Crops arid Pastures, St. L.ci, Austrlja
CSIRO Divi in of i roplcN Crops arid Psures Town sville Airstalia 

BAlai PFliiitin T rriiik, S Put ii ri rt 1tlrdo esill, spoectively 

As part of a /w) ,',or to P tw , r 11ire 'i;bl+il 
of shrub legumeo fcr irl'ttire a i /o/l 
e porinents idve hoot 1 / -oi i, 41,,
I/ndonesia and rvo inl Al- 'i / : 
"V in tc'wct ieql?(e't)/o ca,r . i S till C",ch COwftry 

e .:// i,'i Ill / he1rl tie oUter 
ir"Th 4Les; rIdtere CrepireIreCe ,
dfit ololir r' ,r lll Glirieo idi .pitr to th"r: 

,:/ 	 :.. eon ofop;i ,,, ' i i' , 1,ir;ota itf 
!,m 	 ? , il tr,'. i l 10,01';I I , /

iaicr,, drr sc,+,t,'i I'i ,t ohel tt,' wl 
:5~ y trl im ri 'ii ,ji'i to i ' i'":

a',lt:v t iL I I " , ''er iris 'ii' , 
rIo e /r ri0. , ',1' , a., Cn(/ 

S/ 1, : 1( 11, lit?,,o ",, ./eri ty, Ir 
/rod 'P/ 'r , twe/ (U ici'ir,;l: ,' This edrctio'l 
;"')'i/ rl t o /l'i r;-v i/'111o ,.l hitol-, ", td by

,/ it,:airr oftt,'e 
 "i r,; ,, ota c,kI 


/ciiti .tato! /i,'oir ;I";wo!_e oh.. Io)c)l ra los.!;

foo 0/nwtf 


1,h lsou .eof .'-,lIr lrgir /.rhir e , a elJty Or
 
pr.'rp iee 
 is wt e I I y carl rriovide 


,itlailur 
 r;ourc r- of f, d f(- i ni al grazing, CUtarid-c: rry feed, f,,.cifi ' sd,P1I md soil 

improvrmenrt and stalili: Sri 
C -Irly, it is 

rrrrrsasorah',e to ix'p :: 
 ary one spe(-'e s to fulfill 

rvery role in al errironnits Ihus, Mhile 


Lollcae.,ra ierlecef)ehila pr-dtces high-qality feed 
ard his an e:xcellet coppr . g a ,ily, it does not 
I!rishii on acid soils (Hill 1971) Calliandra 

:.a"ty-;s,a valirlle s.ource o tr(wo(xI in 

1.idoeea, is thlought 
no re',, helter than Le'uicaena 
in) r.:C)let clirlate'; (Parjait.M t al. 191SG, and 
G iricidia sepitjn: is cor sicernd mirore C.daptal;!e to 

i, ci1.., (Ch dholar 1' , 

Thlere i:,, alheever pI;o'v Of ilfurlitior ern 
the corparahre perforrmance of these legurries 
over a range cf sites and eec ronrets, parlicuarly
egarding their response to sol n itrients. Since 

there are vast areas of acid soils in the tropics (tc
which Leucaena is not Dresentiy well adapted), itis 
of some importance to detcrrnine which aspects of 

acid soil niirilior effect differential species

rtsponse 
both !c enable tire selection of suitable 
speCies for pafticular sires and- to deri\e criteria for 
tttte selectirun programs, This paper prcerrmis 

preliroirary daLta from a series of field trals 
desio ied to uxairi;lo the prrrrr-irrc ' of Leucaa'ia, 
Calka:idra, ard,( Glire.diia iiuige of acid,over c 
infertile soils if- the tropiw; ;ta l their response to a 
range of n trierri.; 

Materials and Methods 

Three specitrs of s lrrr: tl ' los were irse(! ini 
this study .. Icac ra o cocephala c'i 
Cuninrirghir Celliiao c clothy sus (C I 110395)
and Gliricidia sepio (CPi IIW 98)., 

Seedlit gs 
were prepar d at eacl, site Iry sowing
pregerminated scarified seed rilto plastic bags of 
unameided soil froilm that ite. Siedlirgs wereSlie';I~ f Swere
inoculated witlh an appro)riate ihi olhi,jn ' uri at 

transplanting. 

Site Location 

,our sites were chosun for this work, two on
 
Indonesia (Sei Ptutih ild Semb.!wa) arid two in
 
Au stralia 'Utci&a Creek and Silrw-rod). Relevant
 
:no! characteristics are given itij1 able 1. The Putih
 
site is 50 km ESE of Medan iti No1h Sumatra,
 
where the annual rainfall is 1,9('0 rn. The parent

material of this soil is prob 
 bly an old alluvium that
 
was deried from redistributed acid volcanic tuff.
 
The soft appears to be well-drained and is more
 
than 150 cm deep. The soil is cl,.ssied as a
 
Tropuduit. The site at Sarribawa is located 
approximately .10 krr NWVof Palembang in South 
SUmnatra and has an annual rainfal! of about 2,000mam. The sol is classified as a Paleudult. Both of 
those Indonesian soils are referred to locally as Red 
Yellow Podzolics and reporesent a unit used to 
describe all unproductive acid red and yellow soils 
iq Indonesia. They cover a large portion of the 
:ndonesian land surface, approximately 30%, or 51 
milS'on ha (Driessen and Soepraptohardjo 1974). 

1 (X) 



Table 1, Soil properties of experimental sites. 

Exchangeable Cations (meg/100 g) 

Site 	 Depth pH Ca Mg Na K %AJsat 

Sei Putih 0-10 cm 5.3 1.76 350 <0.02 U.41 8 

30-40 cm 5.1 0.72 . 17 <0.02 0.12 51 
Sembawa 0-10 cm 4.9 0.42 0.32 , 0.02 0.11 85 

30-40 cm 5.0 0.12 0.04 ,0.02 0.03 97 

Utchea Creek 0-10 cm 5.3 1.44 0.6( 0.12 0.23 11 
20-30 cm 5.1 0.53 0.19 0.10 0.09 14 

Silkwood 0-10 cm 5.3 0.34 0.23 0.11 0.15 77 
20-30 cm 5,0 0.03 0.05 0.06 0.03 91 

Table 2. Rats and types of fertilizer applied to field experiments. 

Fertilizer Product 	 kg element/na Lime (t/ha) 

P 	 Diammonium phosphate 
a 

Monoammonium phosphateb 
33 

Ca (nutr) Gypsum 	 40 

Ca 	(lime) Calcium hydroxide 

Sembawa 2.0
 

Silkwood 
 2.0
 
Sei Putih 
 0.4
 
Utchee Creek 
 0.4 

Trace Elements (TE) 

Cu 3,0
 
Zn 3.0
 
Mo 0.2
 

3 	 1.5 

Mg 	 20.0 

Basal Treatment K;S 	 36/13; 16 /8C 

a Indoriesia 

bAustralia 

c split dressing 
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The two sites ill Australia are located 
approximately 200 km north of Townsviile and have 
an arnual rainfal of 3.500 rm. The ltchee Creek 
site is classified as an Oxisol and is a highly 
weathered uniforml te(xtulred soil of basaltic origin, 
The Silkwood soil i:;cla.s;sified as anrInceptisol arid 

r :a -radatlconil uil with a 
(ii, A ,or toei, Vlieiher a well-draited alluviutm, 
[hso:; are d-r, is ,iiln detiil fy Murtlha 
I ,I 

Site, inthe tIv" ie; wvere chosen so thai all 
,, nu klic acid infefiile. There were similarities 

i l,soils at S,i Petih a,(d Ulchee Creek in
ltlat hoile la, echcijeale calcium and low 

,hoils 
)d I(h1 lv loV e:rclha :ibc' calcihill and 

,ll i 

,l owii/ 'o)l;hritol Tll)n at Serr!)awa ard 

rnl ' i if i 1t1Lblish 

Fertilizer Regire-

Fit-,.) ()i r q1 ,1cition are giver in Table 2. 
ellfi nfl,e V '-1l~id a haiLl 50 cmir e inl wide 

rlig, th i f The irrie lreatlerIs were 
, of41 nr h pti)or to transplanting. Other 

.,t r>i' ph difiii di:,tely prior to 
,v' 

pli o inAllfemil*,er we(re ctlivaled ito a 
hl~ti,)f Ih'y r,;10 (;ili i 

Expe ineriial De-;iin anrd K,IFPanagement 

- i r ,c ek [! i ,(Imc 150 ci apar:,
wiflil row ,ppi ic) of 50 ( m, Plots comprised 
foui ; f six plant,,; The resulting Itseicl 

'iied 5 x 3ri do threei specis,. eeV 
replicated Ihr e tii for each of si.t-:tilizer 
Ire itrreits ii a raidorizcd block design. The 
fI+till. ,r tr it eniouts (iifered to inT:0)le 2) were: 

(Fl i i) ietilico r i,
(I P, 

0i3)P Ca (cutr),
(F-t) P C a (riul) I F, 
(F5) 1 , Ca (mir) Ca (lime), and 
(F(Gt Ca (mrtr) Ca (liinie) t TEF 

1 re'.ti'izer reatmnents were chosen to 
exaiitm ilw of various aspects of plantthfects 

iiltritioi in acid soils (e.g., to separate the effects of 
calcium duficie;;cy aid low pH). 

The seedlings at Set Puih and Sembawa were 
transplanted inDecember 1986, whereas the 
Australian sites were not initiated until February 

1(02 

1987. At these latter two s:les the seedlings were 
transplanted into a plastic mulch to minimize 
problems with weeds. A!all sites the Leucaena 
plots were treated with insecticides to control 
potential psyllid problems. 

I he first harvest was nule six ri/otlis after 
transplanting. The center eight flats froni each 
plot were cut to a hei(tlit of 75 cm r d separated 
into leaf (including small sterns to 3 rum diarieter) 
arid wood components for dry weight
determinations and subseqUent chemical amalyses.
Only leaf yields are reported in this paper. 

Results and Discussion 

The intention of line initial i rvest was to 
a Illore urilorni exlperirnental base from 

which to compare the sulhsequen regrowlh over a
number of cuttings. Nevertheless, dala froir this 
harvest are of inlerest inderinonstrating sonie of the
initial responses. These mLJSt he interpreted with 
care as the cuLtting heiglht of 75 cn does not reflect 
the total amount of growth. Any plant not attaining 
this height would rot contribute to the recorded
yield. The unethtd used tended to discriminate 
against Gliricidia, as a significant proportion of itsleaf production was below the cutting height at this 
;nitial harvest. This problem should be overcome insubsequent harvests where regrowth above 75 Oii 
is the criterion for comparison. 

Utchee Creek 

Data suggest the major nutrient deficiency at this 
site is phosphorus, although both Calliandra and 
Leucaena showed a possible response to calcium 
as a nutrient (Fig. 1). There were no obvious
 
symptoms of nutritional deficiencies at this site.
 

Silkwood 

Where no fertilizer treatments were applied, no 
plants grew above the cutting height of 75 cm. 
Even with added phosphorus, there was still no 
harves able yield frein Gliricidia, although both
Calliandra arid Leucaena showed a response to 
phosphorus. Leucaena arid Gliricidia responded to 
added calcium as a nutrient, arid indications of 
response to trace elements were evident in all three 
species (Fig. 2). Leaf discoloration was seen onmost plants in the F5 treatment but not on the F6 
(+ trace elements) plots. 



Fig. 1. Leaf production at Utchee Creek (Australia). Fig.2. Leaf production at Silkwood (Australia). 

* " 

I F 

Fig. 3. Leaf production at Sei Putih (Indonesia). Fig. 4. Leaf production at Sembawa (Indonesia). 
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Unfortunately, at this time there isno informationon the visual symptoms of mineral deficiencies in
either Calliandra or Gliricidia. Calliandra had the 
most severe symptoms, the plants being stunted 
and the leaves yellow. The pinnae were tightly 
rolled and were brittle. A 0.5% solution of zincsulfate was sprayed on plants in the border areas,
resulting in alleviating the symptoms. With 
Gliricidia there was evidence of abscission of the 
second and third expanded leaves, suggesting thepossibility of induced copper deficiency. Previous
work on this soil has identified copper deficiency in 
Ixpistutres (J Teitzel, personal communication).
Sample;s have been talell for chemical analysis, 
both to try to confirm the suspected deficiencies 
'And to Investigate the possibility of an induced
magnesium deficiency. Cool night temperatures in 
July (Ire(uontly below 1," C) caused some leaf fallin Gliricidia 

Svt Pitlih 

All species showed a marked response to 

l)hosptrotus. 
 Calcium as a nutrient increased yieldin Gliricidia and Leucaen.T Trace elements further 
increased dry niatter production. Calliandra and 
Gliricidia yields were depressed by lime, with afurther response to trace eletments These data 
'e'.qntl 11at this site hs a Imce elemient deficiencyth i o r[bl;(
(l 	 l )y Hiiti a(fiion (Fig. 3). 

Sembawa 

'Ofllcmdra atl Gliticidia hboth performed
rea-l ively well at this site., The riost significant 

response was to the addition of lime, with 

f c l(
,c(ive increases of 83 ', and 110% for Gliricidia 
tid C,alliandra (Fig 4). Loucaeria also showed a 


i,-irnje response to lime after trace elements had 
,-en aipplied. These increases in yield are almost 

c,rtilinly
(to; to all improvement in tie ,(,ilpH

.lfrectilg 
a rl f(llItiotlit) aItIlinLInt saturation, 
Hlo'wu..'er,
( nIy lie soi ce available in this 
rogicol coetaitnr I11(3' ma(nesiljln, which could 
ionund the ilih)iretation. 

Con cIhlsions 

Although the data reported above are only 
p)lJrntiinary, the following conclusions can be 

o 	 Calliandra out-yielded the other two species
 
at the first harvest.
 

I14 

o Except on extremely aluminum-dominated 
soils, Lcucaena and Gliricidia can give
reasonable production where possible
calcium deficiencies have been overcome. 

o Where lime is used to ameliorate problems of 
low soil pH, cognizance must be taken of any
induced trace element defic')ncies. 

o Further study is needed to elucidate the 
differential nutrient responses of the three 
species ir,volved and to follow their responses 
over several harvests. 

Acknowledgments 

The work reported here is part of a larger
 
project, Multipurpose Shrub Legumes for Infertile

Soils in the Tropics, funded by the Australian
 
Centre for Agricultural ReFw 'h, the
Commonwealth Scientific R(searclh and Industrial
 
Organization, and the Govr-rnment of Indonesia

through the Agency for Agricultural Research and
 
Development. 

REm-NC-S 

Ctadhokar PA 1982 Glmc,h,i rrraculata.A promising legume 

fodder plant WVorldArr e Rvlvwv 44:36-43.
Diessen. PM., and M. Soepraplohardio M 1974. Soils for
 
agricultural epansior inIndonusia. BulletinNo. 1, pp. 1-63 
Bogoc SoilResearch Institute 

Hi,. GD.1971 Leucaerral0Ooro(,ti)halJ for pastures in the 
tropics Herbage Abstracts 1 111--119 

Murtha, G G. 1986 Soils of theiuly-ltsfail area, Nooh
 
Queensland. Rep. No. 82 
 Canberra: CSIHO Aust. Div. Soils 
Divl. 

Ranjaitan, M, D A.Ivory,and R.Jessop. 1986.Regional 
evaluation of tree legume species and response to fertilizer 
application and rhizobiurn inoculation. Forage research
 
project annual report, pp. 41-42 
 Indonesia: Balai Pnerlirian 
Ternak, Ciawi 



Performance of Nitrogen-Fixing MPTS
 
on Mountainous Wastelands in Low Rainfall Areas
 

L.L. Relwani, B.N. Lahane, and A.M. Gandhe 

The Bharatiya Agro-lndustries Foundation
 
Uruli Kanchan, India
 

Nitrogen-fixing multipurpose tree species 
(MPTS) were evaluated on mountainous 
wastelands under rain/ed, irrigated,and hand-
watering systims with aii amuafl rainfall of 350 to 
400 nm over the eperinentalperiod. Under 
rainfc:-d conditions, Leuicaena leucocephala 

,, ed the best growth, followed by Acacia 
Sis , t Acacia senegal With improved soil 

doept, ucisture, and lertility, A. nilotica, 
Pihecellobium ruk'' :d Dalbergia sisscc also 
/)fcrfnie(l w 'l!, Among tie fiew intio(lLctions, 
Acncia deimtii and Sesbh nia formosa were 
pronisi. Unier potective irtigation,Leucaenn 
nei:coceplila and S., 0 nii rjrqrodiflora were 
ci as tas1di!, , c / PflU d.;'c. y LeuLcauIa 
diversifolia, Gliii(:idi S,;epiLnm, Dalbergia sissoo, anid 
Eryhrina i1dica, tiite hold-watetitig treatm, nt, 
Sr imimsc,biui, n ieoila lcnco-oephala, A. 
niltL:, vr cupre;sifcrmis, Gliricidia sepium, 
Par insni ii, tcule-i,i and Albizia procera 
pt/oLr/ned v-,/i Lewc-nra loucocephala showed 
co.;r.;,t3t t ' treatrnents.iss M,'j riot ;)tvforttna,:ice in all 
Prices of U SS 40-50 :,-nt wood aire necessary to 
polm, iii, o n;reico troqenfixir)gMFTS byof 
sfmrall f,1et. 1Ie0: hici/re metric tons of sees 
cund 1,60 tetic tows of wood of Leucaeiar) 
eucocephlhae 'ew misld to fatimers and 
goi.'ermtiiui and voluoolyorganizations. 

Introduction 

The nr)vetai1o!us wastelands Of the Deccan 
Plateau aie chnmrcterised by low and erratic annual 
rainfall of 300-500 mm received in a short period of 
3-1 niontis, The topography is rolling and 
undulating. The soils are shallow, deficient in plait 
nutrients, and poor in niioisture-holding capacity. 
Ajriculture is unstable and mostly not viable. 
Forests are disapp)eaIring due to populatioii 
pressures and commercial wood extraction. Logic 
dictates thalt sone of the lands should be planted 
with nitrogen-fixing niUltipurpose tree species 
(MPTS) to satisfy the needs of consumers, ensure 
high aid sustainable profits, and improve soil 

fertility. An alternative appears to be combining 
woody perennials with herbaceous crops in 
agrosilviculture, silvopastoral, or agrosilvopastoral 
systems to guarantee productivity from one, two, or 
all three components. 

The most important nitrogen-fixing MPTS adapted 
to such a harsh environment is Acacia nilotica. It is 
found scattered in small numbers in most of the 
cultivattd and fallow lands, along field buncdS, 
railway lines, and highways. The vediana variety is 
more xerophytic than the telia variety. The third 
variety, cupressiortnis, has a tall main stein and 
broom-like, ascending thin side branches Telia is 
the most important variety and can withstand dry 
summers, short periods of ilooding, and saline 
conditions. Thlie tree is an extremely valuail e 
SOurce Of fuiel, small timber, fodder, tannin, and 
honey It reaches an average height of 10-15 ri ,n 
2(0 years (Anolymous 1980, Singh 1982). 

The second niost widely grown tree is Prosopis 
juliflora. Introduced in India over a hundred years 
ago for stabilizing dunes, it is now found growing 
rampantly in most of the barren lands, river banks, 
arid edges of swampy areas. Goats eat the ripe 
pods arid spread the seeds in their feces. Scarified 
seeds germinate easily in the monsoon season. 
The wood is hard, with a specific gravity of 0.7, arid 
makes an excellent firewood and charcoal. It is 
generally cut in short rotations of 4-6 years, when it 
is 3-4 m in height. When widely spaced, it may 
grow up to 7-8 m arid yield 30-40 tons of wood/ha. 
This tree has the greatest potential for solving 
quickly the fuel and feed problem of animals 
through aerial seeding of barren and eroded hil 
slopes. 

The third type of small tree or bush is Sesbania 
sesban, which grows fast on better types of land 
and provides fodder and firewood in short rotations 
of about 2 years. Quite often it forms a hedge 
around sugarcane fields and is frequently cut for 
fodder. When intercropped with sugarcane, it is 
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harvested along vdthr the crop. There is a profuse
and early fornration of seed pods Estdtlishrernt is 
very fist, bUt grov,'th then shiw,::
Sesblr ia
,7r,udiflootr is another popular toe iplanted for 
flowers and p0(ds as vegetables, fodder for cattle 

:jg)its, and firewood for cooking. The tree 
It I: ittlyin hunid tropics with an annual 
Sf 1,()O0 .,i.0( rm lm (Itrierareas, it is 

('loiwir y plnii, dorlird tannors' collges
:iirpt- flov'rs rld arpods cirsool in vegetab;le 

irk, TI: tree ii'.,'ry attractive ard is preforred 
k r ;'fro )tid(. l. i 

-;;j.,y * ,'.,.' I01 last arld survives; 
Ai'111 (hI l i;Jht(1 ii irlilo, qrave soils. Itf,' 


... i I , ,., Of tre 0 tree species 
:,Ju,Itllll (cl. J. Iho B3haratiya Agro-
.i;, Jlt,, (5,AF in ....a dtoljt 
i t 1!, , 
;',ived Aparil
f ' i * f, (';I'( ifs it''1(') it (rowr61, i'; 

I I t ( I ' 'd J ()k ,
k 4,, trit I or' [ lfi i [ etoo is rio 
a' ' 'o ' ()fI f,,tilrr 

II. in(p,[ r,llJi i I i , l(' e,for tol arid 
f nip.. invlg It:;, ()liIr il' as are foJider, 

( ni; ( I r rliiim] t 111(fnJ le autel 
['i,. errif'it,lt~o/Orn //''' /l'/{ Dr eoti/, 

ri ( ,c, ' c,t/t ,'fn ,A/:/nc,:o 
itAd.,!.',, lbqn ie r;omoof the olor 

;,qro iii irci rilrli11I ) r'rt, 

g, is s'uiit to coo I,I'' r'iansCa/,anis
is v;nifor Filles, 'mi i'.;t 'iris are used 


F',r !4i 


Th mt i itarttiij tret anioig the now 

itrirodi t 
 irs awl Al le species llreorldy troitiorned 

h/eiiis Lota-c ,',,Jr ,i/ii/',,,duiie to its rirtiltiple I sts 
a'; fi)ofer, fiiev, J, ols,os. rests., lirber, orgaic 

ili rriir''. 
 'il)r i I,i d,arid ornairentatioi It 

ri r)'v '.etyf t. err',vir thie BAIF carrl'is for 
:tl 'I .; n)rly1Iryocirs arlir. the site was 

,l1.;i liii "Vv Ioni tkillt. uiittod,',' it is 
ltJIi i] wl ihl( hi s mh'o ti rerlll(rdoli:d;ihkc 
f ,!1111fi for!;e dof if the 0.1 vork -ty We,Ia'(,)nd
'i h Lit1 )11)ri; of lit. nails of thi';Harv'aiisir 
Ginitl tiiii(jlh(l it tih cou ity, with o:',collhnt, reports 
al))Mt iiir; jices's A wood dtopot has been 
eshlibislroil ofr the caripuns to supply firewood, 
poles posts, andJ rav tirtorial to paper factories for 
iiw print More thmr 1,G00 tions of wood have 

been marketed, at an average price Of SUS 30/ern.
The psyllid pest has not yet entered India 

Indian foreshors have had differing views about the
 
suitability of various nitrogen-fixing niultipturl)ose 
trees in wastelands. Qureshi (1986) reco merids 
Prosopis juliflora, Delts indica, and Albizia lebbok 
for low- to medium-rainfall areas. Nirnbkar and 
Zende (1986) recordud !highest growth rates by
Leuicaena leococephaa compared to Prosopis 
juliflora, Dalbergia sissoo, Acacia albida, Acacia 
nilot/ca var. copressiformis, Albizia /tbheA, and
 
Acacia nihptica var. indica 
On low.ainfll
 
irountainours wastelands,Rel.v;iii et;il
(I 313;)

observed that Leocaena hebcocepr lagrow heit,
followed by Casuarina equisetfolia, Eg'.'/rin/i
 
indica, Sesbania grand/flora, and Acaci/a
 
atirichlifornis. Dwivedi (1980), Tiwari (1983), D 
 ;,. 
and Shankar Narayan (1986), arid Vaishnlav (I1)00()
h ve allstrongly favored planting Pro;o/p sjIoht/ofo 
forfastgrowth, tiar(iiess, tolerance to salinity,

drought arid p riodic flooding, )[OfLse CO))iCii(.
 
iiliiniuilityaiai t rg
rlSlj
.iin , pllltable alld rrLIilli.rirs
 
[);o
s, good (Luality firevood idcharcoal, s atde
 
toleralce, anid ai excellent liorrint, 
 lor siteimproverent. They cotr:itter it as ai ixcollotil
 
species for eroded, degoded s',ls arrd as
 
protection to agricultural l ds a :.istl.'l
hot winds 
arid browsing arririals. 

The results of theldifferent trials or Leicaena
 
leococephral, conuLtCed at tire BAIF Central
 
Research Ca1i1)LIS are (etailed 
 ii the next section, 

Forage Production and Effects on
 
Animal Health
 

Hawaiian Giants K8.K29, Kri7, and K72 yielded
 
an average of 11.1 
 tons green, 2.75 tons (ry traiter,

arid 0.66 tons crude protein',h / crtting over 36
a 
CLttings in 54 rirontIhs with orrce-a-nioifth irrigation

in tle dry season. They were about egual to Ole
 
another and significantly superior to Hawaiian
 
common and K3411 (anl improved Hawaiian
 
comm1ri1onr) withiailaverage yield of 7.6 tolls greer,
 
1 9(3 tons dry matter, and 8.49 tons crude 
protein/ha/cuttling (Relwani efal. 1982a). Ini the
 
spacing mn 
 agement trial wiih K8,consisting of 
1.0, 1.5, ard 2.0 i inter-row and 0.1, 0.2, and 0.3 iii 
intra-row spacings, the best combinration was 1.0 x 
0.1 ri (100,000 plaits/hra) with an average yield of 
8.86 tons green, 2.29 tons dry nialter, and 0.51 tons 
crude protein/ha/cutting (Relwarni et al. 1982b). 

lIii 



Table 1. Growth observations of Hawaiian Giant K8 using different management practices. 

Irrigation 

Rainfed (400 rnm/yr) 

2 liters water/tree 

4 times, yr (in 
first 2 yrs only) 

Protective light 

ingat.ons once 

vevory5-6 wls in 
dry season 

Protective light 

iiriiOns once 

ni,,iy 7-8 wks in 

(f, seon and 
fitc.pl:mted .v 

i . > 

Spacing Age 

(M) (yr) 

3 x 1 9.75 

2.75 x 2 7.75 

1 x 1 3.50 

1x 1 8.00 
3 x 3 8.00 

Volnie - fieigtt dti x 05 plant populat. /ha, 

V,'glt ,oluine x 0 54 

.,; drieda vie it. chlitoit 15 rnaiotilure 

The be.st culling heigt and freguetfrcy were 115 
cm and 30 (lays (Relwani 19117) In a polypot 
(,xperiment, the conhinalion n(i NGR 13and CB-81 
PI i ohia was su)etrior to NGR-8 ot the green and 
lry niattoi yields and nitrogen content of the forage 
(Sitit(it; ind Relwani 1982). The amino acid 
mimeosin pos no pioblem in the feeding of 
Leuttctena fot aj,-, t(, cattle as no toxicity effects 
,v;,F Ohservcd uven in long-termn feeding trials. 

,Ntl charactri,-,tics of hulls were also not 
tv-'t: :ly affected. Even the effect of feeding 

LNlc,i0,a seeI it) lit]]ited (gluCntities did not show 
ary to:r:ily symptoms (Sobale et al. 1978; 
Rang.inekar el al. 1983 Badve e al. 1985: and 
Wiaghmare, Jo;hi, and Rangtnekar 1985). Feeding 
Leuc~tera forage at 33 . of the total tation is the 
recomondO(1 practi tce 

Wood Production 

Wood production trials using various 
mattagernent practices have bern conducted in 
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Height 

(m) 

Dbh 

(cm) 

Vol 
ha/yr 

(m 3 

Wt/yr 

t/ha* 

15.6 10.4 28.6 15.5 

13.7 9.9 15.8 8.6 

105 8.0 96.0 51.9 

12.4 7.9 48.7 26.3 
15.1 14.4 21.8 11.8 

single plots, whose measurenents range from 0.2 
to 0.5 ha in different years in tile past decade 
(Table 1.) Although statistically inconclusive, a few 
observations deserve mention. Uruli-Kanchan is 
loc&ted at 18.50 N latitude, 78.80 Elongitude, and 
560 rn altitude, with an average annual rainfall of 
400 mm fromnmid-June to mid-September. The 
itmaximum and mninimum temperatures are 40-420 C 
in May-June and 7-80 C in January. Shallow soils, 
which overlay basaltic rock, have atn average pH 
range of 7-8. 

Table 1shows that yields were lower in trial B 
than in trial A, in spite of additional watering, due to 
a lower plant population. The highest production 
was obtained fro] trial C, which had a high 
population and frequent irrigation. In trial D, the 
yields from 1x 1 n spacing were lower than in C 
due to competition with Guinea grass and alonger 
irrigation interval. The spacing of 3 x 3 rn was too 
wide and resulted in low yields (Relwani 1987). 



Economics of Wood Production 

Relwani and Hegde (1986a) estimated net profits
of US $586, $405, $279, and $194 (US $1 :: Rs 13)
ha/year in ar iewwith annual rainfalls of 1,250, 
1000 750 and Si00 rain, respectively, when sold as 
fuel at $25/ton. Profits increased to S1,739, $784.5, 
$142,and $292 when sold parti:ally for poles and 
tl e rest for fuelvood. Under irrigated conditions,
tley reported net profits of $702 and $1,815/ha/yr 
whOn niarketed as fuel or as poles; and luelwood, 
tespectively (198O[b). With the escalation in costs 
of wood pi odtiction, producers must obtain $40-
50 per ton, dlepending on s;ze and quality of 

vwood hit,; is the major c(:talyst for popularizing 
ih e cl tree plaritationis on wastelands and in 

,ysyAtm; 

ree Species Performance in Current
 
Trials 


,. V .. iI tte 0 N1e t)1 i ( eva ILIatd ti(rder
(11)/ killJ, prot (Ijve inli(gat ion, and hand -watering 

t+'teoms Twes were pLanud (mnAugust 29, 1982, 


uditiu eratiotis were tecoided n October 

I I7he (liowth data lor the top, middle, and 


tf)lo sectiocus of a s:01, 1.o01er dry land 

(,()fl Itia is ate given inl I; Ht.de
2. It eac'i sec, ion, 
thow v,, re f()tjr trees of Leucaeia (K8), a:tenr ating 
,'ith ,unugi lml ntiulor of trees of tther species, 

wI:c(1 I .) i r;it 


Itlmro i. . ilitii;ct ircisse in growth rates from 
t00 lul. tie;touh time middle, to the bottom slopes. 
Il the ripl)pr suction, which is almost devoid of soil, 
Acac,i amtctlhform,, Acacia nilotica, Casuarina 
eouisoliolia,Dalbetg,o sissoo, and Derris imdica 

dit!( ftlmsevere drought in 1986. Among tile 

remaining species, Acacia tortilis grew relatively 

!utter than A. senegal,while Pithecc/lobium dulce
 
pritornied the poorest, with only a 25% survival
rtle In the middle sciion, Acacia auricuiformis 
died and Casuarina equisetifolia,D:lbergia sissoo, 
Pithecellobim tdi/ce, and Derris ii/ca had a 
survival rate of only tip to 25%. Among the 
remaining species, the performance of A, nilotica 
was better than that of A. senegal orA. tortilis. At 
tile bottom of the slope, the survival of A. 
auriculiformisand Casuarina equisetifolia was only
25%, Dalbergiasissoo, 50%; A. nflotica and Derris 
ndica, 750%; and A. senegal, Acacia tortilis, and 

Pith/ecellobium dulce, 100%. A. nilotica showed 
higher growth rates, followed by Dalbergia sissoo 
anrod Pithoecellobiumdlo/ce. Casuarina equisetilolia, 

t08 

in spite of its higher growth potential, performed 
poorly. Taking the four parameters together, none
of the species approached the outstanding 
performance of Leucaena leucocephala. I 
responded to the fertility gradient in a way similar to 
other species, with progressive improvement in 
growth and survival from the top to the bottom 
sections of the slope. 

In another trial on degraded mountainous soils 
(Table 3), sone new species were tested on two 
sites to evaluate their performance under dry land 
conditions. The trees were planted on October 14, 
1985, on site 1and November 4, 1985, on site 2.
Observations were recorded on September 17, 
1987. The trial was condu(ceLd as part of the 
Oxford Forestry Institute's interositinial trials of dry 
zone species. 

On these barren soils, Leucaena /eucocepha/a 
and Acacia dOamii ol site I and Sesbania formos.;a,
Leocanaleococephala,Acacia deamii, and
 
Pithecellobiurn dulce on site 2 performed best.
 
Leucaena was the only species to be grazed by
hares shortly alter transplanting, but the plants
recovered quickly arid grew rapidly. Acacia deamii 
grew fast but later turned bushy. It is also thorny
and can serve as a good protective fernce. 
Seshania formosa does not tolerate e',,ended 
drought, and Leucaena shannoni and Derris indica 
established poorly. 

In the third trial, 28 species, including 16
 
nitrogen-fixing species, were evaluated under
 
protective irrigation with the idea of reducing
 
mortality due to sunimer heat arid drought. 
 Trees
 
were planted in July 1985, watered twice in 1985
 
arid 1986, and once in 1987. Observations were
 
recorded in September 1987.
 

Under protective ii; iions, Leucaena 
leucocephalaand Se, ;urmia grandiflora performed 
best (Table 4). Casuarina equisetifolia established 
well but grew poorly and had high mortality in the 
hot and dry summer season. Albizia lebbek was 
severely alfected by psyllids (order Homoptera, 
family Psyllidae) arid its foliage turned yellow. 
Malathion sprayings proved ineffective, but two 
sprayings of Nuvacron (0.05%) at weekly intervals 
controlled the pest (Hegde and Relwani 1987). 
Pithecellobium dulce arid Prosopis juliflora were 
slow starters arid were over-run by weeds. 



Table 2. Performance of five-year-old nitrogen-fixing trees on sections of slopes of mountainous wastelands. 

Basal 

Height Diameter Dbh Survival 

Section of slope (m) (cm) (cm) (%) 

Top 

Acacia 

auriculifornis* - - 0 

A. nilotica - - - 0 

A. sene.il .99 1.9 0.3 100 

A. torilis 1.55 2.9 1.7 100 

Casuarina 

equisetifolia - - - 0 

balbergia sissoo ..- 0 

PithecefloubiuIn 

dulce .87 1.8 - 25 

Derris indica - - - 0 

Average for 

Leucaena 

leucocephala 4.91 7.0 4.9 78 

Middle 

A. auriculiformis .. 0 

A. nilotica 3.30 4.2 1.9 75 

A. senegal 1.73 2.9 1.b 100 

A. tortilis 1.70 1.9 1.0 100 

Casuarina 

equisetifolia 7.12 7.7 5.5 25 

Dalbergia sis(so 1.39 2.5 1.1 25 

Pitheceflobium 

dulce 1.55 3.5 0.5 25 

Derris indica .23 0.4 - 25 

Average for 

Leucaena 

leucocephala 5.73 7.2 4.8 94 

Bottom 

A. auricufirorwis 3.63 5.2 3.5 25 

A. nilotica 4.81 5.4 3.3 75 

A. senegal 1.19 2.7 1.5 100 

A. tortilis 2.41 3.1 1.9 100 

Casuarna 

equisetifolia 5.57 5.2 3.5 25 

Dalbergia sis.no 4.19 4.4 2.3 50 

Pithecellobium 

dulce 3.02 4.4 2.0 100 

Derris indica 1.30 3.3 1.5 75 

Average for 

Leuccena 

leucocephala 8.66 10.0 7.4 100 

High mortality due to severe drought in 1986. 
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Table 3, Growth of two-year-old, dry-zone tree species, 

Average
 
Basal
 
Diameter Survival 

(cm) (%) 

2.36 52.17 
3.86 95.45 
1.60 78.26 
3.40 69.57 
3.28 86.96 

2.70 82.51 

2.74 50.00 

1.77 76.19 
3.30 95.24 

1.98 40.74 
3.46 96 30 
1.93 100.00 

3.53 66.66 
2.01 28.00 
1.85 80.95 
3.33 92.60 

1.40 8.33 

1.30 60.71 
2.80 75.00 
3.23 92.86 
2.71 53.57 
4.31 50.00 

Species 

Site 1 

Acacia auriculiformis 

A. deamii* 

A. farnsiano 

A. pennatula 


Albizia lebbeA 


Apoplanesia
 
parniculata* 


Enterolobium 
cyclocarpunr 

Myrospermuni 

frutescens 

Leucaena leucocephlrja 

Site 2 
Acacia auticuliformnis 

A. deanfiii 

A. farnesiana 

Apoplanesia 
paniculatv 

Derrisindica 

Glircijia strpiur 
Leucaena leucocepjli 

L. shannoni 

Myrospern'lun 

frutescens 


ParAinsonaaculeata 


Pithecellobiumr dulce 

Sarnan%,a samanl 


Sesbania k)mrosav 


Average 

Height 


(m) 

1.75 

2.29 

1.35 

1.91 

1.67 

1.48 

1.63 

1.48 

2.32 

1.71 

2.43 

1.52 

1.66 

.73 

1.14 

2.44 

1.87 

.85 

1.64 

2.09 

1 35 

2 16 

Nitrogen fixation unconfirmed (Halliday 1984). 
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Table 4. Growth of multipurpose, nitrogen-fixing tree species with protective irrigation. 

Average 

Average Basal Average 

Height Diameter Dbh Survival 

Species (m) (cm) (cm) %) 

Acacia auriculifornis 3.38 3.76 1.94 85.30 

A. nilotica 

var. cupressiformis 2.05 2.61 0.83 100.00 

Albizia lebbek 1.88 3.01 0.85 70.31 

Casuarina 

equisetifoia 3.42 3.75 1.73 26.56 

Dalbergia sissoo 

Letrris indica 

3.32 

2.09 

3.98 

3.03 

2.38 

0.99 

93.75 

85.94 

Enterolobiulrr 

cyclocarpum 1.94 4.20 1.31 71.88 

Erythrind indica 3 15 4.40 3.21 90.63 

Gliricidia sepiurn 4.13 3.66 2.73 100.00 

Leucaena diversifol!,I 4.98 5.51 3.25 93.75 

L. leucocephala 7.26 7.40 5.24 100.00 

Farkinsonia aculeata 4.49 5.43 3.30 96.88 

Pithecellobiumdulce 3.26 4.31 2.74 39.06 

Prosopisjlilora 1.10 1.93 - 60.94 

Samanea saman 2.99 4.40 1.92 96.88 

Sesba grandiflora 6.98 8.88 5.72 100.00 

In the fourth trial, an augmented block design 	 leucocephalagrew slowly in the tirst five months 

but vigorously thereafter. Arnone thle remaining
with four replications, measured quantities of water 

species, Acacia nilotica var. cupressiformis 
were applied to trees, depending on the seasonal 

trtaintained steady and satisfactory growth
tequirements for establishment arid growth. Trees 

throughout the entire period. 
,,ere planted in November 1986 and received two 

liters water each per week until January 1987. 
In the subplots of the fourth replication, Gliricidia 

Each tiee received four liters water per week from 
sepiurn and Parkinsonia aculeata established 

F raheary until June, the dry SULmimer, and from July 
quickly and grew faster than the other species.

Aicjust, a period that experienced intermittentto 
Albizia procera was tfe next best but tended to 

lilhlht hiwers Watering then stopped. 
bend in high winds. Derris in'Jica grew slowly. 

Among the main plot species, Sesbania sesban 

started fast, branched, and produced seed pods 

in the first six months (Table 5). Later on,profusely 
its growth rate decreased considerably. L.ucaena 

III
 



Table 5, Growth of multipurpose, nitrogen-fixing tree species with hand waterings. 

Species 

Main treatments 
Acacia nilotica 

var. cupressifomris 
Albizia lebbek 
Leucaena leucocephala 

Pithecellobiuw dulce 
Pmsopisjuliflora 

Sesbaniasesban 

F. test 

S.Ern. +-

CD. at 5% 

Subtreatments, 
Acacia nilotica 
Albizia procera 
Casuarina equisetifolia 
Dalbergia sissoo 

Derris indica 
Gliricidia sepium 
Parkinsonia acu,'eata 

date of planting, 1/21/87, 
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Nit'ocgeri-Fixing Trees as #-L'utipurposeSpecies for Soil Conservation 
H.D.Tacio, H.R. Watson, and 'Varlto A. Laquihon 

,lindano Baptist Rural Lite Center 
Dvao City, Philippines 

Soil elosion due o deo,estto/ion and hea y
ra'insOWsefts an,' e.omnely sel'OtjS problen in 
;,IiI .y of Silth i , ai , 'n 'or.,Its 


,} in 
iplc. FndPhil 

l/ /ie 
')pi/ies. i A i/f!,,,io BRaptist R1rlI./'! C I, has .. i . ,// ,:fal 

,/'a_I, 'a 'C . ' 8(?ojl;;)lx]?i'i'itmt' [ ' j 1 
fL 7T c,tlio ,(w;;(o 

J , C, y 1 ,4 is'- if, t /,'I,0,,/t ,. 
 0IIl' / nI/ft!1, //';. IncA/ 
/'0,i 1/ t/i/I:ql /,,,w/ 0 I ;

C I,. // ;t i:ii t p, fI> / f' f.':+]!( 
, // .. ] :'", ., ,' . t .
 

Off 1'I ..... 

.U .'',,';n, I ''/a. n, 

It ifl i 'J/',i;/h /u f/oi ' ' n.," ,
; ,f"i'' CI i/ It?/ t I '/ I( pi/(I 71h<1SAL 7 mo el 
l.t';b001I ttl' I /ol Il /lM(t oiI l "/ m /i/o/i ;,, alfnd 

' *t(I/ / i// ! /Iw Il , 
 71,''.ten 
lof ' ''/'''' e;,0'/ '''' .' wJIrf/toe 

15• /, ''ff/; to ' i'' /}?'/''I 

S ,l/ i i/ 1,f ' l i,i./ ,'')(/ ',, / : poflIaiS In 
/6/ (it/i iI,f/ l/ r , ' '2; in t ilut' ild lOn.,: :;lu i ff'' I,m o:,l i 
 ..t . i ,+ : ttI)l S o il 
M i,// 
 " U'11 1 'i :/f s iff1lilJt"lIf/ Cill],If ilIlchiffg 
,,ihiitirtrip( lolil/fupil, fIilt'llu Cf l)ping (.Over-

lppiirfi. i/i/fC ,/iil,!Il(a' min'toyh-p Fariirmes(:/ c I 0' a'liy'(MiOf [tli' Ow0 ,I'1/(J'1 

(,min:dio ki) At//1their ,i -dsrid('tpahilities. 

1,h . r 
i,11 ;i.:eof1 1 / hi ' il/a/lao 

I t il t In Ce/for (MBRLC) /cImme/ds an
01 l(,ii Slo)In/I A(Ilicultura-1 f y //fy tlltd 
:/i/II fti /i i i if (SALT),(,'
 

Si' Ti I'//i l l i/(; ir of soil 

(,.nW;,1 lti,(ll 
 / to o/ Iod ctio n th,it iltogrates 

, .soil /-;I.a/ioin tfle'asfuIes in one settingC 
Ba isi:::llv, SALT is a nlwitho( of grovil/g field aid 
pefIirnenlt cropS 6abands 4-6 inlwide betweencoiloured rows of nitrogen.fixing frees. The 
nilragen-fi ,ing trees (NFTs) are thickly planted in 
double rows to form hedgerows. When a hedge is1.5-2 /itLa/I, it is cut back to a height of 40 cm and 

the cultings are placed in the strips between the
hedgerows, also called alleys 
 to serve -asorganic
fertilizer. 

Will-, rows of perrlanent ciols s;uc, as coffee,
 
cacao, and citrus dispersed tlhroulhout thifan
 
plot, SALT can be considJnred an agroforostry
 
system. 
 The stip:s not occ /;d by pernmieitcrops are planted <lorw ateki, to cerealt, (coM,

upland rice, Sorlimir, etc.) or otte
r crops ('sw ,et
potato, melon, pilleilpplo, cator bean) and
legu Mes lulnfIm r, soy)ean, )eanut). This
 
cyclical cropping pro,des tihn farinm:r Several
 
haveSts throiucji, 
 the year. 'the average i1L;'Oil/©
I one family iroll a ihectare C SALT farmri,following instructiof is cCUlIfUlly, isapproximately 
P1,000 per nioith ",SOS 5). 

On a SALT taf , a taifer cIl gtow varieties of
 
crops fiamiliar to him. SALT can 
be adapted to
incorporate or traditional farming tich iques.now 


If farmers leave lan( fallow, t;iNFTs will continue
to.grow and may later be harvested for firewood 
or
 
chircoal (Fig. 1).
 

SALT is a simple, applicable, low-cost, and
timely method of farming up!ands. It is a
 
teochnology developed for farmers with few tools,
little capital, and little training inagriculture.
 
Contour lines are deternmincd by using am 
A-frame
 
transit that airy farrier can learn to make arid Us.
 

Background
 

SALT was developed on a marginal site inKinl slt 1san,Barisa/an, Davao del Sur, when 
MBIRLC started to em ploy coitour terraces or t eir
sloping lands in 1971. Dialogues with local uplano
farmers acquainted the Center's staff with farm 
problems and needs, and gave them the impetus towork out a relevant and appropriate upland farming 
system. 
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I 

After testing d~fe~eri irrlercroppinr schemes and 
observing Ieuc-ena based far ming systems, both 
in Hawaii and at the Center, the SALT prototype 

-asfinalized in 1978. During the development 
stage, some guidelines were cor.siJered essential, 
Scientists felt that the system siuriid. (1) 
:aleqiiately control soil erosinn, (2) help restore soil 
,tiuctu n
and fetility, (3) he effiiit in food crop 

cduhJ.ar. ( 1) be ,iitp!li:o l li,0t50 %11of 
hiiiiid(, firn., (5iLa easily diipliraih I hy Uo)Iamd 
fin a r:,aIlnj Itoc:alre io I aldcOnC a ii " 
I,)l; 11i I ,,aIS (G) he Ilt Ir a(,, 'Itale, 
."k a, i, ili!ythe focus arid fo.dt inS 'is 


I: .111i 1, i th to prio rity (frli I aS, fors, a n( 
( ,hvo la:r1ty priority), {I1lLa,v ,ol t e in as 

J1 , 
I 

,t:1i(ire 
laIo n) 

() 
to . 

mmii il lbor, 
1n1,d,,ecolgranlly 

d Ifarmers 

II 1,0, ()irmIi tire t i,t:t ,%isselectoid it 
MI Rll_ ypicalI of t dmial I-ns, its: ,Ded o stlirm 


It.tll,,Il 1 (rIa or,:
-tmJ 
 it tldh?.I 

iHit, it ha tfv,' yoir ' ' 0;iv ; woir 
I;I II(')it i-,nI f !o iit', if) the area. C iiiroir 

hi,. vr t,[Thu l Ii:and ht.r(jc r0,' of Leca.ona 
, , , i i lhly ,lIhod tpil-iil were 

mt".(! All, iW 00 'tfil, ; I flwi-l i t Iedgerav_; 
ht,P!it~ .,iit)r9,"o, 01- lidil;omiii uplalld cr11> 

i 
r ii ipii hcl...s vero large 
i i ti a i,I ijh elirml s ated to help

III; ipil 

,'ncrop va-s 
7;I's it the nodel and local fanis were 

Ca ro,,,1;t )o-)rinputs aind soil loss were also 

fi i i i h.ieested inlate 1978. 

, (ilole 1) 

A,;iru,lwhit Tabemim ,ALT reirie; neo 
hA)(nr :)NvorNtiorLral fLill; HIhhdStllIrl 
 but the 

ilSic i2o ill yields colpeip ,stes for this additional 
,mlor Firlherir.jre. thiuse of !00> of available 

:omaual work hours for a .ALT fari can be viewecd 
as increa.,;ed enili.o.,yiment for farners. Thre tools 
needed to cultivate the SALT farri are the same. as 
those already Lse( by thif local famer, ie.,
carltl,,o, plow, trro, aid a long knife foi cutting 
'itrasses The only tools introducOd into the SAL!systom ,ere the A-fraiies and hoes. 

Soil loss in alltys was rne.nuared simply by 
placing marked stakes along contour lines at the 
dIpper and lower sides of alle,,s. Tfre loss fron the 

I1,6
 

upper side of the alley and the accnmnulted soil on 
the lower side were measured. ITe amount of 
accumulated soil on the lower side was subtracted 
from the amount lost on the upper side; the 
difference was the amount of soil lost in the alley.
On a local farm without SALT, erosion was 
determined by measuring topscil depth, and it 
some cases by comparing the amouInt of soil 
retained around cO('O ILIttrees to the rest of the 
field. 

Cost and Return Analysis 

Table 2 shows the gross acere, total expnses, 
and not inconmes for the ye,,s 1980 through July 
1987. The average anrnual icome for upland 
farmers inthe area is about P4,000 with most 

planiing more than 1lIa of land. A farmer 
can triple his farm income by adopting the SALT 
system. 

M odifications 

A SALT project tl t follows tire MBRLC
 
recommendations will have about 200%of its area
 
planted to NFTs, 25-. 
 to permanent crops, and
 
55, to non pernialent crops (Fig. 1). Several
 
variations, hov,'ever, have been observed:
 

Row cropISALT system. The farmer only 
plants arlnti'l crops such as corn, beans, or 
other row crops inthe alleys. This system
may be more economical for the farmer in the 
short run, but the recommended practice is
that permanent crops be planted inevery 
third or fourth strip or alley. Some farmers 
say fhit since they do not own the land, they 
do ract want to plant permanent crops. 

o Perriarient crop SALT systemi. The farmer 
plarts all the strips or alleys to perennials, 
,jch as banana, coffee, or fruit trees. 

o Almost all SALT projects represent some 
varialion of tire Demonstration SALT at 
Mvi3RLC. 

Recent Developments 

In October 1985, the Demonstration SALT, which 
included Leecaena leucocephaiahedgerows, was 
attacked by a psyllid or jumping louse 
(Heteropsylla cubana Crawford). With this 
infestation, the MERLC began intensive testing the 
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Table 1. Comparison of SALT model with a local farming system ( 1 ha). 

Item 	 SALT Model Local Farm 

Labor (1 yr) 100% of work hrs 50% of work hrs 

Corn yields 

(2 crops per yr) 2,000 kg/crop1 500 kg/crop 2 

Soil loss Slight Severe 

1 Only leaves from Leucaena in hedgerows were used for fertilizer. Leucaena herbage yields 

per ha/yr are 36,080 k of green leaves and stems, with the following NPK ,quivalents: 

258.5, 120.2, and 90.1. 
2 The local farmer did not use commercial fertilizer or Leucaena green manure. 

a 

Cost and return analysis of the SALT demonstraticn plot (1980-1987)Table 2. 

Gross Total Net Net Income/ 

Year Income Expenses Incone Month 

1980 5,693 1,117 4,575 381 b 

1981 3,055 583 2,472 206
c 

1982 9,007 1,833 7,174 597 

1983 6,471 1,228 5,242 436d 

1984 14,287 1,741 12,545 1,045 
e 

1985 

1986 

15,559 

13,294 

1,858 

1,710 

13,701 
11,584 

1,141 
965

f 

1987 8,137 2,274 5,863 8379 

a US$1 Pesos 20.5.
 

t)Includes seeds, insecticides, and fertilizer. No labor expense is included because
 

the farmer uses his own labor. 
c Permanent crops were not yet producing. 

d A 6-month drought occurred in Mindanao in 1983. 

e Permanent crops began producing. 

Psyllid infestation of lpil-ipil was at its height. 

g 	No Ipil-ipil available. Commercial fertilizers used. Leucaena hedgerows replaced by 

Flemningia. Covers 7 months period (January-July). 
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soil conservation capacity of several other NFFs 
that the Center was already stludying. 

The most promising species are Flemino/,a 
congesta, Acacia villosa, Leucaena diversifolia, 

G/ricidiasepium, and Desmodiurn gyroides.
Other Species under consideration and testing
include Calirndlacalotlylsis,C. totragona,
Sosamin, S >".,,i, S. bir;s'iosa,S. erCtleata, Cassia 
confsa, C I,.:tu/a, C. !s/amoa, C.api ret r//s 
Dosfn/nun tlll(Jtl//a, ). d'stoeim,D. iscolor,
D iili :oninl Acacia a ioori/foviS, Dosailaithus 
.w/gatos, aid Saba ad noriithta. Soie of lhese 
species alo are ntd ,s forage for goats and other
rnlilnalit's. 


1h, Animal SALT intooratioir pruliect, started in19., i:Jdoiirg well. The NFT cortol soil erosion 
J iir levn are ired as foragc, Animalin .i Ii' i; IWC ,Itur, iWii tire0 :ritOur shrips, 

1he SALT System of Farning 

,: I; ;i H .l, ptinV ,eii over 
irnnj)( luurel; 1 ,t h It i; u, ,l, effective way 
,
ii'uig ulands valoti l 1 tohpseilto
i. It o .iiil s iilie f rlh vriig 10 tLisec steps: 

I al,,irn( tih A Fr ine The A-frame is a
siiple d vice fl IivIrIg out conirtouLr lines 
across thf slq)e !t is Iamde of a carlpenter's
level and three wouder or 1)nrloo poles
riailed or tid Iogether in the shape of a 

capitl leti A viilh a base al)out 90 cur wide 
(Fig. 2) 1 Ci,p ter's level is Mounted oi 
the crossbPr
 

2. Determinig the cor our linres. One leg of
the A-frame is planted on the ground. Tile 
other leg isswung until tIre carpenter's level
show.; that both legs are touching the ground
on the same level. A helper drives a stake
beside the framie's rear (first) leg. The 
process is repeated across ltre field. Each 
contour lime should be spaced ,46 ni apalt

regardless of the slope 

3. 	 Cultivating the contour lires. Orre-moet er 
strips along contour liles should be plowed
arid harrowed to prepare for planting. The
stakes serve as guides during plowing. 

4. Planting seeds of NFTs. On each prepared 
contour line, two iturrows 50 cm apart should 

be laid out. Four to six seeds are planted per
hill, with a distance of 12 cm between hills. 
The seeds should be covered firmly with soil.When fully grown, the hedgerows bank the 
soil and serve as fertilizer. 

5. Planting permanent field crops. Field crops 
are planted in the alleys between the thick 
rows of NFTs. Permanent crops nay be 
planted at the same tine the hedgerows are 
planted, but only the planting spots should be 
cleared and dug. When the seeds gerninite,
only ring-weeding should be employed. Full 
cultivation carl star when the NFTs have 
grown to tle point where they can hold the 

soil. 

Permanent crops should be planted iii one 
out of every three sitips. Coffee, banana,citrus, cacao, ard others of the same height 
are good examples of pernanent crops thatmay be planted by ai ulland farner. Tall 
crops should be panted at the bottom of thehill. Generally, short crops shoulld be planted 
at the top. 

6. Cultivating alternate strips. TIe soil can be 
cultivated even before the NFTs are fullygrown (about two moters in height)
Cultivation should be done on alternate strips
(strips 2, 5, 9, and so on) The uncultivated 
strips collect the soil eroded by rainfall from 
the higher cultivated strips. When the NFTs 
are fully grown, all of tine strips can be
 
cultivated simulLaneously.
 

7. Planting shorl-terin ficld crops. Short- andmediun-tern crops should be planted
between the strips of pernianent crops as 
sources of food and income while the farmer 
waits for the permanent crops to bear fruit.
Suggested crops for these strips include
pineapple, ginger, castor bean, sweet potato,
peanut, sorghurn, corn, and upland rice. To 
avoid shading among crops, short species
should be planted away from tall ones. 

8. Trimring of NFTs. Once a month, the 
faster-growing NFTs like Leucaena 
leucocephiala and Flemingia congesta should
be cut back to a height of 40 cril. The 
cuttings should be piled at the base of thecrops to serve as mulch and later as organic 
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Fig. 3. Straw, stalks, twig, branhL , and rocks are piled at the base of hedgerows to control erosion. 
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fertilizer. When cutting the hedges, a sharp 
boe, or machete, should he used. 

9. Managing the system. The non permanent 
crops should be rotated to maintain 
productivity, fertility, and good soil formation. 
One good way to do this is to plant cereal 
crops (upland rice, corn, and sorqhuni, 
among others), tubers (sweet potato, 
cassava) in strips where legiuMres (beans, 
pulses, and peas) we're previously planted,and vice versa. Other crop management 
practices, such as weeding and insect 
control, should also be performed regularly. 

10 Building green terraces To enrich the soil 
and effectively control erosion, straw, stalks,twigs, branches, leaves, rocks, and stones 
should be piled at the base of the thick rows 
of NFTs (Fig. 3) With the passage of time,strong, permanent, and nftumlly green 
terraces will forin to hold the soil in place. 

By usiiir SALT, the small upland farmer can 
conserve soil, reduce his purchases of commercial 
fertilizer, increase his yield arid income and 
hecome generally sellsufficient. In this way, those
living in marginal, hilly areas can break out of the 
(Oin111n)or cycle of eXpensive 10nOrrCUltUre,
dependence on imported ierlilizers and 
iisecticides, and indebtedness to large landowners 
or banks 

Con CILIii son s 

SALT can adequately reduce soil erosion aridreslore moderately degraded hilly lands to a 
profitable farming systeni operated by a typicalIhilly-land farmer. The holding of topsoil by the 
hedgerows of NFTs arid by permaent crops, the 
recycling of crop residues, the nutrients (NPK)
61,,
ished by the hedgerows, and mirinuiri tillage 

account forlthe success of SALT. SALT Tisneither a 
perfect farming system nor a panacea. To
establish a one-hectare SALT faim requires hard 
work, discipline, and tinme 

Rccommendations 

o For research and development: 

-- Further studies on various NFT species for 
use as hedgerows on different soil types and 
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pH ranges, and for compatibility with different 
intercropped annuals. 

-- Tests to determine more accurately soil 
losses under SALT systems versus traditional 
and other systems of upland farming. 

-- Studies to determine optimum- cutting
regimes for NFTs in hedgerows for use as 
organic fertilizer on crops. 

Genetic work on the selection of tree 
cultivars suitable for SALT. 

-- Feasibility tests of integrated animal and 
crop production. 

-- Economic feasibility studies of SALT 
variations. 

-- Continued search for better methods of 
farming upland soils. 

-- Research on socioeconomic and other 
determinants of adopting hillside technologies 
such as SALT. 

o For establishment: 

-- An upland agroforestry research and 
training center should be established in 
Southeast Asia with a satellite center ineach 
country. A center of this type can provide
hope for securing the hills arid forests from 
total degradation. 

-- Regional training centers should be 
established in hilly areas with functional
models of proven hillside farming arid 
agroforestry systems. 

-- National governments should create 
committees to assess the present conditions 
of their forests and land degradation in order 
to integrate conservatiot into all levels of 
society. 

Backstopp.d by the MBRLC experience and in 
light of the recent study made by Laquihon (1987),a SALT strategy can now be formulated arid 
recommended for trial by interested organizations
and individuals. The SALT strategy requires four 
essential elements: 



1. Simple technologies demonstrated in strategic 
locations; without good examples, nobody follows. 

2. Holistic educational and training programs 
that emphasize that man is mandated to be 
steward of the earth. 

3. Iden tification of factors inhibiting technology 
transfer in ordei to remove barriers to the adoption 
of SALT by farmers. 

4. Credible, down-to-earth, and honest 
technicians to implement the approved programs. 
Sterling performance always speaks louder than 
electrifying but empty words. 
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The Role of Nitrogen-Fixing Trees 
as MPTS for Small Farms 

Kovith Yantasath 

Thailand InAlifit, of S i(,ntific amd JT(clo lica Research 
Fm ltJI,irk, Thailand 

'Army nrftrogen-fixing trees are valhble 
rntltpirpose tree specie, (MP TS) that prriiuce 
foodt, fodder, green r r hi,'vod, timber, atCl 
p /) (it (/! ahO) control sotfil e ),'( on Re ;oarch oft 
t/roe ,00. oter MIPTS cohrrr tr i rJ by th? Thailand 
/l'c;/it,'c of Snt(i1t1n1i (t I T t O/ri lfo(t05es.1/cht 

'/i7i1'0 (ir 1(9/ l ti'y 10:t' i fr k~~l,t ?tii/ f itifrl 50[(Io, /)pr.)/iizt"r "lO r t0Pft li 
I;m.Oeo hrlltl orC i ; l ,' 


, ,,,,, ird:iiiit ,' ,hurrr tIc,So,xtria 

if !.I.. p.J r V,',1 'fc()I(T, l,, .0 m),l cwr( 
n,'i , ;o ,:irh ,01 nit i/i kr trr,',t/ 


/ rj, 'w. ,, no
rd. :~oi:"! flor Ptir A(:.iJli 

orir i ) Ac,!cia , ri , trt I bAlhi.'ia
ftlc,tta ia 

in t (eqnisot L,(.jjt j jinungltnhfiatta 
no F tuclyt~ts rC;H~klttlt1i t ;/trtid v'ot/ 1i'?bol 

(i,iitc and nonac,/hc/",r o:rodi n' 0.veptiolal 
tOmnil rtolotlu"lwtod, cha II ' ,t0:or vo,; 
,e; , itse spe(,ecies slto/tlk ho ,il/toicl doel'Oty 

,s nooi or moiecl sta,ends or imoitrorCpedw ith 
, i cntlC~l'ti'l C frDn it) rlnlotitirpro',',?pl).t irS ln


ntH~/I farm.s
 

The delinitions of multipi rpose tr ?s were 
discussed it 1!93 at tou Workshop on 
Multipum pose Tree Gernt;lasm held at the National 
Acadetny of Scietc¢s itt WtMl~ntgltot D.C. Based 
ott lhese diicuoctarts rlpirpose trees were 

Irees 

tinraqof, for prefor, i 
(tbitted ts ,.,r, l ripId't,i!rPly (jr kept and 

y ilri,r t inm (mnt tilende( 
11"e tj vlily ,Otnrtrt''t'ly I i a tlt t1 

)rodi vt t ,, i d or lr'.iCit r"ty t; .; c i e ',' Ictd
':%'at'tr tap,'ill'ut o '',,ty nyc;,r'nt; Iynort(jrto 

ti, .I tr1 y IT, 

U odtr a ,y;'ors aj.pro;n,. ratlter than an 
rr r:.vtdrl UItN ,IAppt each. v.t Catlevit? ( i98-4 

,i- rnui lees as followsdteltil:trpoe 

, :r e -is a ti t:1: early constitutes an 

e 
 ii.]c-iponent of an agroforecrry system or other 

u;,rpo and-use systems Regardless of the 
r'tbr of its potential or actual uses. a multtpurpose 

tree has to have the capacty to provide in its specific 
function(s) in the systern a substantial and recroizatble 
contribulon to the sustainability of yield, to the 
increase of outputs and, or the reduction Of irpsI , affnd 
to the ecological stability of system.,hi Crnly a tee 
tit Pt,kthat and mairtained ( tr(Iduced into ani 

tg10fOreLtry eI nanr1;Irrrr,.' :> , ccA,', o(q: ri: 5.t' /I,.,L / ,0 l ttl* 0e! more CI tic 

t A, itt0 ttit.
Nitronen-fix nti trees et ;{bed s ah ebseti 

stubset within the categoty Of ttltlttipLtrt)MUS trees. 
They have the ahility to fix ttntoslItherw litro(jen itn 
a form hisall by individLOal plan, soil (through 
leaching fron roots, leaf fall. a dehhliburate 
ntllinc), and domestic attintals (thIC ugh foddrit) 

Nitrogen-fixation enrichos the sol, foliage is a minor 
prodUCtI, and wood is use for limher, poles, fLIO-, 
atnd living fettes (Bntley 198:3) 

Potential 

The ability to fix nitrogen from the atmosphere 
makes these trees highly regarded for small-scale
 
agroforestry in the tropics (Vergara 1982). 
 Some 
oultstanding exatnpl)les of poulat nirogenfixing 
tree species inclu(e Leucaena leucocepha!aand
 
trees of the generl Acacia, Albizia, Alnus,
 
Calliandra, Casafnia, Codciriocalyx, Dalbergia,
 
Erythrina, Ghricidia, lnga, Intsia, Parkia, Prosopis, 
Pithecello un Pterocarpus, Roinia, Samanea, 
atid Seshatnia (Natiotrl Academy of Sciettces 1979, 
Nitrogen Fixing Tree Ass;ociation 1985). 

Vations nitrogon-fixitr Iree species nay grow 
rapidly and are clearly adapted to paritular stress 
uevironiments. But these species may rnot be 
tnultipunposoL in terms important to small farttets, 
utdess theit services and productivity for fat mers 
cat be MOre clearly Understood, as is the case for 
L eucaena /euir:oceplhala, Gliicidia sepkim,
Calliandra calttlhyisrS, a,, A some other species
(MacDicken 19,16). AltltoLgh these may produce 
less biomass, they are probably nuch better stited 
to management rd provision of illportant 



products and services, e.g., lopping for foader, 
fuelwood, and soil Improvement. 

* From the masterlist of 1,010 species, of which 

600 are known-to nodulate (Halliday and Nakao 

1982), 44 nitrogen-fixing tree species are Included 

Inthe "A"list of economically Important species 


e a d StylesI9p 2).Thesespeces-are 
further divided by their primary uses (timber, 
fueiwood, fodder, food, soil improvement, 
medicinal and other uses) and their ecological 
zones (arid and semi-arid, tropics, humid tropics, 
highland tropics, and temperate). Anotherprofile of 
selected nitrogen-fixing trees for small-farm 
planting, particularly their planting niches, has been . 

reported (Macklln 1987). These guidelines can be 
used to select tree species most suitable for the 
environments and needs of different areas. 

Choosing Trees for Small Farmers 
in Thailand 

In Thailand, several nitrogen-fixing tree species 
(native and ex.)tic) have been planted for multiple 
uses, including Acacia catechu, Gliricidia sepit m, 
Leucaena leucocephata, Parkia speclosa, 
Samanea saman, and Sesbania g-andflora .,. 

(Bhumibhamon 1986). Other-nitrogen-fixing trees 
more or less known to possess MPTS 
characteristics Include Acacia auriculiformis, A. 
manglurn, Albizia (Paraserianthes) falcataria, 
Casuarina equisetifolla and C.lunghuhnfana.
Recently, Leucaena and Casuarina have been 
planted with chili, corn, and cassava Inan 
intercropping farming system Insome southern 
provinces of Thailand. 

Research on nitrogen-fixing tree species 
conducted by the Thailand Institute of Scientific 
and Technological Research on acid and non-acid 
soils InThailand showed that Leucaena 
ieucocephala,.Gliricidiaseplum and Sesbania 
grandiflora, which grew and coppiced well on non-
acid soils arid are suitable for animal feed, fuelwood 
or human consumption, are suitable MPTS for 
small-scale farmers (Yantasath 1987). Acacia 
auricullformis,A.: mangium, 41bizia 
(Paraserianthes) falcatarla, Casuarina equlsetilfolla, 
and C.iJunghuhniana,which adapted well Inboth 
acid and non-acid soils, are considered promising 
for fuelwood, charcoal, and other wood uses. 
However, these tree species are either newly 
introduced or have never been planted for multiple 
uses. Additional research on the potential of these 
species for Intercrop tarmng/agroforestry Is 
required to determine ifthey could be planted as 1-23 

MPS along farm oders, incrop fields livestock
 
systems, around ie house, or in pure stands.
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Multipurpose, Nitrogain-Fixing Trees for
 
Small-Farm Use in Papua New Guinea
 

Kamane M. Saroa 

Wau Ecology Institute
 
Lao, Papua New Guinea
 

Nitrogen-fixing trees are considered crucial to 
the balance of natu e, as they are able to convrt 
nitrogen f,om the air into a form usable by plants.The nitrogen input of these trees can be extremelv 
impottant for maintaining soil productivity over long 
tioliods. .uch trees are especially important in
itiore,,;try, where thy also can heip shade other 
Cr,-,i,7 

["itroon-Fixing Trees for Shade 

Ti'e, even distribution of sunlight is of great
imlpoitance for balanced develcpnirnt (f ecological
units alnd some farming systems In Papua New 
Guinea, the use of Cusuarinaoligodon as shade for
coffee is ccmnc,n. Shade trees reduce 
terieratures during the day and protect cotf(e 
trees iron low temperatures at night. Shade trees 
Also reduce soil temperatures, the rate of evapormtion from the soil, t,'anspiration rates of 
coffee, soil erosion, ntrient demand of coffee, and 
weed grc-)wth. The shade trees also mine nutrients 
from deeper soil layers arid ma!Ke them available to 
coffee through leaf litter. Disadvantages are that 
the trees compete with coffee for moist are and
nutrients, they require regular rriaintcnaance, and 

coffee can be cd.amaoe d when tie shade trees are 

pruned arid thnnied. 


Some questions have been raised about how 

variable cloud cover in different regions affects 

s;ade requirements. 
This issue was examined at

several sites in the country. Mean monthly cloud 

cover values for a one-year period were recorded.
The station at Aiyura was chosen as the standard 
i,-: comparison, and was assigned a cloud cover 
Value of 100%. Values at the other sites were 149% 
for Kainantu, 143% for Goroka, 160% for Mt. 
Hagen, and 143% for Mendi. 

Cloud cover ,as greater during the wet season 
(November-April). Even in the areas with more 
cloud cover, however, incoming radiation was high 

during the middle of the day, and tree shEde was 
still observed as beneficial at all sites. 

Performance of Subsistence Food
 
Crops under Shade
 

The slash-and-burn system of shifting cultivation 
provides farmers fertile soil virtually free of weeds 
and with few pests Programs at the Wau Institutesupport many aspects of traditional shifting 
cultivation systems but modify them to more sitestable systems by adding trees to the cropping
cycle. The mixed cropping systems currently
demonstrated at the institute nIJclude subsistence 
food crops surrounded by border trees,
subsistence food crops planted in strips with 
alternate strips of trees, and random mixtures of 
food crops and trees. 

Quantitative data are being compiled, but 
observations to date are encouraging and indicate 
that subsistence food crops grown with trees can 
continue to produce well and riot be affected by 
drought or soii fertility problems. 

Nitrogen-fixing trees being investigated include 
Albizia falcataria, Gliricidia sepium, Acacia 
auriculiformis, Leucaena /ev'cocephala,Calliandra 
calothyrsus, C. confusa, Casuarina oligodon (for
the cold, dr-y ,'Og'gNands) and C. equisetifolia
 
(coastal regions).
 

Conclusions 

We have riot been able to find any quantitative
results o, work done on nitrogen-fixing trees in 
Papua New Guinea. Therefore, we propose that 
this workshop recommend the initiation of properly
conducted studies in the countries that wish to 
participate. Research and trials are needed within acoordinated program to determine the economic 
uses and management practices of nitrogen-fixing 
trees. 
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Indigenous Nitrogen-Fixing Trees in the Farmlands of Nepal 

Ramesh Shak;,a 

Forestry Research Project, Department of Forests 
Kathmandu, Nepal 

The pujrpose of this paper is to discuss the 
.ndigenous nitrogen-fixing tree species founc in 
the i,,mlands of Nepal and to propose research on 
thoir p.)mpa tion establishment,growth, yield, 
,1)/I lr(t g r fixation. There are about a half-dozen 
indivl,'ios nitrogen-fixing tree species in Nepal, 
,Vdmost of 'hem are multipurpose. Trees found in 
f,,rmlands have beet; established mostly through 
n,trralrerpinwation and few are planted presettly. 
V';iitio.'l in the distribution of such trees on farms 
i-.
vtay high. Although little work has been done on 

jirtiojo fixing trees in Npal, results of fodder tree 
* ore l's that have beei completed are discussed 
<a with e:ors;tuiirts to pflaltilr trees. 

Introductio1 

telales.e irmuirs in hoth the Terai, the plain 
bordering India, and the hills need fuelwood, 
fio(ider, small timber for construction, and bedding 
ateil ,Withthe disappearance of forests in the 

cuntry,farmers need to plant la,;t-giowing trees. 
Intie Turai, trees are generally found oi farm 
5oLindarkas. In the middle hills and high mountains, 
trees are found interraced beurIds ald risers ol 
farnrlaird (mostly rion-ir'igated land). These trees, 
ino:-try foddter and furiwood species, were 
deliherately retained and preserved when the 
te races were built. The potential for growing more 
tree; on, farmland is likely to vary considerably 
)elwereen larnis Some fairs have trees growing on 

their hound:ric cr rtraces whie nearby farms do 
nrot. 

Small Farms in Nepal 

There is great variation in farm size and 
physiographic variation in the country. ifwe 
consider physiographic variation, there are two 
types of small farms in Nepal. In the Terai, much of 
the alluvial soil or land is newly developed, fertile, 
and has abundant ground water. Terai farmers 
have ready access to commercial markets. In the 
flls, which include two-thirds of all farm 

households in Nepal, the soil is poor and farms are 
small, icilated, and have limited a,.cess to water, 
markets and other facilities needed for 
development. A great problem facing the small
scale farmers in the hills is keeping soil fertility at 
levels high enough to produce sufficient crops to 
feed their families Soil fertility is therefore the main 
limiting factor to increased agricultural production. 

Private Planting 

There are various forestry projects of national 
and international agencies in Nepal. The 
Community Forest Development Project reports a 
high demand for seedlings for private planting. In 
1982, over 9,000 seedlings were distributed 'n 
Acham District by the project. Fodder, fruit, and 
multipurpose tree species (MPTS) are favored 
(Stewart 1983), and more than 60 species were 
found planted on private or institutional land 
(Campbell and Bhattarai 1983). In both Gulmi and 
Arghakharnchi, )lanting on terrace banks of non
irrigated land is widely practiced. Given better 
supply of desirad fodder, fuelwood, and MPTS, the 
distribution of seedlings for private planting can be 
increased substantially in most panchayats 
(Nielsen 1986). It is very ikely that private planting 
will increase in importance as more people become 
aware of the program (Hawkins 1982). 

There have been very few studies of trees on 
private land in Nepal except surveys of foddei 
trees. Abell (1981) found thiat on average, each 
household in the Koshi Hill Integrated Rural 
Development Project maintained 15 trees (Table 1). 
There were no marked differences in the number of 
fodder trees/households between four districts 
(Table 2). 

According to a survey by the Community 
Forestry Development Project, each household 
owns an average of 28 trees of various species. 
Ownership i3highest in the western and eastern 
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Table 1. Number of fodider treus owned in relation to farm size, 

Farm size (ha) No. rf trees 

0.5 or less 7.8 
05- 1.0 16.7 
1.0  25.2 
Overall average 15.1 

Table 2. Number of fodder trees owned per household, by districts. 

Percentage of Households in Each Class 

District < 10 10-20 20-30 30-40 40-50 50-60 60-70 

Bhojpur 62.7 19.4 10.4 6.0 1.5 0 0Dhankuta 58.0 10.4 9.7 6.5 3.2 0 0
Sankhuwasabha 
 68.4 21.0 5.3 0 0 0 0Terhathum 44.8 24.1 17.1 3.5 3.5 0 3.5 

Table 3. Tree ownership by region (number of plants). 

Type Eastern Central West Far West Hill Nepal 

Fodder 13.5 9.4 16,7 8.6 12.1
Fuel/ltimber 12.8 9.2 17.8 7.4 11.9
Fruit 2.2 2.2 1.6 3.9 2.4
Bamboo plums 5.9 0.9 1.3 0.03 1.7
Total trees 33.8 21.7 37.4 20.0 28.1
Total seedlings 53.0 27.0 36.0 10.0 33.8 
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regions and lowest in the center aid the far west 960 kc/m arid is excellent for firewood and 
(Table 2) charcoal. The leaves are quite good fodder. 

It has grown rap;dly at Ihe Adabhar trial site, 
The Farning Systems Hesearch and and transplanting of stump-cnttirigs allows 

Diwevlop ent Division (FSR .D)9ipartroet of initial fast growth. 
Agriculture, has been doing research ori 
;i-picTlmmrii l c np); F ,iri ; ' tiI, improved 1IegiminosaecI Albizia ct'inonsis 
,irmine y'ter It is (1eveoiriiJ willinclude use of Mimosoideae): Its common nanes are Rato 

fl ire Iitimtre I siris Uses iciLI(ide timber tor lighti ild coporatioli Of a variety of arid Siran. 

,Ultili pnoi, tres in coIntoLjr tree strips. Because furniture a.ild planting. Due to its light
 

'Hi,'lit, L hasI a good potential inthe area, FSR&D heartwood, it is not good firewood. It is a 
il , o;jeration with the Forestry Research Project reasonably gooc ;oider with a high crude 
Ilv: h rwld torestr, horti(ltUre and tree crops in protein content. Ithas been used as a shade 
th,(resarch program A/bizia procera was planted tree for tea. Isolated trees have grown very 
aoOhl! of tliS i inthe sllier of 19,7. The survivai rapidly, with a mean diameter increment of rup 

e'celeit and thinseedlings are ii good to 5 cm. In natural forest a mean annual 
ii ( tri d hI(coirirce airmers to plait diameter increment of 2.7 crm has been 

:/J; 'S cirellul;/;iitriii~iioial rite,,st in the recorded. 

1" i(;ih, lot illterwested, ut they vei 
Itis !" l Sintil in the( Lartiiind arid public A. jul rissin (Leumiiinsae: Miriosoideae): 

i , . Also kncvi in Nepal as Rato siris, the dark 
brown heautwoo;I of zhis tree is used for 

Nitrogen-Fixing Trecs on Farmlands furniture Its green wood weighs about 700 
,kg/m and it is not good firewood, It is used 

I1't n(o'if CIrl treUs C:ait the soil ofelrictl for fodder and bedding, and its pink flowers 
i rim i. ' ti': role Mean;oil is ponr iii the hills, tile make it an atiractive ornamental tree. 

(I-. imore impurtant there than theill annual (Jiameter incremrents of 1.0-1.6 cm 
r.1 Hti il po'ople re rimstly poor a:id cannot have been recorded. 

,!!Iot(! Ihf-I,ii :a hirt i:'sr .:l to ubtainV iN is diflic(, 

of t a iii ne parts
f i Ii ii t.a t lear; i ip sil A. lebtxk (Legrnminosae: Mimosoideae): 

IJtw ci!nw'r " I1w,1 c;ri, of les'mnmes oiithe Commonly known as Sins and Kale Sins its 
.rrIi'r'l iuu- rr(i(rriZeI h\' Vb,"yyatt-Sill;th heartwood is used for furniture aridll 

ii S.'hi c rrclelutI akitcash ci oppirig with construction timber. It weighs about 6Lt 
' '1 l,,1 soil irlipro 'meerit on I'3/1 3 at 12% inoisture content, and makes aii1 hea1der amrd 
ti .i, I rid shotld Le urderlakeri. Nepai ias good firewood (about 20,900 kj/lg). Leaves 

i,o'ii in(Ji(r n.s. NF]- species, most of are reported to be a good fodder aid also 
;!I i si V.i.e trees. Datlberqia sissoo make a useful green manure. The tiree is a 

ii a Ait:;a lebce are found on boundaries of good soil binder arid therefore is often platrted 
fsti;.ii rithe toai. Albizia ch/i/iensis (Syn.A. On good sites, the treesfarms along enibankments. 

s:Lzi)u/,;t,p/ocera. Alnsu epaeXInsis. a;id should reach a height of 4 rn iin It is aA 4 years. 
Erytl;rina spaios are fnund in tIhe farmland iil the multipurpose tree. 
rmiddle hils. NFTs are rarely leurid in the farrirland 
i) th: high hills. A. procera (Leguminosae: Mirimosoideae): 

Hpartwnod of Seto siis, as it is commonly 
Iri ICerisrS NFT specie arid ti,.ir uses are known, is used for general construction, carts 

e]s:nilirlo t)ehiiv, arid furniture. :t weighs about 6,10 kg/rn 3 arid 
is a very good firewood arid charcoal. The 

Acaei,:r cic,hi (I eguiniriosae: leaves are fairly good cattle fodder. It has 
Mriosoidsw): Klowi in Nepal as Khayer, its been included intrial plots at Chitripani and 
most imi,;itmit uses are for Katha, which is Adabhiar but with rather poor results oi these 
used with betel nut, ari(d Culch, a medicinal sites. 
product. Other uses include poles inhouse 
construction, rice pestles, oil crushers arid Alnus nepalensis (Betulaceae): Utis is 
plows. The wood is hard aid heavy, weighing used as timber for construction in unexposed 
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conditions. The wood is very iigh : (soecific
gravity of 0.32-.37), and its calorific value is 
relatively low, 18,230 kj/ig. Thus it is not 
good firewood, but it c'.ies rapidly and burns

•:silv. The mature Iraves are eaten by sheep 
uI..oats but not c;ttle. It is a good soil 

b' ider arid ,,rv ,portint for bedding arid 
(Cornl)ost. It grows fast in suitabio conditions, 
In various trials in Pakhiihas at an iliitude of1900 m, a heicht of ,bout 2 m was reached 16 
months after planting and boveen 3.5 and 4 
m at 28 nionths after p!antirg. At l(askikot in 
the Phewa Tal Watershed near Pokhara, a 6-
year-old plantation proJuced a mean annualyield of 4.3 t/ha. Alrnus was mixed with other 
species at this siie and everott~aily suppressed
their growth, 

Butea morofspcrmar (Leguminosae:
Papilionoideae). Timber of Palas is used 
mainly for construction. T 1u !.,aves are 
lopped for buffalo fodder, the red gum andthe seeds a used in medicine, anJ the 
leaves are also used for making plates, 

Dalbergia s.,ssoo (LegLiinosae: 

Papilionoideae): Sissoo is a good and 

valuable timber used 
 tr btjilding, fur:iture, 

cart wheels and tool handles. It is an 

excellent firewood and cha rcoal, weighring

about 780 kg/m 3 , ard its heartwood has a 
calorific value of about 21,700 kj/kg. Its 

heifI it at i 2 months was 3.8 mu
when the plots 

were given full cultivation, compared with only

1.3 m when weeding was confined to a circle 

5 cn in diameter around the plant. Table 4
shows height growth. Transplanting stump 

cuttings allows initial fast growth, 


Erythrina arberescens (Legurninosae: 

Papilionoideae): Leaves of Thekikath arid 

Phaledo are used for fodder, and it is an 
ornamental tree. It does riot make a goodhedge. 

E.stricta (Legurninosae: Papilionordeae): 
Plialedo wood is soft arid is used for making
household utensils such as ladles, pots, 
scrubboards and sieve frames. Leaves are 
used for fodder. 

E.suberosa (Leguminosae: 
Papilionioideae): Also known as Phaledo, its 
leaves are used for fodder, but its wood is not 

128
 

used for firewood. Growth is rapid, with a 
mean annual diameter increment of about 1.3 
cm. 

E.variegata (Leguminosae:
 
Papilionoideae): 
 Phaledo is a poor firewood, 
but it is used as a live fence and leaves are 
used as fodder. 

Erythrina species are propagated through
large cuttings, up to 2 m long and 5-8 cm in 
diameter, that are above grazing height and 
allow fast early growth. 

Sev.bania sesban (Leguniiosae: 
Pal. ionoideae): It isgood firewood, and the
leaves are used as fodder. Growth is 'vcry fast 
for this multipurpose tree. 

The regional distribution of incdigenous NFT
 
species is described in Table 5.
 

A taungya system in the Terai has been
 
practiced since 1977/78. 
 Tree intercropping may
 
be new inthe hill farming system, but planting
trees on the boundaries or edges of the terraces is 
riot. The agroforestry practices that are commonly

found in the area are use of shrubs for live fences
 
around farmland arid pastures and use of strips _f

multipurpose trees arid shrubs around sloping

fields (Forizen and Oberholzer 1984). No work has 
been done on management and yield of the3e trees 
on farms. 

Problems 

The main problems of planting trees in the 
farmland are: 

o The hill farmers are not interested in planting 
trees i1 their khet land (irrigated land) 
because of shade effects on crops. 

o Farmlands are very small, averaging 0.5 ha 
per household in the hills, arid fields are
scattered. 

o 	 Knowledge about how to plant trees is
 
lacking.
 

o The desired species are not available in local 
nurseries. 
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Table 4. Height growth of Dalbergia sissoo at Sagarnath. 

Age (yrs) 1 2 3 4 5 6 7 8 9 
Height (m) 1 5 9 11 14 15 16 17 17 

Table 5. Regional distribution of indigenous nitrogen.fixiri trees. 

Terai Lower Hihs High Hills 

(to 1,000 rn) (to 1,500 rn) (to 3,000 m) 

Acacia catochu Albizia julibrissin Albizia julibrissin 
A'bizia chinensis A. lebbek Alaus nepalensis 

A. julibrissin Alnus nepalensis 

A. lebbek Erythrina arborescens 

A. proceta
 

Butoa monosperma
 

Dalbergia sissoo
 

Erthrinasubemosa
 

E. variegata
 

Sesbaniasesban
 

o Generally, farmland is far from houses, hence fast as exotics such as Leucaena leucocephala.
protection of young seedlings from cattle is a Growth data Isnot available for mature trees. 
problem. Protection is also needed when the 
trees are ready for harvest because the trees However, there is a wide distribution of MPTS in 
might be stclen by other farmers due to farmlands, mainly in non-irrigated land. More 
shortages of firewood and small timber, planting should be done in both non-irrigated and 

irrigated land in the Terai as well as in the hills. The 
Conclusions greater planting of indigenous NFT species and 

some introduction of fast-growing nitrogen fixing
Since soil or land is poor in the hills, multipurpose trees should be done. Research 

multipurpose nitrogenfixing trees can play a more priority should be given to these indigenous NFT 
vital role in the hills than inthe Terai. There are a species, with respect to propagation, 
few NFT species in the country, some of which are establishment, growth, yield (foliage and wood) 
MPTS. Some are fast-growing, but usually not as and amount of nitrogen fixed. 

129
 



REFERENCES 

Abell ,T. MC 1981. Koshi hill area development progrimme, 
fuelwood atd fodder ccller.tcon l in the Koshi tills. Nepal: 
roshi Hill ntegrateu Rural Devel.,pment Prcjec,
 

Lrev.baker. Iar f-i Li Fo,,-r 
 fLe/.Viood 1'2-fiing 
t,-oos in fl -1 htpYI(50K r ,tC Ccres! Frojo:;, 

pA.rhtrrITo fcI , l(t ifre , ,rmty of Food aid Agricuiture, 

CF.;L)'lb~ J Gabwi, ,,rd l~r;N crra; i/h. Pivate tree 
c; errh p e., J/;t.'IK I if;rn,the 
C(o'rr,,unt [rv t' ,, , [ u e.t, ,,re ,I rorrkulrp on 
Hill Forestry 

FI nzren. Petr E. arid -rF F Cborholzer 1984. U, e of
 
rrultpu  trees in hill farming system3 if) w estern 

Agrofolesoy S/,irims 2:187-j7
Gmei, a, edolp!Van. lT:- .trimuart fcrestry developmert 

iw ;:,;ar!,j Frutr 1)/ ,)n 19S2-83 ;,epal: Community 
Fe.ictry Development Project. 

, , T 1982. Communiy foresty aceve/optent in 
Dacu/lagit ForestDivision 1980-81. Nepal: Comrnunity 
Foretrry Development Poject.
 

esc
', Etling M. 1986. Commun iy forestry devlopment in 
A,haianchi District 1983-85. Nepal: Community Forestry 
Development Project. 

ht:r~r~n J.D.A 1972 Forests of Nepol. New York: Hafner 
Publifhirig Co 
wart lMrtin. 1983. Conmrrunity fouestry development it 
Achsrr Forest Division 1980-82. Nepal: Crnrrurity Forestry 
Development Projer.t 

V/yattsrrith, J. 1982. 7 
he agricultural systems in the hills of 

Nepal. Nepal: Agricultural Project Services Center. 

130 



Session IV: Fruit Trees and Other Woody Perennials 

Chairman: Francis S.P. Ng 
Discussants: K.G. Tejwani

Mohammad Zainul Abedin 

131 



S )s,.icn IV ;ummary 
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Fruit trees and other woody perennials can be
important sources of income for farmers. In this 
session, we discuss ways in which they are 
integrated into farming systems in various parts of 
Asia. 

Monoculture of fruit trees and woody perennials 
is practiced mainly in large landholdings; the 

products are intended chiefly for export.
Polyculture is preferred by small farmers with 
holdings of five hectlres "r less, which constitute 
lh, major proportion of fairrland in Asia. 

Polyculture may involve "as few as two or as 

many as 20 species grown on the sane farm. 

Small farnmers ate said to prefer polyculture
hecause it provides more security against ailure or 
[)pcriodic price declines in any one crop. Trees andother perennials may also reCtuire less intensive 
dayto day managenment Ecologists favor 

)ly(LJiture for soil conservation, disease control, 
1aidotlinal usage of soil and space. It also

provides a mote vaied and nutritionally balanced 
ciel 

Still, the socioeconomics of polyculture versus 

moroculture are poorly understood. 
 Data from the
Philippines are presented, showing tiat well-

designed polycultures can give much better 

financial returns than can monocultures. But t 

are vast disparities of income among polycultures

caused by variations in choice of species, spacing 
designs, regional climate and soils, and farmerskills 

These disparities pose a challenge for biological
and social scientists. If we do riot deal with them,
we shall have trouble extending successhl models 
from one place to another. 

Among trees, monocots such as palms and 
bana-ras can combine well with most other crops of 
lower height. This is probably due to the 
architectural design of nionocots; their shape and 

spatial requirements remain relatively fixed. A paln 
crown often may even decrease with height and 
age. Monocots may also be more compatible with
intercrops because their roots do not develop 
massive thickening and do not spread far. The
importance of coconuts, Arenga, and other palmsin the rural economies of Asia is highlighted in 
several papers and posters. 

With dicot trees, there are the usual problems
connected with their habit of changing crown 
shape as they grow and respond to available 
space. In principle, dicot trees are much moreamenable to pruning, shaping, and controlling than 
are monocots, which is why we can make a bonsai 
,vith a dicot tree but not with a monocot. But 
without planning and control, dicot trees can easily 
upset a farm design by outgrowing their original
space. Most farmers know this, and confine such 
trees to the boundaries of their fields; but there are 
other alternatives such as alley cropping. 

Many dicot fruit trees, such as Artocarpus
 
heterophyllus, are also good timber trees with
growth rates comparable to Albizia. Hcwever,

management of such trees for fruit may conflict 
with management for timber production. Trees 
managed for fru;t are usually kept short and stocky
with wide crowns at wide spacings. Trees 
managed for timber are usually grown tall and
 
straight at closer spacings. There is some
 
rethinking on the lltter practice, however.
 

Some foresters now believe timber trees should 
be grown short and stocky at wide spacings toproduce a "sinle log tree." They argue that what is 
lost in height is gained in diameter. Still, it is
possible in Southeast Asia to manage tall straight
trees for timber and fruits simultaneously. The 
durian, for example, grows to 40 m as a timber tree.It is perhaps unique in that fruits drop when ripe so 
the tree need not be kept low for harvesting 
purposes. 

132 



The role of trees and other perennials as sources 
of herbal medicine is reviewed. There are many 
examples in China and India of farmers' incomes 
being augmented by the cultivation of medicinal 
plants, many of wich occur in forest understorys. 
Such species would be ideal for intercropping 
under shade, In Southeast Asia, the integration of 
medicinal plants into smaller farming systems is still 
in its infancy; most herbal medicine's are collected 
from the wild. 

The integration of trees with crops on small 
farms has visibly improved the quality of life among 
ffLrers in the lowlands of Nepal and elsewhere ;n 
Asia compared to the situation 10-20 years ago 
when forests were indiscriminately cut. With the 
reintroduction of trees, soil erosion has been 
checked and the hydrological health of streams has 
been restored. These environmental lessons are 
spreading across Asia. We can perhaps look 
forward to a time when trees wil: regain much of (lhe 
ground they have lost in recent decades. Soil and 
water are the most important components of a 
farming system, but they are highly vulnerable 
without the protection of trees. 
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The Status of Perennial Cropping Systems in the Philippines 

R.R. Espino, J.B. Sangalang, and D.L. Evangelista 
University of the Philippinjes at Los Banns 

The status of cropping systems of selected 
perennial crops is discossed in relationto planting
area, total production, farm size distribution, and 
edsting technology hnclued a.lso is a list ofr.searchaind d.eve.opnent needred it orde, to fully 

: ! /t t,, I )I,/, oie:;. 1??' Cro(;)s itn 'olveo ale 
COconnit, 1,nr,.,ra. ;Wpiyn t / pl ! , coffe, ald 

,, cuiowev,r, 

Pi rn-rpWal uro, :Orr,titLjt, a rer~jo) portion of tihe
ntional econmof Ie r Ihilipjin, i he ind area 
* i'voteg tO these (C' rnr tt; 3?7 - of the total 

ti' tictirrl lid t~llry op. tr). r ioil tle.-;
K Abort erie fourth of th F,)oiniltace rtue;:

,1 1te COCnt inldsry ,Lt-ore1f )r a wlirnod. ill 
1:11" (-f vallue of prworictrorit r)nrrrr s (-rtritt 


lijji'), 
 it 10 our 

Phlrppirrs also 'stjpjhh1e:; the vrl rrtwirket with a 


ii Yl58 Cntiiryc IThe 

d I C urlIc ii of rticts frorm pronni 

li;
ch ,iusco)orr t,c lkrr cacao ba llaria,t r~a ,lrd othnir, 

ie pite the cofr:rder,ilt cortriltiior of 

rn ii CO)s to the v.'[)inqirt lire 1lipino 


),, it is lamentable to rrrte th:t generally not 

'harryresearch efforts 
 ri,, heerr allocated to these 
i.rlrroifh.,5 corlparod to ,rrrrial crops The 

ictril frrirnj(j practie. for thi.,se crops are riot yet
rriple,tely uri(bStOOrtJ t)C(, identification of 


,, i gttctriroties arid l'o ; 
 )l,) way", to itil)rove
lhsm aire rcqrired F rrur,., rea cion-; to new 

aso ic,d of perro ia ,i )r f.!i l ii s 'strris 

Tire search for arrsv.,cr, , the ihovo 
propositiorrs can he tilt i if f :rrring sytems 
cre treated Irolistic;lty, irrr,_rding tie farmer, other 
crops planted. Iv(. stock, the oiorirment, the 
rrart.t and tic soiocornoic forces that 
influence productivy (Sanyalang 1987). 

Crop and Technology Status 

Coconut 

The area !-devoted to the Drod(riction of cocorrjt 
(Cocos norcifora L.) increased by 15", from 2.73 
ldion ha in1977 to 3.16 million ha in 1986. 

production decrexasr,,(. from 4 57 irltori 

metric toins (t) in 19H!," to 2 92 t ill 1981 Thisdecrease can be attriu:e'd rrainly to the low 
productivity of existing coconut plantations dio to 
the predominrarnce of old coconutit irees (50-60 
yeats old). Also, fionr 1980-982, the rice of
 copra was so low thrat far 
 ors did rnothin to 
rmprove yields. Since any treatment to cocorrit 
tres irifluernices yield in 2-3 years, the lack of good
cultural nanagemont )rictices ill the plantations 
from 1980-1982 resirltrtd inrvery low coconut 
prodructior ill 1983 1986. 

Most of the cOcorit farris in the country are 
small holdirgs (5 hIa or less). Thiey coipri,.e about79% of the rurIrier of farms with 1riatirUa :rees arid 
75% of the tarmrs with young trees. Mediulr-scale 
farris (5-25 ha) comprise 20.6% ar;d 2,4. 1%. of all 
farms witi rrlaturo aunt young trees, respectively.
 
Large-scale coconut farmris (25 ha and above)
 
represent ortly about 0.7% of the total. 
 In torrns of 
land area, however, small iairms comprise orrly
about 349, of the total area devotend to coconLut, 
arid farms greater than 5 ha rearesent Dhout 6G3 of 

the total coconut area (Cornista and Palim 1987). 

About 70% of coconiur farms are trorocrop)ed.
The remaining farms are ir,tercropped in various 
ways. These carr be cassiiied as follows. Coconut 
i alliLal crops; coconut Menriials; coconut f 

perennials; arid Multi-story cropping under 
coconuts. Distinct cropping systems can be 
observed in various provirrces of the country 
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(Hilarlo 1986). For example, the coconut + follows: < 1 ha, 19.3%; 1-4.99 ha, 63,28%; 50.99 
annuals croppIng pattern is common in Batangas ha, 12.5%; 10.0-24,.99 ha, 3.9%; and >25 ha, 0,4%, 
(coconut + . with a total of 1,071,666 farms reported (NOSOginger or squash, uItter gourd, etc.), 
Sorsogon (coconut +cassava + upland rice), 1985). This Indicates that a big proporlonof farm 
Ilocos region (coconut + garlic) and Biukidnon holdings were quite small and catered to the local 
(coconut .+tomato roLcorn or;mungbean). _ .marke.Forhe export markethere are, large--. 
coconut + blennials (papaya or pineapple) farms (>50 ha) with highly efficiert production 
cropping system Is a familiar sight In Cavite, systems and Intensive management practices. 
Laguna, Camarines Norte and Northern Samar. Among the many cultivars,grown, the mostpopular 
Among the perennial crops planted under coconuts for local usage are Saba, Lakatan, Bungulan, and 
are banana (inQuezon and Leyte), coffee (in Latundan. Cavendish is for the export market, 
Cavite, Quezon and Batangas), lanzones or langsat 
(inLaguna), abaca (inCamarines Sur and Albay), From 1977-1986, banana production 
cacao (inDavao), and black pepper (in Batangas experienced fluctuations. Total production 
and Laguna). Increased from 2:4 rnilion to 4.0 million t from 1977

1980. The total value of the crop neady doubled 
Multi-story cropping systems under coconuts from P1.04 billion to P2.1 billion in the same period 

nvolve various systems with annuals, biennials and of time. There was a slight Increase Intotal planting 
perennials, with perennials consisting of one or area (5.7%) devoted to this crop and an increaso in 
more species as the climax species. The annual the average yield per unit area from 8.1 t/ha to 12.5 
and biennial crop species are planted to provide t/ha. These increases can be attributed to the 
Income while the perennial Intercrops are at their Increased demand for fresh and dried banana fruits 
vegetative or early reproductive phase of Inthe foreign markets. By 1980, total production 
development. When the canopies of the perennial had stabilized to approximately 4. 0 million /year. 
intercrops are about to overlap, planting of annuals until 1983 and then decreased an average of 2.4% 
and biennials ceases. Among the multi-story per year until 1985, followed by an upward swing in 
cropping technologies practiced by farmers in 1986. This observed stabilization of the production 
some areas in the Philippines are coconut + coffee can be attributed to the saturation of foreign 
+ banFij + fruit trees InCavite, coconut + markets. It is hoped that total export of bananas 
lanzones + black pepper + banana in Quezon and will increase in coming years through the opening 
Laguna, and coconut + cacao/coffee + black of new markets and the use of Senorita, Latundan, 
pepper + banana InBatangas (FSSRI and PCA Pitogo, and others cultivars. 
1986). 

Bananas can be a small- or large-scale 
lntercropping under coconut provides additional monocrop. Most often, however, bananas are 

income. At the moment, It is not yet certain which grown as a minor crop by small farmers either as 
crop combination would be most rewarding In an intercrop,a nursecrop, or backyard crop. Ina 
different coconut areas in the Philippines. This survey conducted by'Angeles and Ramirez (1983), 
depends on social, environmental, and economic a total of 18 cropping patterns were Identified 
factors, as well as crop varieties (Sangalang 1987). Involving bananas, perennial, and annual crops 
Pablo (1983) estimated the net benefits derived (Table 2). The most common cropping 
from various crop mixes (Table 1), It can be noted combination observed was banana as an intercrop 
that coconut + string bean + bitter gourd - under coconut, which constituted 45% of the total 
squash + papaya + cacao gave the highest net number of farms surveyed, representing the four 
benefit of P80,587 ($US1 = P20.5) followed by types of climatic patterns Inthe country. The 
coconut + bitter gourd + bottle gourd + squash + preponderance of this cropping system isnot 
banana + cacao with P67,007 net. Coconut + rice surprising since there is quite a large hectarago 
+ green corn + mungbean + soursop provided the devoted to coconut Inthe country. In addition, the 
lowest benefit, amounting to P3,607,. low income derived from coconut and the 

availability of space between coconut rows makes 
Banana isthe most Important fruit crop Inthe planting of other crops possible. As a nurse crop, 

Philippines. It Iswidely grown throughout the bananas are planted with perennials such as 
country for both local and foreign markets. Based cotfee, cacao, lanzones, rambutan and others to 
on the 1980 census, farm-size distribution was as 

135 

http:10.0-24,.99


Table 1. Estimated accumulated net benefit per hectare from cropping patterns with 
coconut over a 10-year period. 

Net BenefitArea/Cropping Pattarn (Pesos) 

Batangas 

Coconut + papaya * bitter gourd
 
bottle gourd + sponge gourd t
 
black pepper 
 25,027 

Coconut i pneapple , taro + yanT ±
 
cacac 
 60,680 

Coconut , string bean 4 green corn + 
banana + lanzones 
 38,423 

Cavite
 

Coconut 4 taro i chayote , mung bean +
 
papaya f jackfruit 
 28,995 

Coconut 4 bitter gourd , bottle
 
gourd + sponge gourd squash
 
bronana i cacao 
 67,007 

Coconut 4 pineapple * mung bean
 
eggplant - yan , taro I SAet
 
potato , guava 
 51,086 

Laguna 

Coconut , pineapple , string bean 4
 
ginger i black peppe, 
 20,732 

Coconut 4 ',ce f g'een coin 4 mungo +
 
soursop 
 3,607 

Cocoru: , tafr --(?tpotato i yam
 
papaya f -uava 
 22,614 

Quezon
 

Coconut + taro + sweet potato 4 yam +
 
lanzones 
 25,038 

Coconut + string bean + bitter gourd +
 
squash f papaya q cacao 
 80,587 

Coconut + pineapple + sponge gourd
 
bottle gourd f string bean 
 i chico 50,261 

Source; Pablo, t13. 
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Table 2. Cropping pattern using banana in various areas of the Philippines. 

Cropping Pattern 

Coconut 4 banana 

Banana alone 

Coconut + banana ,.offea 

Banana + corn 

Coconut + banana + cacao 

Coconut + banana f coffee + 

calamondarin 

.3anana coffee 

Banana pineapple 

Banana + gingei 

Banana 4 ginger , gabi 

Banana + ccssava 

Coconut t banana , papaya 

Coconut + banana 4 ipil-ipil 

Coconut * banana -coffee + 

!angsat i rambutan 

Coconut # banana 4 vegetable 


Banana 4 vegetatilp,; 


Banana -olher crops 


Coconul + banana + coffee +
 

cacao 


Source: Angele. and R-amirez, 1983. 

provide shade during the early growing period of 
the perennials. 

Some of the intercropping schemnes w;tI banana 
are presented in Figs. 1,2, arid 3 tAngeles and 
Ramirez 1983). In terms of economic benefits, 
Table 3 presents the net income per hectare of 
different cropping systems involving banana. 
Coffee -i banana i pineapple i papaya had the 
highest net income arnounting 1,) D76,362,and 
banana alone had the least (P5,711). In general, 
banna farms are nanaged followlrig the traditional 
system of culture. Planting with other crops is 
tunsystematic, management is labo, intensive and 
involves deleafing, weeding, desuckering, and male 
bud removal (Angeles and Ramirez 1983). 

Number of Farms Percent 

36.0 

19.0 

7.0 

3.0 


2.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 
1.0 

1.0 

1.0 

45.00 

23.75 

8.75 

3.75 

2.50 

1.25 

1.25 

1.25 

1.25 

1.25 

1.25 

1.25 

1.25 

1.25 

1.25 
1.25
 

1.25 

1.25 

Papaya
 

Papaya (Carica papaya L.) is another fruit in the 
count,-y available year round in the mket. EK(:+Pr 

for 1980, the area devoted to this crop gradually 
deci eased from 7,650 ha in 1977 to 6,250 ha in 
1986. This represents an average decrease of 140 
ha per annum, which can be attributed to the 
outbreak of papaya ringspot virus in the main 
growing areas in the Southern Tagalog region. 
Infections reached as high as 100% in most faims, 
resulting in severe problems for many small 
farmers. In 1980, the farm-size distribution of 
papaya farms was as follows: < 1.0 ha, 24.5%; 1.0
4.99 ha, 62%; 5.0-9.99 ha, 10%; 10.0-24.29 ha, 
3.0%; and >25 ha, 0.5%. This was based on a total 
of 220,400 farms. 
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0 = coffee (3x 3m), x - banana 6x 6m), i papaya (3 x 3m), - pineapple (1.0 x 0.3m). 

Figure 1. Coffee i banana i papaya ' pineapple cropping system, Silang, Cavite. 
Source: Angeles and RaImirez, 1983. 
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0 = coffee (2.5 x 3.0 m); x banana (7.5 x 6.0m), j = papaya (7.5 x 6.Oml, pineapple (1.0x 0.15m) 

Figure 2. Coffee banana i papaya * pineapple cropping system, Tagaytay City. 
Source: Anceles and Ramirez, 1983. 

0 X 0 X o X 0 

x x 11 

0 X 0 X 0 X 0 
X A X 

0 X 0 X 0 X 0 

x x x 
0 X 0 X 0 X 0 

0 = coconut (7.0 x 7.0m), x banana (3.5 x 7.0m). 

Figure 3. Coconut - banana intercropping system. 
Source: Angeles and Ramirez, 1983. 
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Table 3. Net incorne per hectare of various cropping systems using banana. 

Cropping System 

Coffee + banana 

Papaya + pineapple 4 coffee + banana 

Pineapple i banana 

Coffee , banana + papaya 
Coffee i banana + pineapple 

Coffee A banana i pineapple , papaya 

Coconut , banana 

Banana alone 

Source: Angeles and Raiirez, 193. 

Total production has ranged from 800,000-
1040,00 t annutally. There are two distinct periods 
of increasing production, from 1979-1981 and 
1983-1986. The former increase can be attributed 
to the expanding hectarage devoted to this crop, 
,:nd the latter was due to higher production per unit 
, ea, with an average of 15.01 t/ha. 

Th main variety is Cavite Special. Its cuitivation 
is either monoculture or in combination with other 
annuals or perennials. Most often, several papaya 
trees are grown in backyards with other perennial 
trees, such as coffee, cacao, and guava. In the 
Southern Tagalog region, especially Batangas and 
Cavite, papayas are planted under coconut with 
pineapple planted between rows of papaya. Aside 
from pineapple, one can find a multitude of crops 
being planted together with papaya in these areas, 
such as legumes and cucurbits. 

Pineapple 

Pineapple (Ananas comosus L.) is the second 
Inc),;t important commercial fruit of the country. 
Tha biggest production areas are concentrated in 
Mindanao, where the Philippine Packing 
Corporation arid Dole (Philippines), Inc. have 
extensive plantings arid modern canneries. 

From 1977 to 1984, the area planted with this 
crop increased from 36,130 to 63,070 ha, and then 
dropped in 1985 to 54,105 ha. The area began to 
increase again in 1986. Based on the 1980 census, 
farri-size distribution for pineapple farms was as 
follows: < 1.0 ha, 12.5%: 1.0-4.99 ha, 64.15%; 5.0
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Net Incorne/ha 

35,205.00 

67,699.10 

63,392.80 

39,229.40 
15,035.00 

76,362.00 

7,263.85 

5,711.13 

9.99 ha, 16.2%; 10.0-24.99 ha, 6.32%; and >25 ha, 
0.82%, representing a total of 76,398 farms. The 
average yield is 25.73 f/ha. 

Pineapple is generaliy planted as a monoculture. 
However, sizable plantings can be obsrved under 
coconuts in the Southern I agalog and Bicol areas. 
These regions are the primary suppliers for the 
fresh fruit markets in Metro Manila and nr-rby 
population centers. The major varieties being 
grown are Smooth Cayenne and Queen. In 
addition, pincapple farms are managed following 
the traditional system of culture, i.e., weeding, 
feililization, and flower induction using etlhrel (an 
ethylene generating substance) or calcium carbide. 

Cacao 

Cacao (Theobroma cacao L.) production in the 
country has increased in the last 10 years (1977
1986) wiih the area of production growing from 
4,350 to 15,330 ha. Most of the cacao farms in the 
country (70%) are considered small holdings (<5.0 
ha). Twenty-eight percent of the farms are riedium 
scale, ranging from 5-25 ha, while only about 10 
are 25 ha or more. With the predominance of small 
farms, cacao is expected to be basically a 
component of a diversified farming system. Cacao 
trees are planted with other perennial crops, such 
as coffee, langsat, banana, and black pepper under 
coconuts in large and small plantations. Only in a 
few large plantations is cacao grown as a 
monocrop. 
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Coffee 
Coconul-basod Cropping System 

There was a steady increase ir, the area of coffee 
(Coffea sp.) production from 76,180 ha in 1977 to 
147,840 ha in 1986. In terms of totai pr-jdiction, 
tlhis I us rusulted in an average annual increase of1>9%, except in 1982, when a sharp decline was 
expfurieci dun to the droughl of 198. Ahoui 
7j"> f ,11-i(t:! coffee farms in the country are 

hr i ra arid mider--hasically small holdings. 
As 
sHUI, iost farMis are mFna jed i t 'siVtlyin nixe,. 
C:l)pirng ysto.i ,.Mediuin-scai!r fa rns (525 ha) 
(,)rprise filOLid 27% of tIe a1tal,d the
wiarrder aoe Ilrgo-s.cile f[trm,;. Ce),ff(.CiSnlairly 

i a,wIr(Jer c ()ri (ii i i) it y (IiV(v' 

f i' '';te This is tyfii ,d ill
the frIm:;in 

aC 	.[;i 1,: ;;rrrt , rtr.S, cil1r r ( J1a(1Kg 

I 	 J'r Ila tJeJO,,;(, (erf atc r ltta rifi!, ill 
,rhII however c , i l~l Crol 

I 	onsearchi and Devolopment Status and 
D irections
 

;>owft,ofllr l 11icinjf'Imlsis, various 
"lti lverwli ,jui'cies hrLve taken a nrsoe role in 

I,?searCl arnd deve'operrt of perenial croppingh
yat .,s
 AmIrong threse agencies are the 

[lepatliir: o! Agriculture, Farming Systems and 

Soil Reo.;o 
 . es Instilute (FSSRI),Philip-pile Council 
h g (Li Ljre. Foru',try and Natural Resources 

...rai rid Develor 
 ent (PCARRD),Fhilippine 


CJIxi Authority (PCA), Vis.,yas State ColkLge of 

Ar'iculhIrt (ViSCA), rid the University of the
lPri' Los Banos (UPLB). Research 


idert< I rin.g> inolve the development of
Ii,crology for pcrenniol-bkosed rciopping system,

re;irit for variate; aninal and biennial crops 


turter athrade, In--jrtiihrg livestock with crop 

p >0lt(;io, ffcopphagiptterns "Ind soil 
Iii 
it irlr i , pest nillagernent, and 

iducIne(claloric issues. In termsrnf futcliii, tlheainlk of the resoarch in perennial cropping systems
ISdevhed to coconut, CaCaO, and coffee. This is 
tmlidertf-anclabhe siiCOcOconut occLi)ies a large 
pac: ion oi agricultural lands iii the county. Fruit
ha-s(a.l crol)ping syslt.rms research has had little 
support and his usually been fragmented, 

The following ieas for researcl and 

devolopmorit on perennial cropping systems are 
sug]e:'ted: 

o Development and piloting of technology 
transfer schemes for coconut-based crooping 
systems. 

o Development of appropriate management 
systems inexisting coconut-based cropping 
system in relation io production options, land 
conservation, integrated pest rnanagemetl, 
fertilization, Irrigation, processing, and 
utilization. 

o Integration of livestock into the croppinic 
system . 

o Deve openent and piloning of village-level, 

coconuti-based ( >0i ;iig 11i(1 iJtlization. 

o 	 Develobncat of n(w v rieties suited for
various cropping system Schiemires
 

o 	 Deternination of farn income of variois

cropping s\,stemw, (impact asseosSilent of
 
introduced Technology). 

o 	 Documentation and appraisail of other 
idigelous/existing cropping systenrs in 
relation to biophysical chtracteristics, crop 
conbinatloris, CLiltuIal snai;agernent
practices, pest and disea.se controls, and 
socioeconomic aspects. 

Fruit/Plantation Crops-based Cropping System 

o 	 Documentation and appraisal of existing
cropping systems in relation to biophysical 
characteristics, crop combination, cultural 
management practices, pest and disease
 
control, and socioeconomic impact.
 

o 	 Development of appropriate marnagement 
pracLices on existing cropping system in 
relation to production options, len!d 
conservation, integrated pest management
systems, fertilization, irrigation practices,
 
processing, and utilization.
 

o 	 Development of technology transfer schemes 
for the fruit/plantation crops-based cropping 
system. 
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o 	 Development and improvement of post
harvest technology for fruits and plantation 
crops. 

o 	 Develofalent of new varieties suited for
 
various cropping systems sche mes.
 

o 	 Integration of livestock into the cropping 
system. 

o 	 Determination of farm income of various 
cropping systems (inpc. assessment of 
introduced technolocgy). 
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Farm-level Management of Artocarpus heterophyllus Lam.
 

Eduardo 0. Mangaoang and Romeo S. Raros
 
Department of Forestry
 

Visayas State College of Agriculture, Philippines
 

This study evaluated the growth performance of 
Ariocarpus heterophyllus grown as a permanent 
tree crop in an agroforestryfarm, its response to 
varying slope, spacing and vegetative
associatio,7s, and its elfoct on thre growth of 
Gliricdia er)ilum hedgerows used as a primary
rotundcover. A Gliticidia-cortoureci agroforestry 

1,orm of ).15 ha w"as planted with Artecarpus

ltt(rtrphyllis and food crops during the early 

:;t-oe of i!t.develojitment. Results show that its 
Iovvh t:, - is coilipatable to wel known fast-
iw'nq_ ',?i? species. At three years of age, it had 

),s:r/cid a1volume of 8(3.7 uP. There wore highly
In,'; t differences nmiong slo)po ef/:-;l 
 ts on 


/tlr.. t/ ptf/orliImice, but /Iopatter 
 was idenrtified. 
l/l) areatein stMns where othe,/ rru th was 

's ur a!b.ent Growtli of Glticidia hedgemVs
*1.,].' r,,focd /1ncier in Ari.cam is cainopy. 

Origin and Distribution 

A,: , rls hete:ropbluv//t; Lain. is naie to the 

rci irfa(.twis of the Western Ghats of India and 

Mslaysia. 
 Arabs took it to the east coast of Africa, 

arid eventually it arrived in the whole of tropical

Africa and America. It is an important fruit crop in 

India, Burnia, Sri Lanka, Malaysia, Indonesia, 

Thil and,Philippines and many other tropical

r'rLI rtries. It is now widely distributed throughout

tie Phrli)jpies, b0th cultivated and wild, at low arid 

muediinni elevations. The tree belongs to the family 
%.Ioraceae,which comprises about 55-67 genera
ard 900-1,000 species of mostly tropical herbs, 
slirifis, trees and sometimes vines, with 13 genera
,iird aibout 150 species in tilePhilippines (Coronel

1983). The generic rranie was derived from the 

Greek words Arto-carpus, meaning breadfruit. The 
common narnie "jaclfrui' caine from the Indian 
riarr, 'j~a"or "tsjaka". 

Botanical Description 

Artocarpus is a small arid medium-sized 
evergreen tree growing up to 15 m high and having 

a straight, cylindrical low-branched trunk that
 
measures 0.30-0.50 m in diameter (FAO 1982). 
 The 
tree species rarely reaches 20 m in height, and as a 
tra6;tional fruit tree it possesses a dense, irregular 
or spreading crown. The bark is smooth and gray 
when young, becoming rough and grayish-brown
and furrowed with age. Itexudes a viscid and milky 
sap when injured. The leaves are a!ternate,
 
stipulate, stiff
and leathery, and elliptic-oblong in
 
shape. They are dark green and shiny above and 
pale green and glabrous beneath, measuring 10-20 
cm long and 3-12 cm wide (Coroniel 1983). 

Cultural Management 

Traditionally grown as a fruit
lee inorcharls,
 
Artocarpus is planted at a distance of 8-12 n 
between plants in a square planting design. Intie 
Philippines, the tree species is usually grown as an
intercrop v.ith other fruit trees in the back yard. In 
India, itisused as an intercrop for mango and
citrus arid as a shade tree for coffee and black 
pepper. On small farms, the spaces between the 
Artocarpus are cultivated and planted to annual
 
crops until the trees develop a closed canopy.

Artocarpus start to bear fruit 3 to 8 
or more years

after planting, depending on the variety of the tree
 
species used. Generally, Coronel (1983) observed
 
that flowering takes place almost continuously

throughout the year, so that fruits are visible in all
 
stages of its development. 

Economic Value 

The fruit ofA. heterophyllus is utilized at nearly
all stages of its development. It is cooked as a 
vegetable when young and usually used as a 
dessert arid flavoring ingredient when ripe. The 
seeds are also eaten when boiled or baked. 

One of the most salient features of the tree isits 
strong, durable and beautifully marked timber,which polishes well. In India, the timber is used for 
furniture making, building materials, and the 
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rrr!'nufacture of musical instruments, In the , During the third year, growth measuremert was
 
P,!,llppines, the wood Ishighly-valued for making taken to compare the performance of Artocarpus


,,g.tuitars, ukuleles, arnd other musical Instruments, with the published porformance of some knowin
 
JThi;eisatwo d produces a yellow dye used for fast-growing haiJwood tree species. Mean annual
 

dyin~g garments. " Increment was also calculated to
' 	 :net'volume 

i i raterrfegrowthroh/ssrend as a forest

,A. heterophyllus has been traditionally cultivated tree crop Inan agroforest farm. 'Grwth
 
pthe Philippines as a fruit treeIn backyards and. characteristics were also observe6,'un Artocarpus


i aC-is, However, its potential as a perennial managed asa fruit tree in orchards and as a*
 
f6 - t tree rop for wood production and soil perennial tree crop Inuland farms,
 

as well as its suitability for small-farm '' . . . *'
 

use inthe uglands, isstill unknown. Many have was also made to determine if /
.Evaluation 

said that Aitocarpus could provide wood products, different slopes and tercroppingdgwth other trees 
a favorable environment for food crop affected the growth of Artocarpus. Acompletel

production, especially in the critical uplands, if It randomized statistical design ( eRD)was used'to 
received the best cultural conditions. Since little test the significance of slope'effects. An ,
has been done Inthis regard, this study was assessment also was made on the growth ad 
undertaken. t o development of the gliricidsa hedgerows with and 

without an Artocarpus canopy. .Measure . ,s
Study Objectives were interms' of mean stem diate capb 

crown density expressed Inkilogram' green weight.
The study focusedo evaluating the a i e t, 

performance of A.heterophyllus grown as a Results and DiscussIon hi 
:2 permanent tree crop inan agroforest farm. The I
 

specific objectives were as follows: Growth.Performance
 

o Evaluate wood volume growth of A. Planted along the contour and~ spaced at 2 x 3 
heterophyllus Incomparison with selected m, . heterophyllus can grow Inthree years an 
known fast-growing tree species. average DBH of 9.61cm, MH.f 6.92 m TH of 

8.70 m,and an average wood volume of 83.67 
o Determine the growth response of Artocarpus m3/ha with a minimum laboi'input for maintenance 

to varying slopes and vegetative associations, purposes. This growth cornpares very well with 
published reports on the gmrowth of commercially 

o 	Compare the growth characteristics of 'known fast-growing tree species (Table 1). 
Artocarpus managed as a fruit and forest tree. ha 

Table 2 further indrotesthe innate capability of 
o 	 Assess the growth and development of Artocarpus to producfa large wood volume ina 

Gliricidia seplum hedgerows with and without few years. Published nformation Indicates that the 
an A.heterophyllus canopy. mean annual net voleme Increment ha for A. 

heterophyllus ranes from 30-48 m 30-40 m3 for 
Methodology v eucocephaa, and 25-40 m3 for someLeucaenae 

other fast-growing trees. 
Volume Growth Measurement 

Effects of Slope and Vegetative Association on I 

A 0. 15 ha farm with con toured hedgerows of' Growth 
Gliricidia sepium and varying slopes and vegetative , 

associations was simultaneously planted with A. There we're highly significant differences among
heterophyllus and food crops during the early effects on the growth performance of*.slope 

stage of its development. Diameter at breast height Artocarpti , In terms of DBH, MH, and TH (Tables
(DBH), merchantable height (MH), and total height '3-5). Thf/trees grew best at at aslope gradient of i 
(TdI) of the Artocarpus were measured two years ''' 320, altho6ugh no pattern was evident (Tables 6-8).
after planting, and average wood volume/ha was The differences probably are due to some other 
calculated. 	 factor. The key point Isthat Artocarpus'unidentified 

'spp.,,Ian grow well on steep slopes. 
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Table 1. Average U:owtlt data for selected three-year-old, fast-growing species. 

Species 

DBH 

(cm) 

NH 

(m) 

TH 

(m) 

Volume 

(m 3/ha) 

Eucalyptus deglupta 
Albizia falcataria 

Leucaena leucoceplala 

Artocarpus heterophyllus 
2 x 3m spacing 

2 x 4m spacing 

3 x 3m spacing 

9.60 

9.11 

5.09 

9.61 

4.85 

10.30 

5.72 

6.92 

6.78 

12.511 

7.35 

8.70 

55.54 

56.60 

52.78 

83.67 

62.75 

55.78 

Source: National Academy of Sciences, 1980. 

Table 2. Mean annual net volume increment per hectare for selected, fast-growing tree species. 

Mean annual 
net volume increment 

Species (m3/ha) 

Albizia falcataria 25-40 
Gmelina arborea 25-40 
Eucalyptus deglupta 25-40 
Anthocephalus chinensis 25-40 
Leucaena leucocephala 30-40 
Artocarpusheterophyllus 30-48 

Source' National Academy of Sciences, 1983. 
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Table 3. 	Analysis of variance fo"slope effects on dbh growth (cm) of A. heterophyllus 

three years after planting. 

Source of Degrees of Sum of Mean 

variation freedom square square F-computed 

Treatment 3 283.23 94.41 17.95* 

Error 166 872.94 5.26 

Total 169 1.156.17 

highly significant both at 1%and 5% levels. 

Table 4. nalysis of variarce for slope effects on merchantable height (MH) growth (m)of 

A. heterophylluithree years after planting. 

Source of Degrees of Sum of Mean 

variation freedom square sqaure F-computed 

39.62 21.20*Treatment 3 118,87 

Error 166 310.19 1.87 

Total 169 429.06 

highly significant both at 1%and 5% levels. 

Table 5. Analysis of variance for slope effects on total height (TH) growth (m)of 

A. heterophyllus three years after planting. 

Source of Degrees of Sum of Mean 

variation freedom sqluare squara F-ccmnputed 

Treatment 3 135.60 45.20 23.89* 

Error 166. 314.00 1.89 

Total 169 449.60 

highly significant both at1%and 5% levels. 
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Table 6. Mean dbh (cm) of A. hetertcphyllus at varyin O s;Ope gradient three a nfter plantinc, 

Slope
 
gradient 
 No. of Total Mean 
(degrees' obcervtions (cm) (cm) 

26 38 334.53 8.80
30 31 190.13 6.13
32 75 683.60 9.12 
35 26 168.77 649 

Table 7. Mean merchantable height (m) of A. htterophyllus at varying Slope gradients at three years of age. 

Slope 
gradier:t No. of Total Mean
(degrees) cb)servations (m) (m) 

26 3d 247.30 6.51
30 31 144.40 4.66
32 75 
 492.40 6.56
35 26 128.00 4.92 

Table 8. Mean total height (m) of A. heterophyllus at varying slope gradient three years after planting. 

Slope
 
gradient 
 No. of Total Mean 
(degrees) observations (m) (m) 

25 
 38 315.20 8.30
30 31 198.60 6.41
32 75 629.30 8.39
35 26 170.20 6.55 
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Table 9. Growth performance of A. hefeorphyllus related to other existing shade trees three years after plrting 

Item 

Diameter at bieat height (cm) 
Merchantable height (in) 

Total freight (m) 

Associated Not asociated 

with with 

other trees other rees 

578 8 62 

4,t1 646 

589 8 14 

Table 10. Growth and development of Giriridia sepium in hedgerows under the canopy of A, heterophyllus 

and in the open at three years of age. 

Item 

Mean stern diameter (,rn) 

Crown derrsity (kg green wt) 

Wood growth 'yield of the Artocarpus was 
greater in areas where otheor trees, such as 
Pterocarpios i,idi:us, Viteox fmarv/ora, and other 
overstory trees were absent (Table 9) Without 
other trees ,Jirest, CO(rtt)LtAtd growth values of 
DBH, 1 l11 and IH were 8 62 (m, 6.16 cm, and 8 1.1 
m, rpectively. In areis where Artocarmus was 
grown with olther trees. menar DBH, MH and values 
were 5 78 cm. 11 m. an(d 5.89 to This result 
indicates that A heteotphyIlus cantrot grow 
favorably tt(er slt (td or itt association with bigger 
trees, and thotftfr tre is a suiitat)le tree species for 
l)ltrttitt imtop t nd dr(ldd ' Ily inds 

Fruit and Forest Tree Crop 

Fig. I .ltovis soett botanical differerrces in the 
growlh ind rlcvctoptetl of Arlocarpus raised as a 
fruit tree itt an orchard and as a forest tree crop in 
the hills an mgrofores.t farm. Observations 
indtcate ti,,, or ,,, r: p , Atlucarpus develops 
a long, straighlt and lmos,brainched bole that is 

Under canopy Open canopy 

3.22 4.96 

17.60 34.92 

capable of self-pruning. The crown is narrow and 
light, a characteristic that facilitates fast growth. 
Branching is physiologically done in an orderly 
manner resulting in a nearly cone-shtned shout0 
form that is almost similar to pine tree species. 
Based on the age of the stand at three years, little 
cati be said about its potential for fruiting compared 
to sites where the free is raised as a fruit crop. 

Effect of Artocarpus on Gliricidia hedgerows 

the growth and development of Gliricidia 
hedgerows is better without an Artocarpits calo)py 
(Table 10). Measured in ferms of stem diameter 
and crown density expressed in kilogram greet 
weight, Mealn values for Gliticidia hedgerows under 
the canopy were 3.22 cm and 17.60 kg, 
respectively. in the open, Gliricidia grew a mean 
sttm diameter of 4.98 cm and produced a crown 
detnsity equal to 34.42 kg in three years time over a 
10-m long hedgerow. 
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(a) 
(b) 

Fig. 1 i&otan;cai differences in the growth characteristics ofA. heteroph]jlus as a (a) fruit and (b) forest tree. 

Recommendations 

With focus on the utilization of A. heterophyIus 
as a multipurpose forest tree in the upland farms, 
research must help develop appropriate farm 
management systems specific to given site 
conditions and based on existing traditionalfarming systems for a particular area or location. 
Efficient cultural operations, planting techniques,
harvesting methods and other forest regulation
strategies need to be determined forA. 
heterophyllus utilized as a perennial tree crop for 
wood and, secondarily, fruit production, in
combinaticn with various food crops in an 
agroforest farm (Mangaoang 1987). Research on 
crop diversification in steep slopes with A.
heterophyllus as the perennial tree crop,
simultaneously or sequentially planted with annual 
food crops, isalso encouraged. Research also isneeded to Identify and test other potential tree 
species with multipurpose q,alities for small-farm 
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use. Further studies must also be done to develop 
useful and better methods for determining theeconomics of Arlocarpus as a forest tree crop,
primarily for wood production in an agroforest farm. 
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Arenga pinnata: A Palm for Agroforestry
 

Gunawan SuJmadi
 

liristry of ForIlrv, lndoresia
 

Areriga pinnata .qrwsntdii/l'ly i, ti)f: t 
Inorlnesia anld IlSO is (1'Iowirn ) 
mtercrop;p(dw,/i foodf(ut).; in 
,;,,.';,fn,; 7/t, ohiir riini&;;: o1 
f, ilate t;ar, tI/r. , 'lq/ll . ,1/ 
;irs(hi'[nintr ,io'l f)'t;at'i of 
,'ti:to,;if;'t Lf,'rrOfr' Jin.Oto ; 

Oiiti;m; a1i0 

(apoh:,fsfy 

/th; 'f~tpi/ mwarly 
,i'/chlol Ilhe 

i ll, lle ialfea; ate 
1111,/fiia l p llofill" 

ti()t.,ftniL'if,; Thuis;, A pinmirta is all ov'e lit tffee 
fo' n"'i!f tefi' pri [f, 

Uses 

Oriino e ason people like to platt Areorqa pit ui isi 
it, year -roond food prodLuctionr , esP1cially in tl e dIV 
season wh:_,n other fod is scarce. Yoonrj ftil i:; 
tmlkr,: as an a pelizer arnd for t150 in ,triiki Twore; 

umorw th'in 15 yeairs oldl [iodfrice s'i ;ujut Ott inniur 
p,rlt of the trirl, which people ill liorTe poirls I! 
Iotiriesir rise a.s their -tapt te()(d [athurr thal rs( 
!)'io() -alsois ilai(t for c';Ike: . illo( l, 'rid 'Ali.r 
,isw, I (lrilrtl Jaiva, M0i)loui;,,hot'l it ()11(, 
'( lix t develofied a laufre ir r;lrtiy ptor ill()it 
'5:qtf The!y prurcess _.000 . of .,,jo frorm -0 trees 
,ity day Eawlh treet costs iftnri)xirriately 

Fip 10,00 20,000 (US$1 Rp. 1.641), and the 
sago frot onelree will earn an income of Rp 
3130,000, lI North Sulawesi, one steI pro(Juces 
ne 20 kq of sago, with solitary lalrwf3 producing 
mor than trees plantetd in t]rrips Since sazgo is 
ohtairt only hy c;iittirhj tr(s I is'irsl'nrlly the Iat 
product ohtiied from treirn Ihi niot e:ases, trees 
are ccl hor .io wi err tlh, y ,re, frrre thin ;0 years 
)old 

Sw eetp,f lli , kdri(l~dlr pticrl ll tI
roes
 

usually he(ini to pra Ouire 1:1 15 yeiars hfterplarting, 
altlhoutg h it can lke as ionl at; 35 ye:.ars a rare 
cases. Ba.ed (!i orihcttirr iir Ntr Sulawrtsi, 
fairly (jo d trees will iold'3540 liler,; palm sap 
every (lay, which crintiis 210", alcohol after oe 
rhry Sapurer, i drirrk riae flr(il this sap, is utiSi Ol. 
tralitiorral cereriries in mrry Iparts cf tlIc country. 
Saqle alko can he procees(i irci palm sugar. Inr 
North Srlaw,i. a 10 x 10 Inn.spacilgproduced the 

higjhest yields Th estiiated yiNd of virios sweet 
)alir sap l)rodhucts are listerd in Torhle 

Table 1. Et:mrtied potential ircome inRupee.s from a one-hectare planttion (256 trees) of Arrrga pinnata. 

Unit Yield/ Yield/ Yield/ 
Yield/day Cost ha/day ha/day ha/'50 days 

Saguer 
palm sap 
(15 batles) 50 750 192,000 9,600,000 

Sunar
 

(3 kg) 300 900 256,000 11,520,000 

Alcohol 
(3bottles) 350 1,050 268,000 13,440,000 
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Villagers also use other parts of the tree for

various purposes. Leaves are 7-8 
m long ana usedfor dec(orition making brooms, matting, askots,
rcafing, a cldI fwutlw )d. Th e yo iiUtlgOet leaves are
somrletime used as c(rto pqa),p-r Leaf .'sheath

fr ire,ed 'to mlke F s, )rooms, brushes,

mII(Ii(un tol r;ihforcom ,i lhjfic)tiJe" !Crt of !IHe
'tnkin-,ver, fraryd mil( [isert for amrrels, flooring,

finn i!lnre, amd tooi lharlhmdes Olher rises of the 
. i;j honey prdo:ci,!is itlwi d l r nim( m edicinal
 
m)r(.,hhin;is fromi I im,torts
 

Recommendations 

AJISJ )'it,( t:In, tardly olwketd by pests or 
tin,', n4' c:,mI!m w i t;*li , a0 oUt I" vi-' rs to 
pfo uice ( )owiq'inor( icrr . 1i"s species is a long

mflin,' tl A talrmlfnyr .-ysterm ha' beenmnew. 
IIilhi.munIIlwe(d to piro(imce shorter ,emi ilComne for 
,illini'r! A. )i!!rfitt is ties [Mmi P il Ciultipmirpose
t 't am-I()n.-;o mlfore;?mry projec:s if] hml(dolmsia. 
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Impact of Multipurpose Trees on SmalI-Farrn Systems of Nepal:
 
A Case Study of Karmaiya Village
 

Madhav B. Karki 
hw,tiltito f rIih,1n UflivelsityOf F ,rn-,try, 

Pt ilri i i' t!lil 

The four-year impact of the Farmi Frto 
rp ivolving plantations of imljtippj) , .ros 

(Il Oh toming systems of Karirtiay, a ,iPii ill 
ti, comtral I erai of Nodal, was as;e. A ;1'0 

of hciiel/ohl (.I-)was .;or o, witll 
,ite,':tieiimiteS at'out eo pil,t afh] t'i'iiti}ncriur,)f iat, 


I o;f ';iJ p/atntat .; if // /-n fl, ;(;y,t;rto 

* i, t Ol/ Oir ,'r I, h u) le '/O.i I ) i i..i. t flJ 1 1f 

,',i' :e f), !;i It t, r aiJ ai,rd'tamoid ,mi; 

t l ii w,'/i []alb r:r ,S'.ti;Ri . t D 
,i/r ('J,'i:,~ ieucocephila (i.1,1r ) dc'WPt 

,:d.llravtrraeo 8 3;,rtl,' U /0
0lte 


r( :O
,, c. ,p oc(tiiely. NinT.:t,,, oi,,o P fo ! th 

"tllct/olpinq].;y tr to)ifccolmnun (,11}t,ft(,; 00/ 
!fii /t /itos/o'C,/ mftt)OvtttItcolt Niuth0t ttt, 

" r, io ; o e,o /i 'tti ;e o/l (hwe lit lu i:itei (/vrot. 

/!;{.'ii i ,ft,,/tloitdltic 7 /i/ it ,;t'; 


'nmi-i "'ioiioted Inttem t:ilitin)/o :;:,,i,: (to .f 

dlo(/O 

'l ht i. i w,,t 
('10) ) Opiioi .'15di;,td .i,,r pi! t en 

fit yi' 

,i i ,tlog,' itro r,n Y, olttiii 

Iiiii t/em (il i Ct l , .,ury//tt ofn 
rluo tio-? nI yield:;;conmu/rtI/to inl fin 

i,,t,.;, hii, ' 1 / ',i: 'ili;htta t 
i",t l it/nq l i/i / ,,th/h el ! , itgrity (I f.!lm, iIl; 

i,,, t -ill 110i01,; / i/ ,.1 i/ ' i /et it thna/n 

i f' i! /i;)!/)i),';,! tlifiillioif S !Y.; 

'J'd , i i ftil:iriflly ii i i brmt :l iltry. 
Al[I tit 1' i, t I -til i l!iin it elri 

Nt

td i tilt 

iitlictitiit ,i tt a livij (CBSh. ;ir ii.'(., i; 

1'&) Ith t t t
Mt ,[iitJn!of tlle 

tt1l1l I I itr!il I M ( ,tbillrWernIIie front tIre 
fPrf-1 h l cfil;thli iJ:y frw(;li (tctirlir(ltlre last 
I(My",il te prdtistii-fii i4 lijnt cr r ); l o has 
wmiiilitd <. tliq/<trit (orovert d(, lhi.'(J twoitt the la<st 

,lt:iite nerivy itivwiieit illdo-ileh; itrigitiin, 
filtui,,'lns, ind te:hrlicri;il iiriiii uv,'tr trailliig The 
hldtllm oin the iinriiarlil forest aid shriuibland is 
f.r iii excess of what it callyd ip)ort of aio 
<tistihied basis (Nield 19/15). Wyit -Smith (1982) 
estimated that about 3 5 I1a of tllli lIiagjed forest 

as requi od to supply adequate ftlwood,fodder. 
arid timber for one hiare of farimland in the 

westerinmid-elevation hills of Nepal. Will the total 
land tind'r "riririaged" forests or shrirbIands at 
0 3 million ha. an alditional 4 million hiaof l.res 
lands are reuLire(d (the total lindtinder jl(riC:nitnre 
is 3 million Iia) Therwfhre,the ;dternative isto grow

tree"s tie fannie Sirre 1St", of the farnri iin 

if 1 INCtiJal arIe.l r:trri/'ed i-sinri with (derO
grow iii er h c tl iri )eli(A [P O S C qttro), 

irititirrp:;Jtree's onf ti;illltr is ineei.se('l firr[ct 

l il tan ers- htve tradilti):lily t)w(0n plantingIteem 

with l Ol); nil ftrl:lnri , tlis task shUllt t IWHlln 

efforlt
difliciUltoACC:oilIIlill 1ti results 'f ll;111 


h w ref-ii il Illi:; if)ofvillao il Ih i . >) ie p):ijw. 

Tihe Study Area 

Kiri;ltiya Vill(j, Pollch ylltis located at the 
e>thiiire norlthwst coiiner of Sarlai Di,trict inthe 
CeiMi Begi(rr SOuth ifKatlrmanrd. The 
t-'arichiyat i tisecterd ly tla elstwest Mairentra 
Highway Ward rio5 of this anrhi.lay:t wa-; 
SOtcled to ru Dilot exteirsion activities of IIt Flarmli 
Forestry Resiaich arid Developrernt Project (FFP) 
jointly fundhdd hy Triliuvar University, Nepa!, and 

tihe International Developmentt Research Centre 
(IDRC) of Canada This village is situated in the 
Siwalik Hills at an altitude of about 200 m above 
sea level. The original vegetation of tire area 
consisted of Shorea robosta, Dalbergia sissoo, 
Acacia catechi, Adina cotdifolia, and Tern,;,oalia 
spp. This vegetation has been cleared for 
agricultlre. Maize, rice, millet, wheal, arid utIstard 
are the major crops, and buffalo, cows, and goats 
aro the iajor livestock. Due to population 
pressurcs, neighboiing forests are being cleared 
for more agricultiril lid and forest produicts. As a 
result, the slopes are being eroded by heavy 
precipitation (2,000 min per year) arid silt 
suspended in thle seasonal strearnis is deposited on 
farms by regular floods 
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The village included 175 houseiholds of which 
83% belonged to upper caste Brjhmins and 
Chettris; 62% of the people here were literate. The 
average land holding of the sampled households 
was 1.09 ha. The estimaled number of livestock 
units per household was 7.52 and the average
family size was 6. Production prer househeld was 
1.8 ton cereals, 0.16 tort legi ne s, and 0.097 ton 
oilseeds. 

FFP activities ;aunched in 1983 includedIlantation Of multipurpose trees. 1tie villagers
tlhemselves took the initiative to plant trees. lhe 
project supplied suitable tree seedirigs, and
in:thuC(ted th em in planting methods arid follow-up

ei.,lcJres Differetit planting patterns were 
( ,vKloped with the help of the aners and 
irludehd hor(er, block, slream-side, roasidce, ard 

ii,,ed plarntinqs. Planting was carried out every
' ,ir from 1983 As the village Lar'!ed diinking 

,an(Iitpu)-rpOsP water supply scheme vs 
,ul;t: )inlen1r-i itodwith active participation of lhe 
,.illgrs 13ies Lr-, caDei arid Dalber,,jia. other 

Sitj wuee Emcalyptos (:arnald'Jlerrsis, 

,,:.1 (1', t, 'i/l. Ca 
 :,ia si nr a, Grrc7-r piratm.,, 

/, i' ,Ii indAlhi,'. iS -;;iI) 

Fa urn ing System Model 

7I ;rrlrrlql l s)';le r irs [beenl deotined as tire 

r:rinil)ii~rhtio 
 of di~tiict frjirctiorrl enterprises, such 

:i;I. ivesock. and nx rketing activities (under a 
sihe fm unit), which inrteract Lecause of the joint

(it inpusithey receive ftor tie etivironment 
(H nv'o(d 1979). Due to limiting factors cf land,
labor, cash, aid technology. siriall farmers practice 
a ;orirplex farn ing s~stent to 11amntain their 
sI l).iseni(-:, living. Their t riidaniir toi sratogy is to
provide enough food for the faimiily and forage for 

auimals. A secondary strategy is to irprove labor 

elfficiency (ari 19K3) Each land 
use type has a 

specific im[otrlice. 
 The small farner's su. vival 

(epencis ieavily oi 
 how v. ell he combines inputsfrom vari ors ciniponerrts to mriaxiiize production

oin his farimi. System components srtih as grazing

arid, wasteland, arid marginal land are also 

sources of negative effects that can be nitigsted ty
strengthening positive effects of other componenis.
This paper reports tie results of a study on how 
farnlers perceived tl e effects of tree plantin oi
these various componetits 

A lUestionrnaire survey was carried out in 
August, 1987. Thirty-four households (20% of the 

total) were randomly chosen as respondents. The 
questions were both open-ended and closed, arid 
included structured arid unstructured types.
Questions were prc-test-d on the study area, and 
post sampling was carried out to verify the 
information collected. The data was compiled and 
discussed in the light of the benchmark information 
collected four years ago 

Results and Discussion 

Each of the sampled households had an average
of 60 multipurpose trees on their farms (Table 1).
The most common were Leucaena leoucocephala
(an average of 16 per farm) and Dalbergiasissoo 
(34 pet farm). These trees were mainly used for 
fuelwood, fodr :r, and the control of seasonal 
streams. Ninety-one percent of tlre sampled
households listed Leuceana as the most preferred
fodder species and 79,%S mentioned Dalbergia as 
tie most popular fuehwood. The majority of 
households (82%) also reporled that after planting
multipurpose trees on farms, the stream flow was 
stabilized (Table 2). Similarly, 79% of the people
felt that uncontrolled grazing pacices prevailing iin 
the village before tree ptanting began had ieen 
controlled due to the coniti unity cncensus fortree planting. An overwhelming irniiber (91%1)of 
tire households did not feel any ieed to change tirecroppi ig pattern to accommodate trees on their 
tarns. However, opinion was divided on tie 
guestion et whether there had been any change in 
crop production. About half (53%) felt that there 
had been an impact but the rest (470%) did not. The
majority (799%) of the households said that there 
had been improvement in the general quality of 
village life from that of four years ago. All the 
farmers surveyed felt that there was not a greater
demand for irrigation water, wood extraction from 
the forest was gradually decreasing, and that there 
was a greater supply of fodder and fuelwood from 
farms. 

The factors that curtail food production in the 
small farnis of the world are virtually unlimited in 
number and variety (Harwood 1979). Small farmers 
want stability arid security and hesitate to take 
risks. Convincing them to add multipurpose trees 
as a new component to their farming system can 
be difficult. However, in thie Karmaiya village, 
proper understanding of the farmers' felt needs and 
successful motivation resulted inhigh acceptanceof tree planting. Initial concerns of the farmers 
regarding the so-called negative impact of the 
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Table 1. Number of trees planted by size of holdings in Karrnaiya village of Nepal's Central Terai. 

On-farm Trees 

Size of Average 

Holding Holding Household 

(ha) (ha) Number Dalbergia Leucaena Total 

< 0.05 0.01 1 1 0 7 

0.06-0.50 0,34 9 12 7 21 

0.51-1.00 0.84 9 24 20 54 

1.01-1.50 1.25 6 22 18 51 
> 1.51 2.09 9 36 22 75 

Table 2. Farmers' perceptions of impacts of tree planting project on their farming system and village life. 

Response
 

Impact Yes No No Opininn 

Need to change cropping pattern 3 (9%) 31 (91%) 
)Reduction in crop yield 18 (5,3 14 (41%) 2 (6%)
 

Strearn/siltation conlre; 28 (8L'%) 6 (18%)
 
Wanton grazing control 27 (79%) 7 (21%)
 
Greater need for irfigolion 0 (0%) 34 (100%) 

Greater dependency on fuelwood 

from forests 0 (0%) 34 (100%) 

Greater supply of fuelwood/fodder 
lioni on-larm trees 34 (100%) 0 (0%) 

Impoved nuality of life 27 (79%) 3 (9%) 4 (12%) 
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h as the reduction of food crop ..farmrs can.be succssfuIyadoptd IntheTerai2production, were provn'baseless his resolution ~ re ion.7roftei' doubts contributed greater mo entum to........
 

planting atreeThose who had niot planteditcsin. 
Slifiifl-r0st yaear-have'al foK yby the rults'they' h'ave seen. 

LeucaenaandsDaberg a w atmoemthe tas 
accopted tree species for farm forestry. Both are> fast-growing, multipurpose legumes that provide 
fodder and fuelwood whiie ameliorating oiiInfertility. Dalbergia sissco Isan Indigenous tree 
whose merits anpropagaton techniques are 
common knowledge, but the benefits of Leucaena
have been underscored by FFP demonstration
plots. 

SresNepaleseThe effect otreonstream control was 
perhaps the most striking gain perceived by thesm 'all farmers. When the upper reaches of stream 
banks were planted with various trees, bamboos,
and grasses, the draratio decline Inseasonal 
siltation by flash floods Inspired the farmers tocontinue planting trees on farms. 

Wanton grazing of livestock was often listed by
the small farmers as the major disincentive against
tree planing. However, with the Increase inthe
plantation of trees on farms of each household, the
problem of free grazing has been greatly reduced,. 
Small farmers expressed no need to change theirtraditional.cropping pattern, possibly because the
Intensity of on-farm tree plantation (60 tree's per ha)
was too small to Induce significant negative,
impacts on food production. Infact, small farmers
perceived an improvement Inthe generaliquality of
life. O9ne reason for this feeling of well-being was
the availability of drinking water with the assiktance
of the FFP and the villagers. Other factors were the
contribution of trees to the mitigation of stream7 erosion and siltation; easier fodder and fuelwoods.ppl, and Improvement of soil fertility. 

contiut a'nwfoesryaciatismThe aforementioned farm foesr aciiisfeedbackcontiutea ewdevelopment, 'possibly the first of 

-Conclusion
 
"2 K77sucereanl
7j7~'c

Nepl' farming,....,..~system Is highly dependent on Y 
inputs from trees,bThis critical forestry-farm linkage

been underscored Inrecent years by many 
prominent foresters and scientists (MahatY '9Nield 1985, and Wyatt-Smith 1982). Itisgen y
accvreted that current land under forests IsInsufficient to meet the demands of small farms for 
fue.woo.,fodder, bedding material, green manure, 
and timber for construction and small tools. Inthiscontext, farm forestry or tree plantations on farms
'was considered necessary for the sustenaneof 

' 

farmers and to conserve the alreadydegraded forests of the countryj. To popularize the 
concept anid practice of farm forestry, selection ofappropriate multipurpose trees and the silviculture 
techniques to grow them are as Important as 
community participation. 

The example and experience of FFI? inKarmalya 
can be. emulated by farmers and resource managers of small farms throughout Nepal.
Although some tailoring may be necessary In 

.selection of multipurpose trees and~ their
silvcultural requirem~ents for each village, certain
general lessons w~e worth mentioning.. First, 
farme rs' aversion to risk must be recognized toavoid 'disturbing the fragile stability of the farming
system. Sec'nd, after understanrding the village~rs''
priorities thrr gh surveys, the most pressing " 
priorities must be taken up concurrently with 

,,project activities to win people's trust and

motivation. One Must also appreciate that farmers
 

,are selective and careful Incommitting to tree

planting on farms. Therefore, full acceptance of
 
tree farminig technology Isfollowed~by a trial peiod

of their own with afew proven trees and practices.,
It IsImportant to constantly monitorand evaluate 

trees and silvicuitural tecnqewiht.from farmers.to ainitain the m1omentum,tree 'planting. Farm planting of trees Is'h"'Its type, inthe Teral region of Nepal. The recsults 
',of 

complex operation requiring adequ~atehave been highly demonstrative and widel"referred, understanding of socioeconoic conditions of the 
to byothers working Intheregion.! Inonly fouryears, several multipurpose trees (over 50 species) 

village aswell as appreciation of the existingfarming system, Finally, the Increased use of
Shave ~been screened for adoption as useful multipurpose trees Insmall-farm~systems of Nepal ,-compoInents of the farming system. Moreover, can improve and enhance'the stability~of traditionalthese trees have already become productive. Farm farming systems,.
 

festry, an age-old tradition of Nepalese hill 

,, 
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Medicinal Uses of Selected Fruit Trees and Woody Perennials
 

Saturnina Halos
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Herbal medicine practice is indigenous to South 
and Southeast Asia and is useful to farmers living
in locations far from medical services. The most 
e',tensive study o- medicinal plants in the 
Phihpines i.,.838 species with 262 tree species,
including 31 Iruit tree species. This study is 
derived rmuostly from surveys/reports on their 

fficacy by actual users and on their chemical 
composition. Laer studies describe biological 
tests to detect anticancer, antimicrobial and 
motagenic activities. Nine of 35 tree species

sted hatdpositive anticanceractivity. Three of 
these are common fruit trees (Annona squamosa,
P(.rsea aner.cana and Carica papaya). One is 
,'itrogen-fixing. (Casuarina equisetitolia), and two 
re legouinous (Piliostignma malabaricum and 

C ceswalpinia pulcherrinia). Voaccmga globosa also 
has beeli added to the list of trees with anticancer 
s;ubs.,tances, basedon a report or actual remissinn 
cund inhibition of induced cell division, 
Excptiunaliv high antibacterial properties have 
coi ir(ecorded for several tree species. Of note 
c/u the fruit trees Psidium guajava, the exract of 

which is active against dental pathogens, and 

SyzygiuM cumini, which is effective against the 

staph skin pathogen. The oleoresin of Canarium
luzonicum has beell identified in studies as 
1i1ita'gerni'c. 

Medicine from Plants: Acceptability

and Practice 


Herbal medical practice isDart of the culture of 

South and Southeast Asia. Countries in the region

often have common uses for the same species of 

plants, but the art of healing 
appears to differ. In
the Philippines, the more pol'ular herbal healers are 
also more known as spiritual lieaiers in that their 
powers are claimed to come directly from divine
intervention: prayers are said during the healing 
session, after which prescriptions for herbs are 
given. Knowledge of tilemedical value and dosage
formulation is obtained by the healer through a 
dream or trance. The healer can recognize tile 

plant on sight although he or she may not even 
know its narne. Healers are often as young as 13,
have had no access to published literature, and 
often are not well educated. 

Consequently, the bias against herbal healing
has been well-entrenched among tileformally
schooled under strong Western influence, despite
the fact that some people are healed. In the 1950s 
and 1960s, herbal healing was illegal. School 
children were taught that herbal and spiritual
healers were charlatans who deserved to go to jail.
This attitude began to change in the late 1970s after 
a government team went to the People's Republic
of China to study herbal medicine and a national 
research program on medicinal plants was 
organized. "Herbolarios" (herbal healers and 
"hilots," or midwives) have now finally attained their 
place in primaly health care through training that 
has integrated them into the system. Herbal 
medicines are now sold openly and tile 
government is experimenting with syrup and tablet 
formulations of the well-studied plants. As of 1985,
four species were prcducing medical syrups and 
tablets. 

Medicinal Value of Selected Trees 

Trees of medical value fall into three categories:
those identified in the Philippine National Formulary 
as clinically tested for toxicity and dosage 
effectivity, those whose efficiency has beenattested through a survey of herbal healers and 
from reports in medical literature, and those 
identified through I,dylochemical and biological
screenings. Table 1 enumerates the tormulary
listed species. Understandably, due to the short 
period of time so far involved in research and 
clinical trials, the list is brief: only 86 entries, which
is about 10% of the first compilation of information 
on Philippine medicinal plants which listed 838 
plants, 31 of which are common fruit trees 
(Quisumbing 1950). A later survey identified a total 
of 1,217 plants (Quintana 1979). 
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Table 1. Food trees with medicinal properties. 

Edible 

Species part 

Anacardium oc, denfale 	 fruit 


seed 


Caoar,,um tzonicurrr seed 


(Blume) A Gray and 


C ovrturn Eriq 


Citru uillw' fruit
,.r 

(ChImn) Swingle 

C d,wi;maa L' 


C mini , Louf 


C~t,u rmIntium I.. fruit 


C4t,, mcn'carpa 	 fruit 
3
lbnge 

MAmrgie -a indica 	 fruit 

Mo'inrqaoleifera Lam. 	 leaves 

fruit 

flower 

Persea amnericana Mill. 	 fruit 

Psidiurn guajava L. 	 fruit 

Pithecellobium dulr:e fruit 

Roxb. Benth 

Syzigium cuminii fruit 

(L.) Skeels 

Tanmarindus injica L. 	 fruit 

Source: Philippine National Form lary, 1980. 

Therapeutic 

properties 

tbark and leaf infusion 

relieves toothache, 

sore gums, and throat, 

seed for laxative; 

oleoresin for arthritis, 

boils, and abcesses. 

leaves and rind as 

inhaler to relieve 
nausea and fainting. 

rind decoction for 

gas, pain relief 

juice for couglh and 

sore throt, 

skin bleachi. 

leaf infusion for 

cough; bark or kernel 

decoction for diarrlrea. 

cooked leaves and fruit 

as laxative; powdered, 

roasted seed for 

rheumatism; cooked leaves 

to promote lactatron. 
seed or bark powder for 

rheumatism and neuralgia. 

leaf decoction for 

diarrhea, skin ulcers, and 

vagina' wash after child-

birth; leaves chewed for 

tothache. 
bark decoction for loose 

bowel movement, 

fruit for diarrhea, bark 

decoction for gum inflam-

mation, gingivitis, or 

astringent wash. 

fruir preparation for anti-

pyretic and laxative; leaf 

decoction for aromatic. 

157 

Other claimed Recent lab 

properties findings 

antiscorbutic, 

anaesthetic, 

antidiabetic, 

antidiarrheal, 

insecticidal, 

diuretic. 

oleoresin 

mutagenic 

C. aurantifolia- C. documanra

antihelminthic antimutagenic 5 
C. nobilis

antimicrobial 7 

carminative, 

astringent, 

depurative. 
antiscabious, 

carminative, 

refrigerant. 

antirheumatic, 

antiscabious 

antiscorbutic, 

antisyphilitic, 

laxative, 

diuretic 

antivenomous, antimicrobial 8 

diuretic, seed extract

anti-anemia, mutagenic 

antihelminthic 

antihelminthic, antimicrobial 8 
emenagogue, antimutagenic 6 

resolvent, 

ant:-inflammatory. 
astringent, antimicrobial 8 

antirheumatic, antimutagenic 5 

antiscabious, 

antispasmodic, 

tonic. 
antimicrobial 8 

antimutagenc 5 

antidiabetic, antimicrobial 8 

diuretic for antimutagenic 5 

tonsillitis. 

antihelminthic, 

anti-asthmatic 

antiscorbutic 

antirheumatic 
lebrifuge. 



The Formulary also recommends a shorter list of
therapeutic properties compared with the list 
obtained from the surveys with herbal healers. This 
indicates that for some therapeutic properties
clinical tests have not yet been made or that tests
have failed to detect such a property. In the latter 
case, either the tests are unsuitable or the plants
really do not have such therapeutic properlies. 
However, laboratory tests are also indicative of the 
efficacy of a plant. For example, when a plant used 
by an herbal healer to cure dysentery is found to 
contain antimicrobial properties, then one can be 
more confident of its capacity to cure sich 
iiIents. 

Of the food tree species listed in Table 1,all bear 
fliuits that are eaten raw except Moringa oleifera,
which is cooked as vegetable, and Canarium, 
which has a seed kernel eaten raw or candied, 
Two are traditional and very good firewoodspoies, Psidium guajava arid Pitlecellobiutm 

dulce. 
Of the two, P. guajava is early rnaturing

with some varieties yielding fruit 18 months after 

plantinig. It is also grown in plantations to support
the fresh fruitmarket as well as fruit juice 

corcentrate factories. Both species prefer moist 

:treas. The Canarium species produce Manila 

rlemi,
a commodity in the international market of 

.iriiis id resins. The wood of Tamarindus inodica 
i,preferhred for chopping boards. The fruit of 
S;y/'oi," i crn/i can be processed info an 
e>.ilc.,l wine. Inthe Philippines, this tree grows 

:,,ild on dry mountain slopes. The other qualities of 
Attccatprs hetorophyllus have been described in a 
pa,'per by Mangaoang and Raros (this volume).

Moringa oleifera is a useful tree on small fariis. Its
leaves are a very good source of dietary iron amid, 

along with the fruits ald flowers, are eaten cooked 

as vegetables. It is a very popular backyard plant, 

one of a few with many clarmed therapeutic 

properties, 


The only species in this list with a good timber 
value is Mangifera indica. More imporlanty, it 
fruits profusely arid its fruit (Carabao variety) has a 
very good rriarket It matures late, about five years 
for seed-derived puints arid about three years for
grafted plants, but produces fruit for decades,
Some farmers consider it a good hedge for old age. 
The fruit oil of Persea american3 is used in
cosmetics. Of the citrus species included, C. 
macrocarpaarid C. decumnanus are also plantation 
crops in the Philippines. C. macrocarpa is a 
common 
backvard plant and is an ingredient in a 

variety of Filipino dishes. Anacardium occidentale 
is a reforestation crop in the Philippines. Its shell is 
known to yield a high-value fine industrial oil. 

Ta.la 2 lists food trees, whose medical efficacy
based on Western standards is not yet proven but 
which are used by herbal healers (Quisumbing
1950, Quintana 1979). Of these, Bixa oiellana is 
most popularly used (Quintana 1979). B. orellana 
yields a dye from its seed coat that gives food a 
yellow-orange color. It is a good source of 
additional income since its seeds store well and 
command a good price. It is also medically
interesting, its extract having been found to exhibit 
anticancer activities. Averrhoa bilimbi L contains 
an antifertility factor, which is needed to help
reduce the high population growth rate in the 
Philippines. Annona squamosa produces an 
anticancer factor and a popular fruit. 

Piliostigrnarnalabaricum is not extensively used 
for food, but yields an anticancer factor. It is a 
good fuelwood species and thrives in poor, dry 
areas. It is also fire-resistant. Sandoricum koetlape
produces a popular fruit arid a fine wood suitable 
for balusters and wood caRings. Its fruit is used to 
make a refreshing, tasty drink, a remedy for 
common colds that inour experience works. 

Table 3 provides a list of tree species found to

yield extracts with articancer activity. I have
 
focused here on 
 cancer, a tricky and expensive

disease. In the Philippines, one program of
 
chemotherapy could cost as much as 
 100-500 
cavaris (50 kilos each) of palay. 

Although Ervatamia pandacaqui has been the
 
most studied among the plants enumerated here,

Voacanga globosa leaves are the remedy

prescribed by one healer I know. This sarne
 
healer's patient was apparently cured of breast 
cancer with a concoction of leaves of this plant.The difficulty with cancer research, however, is the 
expense involved in testing a drug. Clinical trials 
must be preceded by extensive laboratory tests. 
Human test subjects either must have sirong faith 
and courage to forego currently prescribed
medications or they simply have no money for 
hospital treatment, as in thie case mentioned above. 

Vitex negundo is formulary listed as a cure for 
headache, wounds, ulcers, fever arid coughs. 
Medical preparations in syrup and tablet forms are 
now available on a pilot scale. In China, its volatile 
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Table 2 A idional food trees with medicinal properties based on folk usage, 

Specie' 

A , ;Ai ,;ti L 

Aniiiiiii 'ricatt 

A f, 11iosa L.I 'il, 

Anoia rrticihiMt L. 

Althi'raNv,5 

c:;-'rg 

A , , i ': , i/.0i', 
IP.rV'K) l-.) 

!2;; , .'riAi;i 3lanco 
A rrbiphlieS i arri 

, t'lr~i,,zt I . 

r c. ,,f ',''r Iit-


, 


2,1' :ir;rrr1053/rota 

'2tmy ,rptrwr 

rrrrr,.i L 

3a ',Iniarnranqo0stanra 

,rurll)rr donrle;tic.itlln 

Corr. 

huntirgicacalalbra 

'lephleium lappuceum 

Edible 

part 

fruit 

fruit 

fruit 

fruit 

fruit 

fruit 

fruit 

fruit 

fruit 

seeds 

fruit 

fruit 

fruit 

fruit 

fruit 

fruit 

Iherapeutlic properties Lab findinq,' 

antidiarrheal, febrifuge, antimicrobial 8 

antipyretic, antidyseriteric. 

ermetic, febrifuge, anti

spasmotic, antiScorbitic, 

diaphoretic. 
antihelminthic, antidyspeptic, antimutagenic 6 

astringent, tonic. anticancer 9 
antihelninthic, antidysenteric, 

astringent, tonic. 
antisyphilitic, refrigerant, antimicrobial 8 

diaphoretic. 

antidysenter ic, vtilnerary. antimicrobial 8 

antivenomous, astringent, 

demulceant, febrifuge, 

laxative, refrigerant, 

vulnerary. 
antipyretic, antiscorbutic, antifertility 3 

antihemorthagic, anti- antimutagenic 5 

syphilitic 

anti-asthii atic, anticolic, 

antis.corbutic, ereriragogue. 
aritipyretic, purgative, antimicrobial 8 

astringent, febrifuge, anticancer 9 

antic] yseIteric, diuretic, 
antidandruff, rerredy for 

heart afflictions, colds, 

renal colic, voinitive, 

sedative, antfhelrinthic. 
tonic, anlidysenteric anticancer 9 

antifielri tic, poultice, 

antidiAbetic, artipyretic. 
antidi arIieal , tfIrig er it, antimutagenic 6 

altidy.einterir, iluirtic. 

febrifugle, ',RtIr lt 
antihelhin thic, aiilipyreti, 

antispa,moti tilrieaent for 

wornenS"iseai;rs 
arrtispasiriodic, err ollient. antimicrobial 8 

antidysenleric, a;tinierit, 

febriftige, cfi rirrriive, 

narcotic. refrigeanit 
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Table 2. Continued. 

Edible 
Species 	 part Therapeutic properties 

Piliostigma 	 leaves antidysenteric, liver 
ma/diadiculn problems, headaches and fever. 

Sandorc'un Aoetjape "'it antispasmodic, antidiarrheal, 

tonic, ccrminative, astringent. 
Sesbaroagrandiflora flowers antirheumatic, expectorant, 

diuretic, emetic, laxative. 
Spoir,dia purpurea fruit astringent, antidiarrheal, 

antidysent 3ric. 
Sy2'itj jimboIs fruit digestive, stimulant, anti

dysenteric, febrifuge, for 

Sore uyes. 
Sy ygium falaccense fruit for thrush, antidysenteric, 

abottificant, diuretic, for 

an;cnorrhea. 

Table 3. Non-food tree species that yield extracts with anticancer properties. 

Species Remarl ,i 

Ervatamina pandacaqiui Pich Promising source of anticancer alkaloids. 
(Tabearnomrtina pandacaqui Port.)
 

Voaxanga globosa (0hinco) Merr. 
 Of recent use by folk healers; one known case 
of complete remission from breast cancer; 
selective antimicrobial activity; prevents 
induced leukocyte division. 

Vitexnegundo L. Formulary listed 12, extensively used to treat 
headaches, coughs, wounds, ulcers, and fevers; 
antibacterial properties 1. 

Cirrnamomnurn eylanicum Blum. Numerous fo'k medical wses, including anti
typhoid, antidyspeptic 10. 

Lagorstroemia speciosa (L.) Pers. Extensive use as contraceptive, for coughs, 
diabetes, diuretic, kidney trouble, wounds, 
antimutagenic 10, 11, 6. 

Alstonia scholaris (L.) R Br, 	 Antimicrobial 1, 8; antimalarial; antirheumatic; 

antidysenteric; and other uses 10. 
Casuarina e usietfifolia L. Forst. Antiberiberi, antidysenteric, anticolic 10. 
Erythrina vaiit.jita L. Anti-asthmatic, narcotic expectorant 10. 

var. orientais 
Hopeaplagata (Blanco) Merr.
 

Hopea foxwonthyii Elm.
 
Albizia falcataria (L.) Fosberg
 

Pinus merkusii Jungh de Vr
 

Callicarpa formosaaa Rolfe
 
Alphitonia philippinensis Brard
 
Goniothalamnus amuyon (Blanco) Merr.
 

Caesalpina pulchertima (L..)Sv.
 

Source: Halos and Catipon, unpublished. 160 

Lab findings 

anticancer 9 

antimicrobial 8 

antimutagenic 6 
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oil is dispersed Insoft elastic capsules for chronic antifertility activity of Anerrhoa bilimbi L. The Philipp J
 
1 bronchitis and as a sedative for asthma and coughs S ):3-1
 

-
Castro°1980).-! " : "' - Land, T,1987, Desert tree with large promise. Development 
and Cooperation, No.3, p.24. 

Other interesting trees are two dipterocarp,, Um-Sylianco, C.Y, 1986. Animutagenic effects of expressions
timber species, Hopea plagataand H.foxworthyll, from twelve medicinal plans. The Philipp, J.Science 115 

~--insmerkusl,andAlblzla fa~catarlaafast-- __1();23307Z 
growing leguminous agroforestry crop for paper Um-Syilanco, C.Y., J.A.Concha, A.P, Jocano, and CM. Urn. 
pulp produ Lction. 1986. Antimutagenic effects of eighteen Philippine 

medicinal plants. The Phllipp. J.Science 115(4):293-298
Another species easily adaptable as an added Manalo, J.B., V.. Coronal, ard F.B Beloy. 1982. Some local 

Income source inasmall farm situation Is essential oils with antibacterial activities for pharmaceutical 
C nnamomnum zeyla'oIcum. Its leaves are dosage forms. NSTA Tech. J. 7(3):69-71,
harvested, air-dried, and sold as spice. It also Masilungan, V.A., J. Maranon, V.A. Vicenta, N.C. Diokno, and P. 
reportedly cures a number of ailments. de Leon., 1955, Screening of Philippine Higher Plants for 
Lagerstroemia speciosa and Alstoala scholaris are antibacterial substances. The Philipp. J. Science 84(3):275

- also popularly used in medications for various 29
 
ailments (Quintana 1979). Several therapeutic Masilungan, V.A, R.N. Relova, and J.S. Raval, 1967. Screening
 
powers are also attributed to Eythrina variegata, a of Philippine plants for anticancer activity. The Philipp. J.
 
legumlnous, fast-growing, and easily propagated Science 96(4):393-398.
 
species. Qulsumbing, E.1950. Medicinal plants ofthe Philippines, 

Technical Bulletin No.16. Department of Agriculture and
 
Conclusion Natural Resources, p. 740,
 

Ouintana, E G. 1979. Survey of folk use ofpotential medicinal 
It is not the purpose of this paper to argue for crops. InPrec.PhilAAS 28th annual convention on
 

extensive research inmedicinal plants. Itis, medicinal plants in contemporary living, Quezon City,
 
however, my aim to bring to your attention the Metro Manila, Philippines,

medicinal possibilities offered by trees. For a while, Venzon, E.L.1979, Anticancer research at NIST. InProc;28th 
multipurpose trees meant only nitrogen-fixing annual convention PhIAAS. Quezon City, Metro Manila, 
forage and fuelwood species Such uses may or Philippines. 

*may not be attractive to a rural dweller. But itIs Philippine National Formulary. 1980. NSDB Bicutan, Taguig, W 
often easy to talk to a farmer, and especially to his Metro Manila. 
wife, about medicinal plants. The other Issue that I Zara, P.1979. The integrated program on Philippine medicinal '' 
would like us to focus on Is this: shall we design plants. InProc. 28th annual convention PhilAAS. Quezon 
forestry programs to revolve around the needs of City, Metro Manila, Philippines. 
an agroforest or farm family?' Such programs 
would definitely differ from fuelwood programs and 
the like, for Inthe former we would focus on A 
human needs of food, medicine, and shelter. In the
 
latter, although we do talk of social forestry, we are
 
more concerned with the production of the wood
 
Scommodity Itself. -. 
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Session V Summary 

Karim Oka and Charles B. Mehi
 

International Development Research Centre, India
 
Forestry/FuewnrI Reswarch and Dovolnpmnt (F/FRED) Pr-ject, Thailand, respectively
 

Th papers presented in thINseclion night best 
be divided into the following hroad categories: 

o Socioeconomic (cosi(lJd.r [i,51 in intro(ucing 
r s pporting the iwi , m tilurpc..t. trees 

he semall tLrimier:. (equity issues andwrrcMlha 

FiThe, 1. mitritioi' jR , rt], 
farmers' 
pr,:er onco, vid ( it vrl fItrue, 

[hhiilgii )l dnd 

HTII)lr(if i I,iglrl;()ile:try or farmriliiith rl 

fore:try pi dt ! r if(-A,,OIjAproject 
Thaihiid iiy(yt forestry projectI[(lititann 
I l D. it) 

The topici; rai:.(,(J i ho , are diverse,Iialwi 

refhle:tiiig the wile rmje of <;ici:il, i(ni:ronn 
 ic, arid 
i~tiral -'~iolitihiS thIat af011::1villai rs' u,;e of tree:s 

fMlalaaiFFi:Jier raise ;ri ihl'. ,otIIl Iiri 
the di.trihljti o ofit iy jectseft oefi"i i; frm friresw

Data froimri a prelimiiry siivey indicate thAt 


pre(gramis that enc(w ocraetree planting on )riva;e 
l~ii",s cI widen the gIa.., Ietween the rich ;ind poor 
Ut ai vil;<cj,. I, ildigs,aIdTI ui,e pith larle IfH 
henc:e riore !aid to set aside fr trees, are likely to 
hiiehi from farm forestry prograims more than 
',mall-cale f,arnrer; They suggest two strategics 
tci ensure greater eguity First, tree plailting can be 
encirllrage( c wim:rqinal lands (along trails, gullies, 
indt agjriciltirratly nIriprodloive land), which even 
.riillscaleharmers own. Second, planting, 

pritctii0v.aNl(uliliatioir of conrorl ilnds that are 
accessible toiall farners should be :oinliitieud along 
with programs i"eicoiirale troe Ilanting on 
piivate lands 

In Iis survey of rural Bangladesh, Khalegue 
found that tree planting is well-established at the 
farm level. Allhrough fuetwood scarmity is acute, 
farmers prefer to plant tree species with primary 
end uses other than fuelwood. Fruit trees are 

preferred with limber-producing Species sometimes 
planted, 

Farmers always have in rind, however, that
 
these trees will also produce enough residual
 
fuelworxi and fodder to satisfy their needs.
 
Farmers ulerly prefer multipurpose trees where
 
nu1trition anid income take priority while remaining 
compatible with ile satisfaction of subsisterice fuel 

and fodder needs. 

Nutrition as an imporiarit, yet often overlooked, 
puIrpose of multipurpose trees is the subject of 
Robert's paper. Malnlutrition is endemic to large 
parts of Asia, especially inlthe uplands where land 
is only marginally iroduictive for field crops and 
where tree planting prograis are encouraged to 
counteract the degradation of forests. Promotion 
of comnmercia tree crops to increase farmer 
incornes will not alleviate imralnnutrition in many 
cases: tih far ers will use their cash income iotny 
consumler goods rather Ihan food. Robert argues 
that farmers' preferences can not always be the 
mosf important criterion for tree planting. Forest 
and agricultural extension programs should 
prornote food trees, along with commercial tree 
crops, to supplenent farm families' diets, especially 
where nutrition-deficiency diseases are evident. 
This suggests that one important use of 
n, Itipurpose trees should be food. 

How can farrii and village forestry programs be 
promoted ? Amyo studied a social foiestry 

program among squatters in a reserved forest in 
Northeast Thailand. Lack of any rights to the and 
discouraged farmers from growing trees; a 
prograrn to give farmers temporary and exclusive 
(usufrLictary) rigrts to use small parcels of land led 
some of them to take up agroforestry practices. 
Tree planting for apiculture, fruit tree plantation, 
and forest grazing of cattle were popular among 
the more innovative farmers. Forest plantation for 
other uses, including fuelwood and timber, were 
not as successful. As Amyot writes, "agroforestry 
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approaches are (itelt alien to ltese liiraizo Lwimer', 

and the transitioii oa tree fairnei mentillt, (Ioes 

not come naturally', For ruo.t fambers, the 

uncertainty of lonr-term tenuL-re, the severe 

restrictiornrs placed by the (tovernmeut on the i,
 
,ifI Inlg'; f;aiu vii, Iilly. sI ,.vI r's c'n fr , -re 

lmif'phCeed nilrlglqhts to iO lurid, and the lack f -I 

riler Ia mally lree producls cwitrihtit to 

ftierv' r luav. tu plant trs The irportarce 

(if tfeomrklet cannot be irdenrited. Despite the 

t-:alti''c [popularit'y of apiculture arid fruit prod iction, 


tiho pro'hirrtion levels reched tie maxinun 

Ins rt;tionr ca)acities at the IcetJ level wuthin a 

few year>, T lcold
e pro:xsJl(us noit he sold 
rfitably ),,nrd area Ili part because of norIeI' 


Sf:tl ifrastri rute ilnthe ariwa arid mcr aslnir; 


rrrlll t[tiir I i .- toic
fMoit)-l ,re ci)Ii' 

iiil-,-tn, I.ir a i ttwnii
L int iri'll I ikrmtke,' it 


((r-;! foire i r nrr iti l 


iriil~tt l.',,o i - f(r -rIrIl fil., 


! l, l! JI l ) 0hli h i11)1"('(ill l(Jm~lt ', tH
 

iriil , (f 

,liffo~i~)r' in twi;ion lhw iv,,f; ()f fxtrrers in tlre 

hA nIvmt ialld thu,' liviift ill Ie Hill 


n th(es t UJl Diit oints rut tIe 

plii ; fills 
farmers have I critita ried for fo((Ihr for their 
lriirrr lla idtit f(rthoir ,.'tr r(iiinrl)tionr 

L arid irl; iii le t resrirtirr orfllef wr fi n 

i ltlin l ltries, So riey prefor to int1 fruil ir 


:mhot Irminno Di, it t 1t1, c,,11iie ri
ie rliri,tr aiii to 
-''ri tre; a; kitedrtryIv-hi rl r Thesefnrrer!, 


iW1a srortare of Lari, Lick of krouw-how ili tee 

li:itrin(, lack of gi
'(1od qtiAily sei((ltiri.s frori 

iptiropriale species, rr1irti.'ower sfrorfaige at Ile 
timre (iftree planting (which coincides witfh the rice 

I taint seaso), animal browsing, the long wailingncr 

p,.arii)( before tree malurit , and thre problem of 
limt tlenUre when absentee land owners do not 
mike decisions arn( teiant s cannot r will riot 
make decision., on long teri investments like tree 

itirirt Furtlermore, est tarners are 
-rusp~iei:iii' aholit exotie,s[rcies ruuknowrr to Ihem 
:ier prefer inrdigerriruis varieties or well-known ain(l 
,,'i iul-l i i si,itic, 

Sigiificantly, most papers hoint out tie potential 

ifcnsfi income as a major criterion in farmers' 


selection of tree.,. Innmost cases, farmers will 
decide on their own to choose trees with multiple 
uses. Ariong the more successfu! tree plant;ng 
sehemnes are those promoting fruit trees that can 
meet farmers' nutritional needs, provide some 
fodder and fuelwood, and iriprove income through 
sale of futl!produce. Ilthe social forestry project in 

tl-5 

Thailand described by Arnyot, propagation of fruit
 
trees was rtUickly taken up by the farmers
 
themselves, leaviurt project resources for other
 
atcivities
 

The con luion rfnichfn d by ta:fieip;t ill the 
discussion was tIht fiimers' needs arid preferences 
must absolutel!y bhe taken iitc; consideration Their 
present farrII tree nranaqitlnereit practices and their 
overa-ll farming systeris need to he well-understood 
before any iriterveintioti takes place. Constraints to 
tree planting need to be investigated and solulions 
identified to problerms in seedling ivailability, land 
use manajerient, lime mnarl.geni.rrt, and 
pro-uctiori technology Credit is also an aspect 
that (all be id(erlltired Tacklingard addressed 
more compl A h litrio s, -,ch an, marketing and
 
laImd ow(iershipi) cd distrii)itl(i, riuUires a
 

nrterdin effort by ,ltov aid bLJSiIeSs ill
cofcrte( rtrmlert 
addilironit Io the work of researchers, tproject 

tlnner';, and iirirhmiirt( rs 

Manibtiai De,>ai frum The Bharatiya Agro 
Iridustries Fo iidation poutedI;(J Ot -is a general 
conclusion that all the farm forestry programs and 
tree irrrproverenit scheries will have little more 
than a margiial (fecl if they ((o riot address the 
root catise of tIheprolbleir of rural poverty, whi-im is 
the lack of pil(tir live ermployileit Malnutrition 

d taickw iriliies;, can he linked dtirectly to 
inderemploymient Farinl forestry or mlitilti)tjrp.se 
tree schermes will be truly successful only it they 
help generale employrmnent arrd tfus, inconie. 

The major issues discussed during this session 

were numerous and diverse: Lind distribution and 
tenure preferred end uses (fruit trees, apiculture, 
fodder), gaps in farmer welfare and needs, 
improved farm and tree management, markets for 
commercial tree products or surplus produce, 
patterns of household decision making, and the 
effects of government policy on farm forestry 
programs. These are by no means all the important 
socioeconomic issues that should be considered in 

a farm or village forestry program, but they 
represent some serious thought about how farmers 
use trees and how multipurpose tree research can 
be made more appropriate to farmers's needs. 

http:mlitilti)tjrp.se


Planting Trees on Private Farmland in Nepal: The Equity Aspect 
Y.B. Malla and R.J. Fisher 

i ,N iml Ait rhlili Projec:t 

Equity aspects of privat trfo jA,to ( f)ro(jrli; scale landholders, even ifbenefils are provided inin Nepl;.1.are di.cussed iti a evi,,w of tielhtr,itirttl proportion to landoli(ing size
 
anfl( aliaiysisof dcia t t noill' r/lli
anI i 'v miJVoy 

(os.';'Vatlfit '
alit fi at )sIte,'; hilr t ye,, Second, lh(rt i,evidence that inl practice, 
to i't
Itlete ha'; t)oo, i1Cora,'.;1i v plA,'ti l t'ots- distribrition of beifits is riot proportional tootil lfi'v/t Iitfid it? N ,plmi.hot it ;i'''iiii hotl fifi; Lin(dholdiri(J sii', hurt iilstead heavily favors larger

i ,-'l .I:,1,/( .I'; vt,,;oi'i,'kh tiO , .'',,, hidli dorFrs Ar'cordinr to Gaufanl (1986), people

!,lfl(]/arii
Ibsttos,: 'IiNo,) 1, /,liiit/ ] i'lir';; lrwiiirriml l} Iriri (rriecAtrre ot lard represented
ftoli ;tl l il ih p-v, I!" t '[ i fitly /ft, iiily 2'- f I,, pllrllltioliiI a p.rlchayat (local)'4rtX, lhit.,) l.,'/h, .'',, p.ti , u iF.!.t p"ifi itici :ri u ill tikml hMitii i;itliv tinut) Dol a District,
riv e,, Out) ,t:],'i:/ ], ';) l i I,;ii ' .2 b0ul tkivy i,'i(iv' d 75-- of all !ee(tliitl!, distribhtted 
t'fli'(/.(rO A t),';, tt"I to t,!/i, 'fit 'T, "te ,'h ' t li p pil) ation that owiler oro qll rhler/,.'thiets t/+l-ovor, ,itr'tv; of ff/i data ;,t.; of a hctau. of arid or less received io sutritlrgs
ti, It thn behr fits; to the pootfIf /I!oev tobe Iltdiei Gautaii di nol atten)t to account for the

!";pi[;slb ,lt li('t ote f)itA'Itii, that privat, 
 irassively dislproportionifte distribution of belnefits. 
)laiqt iiy hi,id iil iic.iinol /)res'a;lre,; 1r 1nly,10 hr(.o-eliolds; withirn the panchayat received('2itt(t) Ii ows;t t"o t'i 'll,;ll' ; i1d that t seedlings, so it is (itite possible that the recipients


oi ta,, d;.'. 
 to thi",fo to b" -, ry to )(on'.';t are all inrljeni6a locals aware of nunirsery activities.
tittillot) ,1 l(tifl aa/i/i'fw'tto' ti/il, viit If so, iricreso iox tension to reac:h .rnallor farneis
 , ' Itii 1ii it iio-'t to ,nto
1)1a, 
 'IA n Itlit help cr riinCt the :;k(wrd distritm iori..';ll/)[}', o'td ,'im h r ," /![ ,; oill I,' , t to JA 111, 


( *l/hfI,110,
/; Awflyii,; ()Iilli wnt ill priva:te plantingl,, !vlm 


pro(jrairis trririTree Distribution all(d Program tnirJr plsluilayats within luePakhribas Ar ni;ttire Centre's project area showedParticipation aruich hichuer rate, with 59% of all households 
participating (Malla t1987). Again, there was a
Iilerms of iirts:aed uverall availailitly of torest difference inl the average
s ard-holding sizes ofr(,.;i iirco pir(, flint e lCOirge private/tins participants and ronparticip-ants (3.45 ha versus 

a ,pliitini flirv t.',|tIdeally, all f'ri:rers 2.0 ha). Informaion on the average nurnbers of,vwould profit profortiofrctely. Wih.ileril trees taken by p;rticipants witlin various!irldowlwl' wo,ld IwilfitVi'r o'lativ 'yloss;thm irle tarndholdilI catei] iiies i;; not availahle 
!otfii rnd(ers all vwouoli 1i )wtti Of illhi);foltll
toI, , ,,,r iro twioI iiw th itr) i' wiitll thisi O firer sttiit -awr,)o articufarly helpftul ill

ii. isii showiii. the distribintiir of seedlings or trees on 
private land hy Li|ltioldirrg size. Shrestha and[ust, tWe extetit of the discrepancy in relative Evans (19841) report an average landholding of 0.39-evnefit is very large due to the heiavily skewed ha for hLousehrolds in Chautara (Sindhupalchok

distribtilon of landholdings in Nepal. According to District) and an average of 17.01 trees perWalace (1987), 13 6% of the population holds household There is no information, however, onl62 8% of the agricultural land. Table 1 sets out land the relationAfip between tree numbers anddistribution fi(gures baseo ol the 1981-82 census. landholding size Iri any case, the number of treesThe al)solutu diferenrces in landholding size is so per household seems extraordinarily low. Inathalh
Irehat distributicri of benotins study of patterns of ownership and use of farm 
ov' nivhilehningly fa.'ors a slnail rlfriro)her of large
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I 
fodder trees Inthree panchayats Inthe middle hills, 
Hawkins and Malta (1983) looked at the average
numbers of fodder trees per household and at the 
average number of fodder trees per livestock unit. 
but did iot relate tree numbers to landholding size,. 

The literature Is not V~ry helpful inshowng ~ 
present distribution of private trees according to ' 

the size of landholding or Inshowing whether larger 
or smaller landholders are more likely to respond to 
private planting programs. Nevertheless, it Is clear 
that in the context of the highly skewed distribution 
of landholdings inNepal, attention must be paid to 
the differing effects of private planting on land-rich 
and land-poor farmers. It also appea'rs that the 
benefits of private planting programs may be 
diverted towards larger landholders. The evidence 
is not conclusive, but it raises serious questions. 

Potential Benefits to Small Farmers 

The above discussion outlines arguments and 
supporting evidence against emphasizing private 
planting. However, quite apart from the 
prpportionate benefit model, there isone strong 
argument Infavor of private planting for the benefit 
of smaller L..iholders. Chambers and Leach 
(1987) argue that trees on private land are an 
important resource for the rural poor, not nIerely 
because they provide increased Income but 
because they act as a form of security in the case 
of unexpected events or Irregular needs, such as 
wood for funeral fires or to replace houses after 
floods or fires. 

It may also be possible to avoid the tendency of 
planting programs to favor larger landholders . 

disproportionately. It has been pointed out that a 
great deal of private land Is not used direJly for 
agriculture (Malla 1987); As there is little absolute 
landlessness in Nepal, it is possible that shifting 
emphasis away from establishing private forests on 
large plots to planting on small pockets of private, 
non-agricultural, marginal land may enable planting 
to benefit the majority of small farmers. 

Field Study 

Aims and Methodology 

To obtain more information on the relationship
b.tween land distribution, trees on private land, 
and planting on marginal non-agricultural iands, we 
carried out apreliminary study Intwo villages inthe 

project area of the Nepal-Australia Forestry Project. 
As this was aprelimi~nary, study, we did not aim to 
establish firm conclusions, but rather to Identify 
issues for later inve~stigation and to provoke~ 
.isusid" n. " 

The two villages selected were Pandegaon,
 
about a half hour's drive east of Kathmandu in
 
Kavre Palanchok District, and Buchakot, a half
 
day's walk from Dhulikhel, the District headquarters
 
of Kavre Palanchok District.
 

The objectives of the study were as follows: 

o 	 Determine who is most likely to benefit from 
the private planting program. 

o Ascertain whether the program will widen or 
decrease the gap between rich and poor. 

The approach taken centered around direct 
observation and informal discussion and 
questioning. Some quantitative Information was . 
collected using an Informal checklist of questions. 
While we concentrate discussion Inthis paper on 
analysis of the quantitative data, we must stress 
that we have very serious reservations about. 
overuse of the questionnaire approach and about 
the reliability of quantitative data based on survey 
questionnaires. Doubts about the validity of 
statistics obtained by survey questionnaires Inthe 
developing world have been raised frequently In 
recent years (Campbell, Shrestha, and Stone 1979 
Hill 1984, 1986; .Gilmour,.King, and Fisher 1987; 
Fisher 1987). Among the factors that lead to 
unreliable data are suspicion about the motives of 
Investigators and questions Inappropriate to local 
patterns of classification (inthis case, the 
classification of land). We are confident that 
suspicion about motives was minimized because 
the field investigator spent considerable time In 
each village and established good rapport with 
villagers, 
v 

A structured Interview focused on Individual 
households. One informant (usually the household K 
head) was interviewed from each household The 
sample was essentially a random survey It should 
be noted that in the case of Pandegaon, all villagers 
were previously known to the field Investigator. 

The sample sizes were small although they 
represent asignificant proportion of households in 
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each village (Table 2). The small sample sizes were 
intentional given the trial nature of the stirvey, 

The land types c(noridered were as fnlhnw':; 

o 	 khet (irrigated fhiei sitihie let ric'e 

(ctivation) 


o 	bar( (rifed terricel; irwhich iai'e arind
millet aire (Irowni 

o 	iialjirril hl arid rxnr(erinedl terra;ces 

I) 	;t(IrIIhl ; tii-, (Iliri I, tI liril1;li(tI 

Hfelire llqt ,,f'rirml nrrllrlitir silze ai;e 

r );r. ;li:l:lrrrhr (,.x:I' d f(lr'';uiirc types (d
,Il)ly 
ri; pinidr i I Il I hw rw t-+ .+,iliqrl l1ltle 

Im i .thari '(itniittirl rlursr;rr" aifit
,fitililikely hI)
lm iftri'lr y( rll a i f llnrrlrrl Irtier IIJ littldr~iii (
fitm + (wr jand(AdciHrl( 1wi,. c() mw+(+n td fl(rll 
!Ili. hR'ill',./11.;('d ltwt1l jw((mllnli) tohlw(tatfw (10
 

tC)r I lu) A,, iII+ tlt I , (d thr, fllitIf,;
' 1Vt''+ llw " r ~ltlt l( ' ifH ' (h( lV(f(J t111[ll tItlih! 

1ll ih),irlht iiiul7 'tre; fitIewi, FIr I..r ill 
,. 1 trill !l,);tl i) rf I tIllir~lifldirl pltlt,1tt1h 

. I I n tr',i., h i 

I I i l(IfIi ll',ill ttI ll I'c(l()l I('
A liti" ,)f li tJl o lp , 1, IIltl' trt(0I.ulldl)(dI linol' 

t t i,(,,,r) div,(h l ih, m';il<ij'i(: rorilt il
)if, l i 


ItII (wc ()I IlrIchiildfl inhr "i/'I, lsll?ly whriItlcc 
IIn?)4 ll11It c,ilrilIrit Ir ,) t11C triiti iln .'dih h i zi 


,!o iari be iiislcirtli dliindli at1rt o0
1w itle 

aid weflth A/lic;ultiral liit carn 
 he (liviihd into 


tv,'r() l ; Fi, t alld k ri, with .ir 
 r(;icifIII+,. ht>tff r fim~c lll()w v'f "alrJlj re(tlwil hitlef +e a of 

tl 	 , l lttIif 

The fwo Villages 

tl r )f , illq(irs wit; hosen li tIrtirlinrl 
C i(hfl1iltlrriri )(irilldnlili a;xllplill. cGiv ll the 

flith utty (A ()hI;tirfirlq ;ii( itmrle inilmritiiol (i
.,(.i1r , ri rth -; like Ik(htlrelnini i' villge, w,re, 
-,elI(i(t v.',here the prtoj: was wil l()wri illarlid 

whlf htithe lifr(t investirlatjir had (,tla lislu, rappi ri 

[Dilfrrences. in Ir(:atirion hive prIrtahly 
ci"lritted to dtffernr;e- ; ill liiririnr' 
c:1iittitirhiir,the twin] villaqe,; In F-';i;(tOg(. iimi. 
irlati.Jely near Kathriirnht, rmay peolile are 

rti.(led(.l in oftf-arm activities. Even sine of the 
Iitr-poor people clain to Inave orinsid(rah.le cash 

Iix 

resourcus. One lady fho an un)ouchable caste 
claimed to have i 110rlihOhy 1o pur0chase klnd 
but had not d sne.iohecaisP none was for sale.
Bucha'kot, (ill the iium hand, is more typical of the 
subsistence oriented villa(les of the middle hills.
While ag(rop;st(traliurri i:the major source of 
income ill hoth villa(e, it Is heavily supplemernte)d 
b/ other ,ourrr'.rrI 	 r()i(; iteina deollaonl 

Patterns of aiid ili:titmulion differ beweetn the 
villages (Table 3). The iimot significant difference isthat land dlistrihutionri in Pandegaon was relatively 
hool((ere(i NM)hmotc;eiotud ill our samTple

oviied mn 
 tlr( Ih I h O thre 

ow,'i(ri-lirtl irr, 


- Cir. otlir hand, land 
moe Ihe'.ed iin Bictakol. Of those 

slr\,eyf (, 5:' i i iotl()Wvn ( hii 1.5 ha, t()t;dlliiigt 83% 
(Itill
liiid hhl by l ihwi, il(hls i : Buchrakot While 
liid di.itrmli n ill tiUilaiIit iis ulnev(mn, there are 
more farr,,rr; ill tirr lr(yr lairdlidoing size
 
(ate(l()rires iharlh ,iritiil hy W allace for all of

NepaJxl (ilhe 1)
 

Distribution of Trees on Private Land 

Ainly'i; of tIre rnt ili olliitt)rivate land inlthe 
two vil i , il;itltlIut ter oi tt(rll,-IrnsThereiii) 

is; ll!() l l /1i)ir( eI1 ; iIm pil(,+ris we ,xpectedt
 

to fin(1 

P artlernL I. WJil- .ll i( ; loIi(rrch lillil
 
l lii( rrleo
iill(
y;,r ;i.ll w ,,xl)iWfCCled to see Imtr.. 

i lr unbelrs' i y iin;re, r, with ftnesize of
 
l dnn But r:liear (mvi(mce of such it treimid
thnlMinq no 

in densities exists for Ilr 
 l 	 d;rtholdinl size 
categories helow 1.5 fi (Tahle 4). 

Inl Patmdwe~la ri tlwnm ;ifr, tno clear trends reIullin( 1 

freet d iirrr-ty I lv. iu(l lld,tirl(' categories 

JThimsatire ts, i I );rteri applies to tlhn

hlaihn ldif)lr , ,h 
 vl. I 5 14 ill BuC:ialOt. I I1110 

ol r hrard, tI .re 'vsi;1 ('i iitrast I)itween treeo 
(re;silti ; errnlhiithlhl (lii!sabove and brelow 1.5 Ia 
Tl re is a very cle;r IrrCiii se ill the average tree 
n henesas larihtl ioiln,'irincreases (Table 5).
This iincre ,;e is miia;!;ive foi farmns with morp than 
15 Ila. 

Why (ties i la ir hiling size over 1 5 ha appear
to be a take ()tf p irit abl(ve which mUch higher tree 
de(;idirinsities icrmne pms ii li? This occurs in 
Blchakol (enov thrteijh imialler farmers have lower 
tree (her;iirs liarl ()wni s of sinnihar landholdinqs ill 
Pard(gatir; 

http:ourrr'.rr
http:nsid(rah.le


Table 1. Agricultural land distribution in Nepal, 1981-82. 

Category % Population % Area 

No land or livestock 

No land, but owrn livestock 

0-0.5 ha 

0.5-1.0 ha 

1.0-2.0 ha 

over 20 ha 

15.1 

0.3 

42.5 

13.7 

14.7 

13.6 

0.0 

0.0 

6.6 

10.8 

19.8 

62.8 

Total 100.0 100.0 

Source: Wallace, 1987. 

Table 2. Sample sizes in the two villages surveyed. 

Village 
No. hou-holds 

interviewed 
Total households 

in villages 

Pandegaon 

Buchakot 

16 

17 

31 

40 

Table 3. Land distribution patterns in the two villages surveyed. 

Village 0 0-0.,19 0.5-0.99 1.0-1.49 
1.5 and 
over 

Pandegaon 

No. households 

% household, 

1 

6.2 

4 

25 

9 

56.2 

2 

12.5 --

Buchakot 

No. nouseholds 

% households 

- 3 

17.6 

2 

11.8 

3 

17.6 

9 

52.9 

Combined 
No. households 

% households 

1 

3 

7 

21.2 

11 

33.3 

5 

15.1 

9 

27.3 
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Table 4 Tree density by landholding ."ize. 

T*rre density/ha
 
Size
 

landholding
 
(ha) 
 Pandegaon Buuhakot Combined 

0 .

0-0,49 236 
 33 112
 
0.5-0.99 126 
 42 112
 
1.0-1.49 165 35 87 
1.5 and over 225 
 225
 

Table 5. Average number oftrees per farmer within each landholding category.* 

Landholding 

size 
(ha) 
 Pandegaon Buchakot Combintd 

0-0.49 28 (4 8 (3) 19 (7) 
0.49-0.99 95 (9) 26 (2) 82 (11)
1.0-1.49 199 (2) 44 (3) 106 (5) 
1.5 and over -- 671 (9) 671 (9) 

Nos. of farmer- are in parentheses. Landless farmers are omitted. 
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As a tentative explanatioii, we sF.i est that 
f, riners with landholdings ibove I hah are able to 
meet more than their solhsisthNeCe r-' tirnler0ltS for 
grrirn and are thus in sF, )sitiorn to diversify, slwaid 
ris s, and gain oiprir-tit, ,ties for alternativo inc( i;r 
The validity of this e>:pllarrtrito slhntil( hr.- e plor(:d 

b ,bilior sti lJy. 

Pattern 2 If we look unly ;t farms of less thur 
1 5 Ira, the iv'm, tree den.ity wars higher in 
Pandeq;ror thain in Bircfkakol for Al lan(holdil 

(,te(i', 

Why is;titr, a dilfhrerwn i irr tree (!( . y r 
klcl holrf d (rer.illr rlPn(Jegi ll I r( ill 

Bin Lh(t tDrfifrrt (inalitiesflIad rrr I rt' 
( f i pt rI tiirr 1 li id ill Birlh~lk ( rriy kn, (if 
h~vd quility t r thirat it F r,-ideilaon. But Ii; (h w,; 
i, )t fully e,pl: in the diffler ;e, since land rich 
rtrir, it Btwhinvrt r y th,irrri mrrrre tri(, 

pvirt fr f mers irr 'ither village A troblihl 
iri,,!lrinrr is that pal d gaonr is lessi (Jfsrcelrt on 

fir ii Sl rcis for sibsbistelrie rild irinOrri' 
',, giin:;qerrtly, farmers are nore able to spar, srrll 

rimctints ofl aii for trees One h nirrer in 11 r) : 
i;i c it-gory at Parloegron rid coi, ider,'hl( 

rillrers. of trees, irnclding tri's (ll Vurifitis typ(e 
rJrirfinul lrnd aid orr tlre ed(jes of khel Hie 

u,)red that tine sha(e frormr tfe tr ' "-ldari, 
r hjiJing i Op p)roductirn hy an estirrittrd ')" . )til 
h, felt tIre ecorromic advrr'ages of twus 
(Jitv ,6lied the losses A rniml)ir of 
(iho ,ospioidiasaxillatis (locally known as rlopse) 
,iewn onr his aind illustrate his noint The frit is 

- irttruly vahrrable as a cash crop 

Pattern 3. We anticiitpaed a patt(ern thit wr(ild 
.V a relationship between tree density or 

niirginal id nnd landholding-size categorins. The 
re;illt; are miixed, lrobably I)ecause of thre srMll 
,ampile ;i'(. Farmrs with 1.5 ha or more rave 

,trreally higher tree densities on marginal lands. 
he 0-0.49 ha category ailso has a high density of 

tiees in stream beds, gullies, aid land slides (Table 
6), but all of tile land and all of the trees in that 
category are owned by a sinile famier and he 
dnisity of 1,400 trees/hIa is derived from 35 trees 
on 0.025 ha. 

Thi, suggests that rrarginal lands are Irir,sed 
by smaller farmers in both Panrdegaon id 
Btichakot. It should be poinlted iut that the area of 
nmirginal land owned by farmers in the Pandegaon 
sample amounted to only 0.61 ha (6.20. of all land). 

In Buchakot, 4.86 ha (14 9%, of total private land in 
the sample) was marginal land, but only 0.78 ha of 
this is uwnre(d by farmers with less than 1.5 ha 
(Table 7). Fre potential for small farmers to gain 
from increased tre plantirng on maginal land is 
slight. 

Analysis of the distribution Of bari land among 
small farmers pciils to an area with potential to 
reach tle land-poor Much of tire barl I .id (9 ha or 
,101 of all bai arid) is owned by farrrr , with less 
tharn 1 5 Ia (Table 8) The importance of bari land 
for sthsist('rre farming miglht prevent poor farmers 
fV,twtr(loll sul)stirtiilly irr:ra;iic tree planting ol ban 
Lil(Ss they hive iflt rilive sources of income. 
Tife ofteri-u(,erved lierOrrrerron of trees on bari 
world apipoir to ho'' Ire coorn)rr aniong larger
 
aridlroldings (Gilrnotir 1987)
 

Conclusions 

A USAID report (Kernan, Bender, and Bliatt 
19(36) maide a case for increased privatisatior of 
corrrrrrorr tarnd fur forest purposes, arguing that 
private ownership wiLildI contribute to better 
riarnrrieit of forest and other natural resources. 
Rrirrsoin (1996,) ai:kn(wledges that there may be 
"advarligesilr the equiitille privatization of some 

bt goes o to siiy lfi; "ilhe need for any 
pivatizatirn to hi' efuitlle would be essertial; 
sirall Iarmers often rely riore on land other than 
their own for fodder aind other foliage, compared to 
wealthier farrrers." 

This is all extremely important point. We believe 
that increa t privati'at ion, unless accompanied 
by extensive rentistirition of land, could only 
decrease the access of p or farmers to forest 
products. They would not only be relatively worse 
off, as larler tarrrers becrine absolutely better off, 
but they coutld easily become absolutely worse off. 

On the other haid, it may be that increased 
planting on private land (as opposed to 
privatization of common land) will reduce pressure 
on common land. This ray benefit smaller 
lanrldholders, bu there is no guarantee that reduced 
pressure or common land will translate to 

increased access to resorrces by the poor. 

The findings from Pandegaon and Buchakot 
leave little room for optimism about the potential for 
private planting programs to benefit small farmers. 
Eguity in tree ownerslrip is clearly impossible in the 
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Table 6. Trees per hectare by land type and landholding size. 

Landholding size 

Lind 

type a 0-0.49 0.50.99 1.0-1.49 1.5 and over 

Pandegaon
 

1 0 23 0 
2 167 175 
 258 
3 0 265 0 
4 1,400 b 244 460 -. 

Buchakot
 

1 0 0 0 55 
2 23 54 
 56 89 
3 13 
 0 11 642
 
4 
 0 176 216 
 1,706
 

Combined 
1 
 0 21 0 
 55
 
2 
 109 157 
 135 89
 
3 13 193 
 11 642 
4 1,400 220 355 1,706 

a 1 = ket, 2 bari, 'marqinal land including abandoned terraces, 4 = stream banks, 

gullies, and landslides.
 
single household.
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Table 7. Land types available for whole sample. 

Land 

type* Pandeg4on Buchakot Combined 

1 

2 

3 

4 

3.40 

5.75 

0.20 

0.41 

(348) 

(58.9) 

(2.0) 

(4.2) 

11.32 

1650 

3.00 

1.86 

(34.6) 

(50.5) 

(9.2) 

(5.7) 

14.70 

22.25 

3.20 

229 

(34.6) 

(52.4) 

(7.5) 

(5.4) 

Total 9.76 (99.9) 32.68 (100.0) 24.46 (99.9) 

1 = khet, 2 = bari, 3 - marginal land including abandoned terraces, and 4 

landslides. 

stream banks, gullies, and 

Table 8. Distribution of bari land by landholding size for two villages. 

Landholding 

size 

Area 

(ha) 

% of 

total bad 

0-0.49 

0.50-0.99 

1.0-1.49 

1,5 and over 

0.95 

4.85 

3.20 

13.25 

4 

22 

14 

59 

Total 22.25 99 
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(-'c,Of 1W; drh,' ic,'tlly ,kew -, , J ofat711O 'k110il in Nepal, and thote little tootri toorural 
Jiicrue tht, absoltte lillmhi)ers, Oa rt.ocf I)y 
poorer falners Nevett;los. in the ecorte.,t of 
var' siall abs (lute rlltrijer. tr.,sS. /i 

ilo,tcwas may lie u vnl.w 


)tir fJigur(c, -Ire tottt ri'.i)nd untssmall 
Jn',l While they are consirter, with othere 

eviduto:e frol tho it'?rattjre, it issential that 
MUCllItq-r strle(i, he c,"ri o(Jti to COfifriltl (-,r
"tdlyl (otr.;: 'JS[icironts -urlher, ovet if our 

.-,;P...,iIts a[YpJft .jtea ly trUo, thero nay be 
, i,.,Itiot- whore, Ow il/ diifi;ttfoion pfltertls 

r )fivil ttt p}-ttiti i ] 1t)tojr l i, to roiIci t1he laid 
tI'' f. 

F(tr '11th it prilr t to work, it w: i d he 

I/lloissa:try to rijotntrtc 
 activitirs on snjill

fIrtnirs 
 One elenot of !his would be increased 

f,(toftsion Wvrjrk alilltt(d at 
makiil.j small farmoers 

.vaCo eitowerer,A1 of the ploj;mi l - it is tilikoly that 
".5:rtos fltol('rb. is a1f(olliot. Sio .cefarmier-


friioran(- JS 1lt1OSt I 
 f('ttNilly Overratd( tld I tij lstly
i..nrt~llo(J tO t)(/ ati feXp)ll~tlmritl fit f ii tri t o 

.'rv"i'tarje of prhrtttt1ir h'.etits 

o Ire, 'Itt ttisitlC .llzItiol 'f (.etsfilt ia 

to.iely wealthy fairtve:i, it lil t h 

thill]ki-itt( 1)OuJt 
 atSyStei of phased charges Up to 

a ( .(rlllatitherofs(olittrjs 
 pethaps 200, could 

)? ipovid(J free, and em( iltjIs in excess of this 


II;Xnl ili, 0111,(J hi , provided at a small foe. 


FimtdIy', while progjta:-ns ernpitasizing private

olclntin oti existing pri,,ate iald may have tleir 

pmIce we are overwhelmirit y in favor of a irolicy

that treats private planting As part of a broad rangle

Of approaches. Tc rti itailt iny equily of access to
 
resources, privale plaruing m.Lust supplemen't, not 
be an altr;., ative to, cetfintiued planting, protection, 
a rm(utilization of comemonl lands. 
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Let Them Eat Trees: Some Observations on
 
Nutrition and Social Forestry
 

G. Lamar Robert 
Research aifd Devropim It ;Cetir, Payap)University
 

ChiUl Wi. Thailaid
 

7he purpose of tiispaper is to focus attetio Manry )eop,,)!i,Nrly 1rrodluce enoagh rice for,,w: 
on the treed for increased attention to health nrd their own corri , t NI They are increasingly less 
outrition irsocial forestry A hea/lth/r'utrition and able to lather r tirwldwindling forests tIe foodselh 

aqroforstty/sociological survey of northerr Onf orimcrly calfwhich tre/ lelrctcd for protein, 
Th,ihin hilltribe farmers indicated that a vitilroins, alld riirrwrals toIioAlrrr, tihe 

J;/fnili'atttimber suffered from various nttotiutna rnarhohiydrat(,sr, liri ii/l: lfi(cienit arniotints of 

,/)1fer/ . it , is foltd that many development protein arnd B vita,rinrisrice Ilseie areasr irr 
' ! ti al')romote commercial tree crops to or other ca helryorate staplesshorifles clf nir(( 


tribe inrcoems anr tire I;lte
•1,'f(!,ve hi/! rrtritior often occur (irlrlil Irly s., arrd] woo)ele live 

Ooo1,k food tree crops, reasoning that with orf only Irn, o)r two ir el a nay,
 
,:c;euriincorrrea farmer will ptlirchase
 
oijtional food. However, cash incomre o,; Thir ft AtJ lto
more r Ito thOtrill tribesmn's 

lIkl/Y to be spent on colrsiner coo(Is thar foul. srjperrmrrk(o, hit fiI) hIIler Forest (testrsction for 
Aditioltally,(lire to liorited rhoirs/hoid labo, agricrrlire, (.mihirl vjll lirrtirig and caftherirg 
ci )fitoircia/tree crop prodliction can actraiIly by the ilicre;rs-rJ poplrlnirr. Live caused a very 
1051,17 in/oss food prolctior andI ils car/se ani sa.rs Jlirirl2 il) tIli ar;l ility of e(dibl, wild 
,voatl,d/ction it nitltiro Food treeocops, )lants mid11;rrilllA,; 
"h,,,'1o ore, hoilld aliso be promoted. Careful 
;Srtrltillto the ciltcntrt /7e0Ilt/hand ltittioio l Irlthrei ;l,virtcially ll lilltrihe villacles were
 

,'IditioI of the target f)o/pJrlation istiwdo(de, located neair rrrl,(lirtrr
year rrlaid :rtrce.; of
 
10151. r. For exaniple, pionrotionr of citrus tr'ees to water. rpesswes have force(lIrIcrewsr( i)o)il,'llit) 


pr/ovide vitarinr C illrxldi; where thoe is a illmarry villioes Io Irkwate aeits where water 

.,tllficiet/tsipp,'/ for (;/li p00 .,;riot SLtpI)lies are insuficienl for (lrowinqvegletables ini) i; 

,/il)ptiate, whoeas/) o!rp cr ill he (ry seisrIt, a sittitior Int worsens
of )ytla ai clhronic 
, h vilarrrit vilalirr alrldd,ficiont'ui A c:r.i ,.iqnifrcantlyimrprove rriinerl deficierir(ies. 

Itiliol(1 10! hfoa/h 

Aggrmvatinf ihtir)lil(rt Of population growth is 
Causes ef 1'ilahlutrition tie rapid lnd lrq(c scale irrtroduclion of 

comercial cref)s, inc diir tree crops, into ireas 
ilW (AVh1 Ii; (JUClio r is Wryif l tile MiIst of producliotr.of stilsisthcert The idea behind such 
v'[lo,1 l It) h ferile rrrorirrt~iP, areas, is lead tointrorlclirrrrs isthat increased incomes will 

ilre ',,-h a seritlrrs m-rlrilrilion i)rohlem? The a better diet. Unfortutalely, many studies indicate 
,v'v,,r ill11 11y loc,:tiorrs is)rising poplationl that rutritionral levels decline, and that 

2 ,Ilsily,a(jravred by railid irtrodtctiorr f cash irrprovernerils inthe suhsistence system are more 
fI), I() l;tjhsistnrr.o fiarriiq areas likely to improve ntrition (McElroy arid Townrsend 

1979; Foster and Anderson 1978, Schuberl 1986; 
PNo Ilati r of Thailanc, and Vyriheit, Wonlrhnroen, and Robert 1987).d1ensity in the hills Nepal. 

:!id 11any olhr relions is rncreasin.c ral)idly and is 
,Ir;miirl( thw carryin:j ,:aacity Ii the lard. When cash cropl)in. is inlroduceo on a large 
Ir,l(itiorial iwil(lrr agricrlture is io longer as scale itt a relatively short period of time, the 
viable as it once was Fallow cycles have beer r indigenouS popnlatiorr does not have time to 
shortetred due to a shortage of larrd Art increasing assimilate the changes. Various social and other 
n r her of farmers in Thailand nrrrst clear more pressures errcourage them to spend their increased 
forest to make rooT.I for increased rice productiorn. income on non-lood items, sirch as watches arid 
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radio!;. In sorie c tie 
for a balanced diet at not avafilat le for ptrchise or 

Ises, irriqe of foods ieiseer 

people do not know which foods hr pirctlas, to
ol)tain a iaxkired diet 

A corollary for Thiland aid otlier opium 
jr,,,,ing areas i;thai, althoujil - rtiivt ctop,; 
ilia' he desirable, ti ere ika dai (pir tha the


u'si-lly 

oi the claiiieo'./r (Krantz 198(i), 


v1 O)t.thl , cqo'An wl l)o.pies; -lI)ersy he 

How Multipurpose Trees Can Hel ) 

ihis t gjrir; iiljt iurded as atco prliri.nsive 
,11:ycloupe(Ji i (Ai iliitially valuable tree crops 
Nwevrtheless, a few typical exaiple-; of how trees 
(,xi improve 'iitrition a; provided a; a gitilelire. 

B-complex Vitamins 

D,itkI greeir veqetauhles te hiih inmiiny
ntriitr! iitcldirdg viiarrin A, B complex vitamins, 
iri, and c; lciiino Olviously, dark greoer 
vget ahis a re not tees However, tr(es c,trl elp
ir(rease tht,s;upply of this valuabl food ,jrup.

LI rmry villars already have ha rnri., )fncr


g 

(valrious species) aroid their 
 boutses or garderis 

Otheis have livirig fences of Leticaomi

hiliec(,phala, Jaropha cutcas or some othir tree 
,plecius. Any of these make very functional trellises 
fr the clibiiiling vine Coccioni iutidca arid siriiar 
i iops. These crops growirj oir the fence close It 
he ho rr canl he easily Watered witi lefhet rinso 
waiter inirea; where water is scarce or (ifficull to 

cl tirl A Leicaejmi trellis also can provide

firewood arid fodder. Eaten fly ht aiiars, leaives of 

this tree are a source of vitamin B1 auld (:oLu( help 

.event ben herr. Unlike some livestock, humans 


generally do not have to be concerned with 

mimosirto-related prohleis from ingesting too 

rrriici Leucana. 


Vitamin A 

Papaya (Catica papaya) isa tree crop easily 
grown in warmer climates where there issufficient 
water. Itisan exceleoni source of vitamin A,a 
vitamin often lacking. Other fruit tree crops high in
vitaamin A include mango (Mangifera indic,]),
persimmons (Diospyros spp ) arid apricots (Priirils
arnieniaca). These three crops can easily be dried 
for a good year-rould source of Vitariin A. These 
trees are already growing in some areas of 
Northern Thailand (Krantz 1986). These fruit tres 

also help rro, 'rjil nrore, pr-vide feel, and canshade other ciops, esp('iecally ill the hot season. 

Piumpkin (Cocurbita spp.) is also a good source ofVitamin A. Thi,; crop will climb up larger trees or 
bIamboo trellises 

Vitamin C 

Often well-rearning projects promote prodLction
of tree crops for home consumption such as 
lernoiis (Citrus limfOi) arid tanmarind (Tamarinclusindica), which mostly contain Vi ureoin C. Inareas 
where chii peppers (Capsicom spp) are a regular
part of the diet, they niormally provide sufficient 
Vitarrrin C witlho t suf)plenelts froin citrus or other 
simiilar tree crops. 

Where this vitamin is needed, the nulber of crops containing Vitamin C is quite extensive and 
includes, inorder of importance, guavas (Psidiurn
gtnijava), limes (Citrus atuantifolia), papayas
(Caricapapyla), persimmons (Diospyros spp.),
lychfee (Niphelionlitchi), po meloes (Citrus
tmxi;o), ri ingoes (Ma r;if01ra iflica), and jackfiruit
(Atlocar!i. hitotophylhs) (Krantz 1986). 

i) a 1Oil
 

Although oil aid fat are extremely important to 
the diet for energy and the utilization of Vitamin A,

there is :r significant deficiency of dietary oils and
 
fhts in several developing countries, particularly in
 
Soutlhe+st Asia (RAPA 1987 
 The cornmon 
coconuL Coc'os tiiicifera cran be a valuable source
 
of oil inareas wlere villagers cannot buy or obtain
 
vegetable at :1illl, l! oil.
r Olher uses of the fruit are
 
',well-docurtul:llh aid 
range from crop roulch (from
the husks) to dtinking vessels made of the inner
 
shell. This tree is limite-d to areas below about 900
 
m elevation. Other potential sources of oil-seeds
 
which are or could lde promoted include chestnuts 
(Castaneasativa), and walnutS (Jreglams regia)
(Krantz 1086). 

Animal Fodder 

There are many tree crops, such as Leucaena 
Ieticocephala, that carl serve as animal fodder as 
well as fuel. Legumes such as Leucaena also 
increase soil fertility. The only limitation is that a 
diet too highr inconcentration of Leucaena leaves 
cart induce undesirable side effects innon-ruminant 
animals due to the presence of rniaosine, a toxic 
compound (Robert 1982). Ruminants in many 
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areas, however, contain rumen bacteria that 
detoxify ths cOmpouind and its by-)roducts. If it is 
not present, it can be introduced into the animals. 

Green Manure 

In areas where livestock fodder is not in short 
supply, there are many tree crops that can serve as 
grecn ci;nures. These crops can be grown in 
village woodlots near agricultural fields or otl bunds 
or windireaks along the edges of fields, 
Legurnierus trees are particularly suitable fr this 
application as their nitrogen-fixing capahilily Iurtler 
enhances soil quality, 

Coffee and Tea 

In many areas of the world, coffee (Co/fea 
arahica and Coftea robusta) arid lea (Camellia 
simensia)are fre(Itiently promoted as cash cnps it) 
highla id areas. Intaddition, they can tell) pievent 
soil erosion and, in the case of coffee, provide 
shade to other crops. Local consnlrilioitn can 
cauSe tiLItritiotral problerIs, however, as tea and 
coffee taken with a vegetarian meal can seriotJsly 
affect iron absorplion (Krantr 1986). 

The trees listed above are only a few of the many 
species that can benefit the rutritionral status of 

people in rural areas. Generally, the problem is riot 
a lack of suitable trees, but a questi(,r of which tree 
is appropriate for which area. Answering thiis 
(ILIestiJn is the lopic of the next section. 

Promoting Nutritionally Beneficial 
Trees 

There are a series or procedures that, if 
implem:nited in order, can greatly increase tie 
chances of a successful rtorestation project. It 
these steps are followed, villages in the 
reforestation area will he more inclined to compete 
to see who can plant the rrost trees, rather thai 
competing to see who can pull ui the Most 
seedlings nawly plantedt by extensron officials, 

The first step is to deterrtire the r ition stailtus 
of the population that will te affected. It is highly 
recommended that all reforestation projects include 
some form of orchard or other component that will 
be of direct value to the local population. Tle 
specific ,nutrientslacking in their diet can he 
identified by surveying for key indicators of specific 
ypes of Malnutrilion, such as those mentioned 
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earlier in this rcport Ini addition, local health 
officials should he consulted regarding nutritional 
deficiencies they are aware of, and any on-going 
projects to alleviate those deficiencies. 

If the populatton raises a substantial amount of 
livestock, th,-n the residents of the area also should 
be s~Lrveyed regarding adequacy of fodder. Local 
livestock extension agjonls could help with the 
survey rrid provide geneml knowledge about the 
local fodder ,iJation. 

Another astect to he considered in determining 
forest needs is that forest resources are not iimilcd 
to trees and tree products. Forest resources also 
include anitals, insects, other low-growing shrubs 
and herbs (including many medicinal plants) that 
cur only (Irow itt for st-like conditions, These tiay 
not prosper in an area replanted to a single species 
like Eucalyptus or Pine. 

The next step is to (;eterrirne which species of 
frees might provide the needed nutrients and/or 
fodder. Once tlris basic list of potentially 
promotable free crops has been compiled, it should 
he reviewed for suitability in the target area. 

It should be borne in iniid that just because a 
tree caii grow in a given area is riot proof that the 
local population will actually use it. Determining the 
acceptability of tIe tree products to the local 
people is thus the next step. One way to increase 
the odds of accel)tance is to promote trees already 
familiar to the local populaiion. Sorie research on 
what tree crops are .gerrrall used by the local 
po1)ulation can be very neltiul. Two examples of 
the fruits of such research, Histings of trees used by 
indigenous p)pulations in Thailand and Nepal, are 
shown in Talles t and 2. Even in a rather limited 
area, different ethnic groups make use of different 
trees (Table 1). 

Exotic trees or those riot currently used by the 
villagers cali also be successfully introduced, but a 
program of e(lucaion is required. Villagers must 
first be taught wily they should eat the products of 
a cerlain tree, When nearly all the residents of an 
area suffer IAnutritlion, they view it as a normal 
part Of life. Thus, it is necessary to teach villagers 
the nature of their malnutrition, its causes and 
ramifications, and how thL trees being promuted 
can help cure the problem. involving health 
officials and welfae departmet officials can be 
very helpful in this activity. Simp~e as it may sound, 



Table 1.Trees used fo food Oy h1l1tribes 

Species 

Annona spp. 

Araucaria cunn,'nghariir 

Arenga pinnata 
Attocarpus heterophyilus 

Averrhoa caranbola 

Azadirachta indica 


Baccaurte ramiflora 

Bauhiniaputpurea 

Bnrdssrjs flabeflifer 

Bioussonetiapap), fera 

Canatium subiulaturrr 

Caryota mitis 

Castanopsis spp. 

Cituw; aurantifolia 

C. maxima 

C. reticlatus 

C. sinensis 


Cocos nucifera 


Corypha umbraculifer 


Crateva nragna 


Dillenia indica 


Duabanga grandiflora 

Ficus auricutata 


F. carica 

F. lacor 


Garciria Epp. 


Garuga pinnata 

Grewia paniculata 

Litchi chinensis 

Marrmea siamensis 
dangifera indica 

Markhamia stipulata 

Nepheliuin hypoleucurr 
Parinari anamense 

Phyllanthus emblica 

Protium serratum 

Prunus persica 

Psidium guajava 

Raderrachwaigova 

Shored thorelii 

Sterculia foetida 

Tamarindusindica 

Turpiniapomifera 
Zanthoxylum limonella 

innorthern Thailand. 

Family 

Annonaceae 


Araucariaceae 

Arecaceae 

Moraceae 

Oxalidaceae 

Meliaceae 

Euphorbiaceae 

Caesalpnaceae 

Aracaceae 

Moraceae 

Brrseraceae 

Arecaceae? 


Fagaceae 

Rutaceae 


Rutaceae 


Rutaceae 


Rutaceae 


Arecaceae 

Arecaceae 


Capparidaceae 
Dilleniaceae 


Sonneratiaceae 

Moracoae 


Moraceae 

Moraceat 

Guttifetae 

Butseraceao 


Tiliaceae 


Sapindaceae 


Guttiferae 


Anacardiaceae 


Bignoniacean 


Sapindaceae 

Rosaceae 


Euphorbiaceae 

Burseraceae 

Rosaceae 


Myriaceat? 

Bignoniaceae 

Dipterocarpacea 

Sterculiaceae 

Caesafpinaceae 


Staphleaceae 


Rutaceae 


Source: Anderson, personal communication. 
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Tribes 

Karen
 

Akha
 

Akha, Karen
 
Akha, Karen, Lahu
 

Akha. Karen, Lahu
 

Karen
 

Lahu
 

Karen
 

Lahu 
Lahr
 

Akha, Karen
 

Aidra. Karen
 

Akha. Karen, Lahu
 

AIna. Karen, Lahu
 

Aklia, Karen, Lahu
 
A lma. Karen, Lahu
 

Akha, Karen, Lahu
 

Karen, Lahu
 

Akha, Lahu
 

Al Ia, Karen Lahu
 

Aha,L.ahu 

Akla 

Lahu
 

Karen
 

Lahu
 

Akha
 

Akha
 

Akha 

Lahu
 

Akha 

Akha,Karen, Lahu 

Akha,Karen, Lahu 

Akha, Karen 

Akha 

Akha,Karen, Lahu 

Lahu 

Akha,Lahu 

Akha,Kafen, Lahu, Hmong 
Akla 

Ahrka 

Akha
 

Akha, Karen, Lahu 

Akha 

Lahu
 



Table 2. Trees used ftcfodder in rural Nepal. 

Botanical name Local name 

Aloha aedaxach Linn. Bakaino 

Derndrca/ainus spp. Bans 

Buddleja asiatica Bhimsen pati 

Ficus neroorahs Wall Dudilo pati 

Proman spp Ginderi 

I eficaeraleucocephala lpil ipil 

Ayrine semis.;etat, Kalikath 

AMacp;lus 9)!/UI Kaulo 

Ficus lcor Kavro 

Ficus semicohdata Khaniyo 

Litsea jolyantha Kjmiro 

Ficus roxboighii Wall. Nimaro 

Prunus cerasoides D.Don Paingyo 

Shorea robusta Gaertn. Sal 

Grewia tiliafolia Syalphusro 

Bauiniapurpurea Linn. Tanki 

Cedrela tonna Roem. Tooni 

Adapted from Gautam, 1986. 
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picture postor. and cliaris Car be very olrieflcil If
irtrodocing now Ni eN -imces or now foserot 
under-utilized species Rath(r than jstl sayinyg
"don't destroy the for(:;t," the Po t-ers (:i insteai 
s;ay "planrt trees of the XYZ variety for eatint, foi 
rit,", ,Avid to keep topsoil in place 

The next slep ii iitroxhrcirrij tr r'ittyw'l 
le)(ricilrl tr e i;.s s to otiaut sfte(t,; Ilhi.Xiii thediifi('tlt Few mij r !w d(it;1i)l)li.r!(; (:sirrymhilt' f 
rlirury0t th trImes ipprf;rieitl tot i (Jiv(mn iljt,
wiay be neces,,sary fir for,.sIy 

It 
(Il alii(-ltlal 

('X"fti.sioit woil(ers to (eptiend oni thle ii(jerroits 
Ip t)llilnion to ol ;ls f 


rairck I his t)roc,s ITr 

,tlir ill', rn.tiirifitsil wild 
1udy me i linrr i';nciu iiiiti


Ill"tI Simllly ipllar ;ifrao h"'fldriu(i kiloor;illisou 

piti s eds,. 
 llirt . will provi(e vill;ier!, with 

!?Iwrilicial trees 
 in(J will invdl1,2 thor in1hteiroestitioii rroc.ss fromm tie ottiet.( 

O:1(c 50e(lin(s are (Iro.'i, ilfy r(;(e(! lo Ih0 

(listribi tid to villi 
 ers If lII !)()v Stp,; have 

hen followed. the vllaiers 'ill 
 kllow v,,st the Irees 
ar for 2ind will he p[repele to assisl ill th IA'mlaritnqir.
Thiere is erie corollary to this firral step HItew; areerinq JCi!;!iittelt to itdi'idiJ i s ()lmrr s;o hi 
Iwr(,e 5(5.,le frest i itino (l i hi ib]l it (cXiim

Ir(lp to sellrather thar (livl the youlitr titts iwvry

)'-niple tlild to place 
 iore v;ilre oii pilChra;i'.wdntns/ 
irtlirr 
 1986O,.rtl mil free (leo(Is (Gatlni t )/]r. . 

Finily, aflr the trees have beii tpaiitle(it i. 
nwcessary to c t to mrnritor the irtltrltiotll 

,t;Itrts of the population. 
 If sole of the ittroutcer( 
-pe(.re, ar' tlot
effective aS Initriliota lr11)Oletneis

ofle slhtold fiid (tt wiry and rectify tI(siltultion 
Itlllr(Ili ai(itional instiUction of local rsident; or

int ro (ictiont of inore accepta)le tree species viith

stirilAr iutritional benefits 
 If is irot etiough jtust to 
plant trees with inrltrition-improving potential, reportI- higher atlhorities the tmnher of trees; it rtent,
anld Ithen aSSUIIre ti1 new trees will improvel the 


utritional stlttis of the population 
 it is ess.tiial
tllcIt the well-beiitg of the targe.t poltlhtion he 
r(ioitnred reg ularly. Following-Up to itsrire Ihit 

polenial benefits are realized is vilal to ;I Itily
siJuCCessfl reo)restation prograt. 

Network on Tree Nutrition 

The establishment of an Asian Food and 
Nuti ilion Network, involving i1nslitutions frorm 
selected countries of the region, was 
recommended by the FAQ Consultation (RAPA 

1987). A network doigojied specifically for
exchange of infomialiur and experiences with 
nHtritionally heneficial trees could be a very
valuable addition to tihe proposed overall Nutrition 
Network for those etojaged in social forestry 
activities 

ii F, IIIi 
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Agroforestry and Smallholder Financial Viability
 

Jacques Amyot
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This study of the exclsiV tlstilrY(:tiiay ui/t, to 
oso but not Own oxaroiuls tho p l)(3ditoif 
,I!foforo.try to hl .',;maillhtirns who I/vo
(/.i;tlithot l (lovomr mflt forost /lil! to ,chi,)'o
f'ii,t ilah.ly/ [.'htho/y/0,stljOtt I; ,ft F-AT)A t i// 

.';liA.'s',[ tl y ft},, S)t('ilitlltoi/ I/0 i!)/i) ii No /it i,';t 
/itI ,tI'/(I f!/if I(li( p; ate( hv(Ui t f i)11)m ;otni 
.q'put';. (t'itv f.';,tioHii; 

S' w/ P)Po (/tt i clijfill'll it th I, ja 1,;
"1 (i )rt ;oyi;p) otico ; floiltti ode(le/l, [lv/I, 


, '";tifl,.phlltlll;,t l ,,;, tw
u1e oft// : th(i('s .) 

, ,ii, '.i, /t)(o(/iii:t/(uH foIt)t J! flZlO 
 of cat/lh, fjo 
.,, j/;iiti wl0; , lAroiin/ A.; of t!tt;. 

11,nieAotili!! cOii;ttfatl;l;l uf(to 0!fl lt / ( t'ili(f/oT'ii;t,ilit!;stojitpiw/ ; 

tio? ht.;t two l ct,icets.; Alth t;1h not y1(1 


IlitI fwtlttU fO, il ;1h';t,)tinit 
et f 1 ttl:/


)y a 
/,I0e rt ihot of fllri ;, 1/rn' I CCOc; ; ofl 
di I(t ]/ ni it O (li/ ill (Itain. l/e,


/)/llitlq fillit tio,', ald h 
cAo )ttvii](t olt;i1t,1hs; 

that t/io:;o prictico, can yin/ 
 astc ti//iI'lotl

W/Vohet , ilf !ftitr,; io t) f)ropec :t , wi/l 

,.'eiti ,i/ly follow tho atpjioleOstly ooto rlt/h r 1/ctl

ti/ 
iOl 0t.31 i ii ig ant(I crrwi tly tr coec itt 

;io Itice of eWvpa ltlt I h/oldimos by ,/u/oq f,tiii)


ff)ow,;t i/s fto0arl to )he see;,,
,s. 

Background 
Khao Pliti Ltiattg is the site of a once degraded


natiortal reserved forest sonie 250 kin nortlfeast of

Banglkok. The rehabilitalion of this area as a forest 

and human habitat was the project's main 

objective. 
 The area covers approximately 1,1713 

ki' of rolling hill country with many stre
flowing (at least at one time) in the valleys. 

iis 
As


recently as 40 years ago, the whole area had a 
dense natural cover of dry evergreen and 
dipterocarp forest. It was largely uninhabited 
excepl for a scattering of isolated forest dwellers,
who gathered fores! pr(Xuce as a livelihood, and a
lew farming communities along the edges of the 
reserve. By 1980, less than 10% of the rnatural and 
undisturbed forest remained, and it was forest land 
only in the legal sense. This was the result of 
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successive wave:s of legal and illegal loggers,
shifting cultit ors, aif( corn iercia! farmers ind 
enlrepr,-n rs plantitg cash crops. Many of the
stroiffns drietitfi) with the destriction of the forest.
Thortw ; a c O),itor;il iy lirger resident 
[)l) latolli tislJi ft sti!;?lIri lltiithoo thelre a, iot 
( n itfit I itI vil;1 o Hiff?I I i )Iitwt This
 
pop htiltotrr ; 
 i,oor, livin( ill (l3norally depressed 
(:(ji(litioll; VittcIlly Ill) (I ov It1101I11 heallh,
odiiaioii, of(r l)ictlffl l extoflsrOfl services
 
rlotched [lt(itl, ifi therewe
e rio roads. As
tffcroaclh s (Itfit flt iorl l re ,elved forest, people 
were illegA sitllers with io staltus arnd righls. 

lhe Royal Fored Depatilment (RFD) approachnd
UNDP FAO htfr as;i!;ltfc ill (ealifng witlh these 
poroleloms. It was!; iteed 1hit a social forestry

:fpliofac-h w1t i , the ;tI
lC -ostappropriate.
 
Agroo nts were fltt; 
 io (Ir a )reparatory phase of 
the project ii, lrch 1979 rd for att 
ifttl)lefiwte tatioit iph;So if) October, 1981. The latter 
)hase. which wais Ivnder UNDP/FAO technic.il 

assistaice, was oxtof (ul d to September, 1986. A 
foll ow up phaso impltmOnted solely by the RFD
aftd othei cooperating(RTG agencies is still in
 
pirogress. 

The project docitefnt for tle UNDP/FAOassisted implementlatiort phase stated that the

project's fonr objectives were: (1) forest
 
rehahilitation, (2) socioeconomic development, (3)
project staff (lovelopt.etnt, and (4) infrastructure 
developmtitt. 

The imttediate ohjective of the project was 
reforestation of '10% of the total area. Reforestation 
was ittended to be harmonized with alleviation of 
poverty by resettling the people on the remaining
60% of the project area suitable for agriculture.
People were expected to participate willingly in 
agroforestry activities ott this land to complement
cash earnings froin agricultural production. 
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The Land Licensing Program 

The land allocation activity of the social forestry, 
prproject was carried out Interms of thegovernment-
sanctioned STK program. The programnis named i 

___ after.theTh a ny -o.- urt-".--- ,.,--,,, 
ded o qualified 

rsietstolegalize theirevotus The prjc 
certificates authorize temporary cse of the land for 
a specified number of years. Tha UNOP was 
assured that the STK1 would be followed eventually 

certificate Issho sered o land 

i;ires ie to estaus; TeSTKIby the STe2, apermanent usufructuary certificate, 
By law, the STK certificatecan cover only up to 15 
ral (24 ha) ,f land, and conditions are Imposed on 
the holder. This land can be ansterred only by 
inheritance to direct des.ndant .andcannot be 
rented, given to others, or sold. STK holders are 

required to report to the forestry authorities all
 
illegal activities observedin their neighborhood or 

their occupier rights will be revoked. The project 

also had provisions for the allocation of an 

additional 10ral (1.6 ha) per household on a 

commliunal basis, mainly for the establishment of 
fruit 'trees. The benefit expected from land 
allotment under the STK program was to give this 
population afeeling of security and anew sense of 

*respectability. .In 

Inthe experience of all land settlement programs 
inThailand for rural poverty alleviation, the .appropriate 

allocation of land alone to poor farmers is not 
usually sufficient to ensure success.. Sufficient 
production support must be provided to make it 
possible for the farmers to generate adequate 
Income from their farms.' The project's challenge ' 

was to create afinancially viable situation for 
farmers and ensure that the forestry protection and 
rehabilitation objectives of the'project were met. 
This was simply not feasible on the basis of 
continued relianceon maize monocropping, 
espeially'.with 'swidden techniques, 

Several approaches to achieve financial viability 
used singly or in combination with others were 
possible.' Theoretically,' the simplest way was to 
expand each' farmer's area of cultivation <with 10 ralI 
(1.6 ha) of the communal land, This would bring ' 

the total ap of cliaonprfmeto25 ri(4 
h~a), which'most farmers would consider adequate.' 
16~practice this Isvery difficult to achieve. At the, 
enfa Phmers1II n Spebr1986, the majority of 

frescultivated or held considerably more than 
25 ral, and many had less then 15 ral. Amore 
efficient and better approach pursued by the 

project was to get the farmers to make more-
efficient use of available land by better farm 
mana& ment and to introduce cottage Industries 

' and pl-time off-farm work on tree plantations to 
'supplement farm Income. 

'7 '''' 
The strategy employed to help farmers enhance 

their Income earnings drew heavily, but not 
exclusively; oagroforestry Another measure was 
promotion 'of crop diversifi!cation." Maize 
monocropping was widely practlcedby 1=.] 

' ariers. Efforts were made to Intoduce other 
crops grown inrotation to help maintain soil fertility 
and provide a sustained, reasonable Income 
throughout the year. 

Forest Tree-Farming Promotion 

Agroforestry pracfices promoted by the projerit 
have included forest and fruit tree planting by the 
people for their own use, forest grazingofcattle,' 
apIculture, and charcoal-making. Extension was 
provided mainly by project staff and associated 
experts, as well as by locally based Departm~ent of 
Agricultural Extension workers. ' 

the case of forest trees, the project produced 
its own seedlings and conducted research and field , 

trials to determine which t'ree species were most ' 

for the local environment and needs of 
the people for fuel, lumber, soil conservation and 
improvement, etc., All species pro6moted Inthe 
project area were fast-growing, the main ones 
being Eucalyptus carpaidulensls and Leucaena 
leucocephala,'which were also used for forest 

Inbeekeeping areas, Calliandra 
'calothyrsiis and Eucalyptus deglupta were also 
promoted. The project supplied approximately 
167,950 seedlings to farmers and to schools .. 

'Instruction In planting and maintenance was~ 
provided. Schools were a,,focus of this activity.' and 
teachers were invo~lved. Somre'project staff taught 
agroforestry, and the school children planted trees 
on' school grounds. Several agroforestry trials were 
established as experimental'and demonstration 
plots, e~gi,, Leucaena hedges 'on contours 'of steep 
hillsideslIntercropped with 'Maize,and maize 

.rehabilitation. 

intercropping InEucalyptus plantations. 

Response to these forestry'extension efforts was 
lukewarm at fisAs there wa ocritical shortage
of woodfuel in the area. there was little perceived 

to plant trees for this purpose., Even ifthey 
planted trees, the people felt they would not benefit 

,need 
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because, in their experience, it was illegal to tell 
trees in a reserved forest area. The very concept of 
agroforestry was alien to these maize farmers, who
felt that to plant trees intheir fields would inlerfere
with tractor plowirg. Gradually, however, trey
became interested. One contribiting factor was 
the expanding practice of bokeeping, which 
provided a ootlive. Ac:cording to a asample ';rive y(:ondclcted ini1985, 5(i"" of the sampled famer.; 
li d ai least s'tarted to establish hedgerows aromd 
thei hoMelots and 51% had statlle to plalit forest 
r-es Only 3""), however, had pf-irli:ipiited in 


establislhirng village woodlots. 


Althirough the pactice of planting trees ba(
hecoine fairly wll established by 11985, silviculture 
as such hId tir- yet l)ecorire a source of incoiie It 
was said that some farnmrs dtid indeed nrirel 
isome
of tht.r fIN1r0S, but te iric('ire gerieratt(I was 

so insiqtnificanit (nainly because tIre trees sid were
small) that they lost all motivation to continue. 
Clerly, tire econmiCs of silviculJtUro lnot bei'll 
calculated. To help remedy this situation, the
 
ptiolject hired a imrarkeling expert toW stiS 
 y tY SL)ply
;iiIn demarld for wood prodlucts ofstIi Wi i(ftres in Northeast Tlfailafrif This was corrmplered in
IDecrribar, 1985 

The study crifirmied that tre frier., inNfL.ikthoi 

RPitchasirira Provirw ciurntly fa,:ed irriiry 

problems They wee cHrently selling
predomrinantly to only two buyers, the Phoenix Prill)and Paper Company in Klon Kaien Province 
(Northeast Region) and the Thai Plywood Industry
Co. in Samut Prakan Province (Central Region).

Prices received were low iii relation to cost,;

including middlemen brokerage fees and 

transportation (one quarter of tIre sale pri:e) 
 Farm 

gate prices, which excluded the cost of l0li4r],
preparation, loading and unloading and 

transportation, were ,450 baht/ton (SUS 17.30) and 

factory gate prices were 010 bahl/nto (SUS 23 08).

The economic, analysis concluded that inspite of 

tI ese oro)blers. the nt profit per unit of land used 

for tree planlation would be high compared to its 
LiSe for other crops, inthe long term. Assuning a 


x 2 1n spacing of trees on a three-year rotation,

and a minimum price of 150 baht/ton, the internal 
rate of return would be 20-25%. 

This optimistic view of potential economic 
opportunities from silviculture was bolstered by In
study's projections of greatly increase(t demiand 
over the next 15 years for trees for housing and 

furniture, pulp ind papler production, Jelwood, and 
charcoal. In order for farmers to benefit from this 
increased dena, d, however, other condiliuns 
needled to he niel. Farmers needed tow-interest 
loans to tide th-m over until trees reached maturity,
arrnd
niore wr(od-()tsurniirig industries in the
 
Northeast (e.g., pul) and 
 )aper mills arid perhaps 
wood-fired l,ermal energy electricily generating
p)larls') n004. ,0- t)e 

co :stimi ng large gluantilios of woodfuel
 
investigated by another projecl study include
 

J;0 Liil!. Otner industries 

earth etiwa re f t (ries, litrei kilis. and tobacco
curing factories, all locted in 
r close to thre 
Northeastern Region. Marketing assistance wouldcertainly hx) Teuirod tefore unsophisticated 
fariiers could tap such outlets. Frorn a policy
perspective, the uirrkeliht study concluded tftal 
private sectnr (farner) tree plantation should be 
promoted to Illet tie irncreasing dernand because 
tire only possible alteralives, increasing wood 
imports or drawing on existing forest resources, 
were unacCetai). 

Charcoal Production 

While thie idea of)lanrin(1 trees for sale to wood
ha sed indwsties riglit have been viewed with 
skepticism Ihy the farmer,, the alternative of
transforming the trees into charcoal for their own
 
use or ',)r sale would appear to be more
 
ittttediateiy attractive. 
 Farmers have a
 
cortsideral[.-uliderstardirg of the economic value
of these products aind are familiar with the process

of making charcoal. The prevailing market price of
 
charcoal was 
 15 to 60 bahl ($US 1.73 to $2.31) per

50 kg bag, with tIe price differential apparently due
 
to tranisporatlien costs. According to a survey of
 
2,14 houselluls cordtucted itt early 136, there was
 
widespread ise of charcoal for home cooking in
the project area. 
 Only 12.7%. of these households
 
used only firewood for cooking 
 All the oilers used 
charcoal eiirer exclusively (60.25%) or partly, with
firewood also being used. The average charcoal 
consumption per household per year ;,'asabout 1,
bags (700 kg). Charcoal and fulwelo*od ware 
equally available, bat charcoal wa; the preferred
fuel as it was cheap arid more convenient to use.
Over 28% of the households interviewed purchased
their charcoal. Most of the charcoal consumed 
was produced from foczl forest wood by the peopleusing very simple and inefficient eanih-mound kilIns. 
Th, pattern cf production appears to conform to
what one generally finds inrural areas of Thailand, 
arid reveals art element of specialization. Some 

1,4
 



rural people prefer to buy charcoal ratrer than 
produce it themselves. Others produce it as an 
occupation or sideline. 

appear to be 


innocuous,itentails prohlems of coisiderahlu 

While this 'fuatiOr iiglht 


consequence for the forest resources of Thailand. 
Irhe p)lundering of forests for firewood and crarcoal 
O(dUCto has been a 'ontribtjlingrlon factor in 

Jefrorestatiori. The activity is illegal, and si,:able 
rmorveiunlts of charcoal ae piesurmed to he related 
to tire illegal felling of trees IHowever, cfarcial is 
ii essential conrmodity, espiecially ittrural aroas, 
vhore ;fltrraive sources of energy sLJch as, 
elecrIicity or li(qlerietlJ glais are urravatl'tle or to 

,pe, .iwe There is therefore a cryinq nteed to 
tloronaie charcoal piodjction. The scial forestry 

bptoject provid(ed an t;(Itir;ideal :(work out a 
-Jtiti(n cC:'sistotnt with both the forestry artd 

(lrvlol)rrlelttt olhjectiv.,- of he project and wlich 

C(ldl h. .e[,licito it tftr PIrts Of tIre cCototrtry. 
i'AlIilortch this elemelt ',va ir iti,(1J(1 the oriiiral 
i riedC c(fcttertt, !t') rlehitetti.rrr wis (lolaye , 
tio lae;t fez'v i i,l 0(r1tirotiinntlth:, of Pimo 

()I diffiCtIlties inr(CtiitiI(l a CAl (Ii,,':,,.,:i r ly 

,l,,,ii~tlil h ilt, ilIhi:,
t o;n[l (iIlrtor brief 

lr(rinil ( tily !rnit r'JAito s"e thre tInh,:thir ',qlI 
f( fruiliililull 


tt aptadch electedl vi h .et l it i n Il 


i-r(dut(n.rs to tstIilinttd is.e tree
lrkrhrtatn 

S)OecS 1ridto itItrO(JLiCe meore effi'iorIt
htt 


inexpensive tecinologies A trtitrirriLll ohjcliwVe 

v,'as to rnt local ditnin;tic deimid for clmrcoal 
v'zttually this (otil(d !e expan(ed into a 
';ilrstaftiil so rce of income ry caterig)toltlre 
COsbtlerahle dhrmtaid for charcoal by ttelrotoids, 

aridt throilttiomt tlho.
net'tltrrritst, ittJtisttiies ci'iltry 


TIre tt iA popijll t p'; afkw ilTklitnft air: 
tlre kiln,brick benhiv ire mud beehive kill. mt(tIll, 

,arl dir liii
i(ericr k tIlo,.ld kilis, which, 

iccordirirq to RFD figirs, account for 17.4, 3 5 

arid 35.6%, 'espectively, of all charcoal production 
:ithe coulty. 1he brickPkiln isthe nost elicient, 
with a 35% rmte of recovery of raw imraterial, It itis 
le.s p)opLlar as it Hvolvesa1 irrvesmtMrtriinitia of 

halit (fI5 -192) d,.perririttire 
;ize of the kiln (troit' atolli 'l to 8 Ili) TIre 

o?-arthiotitd PItn used iittOw ptoject area i-
preferred by niany, especiailly itt tuiest ard 
because it is cheap, requires only family lattor, ard 
is tiot very conIspicuLous, air importmt 
consideration inair illegal activity It is very 

3.000 to (,000 tr 


inefficient, howevr, with only a 12.59%o rate of 
recovery. According to RFD figures, this type of 
kiln consumes 52". of the annual total wood raw 
material for charcoal pro(tict iOl to supply only 
35.6% of what is produce(I. Tile third and most 
popllar type of kiln, the mId beehive kiln, is twice 
as efficient as tileOrlhNotind kiln with a 25% rate 
of recovery. This is lower than that of the brick kill, 
but family labor is tIhe only investment required to 
build it. Ifthis kiln were used instead of tile 
earlhllmohd kiln iratioatily, it would save nearly 5 
million tons of wood raw ;3terials per annuni. 

Due tOthe aJvaiitaJes tlrertiornect, the moud 
hoehive kiln wasvsected for tlte project area. Two 
sizes, 2 ird 3.7 i3 were proposed. Kilns of this 
size were considered adeqaite to produce enough 
clrrcoal for househ-ld] cotlsunlptiol or for sale as 
a skipplernentary souc tit income. Larger sizes 

would have heert unacceptable to the RFD, 
presutriably becuse riot errough trees were grown 
privately to stipply hm and they could iot be 
operated without drawitng Ot tie natural forest or 
al for.;titifritiipatix)ns. A total of 7 ki:ns of 
bolh riodels v.,cre bulilt with at least one of each 

model locatedi itlorl,h tr the three sectors of the 
lrojecl area hr irtriiiitg amd demonstratio. 

ittis AU Orut JecUd using lCcally 
.gronetrcalypr ",ai Isaml'es oo the charcoal 
Dett trstr v.'' 

i 
prrodrced were given to -'ers ill tie area. 

Fourteen Laimers were trained in mud beehive 
kiln cornstrtction id operation intile first ofailf 
1986 with i ieexpecLation that they would train 
others. In addition, over 300 persons from the 
project area and fron otutside came to observe the 
operation of the kiltis.A simple illustrated mami 
or the onstticti rt(ltw operation of tile kilns was 
prepared ait(tdisriItjtc(d to farmers.
 

A snall survey of (8farmers was conducted to 
determine their winitgness to build the kiln. The 
reslponse was less than enthusiastic. Reasons 
given for riotwatlintq to build the kiln were lack of 
ioney (34), lack of available space (10), and tear of 
getting il troubile with the RFD (22), all of which 
lacked basis infact. The kiln required only family 
labor to build, ocrctpied very little space, and was 
approved by the RFD tot worod from tile farmers' 
ptivate tree plamtatiorts. Iftie iesponso; were 
ideed candid, they indiicate that more time and 
more exterrsion ellois are needed. Tlere could be 
deeper reasons for tlhe resistance, however. As 
menlioned, ci arcoal is used extensively inthe 

irna, 

15 

http:tIlo,.ld
http:i-r(dut(n.rs


project area, and there,!-, sufficient Illegal
production to meet thb"demand, This illegal
production provides a good source of income of-about 20:30th4u6-b't-b $77 1 154) a yea :Ita.Is,moreover; almost inpossible to controliand old
habits tend to be persistent. 'In the absence of any
perceived sense of urgency to change, the realissue Is how to persuade the people to abandon 
their forest-destructive practices and ma-. 
charcoal in more efficient mud beehive kil.is -with
wood from their own plantations. This requires 
more than the usual rhetoric about forest
conservation. The provlsion of economic 
incentives based on demonstrated opportunities
offers the best promise of success. ... 

Theeforstt.o.. , 	 grm oehigh 

The reforestatiorfrogram orhe project 

, provided considerable scope for the promotion of
silvo-pastoral activity Intree plantations. Surveys"

conducted at the Inception of tie project reported
ilraising., But whenIe project area was
visited in mid-i986, 

important activity, esp9;OiV Inthe southern 
s~ctors. One farmer InKhdk'Samran/Khao Sovilage had more'than 200 cattle. This was 


S exceptional, but herds of 40-50 were not unusual. 

"I 'j 	 Some farnmers oven raised water buffalo for sale tofarmers In'Iowland areas. The project supported.

th;s activity by allowing the farmem to graze their 
cattle intree plantations under controlled. 

codtosTis w~, bneficiai as itcontrihuedto weed co MolMoreover,' about 16ha of 13rest plantation,'were planted inguinea grass
and oherforage plats to improve grazing. 

FruitTreeianti , .and 

Fruit-TreePlanting 

Besides promoting forest tree plantations by the 
people, the social forestry project also supported
the planting "ffruit trees and the estabishment of 
orchards. This was encouraged, especially in
relation to the new agroforest villages and other .

consolidated villages, as a means to foster? ' 
permanent settlements. As Inmost 'rural areas in 

' 

:Thailarulte, local people were alrady growing some ' 

fruit trees arnd did not need to betonvinced of the
usefulness of planting them. As onreof the project
progre s s reports pointed out, fruit trees cater to the 
intercsts of foresters and the people and ;ead to 
better mutual understanding and more positive
attitudes about each other.' 	

' 
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Fruit tree seedlings were distributed to the
fa, mers at theonset of the project as agood-wjii
gestur .e.Twenty-eight-farmers anid two project staff,were trained in plant propagation in May, 1982.
After the training, the' farmers weresuplied with
grafting materia f odn ...varieties of'mangoes to
do their own propagafion. The prcjcct also
supplied four grafted mangoes ofpopuiarvarieties

" to most households to grow and use as a source of
grafting material. Many farmers subsequently
produced their own grafted trees, especially 
mangoes, Instead of paying 50 to 100
baht/seedling for thpm. As farmers became self
sup orting in the development of fruit orchards, the 
project lowered its priority in the supply of 
seedlings, even though this aspect had been rated 

in the project document, 

As of April, 1986, approximately 60,000
seedlings had been distributed to the farmers andthe area in fruit orchards was estimated to be 590 
ha. Many different kinds of fruit and other tree 
crops, such as coconut, cashew, and bamboo (for
bamboo shoots) were being grown. The most 

.morepopular fruits were mangoes, jackfruits, custard "'4 

apples and sweet tamarinds, but others were alsoproduced, including papayas, bananas and limes.
 
hAn agribusiness firm tried to get the farmers.
 

village (Pong Wua Daeng) to establish a 32-ha
cashew plantation, but the seedlings proved too 
delicate to handle.: 

By 1986, several farmers who had, planted fruittrees at the beginning of the project period wverearning money. One farmer visited in mid-1 986 
had sold 40,000 baht ($1,540) worth of mangoes 

w'as able to purchase his own pick-up truck for~,
delivering them Such visible benefits are probably
responsible for the considerable enthusiasm fororchard plantation, and many farmers procured
fruit tree seeds and seedlings from other than
project sources. One farmersaid he was planting
al.l of his landIn fruit trees. He said he could not 
grow maized idfintey without exhausting the soil -
and that the e was more security in fruit trees He 
saw this as the crop of the future for the area. This 

. had 	not yet happened, of course, and the acreage
in fruit orchards was still relatively small (11%)
compared to that Infield crops It had grown
significantly, however, and several sucessful fruit
 
farmers demonstrated that it could provide a good
 
source of i come.
 



Beekeeping iteresting to note that althiRiiih ire training in 
beekeeping had freon ivwen to men, it came to he 

An apicUlturist with tire Faculty of Agricultnre of practiced more hy women, who presumnably 
Krhon Kaen University assumed responsibility for acrired the skill from ther menfolk. 
)rorrrotrig bee culture in the project area. In 
Mairch, 1982, eight farmers were sent to Khoni Kaen Table 1 ilestes the economics of beekeeping 
JravorsitynfO raorieweek haining Each farrmer in the project area irearly 1985. Tire data are from 
, ri threo )ytir a welorgarnied heeikeeper, h)d they demonstrate;,i bee r;olori(s plrIhasod 

pIt(ijeI,-id tria! beoe kepingq witl the Europiear without doub that heeee"r)irg asa sideline can 
'l l Iorii, orir)r e(iearly in A; il far ing itself.l perhaps be mo( 'o rative thlr 


h rtpt.:jeclr staff rr'nlmrs werei tr~int- ii Gross iriCO1re trorilo '0 rn illhS of beekeepiirg was
 
III,!,I",inolto asssl in extension wolk By the 'rid 75, t0() balt ($USs33drtl The net incoie (it
the
 
4Me py r,3lfives food been pichli I lor I' ini shaiow cost of Iater is lisC.err.ted) was 65,420
 

r ot area. Sirc: es; hrn ,.erldirv aS txrht (S2,51W). To grrrurate suIch levels of icome, 
ik',"t in the sOithO.ltr risrlctrlr, apl rrrll' hoe' )epirrgliad to Bre ioe than a hohhy. No data 
iK(:vn '('r rols re(irinl ittavy eliplictirns are available ern actr al mrnihngs of allhee:oepcrs, 

i.ti,,twere grown there It wras ,(ido lit bt there vi<; [)rr-)tatrly(:slrSerahle (iscepancy
 
t0liroroe. tir n fIi er of t1rrk rl l'r ,frii', time armlon. tll .dropl6inq eirIllreintensity aind 
ierir until iw piohilirr providiril altirirlive diligerrce v, itwats liracticedltuwhh 

,rur s:,; 'l u,,r,hen
of foe;r(rg d Jing peri iilhrn 
.;iijppty ,,rs inafegqriate coluld I> it ii. Il rhO Honey lrrihiltilrr in5 Of the G villages fron 
irsritltiin3~,570 soilirgs of Corlhi, ra Octrhtr 1 ,5 hi irol Ht; was 2522 kg.to; At this 

i.hif~yr 'us rid 50l0 setutlinojs of ,.Aik'.',r i() iirirl ,(tirig irohlenrrs occurrecd.hrvel of, r(tifl, 
!i riri:,( d fol e l i lhire Ifi,, irli! Tire pik:; if tion y v:ririu finntek it) ii 70 baht'kg ($2.70) 

io tol'ite1 (il 1i ti [ ri Iinw ll M' i at the p thr lirll(Jsri,,li I k ('i t rldli period in Jarn aly 
: ,h~trrlir'ri nF'l.arirrr ti l10) (- W)) after the end of March.hIiil 


During this l)r innonii riod, the project office 

ir proje,,ct ,i l( ,;he'loo- rs assisted irr tio iof 595 kg of honey throughlpti:tlllrin.l
t'rl 
,ilnrily Secondher resilts showtd th informal cninltisrri ,o!laining top prices, and wasyl ttilr 
i, )IO.perriod las-ted one monlh lIongrr thran exforrirl tire pissibility (ffing rrrore regufar and 
iiifttire first year t.)oc'ri.re of the irrcrrasinrl pormanorut imrkelinq r rarrgrrenrrts aifter 

!1liii of rrectarfmearirr; plrr Also, the Of ire project. Honeylanitsrow teriniration of Phase II 

.,is * yidi trer colony was hirlh.r is r re;lt Of producers it inmidl,1)6 andlexpressed Corrcern
 
rs,,)erience an(d hellrr honey Iwo colorry ahott falling irices, rut they yore still oplimistic.
 

iil en(rerrrrt f(rr Ew;rl 70 l litt, iarginr of profitThe take iHye rIwilhirewn't ven te was still 
I, . Terr addilofl fanrrrrswerre irnirirl irr altractive OrI',J11,:lirt! lIili',aef err1to expard. 
rhrke,'liirni in JJirr.une t lil(Tr,,thOifit;. ii tii'rv 
iunirea self-susfnrrirnqi r '.I tliii iiwrurs CorldltlSiOns 

, h e d  wer train By IBoor' aIr r r 'htrnrir NHw tl'et 
colonies were iorrrrrL fronn xi,inl c Ienrs. Everr Oini offtr,riir (hlohleje; of tie project was 

oeokoepirg hi', r;ln ans' idu:iod By to assist hill to only 15 rail fi nor access of 
hlcal farrnt s for In flow f rirr'>. Tire 1ir ,rrir rirally viacle sitatiOli. Alarld to aCuhi,?%,' 
Oictober, 198' n(i 10' r Prije I Prfi rniul.)(h r orf a;iilrin;lr',reiat ed enterprises1 gress 


r port dfScrili , iii' 'ldolrrinrMit nofasNll)w.: ilrirdu .f "htr ill KI .innwA prornise ir tis
 
There Vwrr 11 hi,l I,,lrs irll' .13, try re l~ t. S irni' v ' rit, ( ledoi(arr(t der otistriallt(
 

Decerohir tie i'riI) fit lk,'[m .i5 l:l iwrr Io profilal ,i, it ; Altirough rio yet affo tingw,<; m 
18, t1wr 8i lrui i ,ir Ii )30%, tie rWe r lirr' s iil iix; ' o' ilie to !'. relatively srmlall,''' lupi He i 
ra"l tlt rri r r tor V iil; o f rirlr rrrrrnrlrl'r Ill i ' ( h ilir porte'nrtial for (.,riharrr :'It ei ing 

r irofl (Jil l' 1 ' i l I);l'r iiil ;iif Hit, irlncrri' i)w ll(: ideJuhs tilt, ,'ll(rll:i)ril is onsr;rable. 
l)nekoepers had lil , 1t()i11 t, . !(ll' 1"ho!i r hiI(Irrrlir'lr iliorr alrfinnovatior byr 
ilirb(er of !B)eecfloiiii, imrerr'iJ friin Mli. lthrloin 5 tire p ople 1einor; . i;tIre surest way of assurirng 
I0colonies (intW3 331 kly itlision netito 21 1 Irlnrie;s." tir(BH a (I n'on of fhal irnnovalion 
M'rcih 1986,tinenuiirrhor of heekvel rs fred thrortg.rort th villag.uirprulation. Although the 
ri,,ichod ,11, i is it, 

,e


and the iurmier ot co!oruns 351. data are rnrt avail4rhle to hrlly (Jocumoenr 
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Table 1. One farmer's accounts over a twenty-month perind. 

Inputs 

Timber for production of 9 colon;es 

9 boxes of 9 frames each w/metal cover 

250 wax foundation sheets at 25 Baht each 


Sugar for supplerrientary feeding i.ne pilen
 
is scarce (May-July) 


Paint for bses 


310 bottles (approx 750 ml ) at 1 Baht each 


Labor cost for 3 day,,'mno for 22 mos at
 
40 Baht/day (siciadow cost) 


Miscellaneous 

Total 

Returns 

Nov. 1983-April 1984: 250 bott:es honey -t
 
100 Baht from 9 colonies 


Nov. 1i80-March 1985 200 bottles honey at
 
100 Bahl (colonies increased to 17) 


Sae:
 
15 colonies fI qie rr •r. 5 full frames)
 
at 1,500 Baht each 


2 colonies (tull; at 1001each 


wax produced 
 4tkg at 150 Bahl each 

50 queen bees at 200 Baht each 


Total 

Net Income 

Incljirn 9 shadow labor cost 
Dis(;ounting shadow labor cost 

Source: THA/81/004 Progress Report, Oct. 1984-March 1985. 

Baht 

270
 

900
 

6,250
 

50 

900 

310 

7,040
 

1,00
 

16,720 ($643) 

Bahl 

25,000 

20,000 

22,500
 

6 000
 

600
 

1,000
 

75,100 ($2,888) 

Baht 

58,380 ($2,245) 

65,420 ($2,516) 
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farmers occupying holdings of the size perrrrittedbeekeeping, fruit tree plantation, awd forest ,g1ra/inq 
of cattle seem [o helon to thifs cattgl.ry by the STK program were in the "break-even" 

category, wittt a n al ho1usehold financial balarices, 

One hopes that other pioposed lorestry-related either negativei or positive, not exceeding $192. 
This suggests that the main beneficiaries of theinivations, such as private forest trce pkintation 

for 'sale to wOod-cOf/<.11Jmiill indtiLitfies, hor use as grolorestry innovations d,,scrihed were not the 
(;ristrLiCtion material Or fuelwoCKI and charcoal targeted Sli-4lh''er<is htu rather the more 

production, or intercropping( cash crops with twes iuhstantial farmers 
will jtrove importunt in the futiure. Although se-int: 

rill rosia,.ni br forest tre2 plantations beglOn to Despite agrofe;restry'.< potential to generate 

pear in to linal ,e; of ftiel pfoie., it lppelarted ellough income to ma"llke a stnallholding financiallyI 

I ki w viable, the STV program's pPlicies on)tileW< i qt fir lack ot de!n; staled pviithility. 

Cik,,l ' Jiltrie rndlcire torestr' axtor 'I permissible size of holdings and stringent 
.
 

tfi, .t I it ri A, mettioned stuch limitations on the 'ights of the holder to dispose ei
 

r gipioliohl'saare quite alien to 11 e this land have never b0on popular in the project 

fli n inc IhP transition t io' "tree La " area. As of 1986, 68% of the agricultural landth ' 


i,,iity . i t ccmii natuirally earmarked for implementation remained
a (;, 
unallocated because of local resistance. To expect 

lie ligh e of tie social forestry that the farmers controlling this area will voluntarilycioljhfivoe 


,Kitc lit img all frmers ill the project area cede their claiii to it without legal and police action 

(cit 1_590 ho0u;;J() inl 119' tinderde) lhe1K wouf be clearly inrealtic. More flexible 

icrIih tIll 'tilr If hoit ,inj tiecomiirj allernatives are obviously needed. 
tic io able fr 1110,, tr iihr.)ci(h the(':(t 
rHgiofote<.tiry- olate.o; a11r, ecribed A:im, ti HFitlN(cS 

IrI teftover wriclh I:Ir'Stii()t a pool 0r! Oriirt i 

!i( ' li )n to orch:, s, Ahryo!. J. l5(1/' frhrttiI;t if r tit; peopli.. A social forestry'e rented oil! to the i 


'ilage wco'olotS, (tc.While tieoretically sOuld, tile project in) noitheast lh iiud. ,onr: FAO.
 

r( tial diffictilties of impi(rnenfingl the plan are Booniuang, Preni 1985 Supply and demand !or wood
 

1,rnidnillo Alto(11 the i oloicStrly COltpl.ieiit oioduct' in notheast tihrhrd Unpublished project 

,if tie piject aisa i.: ans of getlorating inicome document. 

hows real prolllifef tL;tilly gaining Ferder, G , Tongfoj Onchin, Yor,'jythi Cfialarnivong, and Chira 

qpwad a;ccoptaoce aiinolg area falrmers, it fdongi'diori. li.8 Lr. ir ,,rurr-;hips'ycurity, ,ilrmv .r 
die, iot follow !hat these tare rotswill willingy 	 e)mductvr.,, I]d prr rr, in ura! Thailand. Baringo: 

Wodd Bink. Kune-t-<il tJmversity, and Thammasatriuhilit to the lanrholding SiZu liinilation of the Iaid-
litr~insing program I lw. lhisor,/y 11wir Ikutdholdiint 	 tlnivefs iy. 

1ie ktld-tUSo purlclices siil t7 1 ,. ih~rs little hope ng1,; ctioVI I lii i ihe cop .alive study 

will l 	 the ecoI dlions of the villagers living inc cc, 
the area cove red b,'11, r [)ivisified Forest Rehabilitation 

111fll tlhic ,betwieen 

imlnti -(csoic of the findin(s of time Project, N E. lhaila.id, in is; and 1985. UnpuflishledLet i.; 

,'coutfllic tudies conducted iit the project area in project document. 

K,ennianep, SuIrefh, S K U'inso, and G Kuchelmeisfer. 1982.18 I anch 1985 Fromri 1981 to 1985, the titea l size 

Economic surve/ of the r ea coveied by the Diversified
(f landholdinlgs increased fromn 3.98 ta to 5 02 ha. 


Ill 1985, about 50, of a samtple of 300 farms were Frest Pehcbiltaion Project, N.E. 1hailand. Unpublished
 

foger than 32 ha; 16. ?%were roughly in the STK project docrineni.
 

lrogrriim per -!;ssihl( size range--1.6 to 3 hithe T4iA,81i0r4 Ouarderly progress reporis,
fProject 1580-19:1. 

rolm'iit lon, 33.3% were marginal farmiet!, li tIll Selttewherr iS-MOr:, h 1 4i Unprblishe! pfojecl 

saute it ival, filan atllial income from fairnt 	 docijrier 

entei.rprise AlrIOSt (guadrupled, griig tioi US nisich l (C.uiliricg Firnl). 19i8(3 Farm and faelwood ine.e ,in 

1,13(). ito Nakirci Ratchasirna Province. 

'a enterprise throulghol this period. Maiz'e benefits, problerns and prospects of Diversified 

hm irs iltc rc(, J Rohabililalion in Norlheast Thailand. Consultancy report 

. Maize ctlltivatioll col'tirllu he Nl 	 Ihailand. Analysis of coats, 

ridlhe r incoltes primarily Iy 

etaoding the area under cultivation, illegally ill the THA/81 004. 

majority of the cases. There is a clear correlation 

between income and size of holding. Most of the 

rIot 

http:lhaila.id
http:rosia,.ni
http:cattgl.ry


Songboonkaow, Vera. i98r. A case S'udy of the present level 
of fuelwood and charcoal pro:X'ction and consumption n 
lhailand subr"antiated by data from action reseairch in 

Nalhon Ralcha srna and field visils Ui ,ublished project 
docurnen' 

UNDP. 1981. !aroject 1HA/81/004 Document Development of 
Diversified Forest Rehabilitation Northeast Thailand. 
Unpi ';fihed project document. 
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Growing Multipurpose Fruit Trees in Bangladesh: Farmers 
-Perceptions.ofOpportunities and Obstacles 

Kibriaul Khaleque 
University of Dhaka, Department of Sociology
 

Dhaka, Bangladesh
 

Bangladesh homestead forests are being 

overcut to meet increasingdemands for fuelwood 

and timber. Asurvey was made of the conditions 

of these forests, farmers' knowledge and 

experience of tree growing, theirpreferences and 

perceptions, and obstacles to planting in seven 

districts that form a cross-section of Bangladesh's 

agro-ecological zones. The survey revealed that 

almost every homestead contains a comb!nation of
 
different tree species, abamboo grove, and woody 

shrubs. Farmers generally prefer to grow fruit 

trees, because they also can provide fuel, fodder, 

and timber. Multipurpose trees are thus more 

important to them, Bangladesh farmers are aware 

of the value of trees and want to plant more. A 

lack of quality seedlings, fencing materials, 

financial support, and extension services are major 

constraints preventing more tree planting.. A 

homestead forestry program should therefore be 

designed InBangladesh to strengthen cxist'ng 

extension services and provide desired seedlings 

and other support to farmers. 


Natural forests inBangladesh occur In(a)the 

eastern hilly region, which covers parts of 

Chittagong Hill Tracts, Chittagong" and Sylhet
 
Districts; (b)the delta region InKhulna District, and 

(c)the small patches of Shorea robusta (sal) ':> 

forests inthe central region (Dhaka, Mymensirgh, 
Tangail, and Jamalpur Districts) and inthe northern 
region (Rangpur, DinaJpur and Rajshahi Districts), 
More than 80% of Bangladesh's total population live 
in villages far away from these natural forests, 
Facilities for transporting forest products to these 
villages remain Inadequate, and the majority of rural 
dwellers cannot procure products from these, 
natural forests. Furthermore, the natural forests, 
which are being managed for commercial 
products, are an Inadequate fuelwood source even 
to nearby residents. 

> Banladesh-s farmers have always had to 
SPangladesh's farmers have always had to 


depend on the trees intheir homesteads. Byron 

(1984) estimated that homestead forests produce
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65%-70% of the sawlogs and about 90% of the total 
fuelwood and bamboo consumed InBangladesh. 
To meet Increasing demands for fuelwood and 
timber, overcutting of trees from homesteads is 
now rampant. Hammermaster (1981) estimated 
that 8.9% of village and homestead forest volume 
was harvested in 1981, a percentage well Inexcess 
of growth. 

This study assessed the present condition of 
homestead forests and farmers' knowledge about 
growing trees. The study also focused on farmers' 
preferences and perceptions of both the 
opportunities for and obstacles to planting trees. A 
sample survey was taken Inseven villages in 
Barisal, Chittagong, Dhaka, Mymensingh, Pabna, 
Rangpur and Sylhet districts, providing across
section of Bangladesh agro-ecoogical zones, Fifty 
household heads were Interviewed Ineach of the 
seven villages. Thus, 350 households out of the 
total 2,254 households inthe 7villages were 
Included Inthe study. 

Tree-Growing Practices among
Farmers 

Farmers generally plant trees around their: 
homesteads or 'bars.' Abar isthe area around 
the houses where members of extended family 
units live. Generally, it is built on a mound raised 
above the surrounding farmland, inthe hope of 
avoiding flood waters. The extra earth required to 
raise the ground isusually obtained by digging 
poncls. The mound area Issurrounded by fences 
and)ffr trees, bamboos, and shrubs. The typical 
homiys)tead thus contains the houses of different 
pairs of the extended family, their vegetable 
gardens, threshing grounds, cowsheds, ponds, 
trees, bamboos, and shrubs. Trees are planted In 
the backyards, on the pond-sides, and around the 
cowshed area. Small areasare generally planted 
with trees, specifically bamboo, to meet household 
fruit, fuel, timber, and fodder requirements. 
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The size of a horureste, ( val ies frorl .12 to 3 
Ila, depend(Jing on the rellmber of sub families The 
sJrvey rewaled !hat an ind1ividLal hOusehold'sshare in1liniea',tee I nd rarljed htw(oni 3 t12 
aid Iha Tire averageo we; 0,1031ra of hoilesteiad 
ltrd per hln-nhfolci Exc;ept for It I lloseloidf, 

(thrrill owrne'd thfir own hi i.-.ad
hi .)1,L'ir01) 0 ;f't ,hf)lln(hIf(5l tilat (i(d

[Io; ki.,e lhit Iov,'i v.wit,(finm n. their liorristeat 
,mil lt i liiril nih ;i t ar',i was nialler 

V 'iri,; t-,'aurd faintl ', r e, are present
iilIJnlt "Ii',a(ill fIn 
, ITable ,1 The :rlit:la 
";l)pn
, lix i.s ifetffiri id y trifitiun ri area 
I,rili, 'nnily plil t e,;ll(imh lirn'lo; in)tlhr' 
klrin If)( tiiilllfiatIt'iri(i .'4nrited thre sari; 

ihz, 
 srill' I 'iir,,f iv(Iv(discove'reid 

i ,i,ilI
illl lh.r ,' r k t Itn( ireHl)m :oC'ssfillyI (it mi th, O Ir1 c Itlir in i m '.; 


' hI i ',f %i( ilit ).'t of fr rr, 
h! ivi,',rr,!(of mi tr ts ,ithin tw 


. , ,rs (), 
 iiir d if l it Irtsellol ; focI 
l)111' 1 i r i t I-i ifit flh? 3) Almitl 68l . (fiiit,
l,;ialdft'I ; di.ltmiy h,ud 1xv ,''inthfoir 

i ,lti ,forlliritil nq tr(1.),mt 1f,'
(1 
 i i .!I 
Itnner',
hi;ve i iril 
 Ir'f', 


rl ld, eriaf 

flu I cr rerroot th 

tP f s I)lrnief tree' iliah)lit -("' oIf 

tlp I1(i''l( hlf' irterv vv Tree 1 altinir v.'as

litii'd to iiit'',in 2 
 of tw hoL4serlolk aid to 

firii, inli', This. 
voie play a ! i.jirificant rolle 
iltiw, )I' swhuh'tally pint anlnd tr(lliltir-il tn
res 
fatl1r , I f' IItIIr rnm 1I VVcf r while fefIales 


pItnl tr o,,mr
re' to ( wi'liiis Tree care is(Ilno r ily f)jt i, ,-lii ilil y II all fly r n id)ers,. 

Farmers' Perceptions of (",;portunities
arid Preferences 

rhit (tolr niurlieu 'O.'iu'r (a nfera infdica),
(J;,frit (., , tt 'oi -Itj,,, ; jtkqr frii-trees ill n aly All hrniesleids t .lirnghoutthe 


cIrtlitry ,
iIhl 2) Jrficatins a prefererice for fruit
t 'I MM;t fauiers ho,vever, also plant a 'cw 

11rflier
arid Ia)I II)wl irrrd theirspecies arr 

nn, tarI', h-iartmrs do not ( inerally plam, trt', 

,I .:;t';(:-ifi, r rifI ly I or I I(dIr T-ialh: 'I Thnina i narl i;
':lty()fco ki-,iTiil v'-)v,rl tilmier 
t)v80) ,of lhi rsponlorl t,;hillorly a 5' .Iof 
fitroe, ,.i ot(p pri(rit/ to ftev,or (dsp1.i>'

Farmer iIdicaten, If it fruit trees wele their first 
prfererce (7G., ) fillowedlby tiriber trees (9 1 )
and bri oo (5 9% ) None of tie farmers 
specifically meitireod fodder Ir,. species, but 

difficullies inl securing cattle feed were mrrernioned 
by 710%, of the respoi feOits. 

Because n)o fe1male, investigators wera involved 
inthe st,.dy, itwas not possiblo to interview tire
felnale rlimeres of the households. Local custom 
discoura,.ji,, male strangers from talking to female
holusedhold riembers. Interviews with the male 
respondents hidicated tatl frmales would agree
with the preferences for tree species given by their 
husbands Collecting tuetwood arid fodder is theresponsibility of wormen, pa icillarly intile poor(.r
hrouseholds, and they thus face the drudgery more 
than their hushands do. Women may therefore 
prefer fLuewoot' and fodder species, but they may
riotiflheN (lti 
 from other trees (i.e., fruit and 
iiber species) or fran other sources 

There isclearly a conritr;dictirir 
 between farrrers'
 
needs and preference; This contradiction may beexplaired becu se a comnrbination of cow dtnq,rice 
straw padiy ti;ks.fai bo r"sidties, tree leaves 
and twigs, jite residu e;,ian(olier minor fuels 
Iraditionally wer,t yI),d;!.-
r.(okitigfi(s by rural

people ill
Barfjied ;h 
 1ree fuels areroftenI mixed
 
with olfer fieis ill 
 '
theew( et )soiwheiiother
 
n are not rearfily avlrilalle, conil)rustihles
preseved fur ltre vtl !,uasoi are exhiatnt(?dI and 
when farrirers (dono't I rve other fuels. lile last
 
siluation is paric;ularly trc illIrehe case of 
households with smaller arrrs andi honiesteads. In
tihe past, those poorer families were allowed to 
collect rice straw arid cow dlung from the land of 
richer farmers. Now Iat hese combustible
materials are becoming scarce, this gathering is no
 
longer possible. Poor people thus suffer tire
worst
inl
the fuel Crisis and have no alternative but to
 
prurchase tree fuels. 
 The poorer small farmers 

therefore usually give top preference o fuelwood
 
;pecies Some other farmers also prefer growing

fuelwoed because increasing market value hasmade it nore profitable 

Tnlarieshi fariers (o rot plant singl -purpose 
.pecies even amnrid acule shorlages of fuelwoo(J.

They can 
 obtain free fuel by cutting tire branches of 
iruit
aid tirber trees, or by felling unproductive
frit lrees.Fuelwoct also Carl be procLred from
 
shrubs arid tree species that naturally grow around 
the homoestears and are LIsnally regarded t)y
farmers as baje gachs or akatfha (trees not suitable 
for timber or that do riot bear edible frLits). These 
tree species were classified in Table 2 as fuelwood 
species. Farmers generally grow these species oni 
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Table 1. Amount of homestead land owned. 

Househcld's share No. of 

(acres) households 

0 11 
less than 0. 10 45 

0.10-0.20 121 

0,20-0.50 153 

050-1.00 15 
1.00-1,50 3 
1.50-2.00 2 

Source: Survey conduc.ted by author, 1986-81. 

Table 2. Species common to homesteads. 

Scientific name 

Fruit 
Mangiferaindica 

Artocarpus heterophyllus 

Areca catochu 

Cocos Ilucifera 

Phoenix dactylifera 

Eugunia spp. 

Zizyphus jujuoa 

Psidiutrr guajava 

Palmyra spp. 

Aegle marmelos 

Annonia spp. 

Emblica officinalis 

Timber 

Altizia spp. 

Sainaneasaran 

Azadirachta mndica 

Fuel 

Erythrinaspp. 

Lannea coroniandelica 

Sahnaliamalabarica 

Tarrarindusindica 

Streblus spp, 
Lagerstroemia speciosa 

Acacia nilotica 

Bamboo 

Bambusa vulgaris 

Bambusa nutans 
Melo, anna bambusoidea 

Local name 

Aam (mango) 

Kanthal (jackfruit) 

Shupari (betel nut) 

Narikel (coconut) 

Khejur (date palm) 

Jaam 

Boroi 

Peara (guava) 

Taal 

Bel 

Ata 

Amra 

Koroi 

Rqndi 

Neem 

Mandar 

Jhiga/Katula 

Shimul 

Tetul 

Sheora 
Jarul 

Babla 

Barak 

Talla/Makla 

Muli/Nali 
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%of
 

total
 

3.1 

12.9 

34.6 

43.7 

4.3 

0.9 

0.5 

No. homesteads % of 
w/species total 

324 92.6 

285 81.4 

223 63.7 

177 50.6 

112 32.0 

109 31.1 

107 30.6 

97 27.7 

72 20.6 

58 16.6 

42 12.0 

33 9.4 

124 35.4 

120 34.3 

95 27.1 

157 44.9 

146 41.7 

135 38.6 

102 29.1 

75 21.4 
72 20.5 

58 16,6 

209 59.7 

162 46.3 
120 34.3 

http:1.50-2.00
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Table 3. Number of trees planted durinlg lv yecrrs prior to survey L-nd percent of space for new trees 

% households that 
planted trees during % hou 3eholds w/space

No. of trees lastfive years for new trees 

0 303 32.2 
1-10 36.3 23.7
 
11-20 
 17.1 22.3
 

21-30 
 10.0 10.3
 
31-50 
 4.6 6.6
 
51-100 
 1.7 3.4
 
more than 100 
 0 1.4 

lable 4. Multiple use score of various tree species. 

Use* 

Species Fruit Fuel Timber Other Score 

Mangifera indica 100 86 72 0 258 
Artocarpusheterophyflus 100 53 100 0 253 
Eugenia spp. 100 81 70 0 230Phoenix dactylifera 74 80 0 73 227 
Areca catechu 100 100 0 24 224 
Cocos '"era 100 100 0 2,4 224
Palmyr, 100 80 0 40 220 
LZ phus ujuLa 100 100 0 C) 200
Psidiuz gunjava 100 100 0 C 200 
Erythrina spp. 0 100 0 100 200 
Lannea cotomandelica 0 100 0 100 200 
Sahrrraliamalah,11ca, 0 100 0 100 200 
Az.adirachta indci 0 78 100 0 178 
Sananea saman 0 75 100 0 175
Albizia spp 0 7 100 0 175 

* of respondents using species 
Note: Fodder was not considered as a specific use or preference in the qu..-!ionnairt ::ee text). 
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sites where no other valuable timber or fruit trees 
car be grown. They do not take as miuch care of 
t c as they do of tre.es plailted for other.es 

U ..Most baje qachh at d shrubs do not need 
ary care. 

Grass, rice-straw, rice ran, other crop residues, 
and oil cakes are the mo.t common todders. 

.atI and tree leaves onlyare fed erl hambo)o 
when fo a!)ovo are iunavailat)le. Ordinarily, tree 
leave,; inot re(;ar(fe(t is gox fodder except for 
leding goa i. Sitice leaves for fo(der can te 
obtaied from other irultipurpose trees, farmers do 
not planrt sinrle-p'jrlpose fcx der species, whicih 
might explain the lack of stated preferences for 
fstd r ,is 

I si (i,, w ho htiri, frr ni, trees,y fruil 
hul urotnii iii Ii r st)fnh, e- r,prefern(t Higher 

arkt valri ; rolwirr:reas ,Iircorrrri i)o(entials are 
rrc, timber speciesiirr reaso;ns for preferin 

Allih e otlh a timolr tree to mature,it akin hsrojer for 
m virts.,tiol or trees av hrr terrm irvestments.,i, 

3i3f Ihos tIn raches of tirrubero 	 re,i;h riatlufity 
1Wt!llen CI Midf csl aVsfuielwood. Timber 
0rthu-i ci rv:titut a firro of fairily insirranco, 

vith the orc:asioiirl hoinr of fuelwo-d Although 
evry farrnwir waints to plin timher species, this is 
,ily possihle for thi,!vJ.ith large Iroiestead areas 
,.ir) ('iia ,rr tormi;vit for Itno returnis 

lit)ntiry. ifa faner has space irr his 
fat riesletid for 1. m1)ting r)(tree, Ie wroUld plant a
 

it itree. If he hNs spaxce for more than one tree, 

h w uld limt a timher tree or barrrboo. A farier 


Ild ii t Aarn, a single-purpose fLelwilood or a 

io peJ, 	 TreeI !,Iycies unle(ss it was a cash crol). 


-.
I),,cies that provide frikts, e.g., irdngo (Mair(tifera 
inlicat) and jackfiit (Attrocarpo., heterophylhrs), are 
pierceived as mltipurpose trees because they 
prvide frUits for eating and for the market, their 
(preerr liaves can be used as fodder for goats, their 
(ifiod leaves and twigs can e used(as fuel, their 
bhrmches can 1e cut and Ised as fuel, anci the tree 
iltelf cart later be ised as timber. Jackfruit is 
corsidered a good tirrfer for furniture, doors,and 
windows,as is rvarrgo to a lesser extent. 

Ariong baje gachh, certain species are regarded 
asNor rltipurpose. Mandar (Erythrina spp.) is often 
panited as live fences on the edges of vegetable 
gardens because the thorns of these trees prevent 
cattle from entering. Mandar is a fast-growing 
species that needs little care; if a branch from a 

larger tree is planted, it grows naturally. The 
branches can be cut e'ery year and the original 
trea meant for fencing remains. Both the branches 
and the whole tree can be used as fuel. Shimul 
(Salinali mnalabarica)is also considered a 
multipurpose tree because it provides cotton wool 
for making pillows and mattresses. Shimul trees 
can also be used( as fuelwood, although it does not 
provide good-guality fuel. At present, there is an 
increasing derriand for shimrul wood in match 
factories. 

Farmers' Knowledge of Growing Trees 

All farmers are familiar with tree cultivation. 
Knowledge of tree growing is transmitted from one 
generation to the next, and new ideas and skills are 
added in every generation Farmers always learn 
from their own experiences. Ihey know that 
leaving a tree to grow naturally after planting is not 
desirable because it needs care arnd protection. 
The most commonly mentioned measures for tree 
growing were selecting good-Liafity seedlings and 
suitable locations, preparing sites for planting, 
watering, pLNtting manure (usually cow dung or 
compost) on seedlings, weeding, fencing, and 
protecting seedlings from cattle. Most farmers said 
they tried to adopt these required measures for tree 
growing, but that tree cultivation often failed for 
reasons discussed in the next section. 

Obstacles 

About 70% of farmers reported that growing 
trees is becoming more difficult. Although the 
remaining 30% did not consider tree-growt g to be 
difficult, they alluded to constraints to tree 
cultivation. Most farmers mentioned several 
constraints to tree cultivation, and they were asked 
to rank these. 

Lack of Seedlings 

Lack of seedlings was the prime constraint 
perceived by 47% of farmers. Farmers generally try 
to raise seedings around their homesteads, but 
freguent destruction by livestock makes it 
necessary to collect seedlings from relatives or 
neighbors or purchase them from the local market 
and/or government nurseries. 

Most farmers who purchase seedlings 
mentioned the difficulties of bringing them home, 
particularly where sources are distant and 
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transportation is poor. The costs involved prevent 
many farmers from procuring seedlings. 

Lack of Land for Planting 

This obstacle is faced mainly by farmers who 
have no homestead land or own only small areas. 
Small homesteads are mainly occupied by the 
houses and other structures of the different sub-
families and there is no room for trees. Landless, 
smaller farmers cannot expand their homesteads, 
This obstacle was assigned the highest rank by 
30.3% of farmers, 

Lack of Labor 

Lack of adequate labor for tree-growing was 
ranked first by 12.6% of respondents. Because the 
tree-plant ng and rice-growing seasons coincide, it 
is difficult for farmers to do both. This is particularly
true of farmers with a limited labor supply or who 
work on other farms. A considerable amount of 
!abor is required in clearing sites for seedlings arid 
weeding and lending them. Trees are generally 
planted in wet weather so that watering is notessential. If there is a prolonged drought during the 
nionsoon or if trees are planted in the dry season, 
more laborers are needed for watering, 

Seedling Destruction 

Destruction of seedlings, both before and after 
planting, was mentioned hy 10% of the farmers as a 
mHjOr difficulty. Lack of adequate fencing to keepout li'eslock is the main reason. 

Tree twigs and bamboo are usCd as fencing 
materials, but are themselves becoming scarce. 
Most farmers cannot afford fencing materials. 
Those who do have trees or bamboos have to burn 
their twirs for household cooking and sell their 
bamboo to meet more pressing needs. 

Seedling destruction is also caused by people.
For example, neighbors might kill a potentially
large-crowned seedling if they fear it will evenutally 
shade their land. 

Disease is another cause of seedling
destruction. Most farmers do not know how to 
save diseased seedlings. It mattered less in the 
past when seedlings could easily be replaced, but 
this is no longer possible for reasons listed above. 
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Conclusions and Recommendations 

Tree-growing is traditional among Bangladesh
farmers. They prefer fruit trees with multiple 
functions, but also plant other trees and bamboos.
They usually do not plant fuelwood trees as such. 
The best way to enhance fuelwood supply would 
be to encourage planting of multipurpose fruit 
trees. Farmers would even grow exotic trees if they 
were multipurpose. The basic knowledge and
 
awareness of opportunities are preFent; farmers
 
need little motivation or training to plant trees,
 
except for non-traditional species.
 

Farmers also are eager to improve their 
homestead tree growth and shou!d be provided

with good-quality seedlings of the most desired
 
species either free or at a reasonable rate.
 
Seedlings should be delivered to their villages or 
within walking distance. Fast-growing species are 
best because farmers have little land to spare and 
cannot wait for long-term returns. Subsidies and 
loans should be provided for planting, fencing,and 
other costs. 

The sustainability of homestead forest resources 
in Bangladesh is threatened by drastic overcutting 
without proper replacement. This calls for 
immediate action. The existing government 
program for homestead forest improvement should 
be strengthened and new programs established.
All should be designed to help farmers increase 
their income-gereratirg opportunities. 
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Introducing Multipurpose Trees on Small Farms in Nepal
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Farmers in the hills and plains of Nepal have 
different attitudes about tree planting. Hill !armners 
!re more supportive and accept new species mor? 

readily. Land for tree planting is available on 
almost all farms in one form or another, but arniets 
have not given serious consideration to the 
management of the lands not used for crop 
production. These lands need to be exploited Wit/h 
trees as the main component. Labor requirements 
Ihi rce and tree planting fall at the same time of 
tw year, hcwever, and tree planting must be 
mwnaged so that it does not compete with rice. 
Planting of species not eaten by animals is 
recommended at sites frequented by unattended 
animals. Readily available plant residues like 
cornstalks have been used successfully to protect 
individualplants. Sitriple training programs and 
site visits to successful farm forestry models 
gui erate tree-planting interest among undecided 
fai tots. The inclusion of a limited rumber of 
exOtiC species with traditional species allows 
ftaiers to compare and -'electbehveent the twO 
gouos. 7he involvement of the farmer at each 
step of the operation is important to achieve 
success. Otherwise iestarts tn differentiate 
between the tree, as "ou's"and 'theirs.' 

The Farmers 

Hill farmers grow many different tree species to 
meet their daily needs of fodder. fuelwood arid 
coinposting material. Animal raising and tree 
growing are very important parts of their farming 
system. Tree fodder is an important animal feed 
source. Terrace bunds and areas around 
homesteads are used for tree planting. These 
farmers accept new species more readily and it is 
easier to convince this group about the advantages 
of tree planting. Commno.-, species found on hill 
farms and their uses are listed in Table 1. 

Terai (Plain) ;armers grow only a few specific 
species of trees because most available land is 
already used for fruit trees (e.g., mango, litchi, 
jackfruit) or Da!bergia sissoo. Since animals are 

not fed tree leaf fodder, few farmers plant trees to 
produce fodder alone. Bamboo, which is found 
everywhere, is used for fodder, however. Terai 
farmers are generally reluctant to accept unfamiliar 
species. A few trees are planted in small blocks 
just outside the village. Planting on field bunds or 
around homesteads is not very common. Animals 
are fed with crop residues, such as straw mixed 
with grass scraped from the ground. Common fruit 
trees and other mu!tipurpose trees found on small 
farms in the plains are presented in Table 2. 

Available Land for Tree Planting 

Many farmers in Nepal own less than one 
hectare of land. However, 3-15% of the area of 
most farms could be used for tree planting. The 
type of land found on the farm can be divided into 
four main categories. "Khet are lowland areas 
where rainwater can be collected to plant crops like 
rice. "Pakho" are upland areas (usually sloping) 
where water cannot be collected and crops like 
corn, soybeans, millets are grown. "Bari" are flat 
uplands where corn, soybean, mustard are the 
main crops. "Kharbari" (marginal land) is not under 
any productive use and is covered by small bushes 
and grass. This area is used by the farmers to 
collect grass for cattle and thatch roofs. 
Development of intercropping systems between 
trees and crops in "Pakho" areas and silvipastoral 
systems for "kharbari" should be given serious 
consideration. The landholding and land-type 
distribution in a village that cooperates with the 
project are given in Table 3. 

Decision Makers on Small Farms 

It is necessary to understand the decision
making process and to identify the decision maker 
in each farm house to achieve success with the 
introduction of multipurpose trees. The decision 
maker in the family may be anyone from the 
grandfather to the grandson, depending upon the 
domestic situation. Usually, the decision maker is 
the chief income earner or the owner of the 
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Table I. Use ;of Irultipwrpose tree species common to the hill farms of Nepal. 

Species Fodder Fuel Timber Fruit Oil 

Aesandra dutyracewt? x x
x x 

Arlocarpus 0,AOochI x x X 
 x
 
f3auhiniapurp(Pea x x x 
 x
 
F.variorata x x 
 x X
 
Ficus lcor x 
 X
 
F. ;emicordta x x
 
Garu a a 
 K X
 
Litsea monoietala x x
 

Table 2. Uses of multipurpose tree species common to the Teral. 

Species Fodder Fuel Timber Fruit Oil 

Acacia catecru x
 
A. nilotica x x x
 
Anthocephalus chinensis x x 
 x
 
Artucarpus inrtegra x x
x x 

Dalbergia sissoo x x 
 x
 
Emplica officina/is x X
 
Mangifera indica x x
Kx 

Tanarindus indica x x K
 
Zuyphus mnauritiana K x 
 X
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property. Other memblers take oer if the mainr 
member is eithc-r sick,or in,.ipalt e of imiking 
decisions lhe (jeleril pattirn ohservoid, in order 
of irnporlance. -','asrjmrndfdther, grand i rther, son, 
first 4ife.e I wife, grar,ds on or ,randt,ighter. 

Tfh, lJeiiorrtrees i;gererallyto ptumt 
ti ..n'rlots (the wdfoI iarerr away it favor), 
ailthotitt there intustZ,'t 'y di-sgtieiMent al)out whiCh 
sp ms to plant. 

Popular Species 

Inre i ,,vaice variety of pc.ptiimar species 

gr-wh(t itl tre hill fiIIs, ,mrrd the Majorit j supply 
goC(i qility ft)o der The tros; produce fresh 

rv ip ratrtth<:dtiq ifrrdry, hot 
lth[l ',H !Fiflrlrl"Mli" :, ':H Im po(t:111iht'('. . 

pro, lli,:J1t . il r! utthe olairn, th'u;ill lft 


ntit:lt!t,)t , trtn., with thtir ltlptIng seav i tirtdl 

ho 1,t,cl < ,fi)trtl (lait rl itt ih hills, ar' 

-' 
ntrtrr:th' u# , ti~ n-t- s,i lintitle(. Bwsic Zticeew 
fil)tjlu r it,s lit rn go inhit (h jti'kfr-Utt, 

itt rtip(rrpo( :urio I)t Dwt'oo/'o iinstdurd 
t:, i.s .,-e A lw tren.of
rilot"() tJ'rtI)aX. 

.itt()e h~/) /;clt/ ,nin.A tcm Intountuti tq): 

ifl' Ivarininin Fii;os tlit y fottitd i,sonme far, ri 

Ai'.',(fimchta,inmtica i-,ast forntd ire irrilthrre 

1,e most popitilar tirrltiplnlpftsi IStree it tli plaItt 

L. sissco. 

Reasons for Tree P!antilg 

Hill atd Terai farmers were asIred why tt-,y 
rlanted trees. Most 1i farmers replied that they 
grow trees for fodder and fnilwood (Table 5), as 

ais ls,dre<tallhf'd with fodder from trees.
at i 
Alr,,ost 5(]A or the aninal ft n.Irequirenteri itt some 
fa r-iis l fro im privalely o,ired trees, 32% isnref 
from a(grieCti ral h\' p)rodtnt, Hid 17% is jrass 
from fieldhlitIs. 


Tree plairliritcj t tif) Ttrai r r shy for 
coimerciai prc.duction of tinhr aid friuit (Table 5). 
A few selected trees are s lpar'ed for doniestic 
use, n;'tt 'he rest are sold. BrarchI loppiings fron 
Dalergiasiss')o and bioker branclies from fruit 
trecs are used for fuelwood Fruits froii a few 
selected trees are co j'urted at home,the rest are 
soid. 

Iy) 

Reasons Not ro Plant Trees 

A guestionnaire circulated among hill and Terai 
'armers in the project area indicated that there were 
se,/eral constraints to tree planting (Table 6). 

Lack of Land 

One of the strplest answers given by farmers for 
no: planting trees was they do not have land to 
plant trees. This m V be trite insorie cases, but it 
is not loo Some farrrers w.1o ownmeairn re-ison 
only lowlands or rice paddy fields do have 
difficulties, hut those wlho own uplands and 
marginal land shot;d rot have given rtris rea son. 

Every far- has sotie r'land for tree plentir g 
Marginal I,ads and lnd arounct roats, homes and 
fid prrd sand rthds illatach ed to befarm ii 


exploited 

Lack of Time and Labor 

Tree pantinig illd rice-pla tig sfason coincide. 

is the staple food aid cjeis top )rioril. T ee 
planting istheiefot e rot dolne or n glecled. Labor 

isnot only scairce at this titiie,hut axpensive (up to 
doutjble the norrmil rate) so arniers do not use hired 
lahor t)plant trees. It is necessary to take this ;io 

consideratoin w err a ca,endar is made for tr,.e 

planlinq. 

Lack of Know-How 

Sortie farmers say they do nAt trve any idea 
what s ould be planted arid where ii should be 

I;anted. Such farmers are usually involved in 
specific, fairlh successful enterprises. such as 
gro\/r,,j vegetables or dairy farming. 

Lack of Decision Makers 

This sitiration is cormmon onrfarras cultivated by 
farmers wilo have rented the land from landowners, 
a f:airly comrion practice in the Terai, The farmers 
who cultivate the land are not the o'ners (the 
owners live incities far away), so they cannot make 
a decision for the landlord as to whether trees 
shculd he planted. 

Lack of Inputs 

Many small farmers lack the necessary inputs to 
take up tree-planting. Seedlings of tre species they 
woulo like to plant are unavailable. Sometimes 



Table 3. Total land holdings and distribution in a project village in the plains. 

Total land 
holdings 

(ha) Khet Pakho 2 
Irrigated 

Khet Kharban 3 

0.74 0.67 -0.07 

1.42 0.67 0.67. 0.08 
0.50 -- 0.30 0.2r, 
(133 -- 0.33 _ 
0.68 034 0.34 
1 01 0.17 0.84 .
1.69 0.33 - 0.68 0.68 
1.18 .. -- 1.18 
2.20 1.35 1.35 
0.98 0.'12 0.54 - 0.42 

1 lowland where rainwater is cnji/ected to plant crops such as rice. 
23upland (usually sloping) where 'water cannot be collected. Corn, miPlet, and soybean are grown. 

marginal land under no ciarent productive uce. 

Table 4. Lopping seasonr and piupagation meth(d of imporlalt multipurpose tree species. 

Scientilic Common LoppiPg Propagation 
narne name Leasot method* 

Artocarpus laAoocha Badhar Nov.-Feo. A,S 
Bauhinia variegata Koiralo Nov.-March AS,L 
Ficus lacor Kavro June-Aug. S C,L 
F. semicordata Khanyo Jan.-March S,C,L 
P subincisa Baru!o Nov.-March SC 
Garugapinnara Dabdaba Jan.. May SC 
Grewia suthindaqualis Fosro ,_ec.-March S 
Litsea mnnopetala Kutmero Nov..March A,S 
Premnaspp. Gind-ri Oct.-Feb. A,S,C 

A = coppicing, C = cutting, L layering, S : seed. 
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seedlings are available buit are small arid sickly, and 
tile farmers are reluctant to plant tlhem. Although 
some banks have strted to provide loans for tree-
pl-o.riting, farmers ha',e not shown much int rest 
btecMse they have tOOa it a long time before the 

rmr, im and stirt aiving ret i is-tiir 

Repeated Failure 

B3eides u .- Jl ii lily ,f seedlings, protectori of 
-;t' vlliriil was the ecoiid rmost common problem 
(i ,tifid by frn ers because aniimals are allowed 

t,) wandr freely. After repeatod failures farmers 
have, ci,'(,i tip tree planting 

Irtroducing Multipurpose Trees on 
Small Farms 

TI ti indeals with the a )iro ci the Farm 
F-r-sty roj(!nI tis adlif-( in introducing 

;iill It o,,r , t ( - on semnil firrwn The whole 
ipiirit ,w IIi,., fh i plarne d with the farmers' direct 
pa s-ticipalii si ti uly are farrilitr with what is done. 
lh, ,. aII vs farrr ners to- select wh tis best for 
t ' Iir o ,. tld , ieds. Tlei aii reas.):ls given by 
h farirers foront ilanlin Itr(es hIive served as 

irhidelir. aunt thn lirpinct h ,s to remove the 
in-itranints .n by ome 

Farrner's Position i lhe Colimunity 

/ careffl invsi],-gadi was done to determine 
lhe p-,itliin of each farcer in the comirnl!i' 
Three .;mitswer, taken into consideation. (I) 
frin sie( relition wi in fellow fai!,imrs, and (3) 
the miount and type of non-crop area held. 

The first pf)alt classified the farner as big, 
iei Jiuri, or small scale. It also eriabled us ta)judge 
thi f,irer's ability to take risks while trying new 
:[mdes or in investing nioney tc plant arid protect 

-esin poor, degraded areas. B;gger- or nediumii-
,i'ffmwrs were more prepared to invest time 

iiidrrmoney. Te second point enabled us to find 
omitv. elltier the farmer was honest arid respected 
() Ijististe.d by rho cormnrUnity. If lie fell into the 
fiirs category, we enlisted him as a cooperating 
fa e;nor plots on his lard.ard planted demonstratior 
An avoirtedt th second group. The honest farmer 
became o'ur extension worker. The third point was 
needed to develop spec;fic far;,i-forestry models 
using appropriate species and designs. 
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The Land Factor 

Every farm has some land for trees. Non
agricultural land has not received due attention as a 
useful resource either frorn agriculturists or 
foresters. Field-bund planting in lowlands, 
agroforestry praCtices in the 'bari" or sloping 
uplands and silvipasture in the "kharbari" (unused 
bush areas) provide a wide rarige of possibilities. 
In degraded agricultural lands arid river-damaged 
areas, sLccessful block plantations using native 
species like Ualbergia sissoo arid Acacia catechu 
have been established. The empty area around 
homesteads, pond buinds, and along roads and 
paths can acconirnodato trees. Tree planting on 
these lands has been encouraged. Farmers need 
to be made aware of their unused resources. 
Species that require supervision arid protection 
(like many fodder species) are planted near the 
home. Common nILltipurpose species planted 
close to the home are Artocarpus lakoocha, Ficus 
sernicordata, Bauhinia variegata, and Bauhinia 
purpurea. Trees grown for timber or fuelwood are 
planted furlher away from the home. The species 
selected are hardy, fast-growing, non-browsed or 
able to recover quickly after being browsed, such 
as Eucalyptus spp., Melia azedarach, and 
Az adirachtaindica. 

Time and Labor 

Time and labor problems encountered by the 
farmers for tree planting during rice-planting 
season are overcome by supplying the seedlings at 
the beginning of the pre-monsoon showers. One
year-old seedlings were made available. The 
farmers are glad to receive these well-developed 
seedlings when the labor demand for crop 
production is less intense. Seedlings planted at the 
beginning of the monsoon have a high survival rate 
arid grow vigorously. School children who have 
summer holidays can supplement the labor 
reQUirement for tree planting while their parents are 
busy witti agriculture This has been encouraged. 

Traditional and New Species 

Farmers stick to their traditional species if they 
do not know about new species. Many farmers 
who have taken up tree planting continue to use 
one or two traditional species. Results are not 
usually satisfactory. The project has made a point 
of meeting 80% of the demand of each farmer with 
traditional species and the remaining 20% with 



Table 5. Survey of farmers' reasons for planting trees by percent. 

MonetaryFarmer Fuel/ (timber,/ Environment 
group fodder fruit) protection 

Plain 15* 73 12 
Hill 70 15 15 

fuelwood. 

Table 6. Tree planting constraints identified by heads of households. 

Hill Farmers Plain Farmers 

Constraint No. No. 

Unavailability of
 
seedlings 
 16 64 13 52
 

Protection of
 
seedlings 
 4 16 10 40Land shortage 3 12 1 4Lack of time/I. bor* 2 8 1 4 

T tal 25 100 25 100 

Labor problems are encountered mostly by large farmers. 

Table 7. Average growth of exotic and local species on five farms thirty months after planting. 

HeightSpecies Dhh 
(M) (cm) 

Dalbergia sissoo 
6.8 8.2Eucalyptus camaldulensis 
7.4 5.2

Leucaena leucocephala 6.1 5.4
Tristania coiferta 

5.4 5.1
Acacia catechu 

3.9 3.9Cassia siamea 
2.7 2.7Ceiba pentandra 
3.1 4.6 
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promising new species This has allowed the 
farmers to compare the performance of new 
species with the familiar They cnW then judge 
which species they want for future iniratings Many 
iarmers have included thwrose new species in 
c s i enl filtins The new pcies cupy 
only a small pert ir of their total reqiroment 
hecause farmer;i are s:til awre of thoe risl tittor. 
Farmers in Karfnaiyi hav inor:lded LeniaemiV 
/eocoo.ia/, v, ithr fba/,a .,/see: In P Iw nipuLr 
they ha'.ve irreldod Mo'? ,,edrr:l with D sissoo 

1his idts if lorrl ,fnmier N-4 lts w sliecies ill 
th'Ir laril ernd ar, the most lI)o)tJlirrir it vitl 
tradilien'l spfc's va; l( t t(oe ave tirOc in 
waitinq untid itstlts ae afraia'le frer research 
station t1.1 111t1,01:I als.,) Proi'.'r( a qeneral idea 
()f ips mmfe in pirti(:llar Ilad lypes and,o:i, iio( 
f.ir , blh,,, fir ri to)rma),e, their own selection 
mo (,I r:l oh vatirr. amd discourages 

M(Mtn) !;I) ifir; rlintinl (ev'e/t onrr small scale. The 
1f innurln i(f uisci \(iti: sc)('ies as compared 

t(o I(w , . ii-; r ,lntited ii lihle 7 

Training and Visits 

A sir lile lrucltiral trailiri followed hy visits to 
st'ccrs.-ful flr m for(sry models has proved 
heieficral to farniers who clained lack of know-how 
;vis the reas)n for not planling trees. After the 
tmininr ani visits, many farmers who were ignorant 
ae)Oiut plriing trees have started to plant then. 
'-he free d iscussior itrat took place between the 

coop)erating farmers and the visitors was arn 
ini)fiitalt factor iii (rnvincing the visitors about tire 
Fdvar taies of lries The farmers listened to each 

frher 

Protection of Planted Trees 

Oire of tr lollowinq rieliods was employed to 

protert trees. ileeroidin on the number, area, and 
species: 

o 	 Protection of individual trees. Locally available 
materials like corn stalks and Mafure stalks of 
Cassia and Eupatoriuri were used 
successfully to harricade each plant. 

o 	 Protection at areas regularly frequented by 
stray animals. Species riot eaten by animals, 
such as Cassia siamea, Eucalyptus spp., 
Acacia auriculiformis,Melia azedarach, and 
Azadirachta indica, were planted along roads, 

paths, and fieds adjoining public grazing 
grounds. 

o 	 Using live hc.dges Large areas that need 
protection can easily be fenced using quick
growing hedgo plants Some specie. that 
have been used successfully are Caesalpinia 
floribu'ina, Oodonaeaviscosa, and Duranta 
repens. These species grow vgorously and 
are not eaten by animals, and most also have 
strong thorns They are more effective than 
barbed wire 

o 	 Positioning a guard. workman This has 
become the most effective protection at those 
sites that can be affected l)y flo(x s and 
siltation. The guard worknmn not only 
protects the plaited seedlings blt also 
weeds, cultivates, and cares fot individual 
seedlings when the need arises. If quick
growing species are t)larred,this also 
becomes very costl eIi,, tie, when compared 
to barbed wi,e. 

Decision Making Factor 

The governrime has reduced the land tax from 
abolut $US2 per 0.66 ha to about 2 cents for the 
same area if trees are planted. Such incentives 
have influenced many iurners to plant trees. Good 
agricultural lands that have been abandoned as 
unproductive after siltation or erosion have been 
planted with trees. This has riot only decreased the 
land tax, but it also has given hopes to farmers for 
later returns. Farmers need a lot of convincing that 
the trees they plant belong to ther arid riot to the 
Forest Department When they are convinced of 
this, their decision is generally in favor of trees. 
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Session VI Summary 

C. Devendra
 
International Development Research Centre, Singapore
 

Keeping in mind that this wofkshop ts the first if 
its kind, itis perhaps 1nd,rst,mdahhe that the 
sessions are general Coi ill,) p t i de. this 

provirdeoj th rtliq2 Opp) 
 0tult it prciat 

rmiiltiptjr[ , , tree spi(ciw, 
 t,l'I i, ; piog in
mid i , ,ts titdlf, rt - r[ ilhieitiri,, v ceofiriitiilrr 
if Iltpe ) t to ttir,,' rt: [i'l,,,tiiit ceontrail: 

i i ltt, ,,rif,,t ti , ,f It, lo-. lif MPTS i 
!I for tirct lioni, f(r ii' f 'miii -i; 

W " n ii 'v.( (oil ti lti fcif:.; mu iil the

i:,Orite]xt obfniutllilt 
 tres thu fii!lOVa'i(j
 

,mtionIs can le (ick 


lttDoes resarth ,tarl with e percoived needs 
of Ih, farer? irl 

isii(iIl( th(re b, a critical ,ossmn-Sntt of the 
pe.1rce of f~irtners ao(l theiir aimsftimn 

ohiective., unid rtisrlo of :hoice of 
operatliori' 

Ho,,, ,re ir, restr tin(iiiAvoup0rnent 
tuih 

ltos 'Jli s vPTS. aniriat. or irrigatiol, in 

ini1Cinrlji fmii pr(i ivit 


,i V OrtIe :Oi: (it lf ,flogies anrd entry 

WIJitt fnd irini:rne 
o nieratrioO Ei oed Ott the penrception of farmers,
I ,' d,(1cWo (doterllie thC allocation of technologies 
andl(i itriSiiS that can elIsLjre success and 
glnerate iicreatseu productivity'' What ratiorilde 
i.,e we used in idenlifying the choice of 

to!chr)tlo(ical priorities? How sure are ve that our 
choice of those technologies is going to be 

xivitageots and nor disastrous? li particular, do 
,ve have an adequate research base to justify the 
extension of appropriate technology? I very much 
hope that these and other issues will be raised in
010 (iSuiLss-iors ar,J set the stage for ftttr(- efforls. 

Regarding animal production, I would like to 
stake a claim that the use of MPTS by aniiials is 
possibly the most important function of these trees, 
Some of the main advantages are described below: 

n The use of tree fdrages is part of traditional 
systems of feeding ariirdcs b"calse of the 
ready av,dlibility of tl,se fdl,> OrL sr,,o : 
farms 

o A variety of iilmsrtamit firziqo ore idrenifiahble, 
supI)lyillg critical ritrhi6WItsi (N ill paticula r), 
energy, minerals arcd vitdfins. often during
periods of feed scar:ity tmd en'bling feeding 
strategies that (am hie ms-tained throughOLt 
the year 

o The use of tliese forapqos repirsiits a most 
unique way O reduce the, cost of feoding and 
increases the margins ot profit from ruminants 
(buffalo, cattle, goats, Sheep) amld possibly 
other herbivores, especially it feeding
systems based on roiglahgios like cereal 
straws. 

o Use in fence lines including harnessing of 
animals, and 

o 	 Provision of shade, especially in the tropics, 
where high temperature can be a major
limitation to animal performance. 

Using the example of arriroals, we see there is 
inadequate information on inventories of MPTS, 
roles within patterns of farming systems, agronomic 
requirements, and quantitative and qualitative
characteristics and priorities in the use of selected 
cultivars. With respect to animals, fodder 
production potential, high digestibility, minimunl 
deleterious effects, and economic relevance are 
important advantages. 

Given these background comments and the 
discussions that have been held, it is important to 
outline a set of suggestions arid recommendations 
to enhance the future role and contributions of 
MPTS, specifically in the Asia region. 
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These steps need to emphasize the specific 
priorities and directions for research and 
development of small-farm systems. This will 
enable a more cri!ical discussion of specific topics 
at future workshops, build on the results that are 
presently available, and slrengthen levels of 
communicatio)n that have already been established 
here. Ipersonlly ho)e that our efforts can help 
realize results for small farms that are demo'istrably 
superior to existing ones and that are targeted to 
upliftinlg the rural poor. 
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Methodological issues in Determining Growth, Yield, and Value of MPTS 

Patrick J. Robinson and I.S. Thompson 
Forestry Research Project
 

KathrnaCdu, Nepal
 

Tree growth is related to the nutriont,moistine, 
light, and temperature regimo of a st, Ste 
,'7 n( e ient aspects a/so influenco growth Yi/ld 
is i fonctloi of gro vth and/U a ran.o ot hafrvestitiq',nrch/os Growth ,ifi / tso ri n'0 

, 11p ; Iloo tO 'lood 

101 os h,twoof; 
;c ]'r all tleo 

1 '7,,';5 (/,tr interii . , lh lrohlt/!ms f, co 
, //,t, f&o 110In, lit contoix 

*, ,',:0', HOIndt o,'.,?/ rnu'cttO rtosoc:t 
-<t11)h,C , t f l,,py f t/i,: alproach 

>0 . ; .'ox' t,h/(s)sift,s from 
o,:, ,/ S, Pt,oo'p 'h, i:t0rFtt,'Icfl' of the 
,f's' i t '1l, I/,7/ 0 (/10, /on yield The tc/cf

O,:o U',1v1 p'iodlct); of MPTS is a 
,I If ',,th r mrfpj off ctols that are 
' "I,o,; / w ,1 otorlta,4ginatic 

- . i:i,th itl ot rt (ti ,t,/ to f)rov'ile tie
 
, ,,- '7 . sot,,,;tt ; to ff' fprefft tose 

"if -'07 ! ff f 010 ,od its va/ue. 7'ie 

• ). ,i,; i t (:(( 17bi,,tirn (f fa.'7ier 
... o ... 1,(l r' e 17 fatia mo torinc and ,

(,c '7 r c,# eftthc i)1cal i ohlems of the.e 
'' ;u;'!t , '0"' iu.nd /heuiteed for 

I':, ' of t, , ,,, , i:. ,',. '' fin (If? OX!eOsioin 
i, "/ f/If t f,, ' jt'. I 

2r.5y,110) t);f [n1Jipt)Ht),; e l71 (p-nies(MPTS) can 
ho ,ivi( :,I 11to t",'t) hroad C"Thi e, lhofirs)t aims 
h, ifbk',1"telcno :1clort; and flmfers
:1 f:: .' 'ff tibrflclWfdt1ticf pteiftiol grOwIth. yiold,
,lf, I;ahlc', f lildig I lm); 1n7 H (ti', MPIS for 

p)1ilriJ, elv
firfolfrrl,'.. 

Sbo vali al) res.,arch it'?;slts should closely 

pr2odic(t the growth, Vield, ard Value of 
 tree l)roduCts
on lit f of varying ecolog cal, 7r riaiig emrii, arid 
.conHo0ric crrnditions Hence, research results 
shotld be comparable between sp(cies, sites, and 
managoernet regines. For results to be 
comparable under different site arid managemen 
condiions, they need to be inferproable underdiffeient conditions. In areas where la'mers 
already Use indigenoms MIPTS, one needs to be 
able to rank potcrntial new species arid 

subsequently monitor and compare their impact
against those already existing in the farming 
system. 

Iml)r(iov crle ts in the avaiilbility of MPTS product. 
can be achiove(d withoUt exte i)n services. For 
millennia, farmers have been introducing new 
MPTS on their farms and perfecting their 
nlanagenient (Rnbinson 1985a). More recently, 
extension agents hao been intrsXtucing exotics 
and encouraging the multiplication of indigenous 
sp~ecies and the Use of iilproved management 
techniques. So far, however, the choice of species
and managemient recommendations have largely
followed subjective rather than objective selection 
criteria. 

More objective ventures have been initiated 
recently. Some examples are the exploration and 
seed collection of MPTS in the dry zone of Central 
America (Hughes and Styles 1984) with a view to 
worldwide testing in different environments, and 
range-wide seed colleclions of Gliricidia sepium for
international provenance trials (Hughes 1987). In 
Asia, the International Union of Forest Research 
Organiz :ions (IUFRO) has identified the need for
 more objective and comparable evaluation of
 
MPTS (Burley and Stewart 1985). This has led to
 
lhe establishment of the Forestry/Fuelwood

Research and Deve(,, tit (F/FRED) Project, the 
report of the MPTS N, !,k,Trials Planning

Meeting (F/FRED 1986), 
a guide for MPTS F/FRED 
research cooperators (Lantican arid Yantasatlh
1987), and this workshop. MacDicken (1986) has 
sunimarized the stages necessary for the planning
arid implementing of MPTS field trials related to 
Asian regional networks Huxley (1986) and Burle' 
and Wood (1976) are essential background 
doculnenS to the exploration aid evaluation of 
MPTS. 

It is sobering that even for the star among MPTS,
Leucaena leucocephala, recommendations 
concerning the best cutting height foi maximum 
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foliage production are contradictory for holh 
Hawaiian and Peruvian types (Robinson 1985a). To 

honestly justify their wor:, researchers must be 

able to provide more useful, concrete, 
inter pretl l and prdirl iw'resijlt; than faronrs 
and itrrrovativc extension ageknts 

The se nd c:attolt I,,Off r, to inderstand the 

oroCe;ses nlde'rlysj (owtlr aInd yield responses 
Itdiffewnt rlii;rn m(agni t rotlirre'; Only liy 

in Iht..relirg th (,Ijici I i: se cn ono 

, the dift),f'"rt ris)1r e),Itoinin ro ; I p 

vrw l'.\,IfloI~vW't,in Md iiiir;oleroeot;It 


Th? iim I io,wh h ,the of( intih,pp to ,i iti 

MP , p,"10erlom , 1ui t ht,the pr vise, i of I 

iriiliniii t lat l hr hl -Irionis slpntcics tested on 

dilferent silos. Liriticmaa el Yrot t lide 

t1O?) is tailken a ,hr di ni Jonn 

,,ro 

is i's 

to i, stops for 

the, ev l jationl go yield, and valu 
Fit)i ,;nhemnti,:lly ie,;rile theli 

(1tb). of MPTS 
i111dhr,v,,aiollus arnitdi!rvehiand ulitative factors 
th,t iothi,',n(o themn Thi., pMaW -, ii .s - ries 

ri:t d, thi' r| het(flrdonlion rcguire(i or their 

t ridi Ine relative ritils or research 


I tlin intn I fal ard the
1mr tri, SurveyS. (iverr 

r ! ( ) r to h(e ,'tenl arid the ecological 
sitl-itii, I,(indhided,i : ocinn(,eiioiin ,) 1(', 

Species Selection 

Bucawe F 'FREDhas reconiionded that 
reitarch S.'1houlId Iorre(enlIhtr e Or lhree to four 

species for each of two environmetal zone.s in tha 

Asii reglion (hrurnd/;e i-hru id tnf)iCs aid 

arid/semi-arid tropics), a brief disCLissiOn of 

species selection is necessary. On a national 

hasis. species selection for exploration and 
evaluation should start from the eco-zone coverage 

of the Country ard from the identification of key 

consliaints to larld rie systenis that MPTS can 
likely addrss (Robinson, Burley, arid Wood 1985). 

Thwe;e criteria are regionally and nationally variable. 
ferrainspecies still recc NO hiqh ranking oii MPTS 

pri-); iylists for research because more is known 

al.rout them. Insome corintries of Asia, such as 

Nepal, this lIs resulted in a concent,'ated research 
effort orrexotics, sometimes those that do riot 
produce tire prodicts most needed. In Nepal, less 

than 25%,, of the tree species on which research 

was done between 1970 arid 1979 were indigenous 

(Hudson 1987). However, between 1980 and 1986, 
close to 50% of the species investigated were 

indigenous. This is partly due to the slow 
realization that many indigenous species have 

considerable potential, and some perform as well, if 

not better, than recommended exotics. In Nepal, 
farmers consider several indigenoas MPTS that 
taxonomists recognize as one species as 
comprised of two or more distinct types with 

different ecological rancles arid/or value in terms of 

fodder (Upton, in press) 

Inventories Of locally used species, with farmers' 

evaluations concerniing their relative value 'or 

different products and growth, still have to be made 

in maoy areas. Upton (in press), found that 70 tree 

species were viewed by variou; farmers as being 

one of the be.st 5 species for I,.,der in a small area 

of Nepal (two sides of a hill. 1,000 in altitudinal 
range). 

From a small farmer's point of view, there are 
two importr reason7; why a range of species 

should be used on their farms. First, there is a 

reed to spreid tIhe risk, so itisinappropriate to 
tarrow the gonitic base of tree resources. 

Second, for nom.ie ;products, such as flowers (for 

honey) or fodder, a range of species is required to 

provide a good-uality l)Cduct durinC '',:1V us 
seasons. Scientists should not therefore confine 
themselves to research oria few species. 

Concurrently, promising indigenous species 
should be evaluated against better known exotics 

and indigenous ones in replicated species 
elimination arid testing trials indifferent 

ervironments. 

Site Assessment and Management 

The purpose of site assessment is to correlate 
growlh arid yield parameters to site factors. This 

allows comparison of growth and yield of different 

species between similar sites, and growth and yield 

of the same species between different sites. The 

information gained should allow prediction of 
growth and yield under different site conditions 

along a cline of the various environmenal factors 

that have been measured. Growth and yield are 

related to temperature, moisture, light, arid nutrient 
regimes of the site. 

Discussions arid recommendations concerning 

environmental-factor evaluation of research sites 

have been made ior tropical forestry by Greaves 

and Hughes (1976) and adapted for MPTS by 

209
 



------------

- - -- ---- - -- - - --

------- ----------------- 

OTHER PLAN;,' i J 

SITE MANAGEMEIN ,. -

MP T GROWTH"U--------i T I,
 

F YIELD - YIIELD-- IELD COMPETITIVE & 
Producta J Product b Productc 
 V-EFFECTS 


ON
 
SARM SYSTEM 

FARMERS' PERCEPTION: LIVESTOCK CROPS. LABOUR-

ALTERNATIVE RESOURCES 
---- j 

VALUE VA4LU---K L-UE
ProdutProduct bProduct a 

MPTS VALUE 

Fig. 1.Procedure for obtaining local minimum data set for MPTS. 
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Robinson (19S51) and Young (1983, 1985). In 
relation to the F/FRED Regional Cooperative 
[is arclh, recommendations also have been made 
(L;mtican -and Yantasath 1987, F/FRED 1986). The 
fo loving comments thrcefore rer to the 
(. :iciltie,; e~ncotrtered i,i)plyinq such 

'or:n)finridatioris to Ml1 S research in a country 
lil, , which hIr,:; a Iiglly varied environ t,iepal, erfo 
lutel.'l canse(S by wvide altiti(linil viri;itions 

,.,yr. suich ',ration' , !So ( ;(:uIill some areas 
0l cl::coIiiliti ; of the A;11! Rerjio . 

Climate 

It i; nut poss;i:h;l to hve climatological stations 
close to the many re.siarch sitw; to cover the range 
of existiuct cliraiitic ervirormernts. Where enouglr 
ciimalelogical stations x5s to cower the range of 
cliiates (caused by differ euces ii lolit de, 
coritirrental eftects. alilude, aspect, location in 

lt in to 1rr Jilt,iilr radt lgs causiNgI oruoraphic 
prfciiitain anrdt riiir shadow eflects), it is possiol, 

r,,ir'I tre tho likely clirntti, of a site. However, 

;liirlific'lt vaiations cm exist within short 

Ii,' rrcus, isI
more vahutra, le to have 
ulihTh lo)]ical i irom th year since yearly 

fSli iatir i; in climate Call he considerable in many 
in ci; of tIe region ItIt 11us not been disturbed, 

vxistirivegetaf ion may be a good guide to local 
li irlle i the relationship between vegetation and 

:lifr, t is tiiderslood. Considerable differences 
:,,ir exist ort a micr-scale. As air exariple, air and 
oil temperature can differ greatly between trees 

planted o(i the top arid bollom of a terrace bank 
(th1erse a; (J011or1 ii Nepal) on north-lacing 
slope:s Such differences could significantly ;tffect 
(!ot)vhiI, arid Lrness a very careful description of the 
I1initi . pattern is iiatde, growth between such 
site:; is tot likely to be cottparable 

Soils 

Soiis inn roninirtaiious regions vary widely in 
nutrients and rroislre, depending on land use, 
altitude, aspect, slope, soil parent material, depth, 
arid storiness. Again, big differences exist within 
short distances. Malla (1980) founid that the top 
half of terrace banks produces 5.7 times rnore 
fodder from an exotic herbaceous species thai, the 
bottom half of the same bank due to different 
micro-site conditions. While the roots of most 
MPTS are likely to grow deeper that those of 
herbaceous plants, such micro-site differences are 
still likely to affect growth and yield, particularly in 
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the early years. The age of terrace banks also 
influences soil fertility and texture. Recently 
created terrace banks are less fertile and have not 
developed the soil texture and organic matter 
found in the top soil layer of older banks. Terrace 
soil fertility usually varies with dist:ince from the 
farm house because more manure is applied to 
fields close to the house. 

In relation to soil nutrients and/or moisture 
conditions (retention capacity, availability) it is now 
bel;eved inl Nepal, parlicularly in the hills, that 
physical rather than chemical properties (slope 
aspect and gradient, soil deptl, texture, and degree 
of stoniness) are the key parameters to assess 
(Howell, in press). On flat sites, the depth of the 
water table is art important factor. Elsewhere too, 
Greaves and Hughes (1976) have suggested that 
attempts to relate tree growth to chemical content 
of soil as derived from soil analysis have not been 
very rewarding, while more easily assessed soil 
features, such as soil texture, have given better 
results (even though soil depth and effective 
rooting depth are difficult to assess). Nevertheless, 
where chemical analysis of soil is feasible, it is 
recommended for reasonably homogenous sites, 
such as are found at more traditional research 
sites. Presently in Nepal, chemical information is 
largely ,ernic. In the future, it could help in 
selecting :cpecies. Unless scientists measure 
nutrient levels at every logical and fearible 
Dpportunity, they will never know how site 
preferences are related to nutrient status. 

However, when trials are located on farmers' 
land, site variability cal be much greate even 
witihin short distances. Terrace bank differences 
have already been discussed. Furthermo, e, 
farmers atiply different quantities of manure on their 
fields, and the timing of the application within the 
yearly cropping cycle may vary, as do crop 
rotations, crop types, cropping intensity, arid 
irrigation applications. The proportion of crop 
residues and weeds that are plowed in or harvested 
for fodder also vary. All these factors make 
meaningful soil assessment strategies complex, 
and the resources required for such site 
assessment are likelv beyond the capability of 
research projects in similar environmenis in the 
region. 



Site Management 

A nurnber of site management factors can 
considerably influence survival, as well as initial a id 
si 1)seqe, t growth and yield. 

Cultivation, Pitting, and Weeding 

It is not possible to recommend a uniform 
lre.treerrt for all reset:rch siles since practical labor 
rridl e:ononic eeisirleritiorns vary both in large-
<ale piaritin: rand mvall-scale plantings ern(i 
faills. F;.-earc'h sito c anid 

rrrst relf t whal i;pf ecti,.r or 


n'-iliolls inanageniel 
in arny area, 


research res ;,iti,
/ I:, different ranking of 
MKIS frh1 lii,it .I ,.,1elnd occHr unider realistic 
11iar ann(hIlrt 

Ii N 'pal (r1 50(oi climate), conmplete site 

CkIltivatior1 is rotfeasible in tre hills either 
n 

(N:qrancled grasslandishrudlan(j or oi terrace 
ainks. However, intie Terai (subtropical) zone, 


c ompl.to crltivalior is highly desirable for most 

,p,'ies, ". ,cially whenre ifiperata grass i', 


pmlictiilarly (htririmnital to tree growtll 


In the Bldabar telai, re.sults have showrn that for a 
nimber of MPVS, fright glrowth at 183months was 
loss3 thimfr reo., plonted ii pits 0.5 i widehalf for 
rd W,,ened regularly for 1Wmiiths compared to 

thinso in)plots that were regularly aid fully
rtlltivated over the sarie period (Forest Sirvey and 
Research Oftice 1136) In the flat Terai zone, 

Cerr I e)oe
I)hancal rr1I nallual cultivation is 

0ccnIoIIrCIccVl feasihle o plantation sites, 

pariicinlailif cliltivatlilr is foilowed by a sequnence 

of c:rops inhe inetl
-rows for a few years. Where 
.ftnrcrop;ilr; is rec(omririrled followinfg 

itlivatiori 
 tire area that inust remain Inplanted 


;:romnd thwe trees HuSt, to sotr 
 exteti. depend on
 
tire crop type (e.g . iraize or niustard), and different 

crop- will have different effects en)tree growth.

However, ev(!n i,the Terai, the vegelation of the 

plantirr; site will nIteirmine whether pittirr-I arnd 
weetlinql me sruflicielit. 

Pit size, wi ere complete curltivation is nor 
practical or necessary (such as on hill sites),
illfh' cPs sirvival and growth. However, it is 
necessary to monitor growth for a number of years, 
particularly on poorer all drier sites, since 
differences due to pit size may only become 
apparent after a few years. 
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Watering and Fertilizers 

Watering planted seedlings during the dry 
season is not an option with general application. 
Nevertheless, intife case of farmers who 

concentrate on planting a few seedlings each year,planting prior to the monsoon with regular watering 
can make a considerable difference to growth inthe first year. Labor constraints make it difficult for 
farmers to plant trees in the early part of the 
monsoon, however, and a gnod proportion of 
private planting is often done one-third to halfway 
rihroirgh lhe monsoon. This limits the growth
potential in the firstyear and restricts the survival 
capability the following dry season. 

Fertilizer al oiication at planting time is riot
generally practiced. However, some frmners see a
considerable advarrt agoe irnapplyrno fairmyard 
manure to lhe planting pit. Trees grow

considerably faster, are out of browsing reach
 
soonrer, and start yielding desira"le products 
earlier. On rion-cropland arid or sites suited to 
more traditional afforestation, the appliicalion of 
sMal ILuartitife of fertilizer in the pit at planting has 
bee;i fou1rd to make a difference to growlh of rome
species, creating the possibility of more desirable 
species thri tine pines presently planted. Careful 
supervision is required in experiments using niatural 
fertilizer to ensure that the sare quantity is applied 
to each pit. Even for quite small trials, tle amount
 
of Manure required cannel be bought from oeie
 
farmer, Since the quality of the manure can vary
 
considerably Letweer farmers, nutrient availability
 
due to rTanture application r ay vary ever for a
 
given weig it or volume applied.
 

Growth, Yield, and Research 
Approaches 

Growth 

Although recurrent yield of useful products is 
more impo lant than growth itself, initial growth and
survival are iniporlant factors to be considered in 
species elimination trials arid species arid 
provenance lesiing trials. 

Survival, height, basal diameter, diameter at 30 
ci, antic dblh should be assessed at regular 
intervals. Initial height of seed!ings at planting also
should be recorded. The frequency and timing of 
measuremerints should be dictated in part by the 
physiological status of the species. In areas where 



there is a yearly patter of growth, Imasuremfnents sites, and treatments until the trees are well 

should be taken during the most d)rintt period of established and ha've reached a reasonable size. 

the year rather than following rigid calendar Differences in pit size may take a few years to show 
1,ori yiity Timing of suirvival assessment sholid an Pffect Conversely, differences ill fertilizer 

o' related to periods of stress dm to dfferent application may clearly show early differences, 

fActE r, (o (I winter cold and dry-season monisture which narrow in later years as the additional 
sir I ELi;1s imlrant elffcts o manpower nutrients are instUficient for the developing tree 

g ,t inp itt- tn , eritnEit!) 	 biomass. The benefit may he removed in an initial 
first harvest. 

;r ~x I I 0itilr of 'iluirlh MPTS (e.g., 

,1 . -,I 0 YSIiiaEe',I id i i;emicordata, Yield
 

10, lico, tat, md Prosofiisjflillora) tend not t
 
ni, 

i 

qrowos shigle erec"t Atems paiticularly in early Harvesting at ground level is only one of many 

SiHce the extet: of telriniUltiplicity cali be management regimes that farmers apply to MPTS, 

iilIihJo ,- by wl ether the tre originates from seed and then often only after they have harvested some 

f nowfdcuttings, the ,ature of the planting stock products from the tree for many years. Alnus 

*Il I ho,, recorded Some spoecies (e.g., RFcms nepalensis stem branches are lopped periodically 

fiiWko',:lniitu tend to pr(stitate growt iin early in Nepal for mulchl, animal bedding, and fuelwood 

i, v, hich case lenwth of stens rather than Wntil the tree has reached a suitable sizea or there is 

vttiu : Iwilil soruldkO he menstire(d. For some a demiand fer its 1se as tiiiher. 
T tl: ' iJItipl (,tis (ali t e s;fttled ont at the 

,iurny Ut d]e~oi erly after la)Lmtinql. For others, For any growing tree or shrub, sonMCe-platlhsiik 
:i: rijli)liciy It stems mns.;t be considered since it relationships exist between the various 

111,1y t I vaaluable trait (with central or inier stern comnponients of the tree (Cannel 1985). Harvesting 

iir ,ti tlt )y euter 'stels aIgainist lrowsing). It is atny part or pro(Juc of the tree influences these 

Iiil;)nii tL't to filld Sillplh. 1riasUremients that singly source-sink relationships and subsequent dry 

or inincoihiatnrr canr be correlated with ,tcini, mattei agCtilniJlatioli and growth of component 

tln t ,ir, ' aiid total bioia's. [Basa'fl dJiameter parts. Yield is dependent on growth and harvesting 

(L 1 or diiEeter it 0 cm (D30) ,ain in scino cases intensity. 

(rc'iil)me the prothni of miIltipli: it, of stems, hut 

ifi ll cases. CorreOitii nii with t0ot!iit)lniass or A large number of harvesting vat ia les inluence 

i;iuttass of important piti(uict's hltv thien tourid for yield arid subsequellt growth and yields. Taling 

(TXigris tree arid shrub species ft;m diminteter at foliage as a product for nulch or fodder, the 

n tinitt level, ft thff root Crowvln, i tii:date',y above following variabies are considered important: 

* i basal swellinrJ, aIl(] al 15 0, 50' and 60 'iil
 
i q1:111 It is reOeoilt ird+ed that diameter o time of first harvest,
 

li (t!i tely ,iti)OVe tie ground swelling and D30 

t , iI: a resorded. The best way to treat these o season of harvest in relation to the seasonal 

oa {ts+eiisgnts nhas Thenot 'yet been determined, developmental stage of the tree and in 

eionirtondatiori for dealing with Multiple sterns relaion to the climate, which may vary 

In,iw dli in traditional forestry is the square roof significantly between years, 

, 11lie ctilli of the sqluared diameters of the stems 

i!; is a -itiplin i catiot that, whiile sufficient for the o frequency of harvest, 
itfioguelt ii in tr rlitil itlio Sni(lle-Stol forestry 

pr;rLwtic,, will ifjtnitly distort conipariso's hotween o quantity of harvest,
 

sfpec:es ti rat v, iry in niilt' ;,i:ieity J' stems. Pre
lirvest res'its l Itt ii(lrl reto ilti tiel context of o residual foliage after harvesting,
 

OC habits, aiCi firn ,(nrclisiois mst await actual 

i,trves; results o number of buds left after harvesting and the 
competition between these growing points for 

Experimental trees tiat have been browsed regrowth, and 

sl muldbe excluded or treatod separately in the 

calculations. It is essential not to make aocisions o manner of harvest in relation to tools used. 

concerning differences in growth between species, 
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Various studies have studied the effect of 
loppin.q frequency on)branch and foliage yield of 
Leucaena/;eucocepha/a. However, the majority 
have used] set time periods as a benichmark of 
frequency. Since climatic coniditionIs usually vary 
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Research Approaches 

For a <eieelil rsearci st,ialgy io MPTS
 
involvingriiafiy spacies,a wide range of ecological
 
an socieconomic con itions, as well as a
 

breedam	nuamtber of itvariables, surveys, and both 
s ltionaid on-fcrm research need to be
considered. 

o)
Research Station Trials 

For specieselimination trials and for 
lv els ofplots -;esufficient. However, as soon as one 
enters trio reahlm 

expets eurvivaland early growth, small
 
of assessing MPTS yield, includin~g 

various treatment combinations,experiment size
 
becomes daunting. Table 1 gives the number of
trees of Leuicaenaleucocephala required per plot(treatmenlt cormnationl) to give reasonable 
certainty of distin~guishirig height and foliage
biornass differences between treatments for two 
levels of expected percentage error of the mean. 
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Table 1. Number of LeucaenJa eucoc.Pphala trees required per plot. 

Height Foliage biomass 

15a 	 b
5oCoeffiient of variation 

,No. of treos. ' e;ro" 	 1 117
 

No. of trees, 25% error 
 2 	 19 

aHawkins, 1985 (Nijgad variety, CV of height at 22 mos,),
b Hawkins, personal communication. 

Table 2. Determination of lopping trial size for Leucaena !eucocephala. 

Plot saze 	 19 t'Ce line plot # 2 border tIees 

21 trees (derived from Table 1) 

Treatments 	 A: 3 blrarcing structures x 3 loppirg 

frequences 9 treatment ,.orl'binat;ons, 
B: 	 3 brarrchw.g St Lctures x2 lopping 

frequerrcies ( 2 residual folIl,, e 

12 trc:itrnrent combinatiorr,. 

Replication 	 3 required for both options 

Spacing 2 m within line, 5 m between lines 

Clear surciunds 	 5 m 

A: 	 2 treatment variables, 9 treatmert combinations 

- 8 x 5 m interline d&stances 1 10 n-, 50 ir 

- 21 trees x 3 repllcatio s 63 trees 

-62 betweer t:ee dist:rrces, , I0 mi- 13.1rn 
-50 	n x 13.1m 067h 

B: 	 3 treatrm~ent vari3It)t',. 12 ire!,tt erit combinations 
- 11 x 5 m intelne cjirc.s - 10 ti) 65 rn 

- 21 trees x rep l er,' 63 tree: 
-62 between tree chditrAices , tr m 134 m 

65mx134 m 27 h,i 
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The high inherent variability in leaf biona 

necessitates large plots,
 

A lopping trial to crlosiler I10 effect of '.il!y 2 or
3 harvesting variables it. one !apcies(9 or 12 
treatrrrent cornbinalio .;) wo ll 'gquire a (factorial)
oxperimriat size of 0.67 or 0 87 ha respectivey, for
anlexpectsI level of err af 151-,, to have a

-haico : if ',hiistical 
differences ht'tveen treatrnwri c(rjmliatior.; (Table
i) [ he" CV 5g ' for.in bv iawiiril, (p , . Iall 

1a )nff'rfiag we; fir v'-hole tree 
oft L_ ic,io,,la I -ocrl,,. A; indicated 

in a previo -,r 11ction. y'd si ids looki e at
lharvleatrirr viilii> v Ilf inrrl"I.;( the liot 

v riahirty, re'rir 
 a 'lot i 'lrger than 19 trees,
Hwkins' ste as a irhomirrig u' Terai site hence, 
ary re'h haiv'estiriri pnruts on more varied 
silt'.i, .stc;I as throughouit ino hills of Nepal or or 
lirorer sfields, would require bigger plot sizes and 
moe rwpl'c-, iir. fiurihr iirreasitig the area of the 
iniill 

Cle ny. th irnbior of trials that can be initia-ted 
,in ieird given lthe lack of resources, the 

shortage .)f land available for research purposes,
the high labor 00eTralld for biomas-.s studies, and the 
high ''vol of siporvsion required at harvest to meet 
the ienqtiren wrlls fr-rr stindardization necessary toiriir r I'tiet variahility. ftie choice of 

cis'; ifei, vliich i:h trials should te initiatedlir u!(I tireref I r it tre re.lative iatronal 

iirpr rtaico of 1:) ')q:v '' !, 
 I:vaihble. as well as the 

rinvv of type', of -,lp 
 ,' hilil lernr, of characteristics 
i -l birtrr(lirrn; ;,:ad gIriwrth arid likrt or liavy
.l ele Tire rarveting variailos to be investigated
Sh./1ld be carotflly chosen to include those likely to
d, fe "rost in subsetirenIt growth and yield arid 
rn fersible in tenrs of farmer rplions. The only 
-.%ayto reduce inhereit vaiability, and thereforeplot and experiment size, would [ho to use planting
riaterial propragated vegetatively. More efficient 

experirniental de';ins, suci as confounded 
factorials, will redr ce the areas required to some 
extenit hiut are imrore complex and w',,ill still require 
larrie areas. 

Inthe hills of Nepal many of the most valuable
MPTS do rot grow on the only sites that would be 
available fnr the sole purpose of research and that 
are of poorer quality. All suitable sites for such 
species are cu'ltivated 
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On-Farm Trials 

On-farm trials of the type described in theprevious section are not appropriate for many 
reasons. Hill farms are small (average less than I
ha), riot all farnrland is available for tree planting,
and site variability within and between farms is
high. However, more important reasons are relatedto farmers' needs. A farmer generally requires or 
prefers a range of species to provide the needed 
products, to take account of the time of their 
availabilitv, and to reduce risks. In relation to 
investigations on harvesting, a number of difficulties,
also arise. Regarding fodder trees, a farner's 
demrland is for a regular but small am1ount of lee 
fodder to supplement poorer fodder from other 
sources (dry grass from the forest and agricultural
residues). Hence, a farmer cannot harvest all the
foliage of a large free in one clay, or harvest all the
foliage from a nLImber of trees within a short period
to satisfy a re-earcher's requirement for timely
harvesting to minimize between-tree variability in 
treatment. The shading of crops by fodder trees may require the farner to manipulate the tree 
canopy in a way that does riot fit in with the
researchers' har/esting schedules and which varies 
from year to year on any field with the /aried crop
rotations. 

Trees that already exist on farms are valuable for 
yield studies .)ased on the way trees are actuallymanaged by farmers. The need for irequent

v.eighing, especially if the products are harvested
 
daily, will rcquire a high level of research input. The 
use of such trees for yicld studies to look at 
treatment variables and interactions between 
treatments is nt feasible, however. Trees are of

different ages and have had different harvesting
 
histories.
 

The types of trials that are feasible and desirable
 
on farmrers' land are therefore different from those
 
suitable for research station conditions 

Surveys 

Given that little is known about the manyvaluable MPTS that cover a wide range of
ecological conditions, surveys play an important
role in quickly providing information about a
number of characteristics. In relation to the various 
products, such as fodder, farmers can rank species 
for quality, yield, and growth rate. However, their 
perception of quality has been found to be 



influenced by season (Upton, in press) since 
different species are suitable or available during 
different seasons While their own perception of 
yield and growth rate may be clear, it is riuch 
harder to intepret the information on these two 
faictors, since yield is Obviously related to size and 
growth rate is related to the intensity with which 
they harvest the trees TIre intensity will vary 
,ot,fnfarmers, depending on what alternative 

soircw, ()flodtdler they have. Farmers may not lake 
iihi)
accOuInt wher1 describing relative grovwthr 

rates, ar h dilt(;iort fiurners may know the samne 
.l;lecies from diffheirt siles and hence estimates its 
vnte differently. Surveys lhths have to be careiully 
hitrJncr aind prte';ted, arindlt inilerviewers well-

trnir i and mrtivah tl 

Val1_ to Farmers 

MPTS prcIKIcts to farmers is a 
fonrtiri of tire irlh rerirt characteristic of the tree 
produr(cts (such as yi(lrl ird Jqualiiy) and otlrer 
I.,cati r -specific factors 

TIre vahue ()I 

o he cormparable between diftferent ocations,
I 


OW s ,rrrart of value requiires objective 
urmpxisorins where possihle hased on absolute 

vilties. Yield isone factor that has already been 
Iisiiu LI Hnwever.i in relatior to fodder, one 
f; II o lr .vnot just the foliage yielrl, hut also 
tI,eprportionl of twig that is corstilled by Jifferent 
arinifal types (-if19137) irid the proportion of the 
feed wasted by livestock These vary significantly 
wih locaticr according to a rlrumber of factors 
(alternative feed available, feedinrq system, etc.). 
Tlhe eval at i-n of gin ality may he easiar for some 
J)r(lfIClS iAltcomplicated for others. For instance, 
the evalualion of feed quality of tree fodder is 
fraught with difficulties. The chemical composition 
of leaves varies with season, location within the tree 
canopy, and with harvesling and shading. Even 
assuming one can get a reasonable average leaf 
(and edible portion of twig) sample from which to 
analyze constituents, the chemical methods of 
feed-value evaluation available do not give 
meaningful resulls in termis of true feed value to 
animals (Robinson 1986). The use of in vitro 
rneasurements is constrained by large, systematic 
errors when applied to data sets olher than those 
used to derive then (Devendra 1987). Work has 
been done on very few fodder tree species relating 
invivo studies to in vitro measurements. 
Furthermore, different ruminant types (sheep, 
buffala, goats, cattle, canel) show considerable 
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differences in their ability to digest and utilize the 
nutrients from fol;age of the same fodder tree 
species (Robinson 1986). 

At the farmer level, any attempt to valuate a 
range of MPTS products must relate to farmer 
needs and perceptions, which varies with location, 
individual, time, and circumstances. For quantity 
and quality fodder, leaves for bedding and 
composting, and for fuelwood, the biggest factor in 
a farmer's assessment of the value of a particular 
MPTS is access to alternative sources of these 
products (on or off his farm). This relates to 
socioeconomic issues, suc;i as labor avaiiability, 
yearly land management and feeding problems, 
restrictions on access to forest, or type of livestock 
owned. Farmers state that certain species of 
fodder trees provide good fodder for one type of 
livestock but not foir arother. Many inconsistencies 
amnong areas arise frorr surveys on the perceived 
fodder quality Of various MPTS. Panday (1982) 
states that Bauirinia variegatadecreases milk yield, 
yet insonie areas farmers say it is a good fodder 
for tbuffalo to prodxuce rnilk. 

of Nepal are i. 
irfrequieni denand, but they play a vital role as an 
accuMulation of a cash source and for house
buildirg. Medicinally valuable trees are found but 
riot necessarily on every farm (e.g., Litsea cubeba). 
The value to the individual farmer of this comnrurrity 
benefit is unknown, but could be high in terms of 
social standing. 

Timber species in the hills 

Even where no markets are accessible, a few 
fruit trees are highly valued and other trees have a 
number of special and crucial uses (leaf plates, 
handles, plows). A number of ecological or service 
roles (terrace bank stabilization, providing a 
climbing frame for garden vegetables or for storing 
dry fodder) are also perceived by riany farmers. 

Experience in Nepal suggests that the best way 
to assess farmers' valuation of the range o 
products provided by MPTS is by talking to therr 
and getting relative rankings, both for different 
species providing the same products and between 
product types. Because of the great variability in 
response due to different socioeconomic 
conditions, ecological zones, MPTS coniposition 
and frequency, and product demand, large-scale 
surveys have to be conducted regulariy at different 
seasons. The interviewer has to have a good 
understanding of the farming system so that he can 
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Palms as Multipurpose Cash and Subsistence Tree Crops
 

Dennis Johnson
 
U.S. Depaflhi ten fA\!tpicilire Forest SerIviceJ,,U.S. Agency for Ititer, ationll De.velopn[it Forestry Support Program
 

Wthir!;Nitte D.C, USA
 

Tropical forestry clevetopmuot )-rs toewit(
exclude palms despite lh eir 

to 
m, sitl frmnus as;

siolnificant sources of edibl fruil, o I,greenveetable, fiber, thatch, (wott,trt oo(,
ftelwoo(, anditltlierclis tll(tir tUi;itlj lfod~uct:;
Pn,!i species furni:,di varie. prmdtts (i

ihui-httte tl arid Ptv6,? raw toaterialk fr 
collage eidos tries. Phtje-t l(,f c(Mllnilrciflizatiot) 

id e.port
:lt~t:tll

Wol(lwi(de toot, thliti Sd (I5tloii.icaltdor wdild lll- ti!t to,itvo 

StIhnitial for ilegralioti illo ftte,;tr y dlll(l


.Irieltilral (levelopitlllit prelect 


ht sthlectii-pI)AhSt suiLlbh for sitall lrtmers itt ,p, <re+sry steit, it is timlportait to consider the011; L1ttt Of ,li djeavailale about a catdidJatr 
A gotod itdicator is the degite to whicht

111i ht; i (ornesticattd Gett~ly tele Ilore
I.,n c, tI e stage of doftie-ictiliot the ;(esi the 

, ',i(h u:ltivat( s li:c(ess iilly 

Ttld,h 1 3 classily 55 ptile ; i1tthie levels of 

it 'tn itioti tfirpto'(ed cullivalted pjlns;

!illeec(d cultivated or IlaigOe(d alms; and

,till w-M, r wild p)ai 
 ; 1 Palnts cUlti,/aled

o,'dhrtisively for o)tmrtnenitil pturposes are eOTciLude( 

-ihle t (tmproved cultivated pahlms) lists five
flaIWtO have been the object of botanical andill:tif'mic research. Ctltivars have becti named, 


,p rs irrproved!, and agronomic- t)otetlial wtell

cethpea. Thtese palms 
 to varying degres, are
a; hn ( ed in anoforeslry syste-ns, a'Ii 
 Iluire 
iclvtrefs a+reexpected ais strategies for improviIg 

pttn prodoleivity are itegrated with
cotipl)it-n tifry (cOp )ifll(_
ahllrt,'iullt syse ls 

The, thales fir:it ii %pu,ec!t f rc,e p' ,- in,gcpitd esCtty ( ,t iidA rH(, l v5Cn(I in1 The
itec.!.n,f !(attwe , r Sjros., ' I'. 3i ) 17-244. An edited 

vers on appeared as an appendfi, t,,a Multipt,pcse pahn 
qermpi srn. it ,llqtnplrjc- te+ e.'or(p/l,-t edi, Buiey
'nd C li Ceioit, (Ntioni !C>AF, 1984t): 249-278 

Although commonly omithd from agrofore:.try
species lists, the date pain is included here 
because of its potential ih tropical setii-(e-ert-,; tedcleserts. These improved, ctivale(t palms; MO 
11LlttipulrpOS, althOcgh their minor podJcts ittinhiYet Well.-developed Palms ill this grouti ) fiay sev, 
as models it Iproitralis de ip.d to dloveh Ip (t)li r 
Species 

Table 2 (IItIttIM te,),,, ctltivVdttd WI 1itti(-i.,lI 
p htls) listj 'p tp)eijies etlher ctltivil, d w
oCCtrtittg ill wild stanmdl(s itder !ttted tree (f 
ii Ignl~hjeite , which tlay he ,"incipiently doiesticatel escrihjs as
" These halve received


considtahlly hloattention, and itt miatty se-;s
taxontomy is tittcrtiit. Ctllivars re riot re(:oqtii,(,(l
alli)uull soitte 'tsliteltitary crop irtptovtmelt;iy
haLve heet whicevot All ate ttltitrpose,

fitiCOtc, assit( the lull thttqe of t:opcialhl ,iMost of their lmrtdiicl;t tittt,m ! It ,tlly,atd
 
little
elloit ha l oIs ed ottit eiri( theit
)todruc'livity Mr(JialilvGeietdly, this (Itoitli)(palins has ftil beet (:valtia( d with re .ird to
ititlliple-croppin !olential1 Thus, att sXc:ellent 

oppormlnity exist ; to cotbitne pltrit ittprvt)tt
alcd agroforestiy ojectives in dovetlopttnrt
 

programs tlhat io(-luh+te plal; 

Tabie 3 (seti-ikd oi vtldts) lits ",1 spociesePploitet for a variey at r)OdLct(: Ihfortatioti on
these pln. is incot)olthte and their taxomooy

uiicertaint 
 Fittlir t"searclt is n+etueddl t( (vfltit,
their potertial for ilii)rovetntent Despite tleir
untierlevelol)e(d stitts, the passavd (Att ,i, 
fiufiferi) and raffia (Ratita p)p) palns siuptl+texport fiber itdltishis at tidhem ri+tlans (C 'atticl 
slip.) Supply commercial gLiatiities Of c'oe.
Various palms show promise as rtfottstatiolplaits, SlCh ,s the1 aZari )p.all (Nanrtorrhops
l tchl ,lt ) ito r tOLittait 

l 
::+a-reas and the thittchpal m s (T:riaxs dry, liiitestoneiip ) o ( f soils. 
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Table 1. improved, culivated p.lrns. 

Common 


nalme name 


•,',ra 	caItechu areca palm 

betel palm 

Harti, gasipars peach palm, 

B 31K pejibaye 

os 	 coconut 
palm 

* i rrucifera 

F,',es guineensis oir palm, 

Jacq. Africen 
of: palm 

Origin & 
native habitat 

S.&S E. Asia: 

inferred trop. 

rain forest, 

to 900 m; 

unknown wild. 

Central & S. Amer.: 

inferred trop. rain 
forest, to 1,200 m; 

uknown wild. 

S.E. Asia: in-
ferred trop rain 

forest, coastal 

sites, to 300 m; 

unknown wild. 

W. Africa: trop. 

rain forest, esp. 

open, wet sites, 

to 800 m: seli,:l 

wild only 

Products & 
yields 

Se, d as masti-

catory (1,037 kg/ 

ha/yr); edible 

heart, leaves for 

thatch, leaf 

sheaths for tiats, 

containers; trunk 

for wood: seed in 

veterinary meroi-

cine; dye sourc., 

Edible fruit (25-

30 tiha/yr), oil & 
flour source, anl-

mal ration; edible 

heart, trunk for 

wood. 

Edible oil, fruit, 
drink (2,500-7,500 

nutsiha/yr, copra 

yields to 1,200 kg 

haiyr): edible 
heart, leaves for 

thatch, weaving, 

tr rl for wood: 

minor product; 

Edible oil (5 t/ 

ha,'yr) sap for 

ine; edible heart: 

lea, es to, thatch, 

weaving, petioer 

for fencing, 

construction 

Status/ Sel. 

comments ref. 

Cultivated alone 12, 19,
 

of w.'annual or 20, 50,
 

perennial crops' 91,94
 

seed propac'atirrn 

cultivars based 

c;, r,eedquality. 

Imited research 

on selection, 

brueding. 

oiiar',Iental 

tIfr, fe'itr a-ri . 

r. 4. 22,
 

Trop A 'Ir . 2527,
 

171dy CLltivared 

popiratao ly 39. 80-81,
 

J[es 83, 91
or iSker, 

fi t local 

pr.duc hert 
, 

expor ed, 

Sucnelirng feather 

palms 

MO'- widely cultI- 20, 24,
 
vate( palni, alone 41. 43,
 

orw .rnrrial. per- 51, 78-79,
 

enniil crop . seed 	 82, 84,
 

propatrlion but 88, 91,
 
pro/p.u's w,'vegeta-	 102
 

til. plopagation 

bt,rding objective 

to leofease oil 

yied. nMireuus 

cultcar.;: soli

tary teathel 
pal ns 

Cu',hvated inpure 28, 44,
 

stand; on large 52. 62,
 

eCtates; small- 75, 80,
 

holders intercrop 91-92
 

w/aril crops;
 

seed propagation, 

promising research 

on tissue culture; 

ekcellunt improved 

cultivars: solitary 

feather palis 
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Table 1. Continued. 

Sc~eirfic 

n-ne 
Common 

name 
Origin & 

native habitat 

P!)oonix 

*fnt),,,.r:r 
date 

palm 
Middle East sub-
trop. semi-desert, 

desert; unknow, 

wild. 

Products & 

yields 

Edib!e fruit (20-
100 kg/tree/yr); 

sap for wine; 

leaves for thatch, 

weaving; trunk for 
wood, minor 

products. 

St~tus/ Sel. 

comments Ref. 

Widely cultivated b9, 77, 
in ild regions, 83, 89, 

alone & w,'periurl- 91 
nial crops veoe. 

tative propagation 

w/suckers; many 

named cultivar.3 

based on fruit 

quality; suckering 
feather palms. 
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Table 2. Ltnirri;toved culhivmed 

Scientific Cornmori 

naie name 

Aronga pinn ta sugar palm, 

(rVurrrib }Merr. gornuti 
palm 

dorassus palmyra 

I ibe/i,'er palm 
L 

Purassus lontar 

sLnIddicus palm 

Becc. 

Caarrmus spp. rattan 

or man-ged pabhIs 

Origin & 

native habitat 

S &S.E Asia 

inferred trop rain 
forest into dry 

forest, to 1,200 m. 

putatively wild iri 
,'sam& Burma. 

S.Asia: trop. dry 

forest into savanna 

to 750 om; 

naturalized in S.E. 

Asia & widely 

cultivated, 

Indonesia: trop. 

dry forest. 

Old World: trop. 
rain forest to 
1,000 rn; conmon 

in secondary 

forest. 

Products & 

yields 

Sap for sugar, wine 

(3-6 I/tree/day); 
starch from hiunk 

(75 kc/tree), fiber 

flom leaf sheath: 

edible heart 

Sap for sugar, wine 

(150 I/treeiyr); 

fiber from leaf 
stalk: edible 

fruit; leaves for 

thatch, weaving: 

tLrurlk for wood, 

fuel, in or 

products 

Sap for sugar, wine 

(150 I/tree, i), 

fiber fom leaf 
stalk; edible 

fruit, leaves for 

thatch, weaving; 

trunk for wood, fuel 

minor products. 

Rattan canes (to 6 
t/ha, edible f~uit 
some spp., fruit 

for medicine. 

Status/ Set. 
comments Ref. 

Widely cultivated 19-20, 

India, S.E. Asia; 35, 39, 
sometimes planted 72, 81, 

after shifting 91, 105 
cultivation; 

fiber exported; 

sugar, wine, 

starch local pro

ducts; ine lible 
fruit; solitary, 

terminal flowering 

feather pahns, 

Ofter, planted 15, 20, 
India; fiber 29, 32, 
( xpoted; sugar, 48, 65, 
wine local 91 

products; soli

tary fan palms, 

Cultivated in 48 

Indonesia; local 

products only, 
solitary fan 

palms. 

Cultivated small- 20, 36-38, 
scale S.E. Asia; 58, 91, 
about 16 economic 109 

spp. Malay Penir

sula; caries and 

finished products 

exported; 

climbing feather 

palms. 
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Table 2. C3:.tinued. 

Scientific Common Origin & Products & Status/ Set. 
name name native habitat yields comments Ref. 

Caiiv\;a urens fishtail S.&S.E. Asia: trop. Sal for wine, sugar C&sual cultia- 20, 29, 
L. palm, rain forest, esp. 20-27 l/tree/day); tion, under. 33, 81, 

toddy primary forest, starch from trunk developed: fiber 91,97 
palm to 1,500im. (100-150 kg/tree) exported; wine, 

fiber from leaf sugar, starch 

sheath; edible local poducts; 
heart solitary 

terminal flow

erlng feather 

palms. 

Copemicia carnauba S. Amer.: trop. Wax from leaves Incipient plan- 13, 59, 
prunifera palm dry forest into (100 g/tren/yr); tation culti- 91 
(Mill ) Moore savanna, esp. leaves for weaving; vation; wax ex

floodplains & trunk for wood. ported; woven 
coastal plains, goods local 

produc's; soli

tary fan palms. 

Corypha talipot S &S.E. Asia: Sap for sugar, Widely cultivated 15, 20, 
umbraculifera palm inferred trop. ,ine; starch sugar, wine, 29, 91 

rain forest, to fiom trunk ctarch local 
600 IT;unknown (90 kg/tree); prod'cl: soil
wild. leaves for ta,',terminal 

matting, paper. flowering fan 

palm,. 

Elaeis oleifera American Central& S. Amer.: Edible & industril Limited culti- 28,52, 

(H.B.K.) Cortes oil palm trop. rain oil. vation in native 87, 91 
forest lowlands. area; excellent 

germplasm for 

hybrids w/E. 

guineensis. 

Eugeiscona bertan S.E Asia: trop. Starch from trunk; Rudimentary cul- 20, 35, 
utlis palm rain foinst, esp. cdible fruit; tivation in 66 
Be cc. disturbed sites, leaves for thatch. Borneo; starch 

to 1,000 m. staple among some 
groups; suckering 

feather palms. 
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Table 2 Continued, 

Scientific Common Origin & Products & Status/ Set. 
na"Ie name native habitat yields commeots Ref. 

Euterpe tij.fis palrnito S Amer,: trop. Edible heart (1 Liknited culti- 68, 81 
Mart. Dranco, rain forest into kg/tree); vation; heart 

Jucara subtropics, to cellulose, exporled; 
1,000 in. solitary 

feothcr palms. 

Euterpe acai, S.Amer.: trop. Edible heart (1 Limiied cult;- 2, 21, 
o'eracea palmito rain forest sites kg/tree); edible vation; heart 56, 81 
Marl. da subject to fruit, exported; 

Amazonia flooding, fruit local 

product; 
attractive orna

mental; suck

ering ieather 

palms. 

Hyphae!;' doum or Africa: semi- Edible fruit and Cultivated sirce 29, 42, 
theba a dum palm deserts, desert, heart; sap for ancient times; 91 

L.lMart. ginger- to 600 m. wine; fruit for local products 
bread palm medicinal use; only; promising 

leaves for weaving. dest palm; 

branched fan 

palmns. 

Metoofyn sago palm SE Asia: trcp. Starch from trunk Cultivated & 20, 45, 
sagu rain forest (3&) kg/'tree); managed stands 80, 91, 
Rottb. swamps; from S leaves for thatch starch exported; 97, 100-101 

Pacific Islarius sucker;nig, 

through Meanesia terminal flower
into Indonesia, ing feather 

Malaysia, & palms. 

Thailand 

nipa palm S.E. Asia: west to Edible fruit; sap Sometimes 19-20, 

fruticins Sri Lanka, Bay of for sugar (0.6-1.8 planted; local 29, 46, 
Wurmb. Bengal; including I sap/palm/day); products only; 67, 81, 

N. Australia: leaves for thatch, suckering 86, 91 

trop. rain forest, weaving, feather palms. 

banks of brackish 

& tidal rivais. 
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Table 2. Continued. 

Scientific Common 
nsme name 


gt')-2 

Firphaleata palm 

..... babassu 


Mart 

PhoeniY wild date 

sylvetfis palm, 
(L.) Roxb. silver 

date palm 

Roysro,'ea spp. royal palm 

Soacca salak palm 
.a/acca 

fGaertn.) Voss 

S,,Jq-u. ouricuri 
coror'ata palm, 

(Mart.) Becc. licuri 

palm 

Trachtcarpus windmill 
f , palm, 

NItock Wencdl. chusan 

pa!m 

Origin & 
natie habitat 

S.Arner.: trop. 
rain forest, up-
land sites, 

managed stands, 

In lia: trop. rain 

forestto 


1,500 m. 

Caribbean, Central 

Amer.: trop. rain 

forest into drier 

forest 8,savanna, 

S.E. Asia: trop. 
rain forest, in 


dense shade, to 


300 m. 

S.Amer.: trop. 

dry forest to 


savanna, 


S.Asia: mts. of 

S. Central China 

Products & 
yields 

Edible oil (10-35 

kg/fruit/tree/'yr) 
leaves for 

thatch; misc, 

other products 

Edible fruit; sap 

for wine, sugar 

(40 kg sugar/tree/ 

yr), 'eaves for 

weaving, 

Fruit for live-


stock; edible 


heart siarch 


from trunk: l?:ve,, 


'orthatch, 


weavirrg; trunk fnr
 

wood
 

Edible fruit; 

leaves for thatr.h, 


roe Is. 


Edible oil; wax 

from leaves. 


Fruit fcrwax, 

drug (25-50 kg/ 

tree/yr): leaf. 

base fiber; trunk 

for wood many 
other products 

Status, Sel.
 
ccrnments Ref. 

Cultivated & 5, 9, 
manajed stands: 39, 49, 
nil(,xported; 7'.80-81, 

other products 91
 

local; soli

laryfeather
 

palns.
 

Limited culti. 29,3;
 

vat'on; local
 

products only;
 

solitary
 

feather palms.
 

Cultiva e-l rnat :'!y 3, 81,
 

as o nrMent.,1 91
 
local products
 

only;solitary
 

feather palms
 

Widel,,culti- 20, 73-74, 
vated; fruit 83, 91
 
eaten fresh or
 

pickled; local 

products only;
 

suckering feather
 

palms.
 

Limited culti. 17, 57,
 
vation: oil, wax 
 63
 

exported: wax
 

substitute for
 

carnauba wax; 

solitary feather 

palms. 

Wo.rr' culti- 40
 

sated in China 

for products & 

as ornamental; 

local products 
only; popular 

subtropical 

ornamental; 

solitary fan palms. 



Table 3. Sem-wild or wild palms. 

Scientific Common Origin & Projucts or Sel. 
name name native habitat potential use Comments Ref. 

Ac;Jcnnia macaub&, S.Amer..: trop. Eoible oil, fruit, Sp. name 5, 23, 
sclerom"Ifpa mucaja dry savarna to heart: leaves ior illegitimate, 60, 81 

Mart. coco de trop, :ain thatch, needs clarifi
catorro forest, cation; local 

products only; 

solitay feather 

palms. 

Astrocaryum jauari, S.Amer.. trop. Edible oil, leaves Locil proructs 5,87, 
jauari awarra rain fortst, :ites for thatch. only; solitary 99 
Mart. subject to flooos. fe,:.lher palms. 

Astrocaryufn murumuru S.Amer.: trop. Edible oil, fruit Local products 5,91, 
muruinuru rain forest, sites for livestock, only; solitary 99, 104 
Mait subject to flood3, leaves for thatch, feather palms. 

Astroc,*!,ryum tucuma SArner.: trop. Edible oil, fruit, Local pioducts 23, 81, 
v(1ugarre rain forest, up- heart; fiber from only; solitary 99, 104 
Mart, land sites. rachis, leaves for feather palms. 

thatch 

piassava, S.Amer.: trop. Leaf base fiber; Fiber exported; 63-64, 
funiferar Bahia rain forest, leaves for thatch; solitary 91, 96, 
Mal piassava coastal sites. edible oil, feathe- oalrris. 103 

Porass r African Africa: trop. Edible immature Lrcal products 47, 
aethiolulrr fan palm wet savanna, fruit; sap for only; solitary 91 
Ma r. wine; leaves for fan palms. 

thatch, weaving. 

Cairyota ritis fishtail S.E.Asia: trop. Starch from trunk Local products 20, 
Lour. palm secondary forest. (sniall arrounts) only; solitary 105 

edible heart, seed; feather palms. 

leaf base fiber for 

stuffing & tinder. 

Ceroxylon S.Amer. S.Amer.: frop. Wax from trunk; Wax substitute 76, 
alpinum wax palm mts. mt. reforestation, for carnauba 91 
Bonpl. ex DC. wax; solitary 

feather palms. 
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Table 3. Continued. 

Scientific Common 

name 

Copernic"a spp. 	 yarey 
palms 

Cyrtostachys sealing 
laAka Becc. wax palm 

Daetronorops 	 rattan 

3pp 

Iriartea pambil, 

deltoidea barrigona, 
Ruiz & Pavo. huacra. 

pona 

Jessenia spp. 	 seje, 
pataua, 

milpesos 

Origin & 

native habitat 

Caribbean: trop 
dry savanna, 

S.E.Asia: trop. 

peat swamp 

forests, 

S.E.Asia: trop. 

rain forest, 

Central&S.Amer.: 

trop. rain 

forest, swampy 
sites, 

S.Amer.: trop. 
rain forest, 

upland sites, 

Products or 

potential use 

Fruit for live 
stock; leaves 

for wea irng; 

trunk,.: '.i 
pilings; tmpa

tible w/grazing 

systems. 

Wood for pillars, 

flooring; swamp 

stabilization. 

Rattan canes; 

some spp. have 

edible fruit; 

fruit scales 

yield dragon's 

blood, former 

dye & Chinese 

medicine. 

Trunk wood for 

parquetry, 

construction 

wood, rafts; 

edible heart; 

leaves for 

thatch. 

Edible oil; fruit 
made into beverage; 

leaves for weaving; 

could be grown w/ 

Astrocaryum. 

Set. 
Comments Ref 

Local products 30 
only; fai palms. 

Common name 20, 34, 
misnomer, .io 91, 105 
wax produced; 

can be vegeta
tively propa

gated; outstand

ing ornamental; 

suckering feather 
palms. 

Canes exported; 20, 36-37, 
about 5 economic 58, 91, 

spp. Maiay Penin. 109 
sula; climbing, 

solitary or 

suckering 

feather palms 

Local products 11, 71 

only; solitary 

stiltrooted 

feather palms. 

Local products 6-8, 
only; solitary 10, 23, 
feather palms. 81 
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Table 3. Continued. 

Scientific Co nmon 

name name 

.. , piassava,d;n, 

Para 

Wall. piassava 

Licuala spp. 	 licuala 

Livistona ,pp. 	 serdang 

Manicaria 	 temiche, 

!,accifora 	 guapara 

Gaert. 

Mauritia 	 moriche, 

fiexuosa 	 buriti, 

L. 	 muriti, 
aguaje 

Maximrnana 	 inaja 

marlir a 

Karst 

Origin & 

native abtat 

S.Amer : trop. 
rain forest, 

sites subject 
to floods, 

S E.Asia, east 

to Vanuatu: trop. 

rain forest 

undergrowth. 

S.E.Asia, east to 
Niggela; trop. 

rain forest, 

coastal and 

mt. sites, 

SAmer.: trop. 

rain forest, 

swampy sites. 

S.Armer.: trop. 

rain forest, 

sites subject 
to floods, 

SAmer.: trop. 

rain forest, 

dry, sandy, 
upland sites, 

Products or 

potential use 

Edirfle fruit; leaf 
base fiber, 

leaves for thatch, 

Edible heart; walk-

ing sticks from 

trunk; leaves for 

weaving & wrapping 

food. 

Edible fruit 
heart; fruit 

for live-

stock; leave. 

for fans; 

trunk for wood 

Edible fruit; 

starch from trunk 

(3 kg/tree); leaves 

for thatch, sails; 
spathe for cloth, 

Edible oil, fiuit, 

heart; starch from 

trunk (60 kg/tree); 
leaf fiber for 

rope; petiole for 

cork: trunk for 

wood. 

Edible fruit, 

heart, oil; 

leaves for 

thatch, weaving. 

Comments 

Sel. 

Ref. 

Fiber expo-ted; 

other products 

local only; 

solitary 
feather palms. 

18, 63, 

q1, 93, 

96, 104 

Local products 

only; some spp. 

possible ecolog

ical indicators; 

ornamental; 

suckering 

fan palms. 

20, 34, 

105 

Local products 
only; L. saribus 

(Lour.) Che,. 

grows in poor 

soils; L. 

speciosa K,.z, 
cood ornanrenta!; 

solitary fan 

palms. 

19-20, 
105 

Local products 

only; starch 

emergency food; 

solitary 
feather palms. 

106-108 

Local prcducts 

only; indicator 

plant o' trop 
rain forest 

swamp; solitary 

fan palms. 

5, 23, 

54, 63, 

80-81, 
97, 99 

Local prociucts 

only; so;itary 

feather palms. 

23, 104 
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Table 3 Continued. 

Scientific 
 Common Origin & Pimducts or 
Se.
 name native habitat potential use Comments Ref.
 

Ne'"anrhoprs mazar; 
ritchvina palm 
Griff 

Oenocarpusspp. bacaba 

Oncospernia bayas 
horridun 

(Gr ff ) Scheff. 

Oircospertna nibong, 
tigillanuin nibung 

(Jack) Ridley 

Phytehptras; ivory nut 
insrcmcarpa palm, 
Riz & Pavon tagua 

Pinanga spp. pinang 

Pritchardia Fiji fan 
Spp. palm 

S.Asia: subltiop. 

mrs. to 1,500 m. 

S.Amer: trop 


rain forest 

second gro th, 

upland 51(,:; 

S.E Asia lropI 

rain forest,if, 

lard to 500-

1.000 ni only 

S E Asia: top 

rain forest, 


coastal sites. 

S Amer.: trop. 


rain forest, 


esp. sites sub-


jectto floods, 


to 1,00 m 


S E.Asia: trop 

rain forest, nits 

to 1,200 m; some 
spp. in sites 

subject to floods 

Polynesia: trop. 

rnt.slopes, wet 

to dry. 

Edble fruit, 

heaft, young 

inflorescerne; 

leaves forthitch, 

weaving; leaves, 
petioles, trunk 

for fuel, eiosion 

control cn m. 

slopez. 

Fdible oil,frit: 

trurr for wood, 

potential
leIf. 


hali t fiber S.LIFCr-" 

rde heal; 


trunk for wood 


Edible heart; 


trunk fcr wood 


resis~anl to 

salt water. 

Edible immature 


fruit; seeds 


former scurce 


of vegetable
 

ivory.
 

Edible heart; 

leaves for 

weaving; trunk 
for ilking 

sticks & wood, 

erosion control 

Edible immature 

seed; leaves for 

thatch, weaving: 

erosion control, 

Local products 15,53 
only; shrub

like suckering 

fan palms. 

Local products 5, 7-8, 

only; solitary 23, 99, 
feather palms. 104 

Local products 20, 34, 
only; suckering 105
 
feather palms 

Local product, 15, 20, 
only; suckering 34, 105 

feather palms. 

Local products i, 61, 
on!y; solitary 91 

feather palms. 

Local products 20, 34,
 
only; forms 
 105
 
thickets; small
 
stature, sucker.
 

ing feather palms.
 

Local products 14, 55 
only; grow on 

dry, rocky, 

steep sites; 

popular orna. 

mentals; soli. 
tary fan palms. 
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Table 3 Continued 

Scienlific Common 

naern name 

Rphia spp. 	 raffia 
palms, 

African 

piassava 

Saba!spp. 	 palmetto 

Scheelea spp. 	 corozo, 
coroba 

Thrinax spp. 	 thatch 

palms 


Origin & 

native habitat 

W.Africa: trop. 
rain forest, 

swamps, sites 

subject to 

floods, 

N.&S.Amer : trop 

& subtrop., wet 

to dry. 

SAmer.: trop. 
rain forest, 

riverbanks, 

savanna. 

Caribbean: trop. 
& subtrop. dry 

forest. 

Products or 

potential use 

Edible fruit, oil; 

sap for wine; 

leaves for fiber 

thatch, petiole, 

Ilaf rachis for 

buildinc material, 

Edible fruit, 

heart, leaes for 

thatch, weaving, 
brur h fiber; 

(eforeslalion. 

Edible oil (3 kg/ 
tree/yr); leaves 

for thatch; trunk 

for wood, fuel. 

Leaves for thatch, 
weaving; reioresta-

tion. 

Comments 

Sel. 

Ref. 

Fiber exported; 

fruit, oil, wine 

local products; 

surkering ter

minal flowering 

feather palms. 

64, 85, 
90-91, 

98 

Local products 

only; at least 

25 spp.; soli
tary fan palms. 

16, 18, 

29, 81 

Local products 

only; about 40 

spp.; S. excelsa 

Karst., S. marco

carpa Karsf., S. 

princeps (Marl.) 

Karst. most 

promising for 

oil; solitary 

feather palms. 

5, 18, 

29, 81 

Local products 
only; sorte spp. 

grow on dry 
limestone sites; 

solitary fan palms. 

95 
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((vire.id oly 8r11 of the lotalOh arid ardiiSince
 
tho, tllt has::
f reft area in:rt-,sod t,12 7 
t!hr~nlmt; , ; l't)f 1;,-1t wld 11w" ojo',,Cllm eiit. 

i.:	H0 Ctirrt ,.' )I . i 1,,(i 1,i t fulfill the 
, li;le (ttir .t,onl peopte,tlif illion 

tin, )r wcork remains Frorm 1V973 to mid-198.1, 
!i iHui4 ectaIres of barriif, fH LItIitaIro s land 

!Ilocated to .511 rillion falrii fi,ili,:,!for private 

,:tc';tIh)ii Anethor 50 67 fillionl I:itares of such 


;.tsi contr,.,'ted !) arners for tree plantingl, 

:it, I1 H0 cooperative tree fians v.'ore 


,.,inK l.eto mtrage 16 G7 million hectares.
 
. ',4.100 coilly ovwned
r treeo farnus contain 

1,1 inroaractdall sli.'r 

ltiVfmore iian 	 lld ill
8((00 free sprre 
i. ptfiFili atly 800 have been use"d in) 

IFr. o tow Oe.r:o10 use tIfs richi ffectively 
it b rree lands is this paper uhject A 
1,tit f il rled by lhe ii illfrll , i\.,rnnrrlent the 


*),dti ,,r ,sthe
fmparl of Zhejiariq Povio(t;, .vs 
ni vdotsais. 

Generai uondtlonis of le Forest Farm 

ili Lilferl)sfi oi.- ;1t-iifif to oiii oty i,; 
l' Ai. i N thre nr(tliatd ll i i i '' "otn 0 
).;3.;19"'53'E) It s tin -ia i tr gt)tltiir ir 

ot 3,166 hectares and ii statf of 116(ipeople iI 5 
ortlitrlizattional division; (piininn; nd firnIce, 
produchlt-iil, security, ircmic .iit aridli m sillti, 
th gflrnral farioffilet. 1here ire q prodhiction 
'lit,; r',tIhe farir which are (tivided )y 
r i[ittrtlmertal corrditictric id aigenri 

til u t 

At pre,,ent, Itltorest ;taiwlng v(lue is 89,001 

rt arm the standingi v;ujrine of b hi )ois 1.99 
million cuIbs. e1ililI prodrclirctr vahIe is 1 1 
milhor Yian, wi:h a profit of 3011,000 Yuan, year 

(SUS1 3.7 Yuan). It is a small tree farm at aboult 
the middle level of manacienent intensity in China. 
Details about !aid use are described in Tabhle 1 

Management Analysis 

The bamboo fowmst produces the higliest income 
and )rofit (Table 2) Intensive niariagenent 
measrires, sict as organic and inorganic 
fertilization, pest and (Iiso Ise control, alnlual 
weeding, and silvi liittial m/anagement, have been 
adopted. Uising these mlethods, tihe average 
ijLlumber of culm-/h is 3,270 a'd the frlesh vei;ht 
pioduction is 31,5 t, ha/2 years imonr(n theOh llwst 

rcIduct ion rates if 'orlltryCO 

To p-ro '.or/triw,1raidI(typh,;in diircoi(jo ti 
banlxto, !lit' tops of new Ch!IIIS are IrLlally 
trilinied every year At least 1 I;)airs of branches 
llut be kepl, liowo\,r, t,)a,,oid depression of 
photosyllthesis. Tirc riniri pests alri diseases (if 
bamboo inlthis region are CoiatospI'.eria 
phrytlostacdycis3 Zhang sp. nov., Aihloioia 
coclesalis, Paotana sinica, Besaia god rica, 
Nortaci retro!osco de Joarimnij, aind Hippotlz 

To rvreet an incletasod mlket dellald for 
baml-o shools, a potion of lhe bani)oo forests 
have been converted. The deisity of these sain(Is 
has been reduced to 3,000 cilhns/fia, tihe soil is 
cultivated to a (I)l of 20 cm and fertilized 
annUally with 7 tons of buried weeds and 750 kg/lra 
of a NPK compound. These methods insrease the 
production of baMitioo shoots hy as ml(ch as 5 
times. 

IrThe timber tree forest car b cur and thinled 
Fes. 3 becausenow, but if woulId pr(xijce only 1,000 rr 
the forests are inthe midll years of rotation. The 
timber forest still employs as many workers as the 
bamboo forest. However. allintensive 
management plan that will be implemented soon is 
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Table 1. Land-use at the Linfengshi forest farm. 

Area % total 
Use (ha) area 

Forestry 
timber 86b.6 27.3 
reserved 1,020.2 32.2 
bamboo 678.5 21.4 
windbreak 60.8 1.9 
economic (tea, etc.) 50.6 1.6 

Unforested 202.1 6.4 

rable 2. Annual production values and profit of various farm crops. 

Management 

objective 
Area 

(ha) 
No. 

workers 

Ar.,,ual Prod. 

Value 

(',000 yuan) 

% 

total 

Profit 

Value 

(1,000 yuan) 

% 

total 

Bamboo forest 

Timber forest 

Rice 

Economic forest 
(including tea) 

606.9 

863.6 

13.3 

50.8 

80 

80 

15 

567 

380 

18 

135 

51.5 

34.5 

1.6 

12.3 

185 

109 

-10 

16 

61.7 

36.3 

-3.3 

53 

Contracted by farrrets. 
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expected to greatly increase timber production and 
profits. 

To strengthen and broaden its economy, the 
farm also has started several business ventures, 
including forest products, a store, hotel. and 
beverage factory. 

The farm's experience shows that, with proper 
mxatagement, small tree farms are prictical in 

arrer1, mountainous lands. But the fGllowing 
factors must be considered 

* 	 Multipurpose tree species hest stited for the 
oc0Ution shoulid be selectod, anmd elite varieties 
and clones should be used. 

o 	 At least one of the selected tree .species 
should be managed on a short rolaion to 
provide some early income. 

o 	 Intensive management should be adopted if 
possible. 

o 	 Although the main business of a tree farn is 
growing trees, other business activities will 
strengthen its economy. 
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Cost-Benefit Analysis of Forest Plantations in a Watershed 
in Northeastern Thailand 
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FAO Intejr;iid [Deloepom e nm of me Phti Wirq Wtershed Project 

Khori K wi, Vhaifid 

The Government of Thadind, a 5ssutdby toe 
United Nations Developmerit Proqrrmm air, !trn
rrood ad .Agricultu( Ol qafrlizaior I lrlo tited 
NYtons. is carryi(i eut aIr ite, iratd led,.Io-ier 
fill w the P u 'inr l ,'ihr>f , i tt hi 

,r; rnirtiwh l 

ILh,11,11(0 It (coveI;s a iirreo of iII 


I. i nte), est of Klein Knerii in ii felOstern 
:111d consists 

or 100 FrirT l i '( I yofltral valley of old 
I rIIt trit 1lrta of l forest i>',rv'e Total 

( IIl i l the area is alsit 17.(4)() 

h1thie) :ritrad 
't i'i,iC fiinj on rese rve to 

,qt ntw:,.- .' IOIy (Aft ?iov.tiorshid 
iefoliost 


I assaIv' I (M'i/redt oecr./Ierta) , Tlle 
1, 	 11,n10 t is 'stablishin.g phl It t iofs of fast 

u,,ntree species, irrcludirig Erc'ai'ptos
n 
it(Jr. I)osis, L eocaii 	 na loeur(2iop/ia/aand 

" ' ricoliorns, to reforest the area and 

-,irirally,r:ondition; iii the Vwdtrshod are
 
iilu to those of the northeaslern rerlion of 


LI,ailard Agricuthu r is the Mrair occil) tiorn, soils 

Ir- 'nrldy ard n-SC-eptible to ern,.,in rainfall
 
-:lir'-; fiorm May to Novem l (' tr:i i niilploymont 


i, hiiii(iririq the (IriS(,SOi 


Fti-,try :id aqriifoire try are nIoi d rcit 

' 
 i-i ally Iioie sl.hle than traitdiim r :ropping 

' 'Ourtula/s.ll onifu kind-, H-owever, a 


(n ,lre alppraisal of lho( fiancial1 *,c rl, and
 
,all f sihility of It l(tl( chI -ls'.'.'ontd require 


rl ro is riot
Inruhie reliahle unforraltion, v.frich 
e'.ly availaile Olevorielhfin; to assess tlfe 
orti;i of tie Phu Wiiig Fo)rest Reytve ai(l to 

,Irnoirstate the stricltire of a1cost Le! i stlldy 
fir for,.t ;!aittafioes, sevenal siriirIri. have 
L(eomI1 ca(rrie(d out with Eo(,/'4 tt,s -w),,/ 1oiiJs, a 
sitCieS AbOUt whichr relatively ruirclh in ormationr is 
ua,'ilall in Thailauri 

li ai eCOlOr 1iric oorlysis rCor(Irrct(I frOm a 
nationat poirnt of view, various irtile( I costs and 
be.-nefits, actditiional to lhe costs aid hnrefits 

aircady inck'Iueed in the financial analysis, shorld be 
cOirsidrer(.JQuarititicatiorI aid valuation of
inltangible befrefits (and also costs) ae outlside the 
scot)e of this ttudy. However, an atlempt has hii(r 

lodcn7 to idenlify i kfir(dcl Iod often iltarrllrihhr 

Costs and hcrl(lifs.
 

For an econoric; ol;nlysistHe Phu Wirinl 
Forest Hngsen.e, the followii five sitrrtiiir;n- old(tJ 
be considcred 

q(iliiltro, ca {Iva 

farn rs
 

o 	 pure a'l ciitivatIed Iny 

o 	planrtatiin fnieti y. tries planted hy ie Royal 
Forest Depatiii(mt (RFD) 

o 	agroforestry,tees. pluimtet ')y tfn, RF[D 

a 	agroolnstr,. tw(re; I)ltrle hy farnnirs 

o 	 nla iiqiir irid ', i tti,,m (ff !thr lmtinal, 
forest 

. , 

inldireut c)', ir,Irlefihi ill liill tin the
 

Ta let1 t , ir (.i ihif i( 

sitti ointiii st, li i,'i: ri( t'if this super,
 
r av( r. odfilk with i frinlu ;irlA liArlysis of
 
Fucalr' s paId itati0ns;, 01!]l1r1d C,'i;VI i il i(ri,
 
and itlietcrupping of ELroru,,tis wet cassava. 

Financial Analyzis 

Theilfimc.il amilysis covets forestry, 
agdricrultual, (ta agroforesry ilrt uses with r(il(J 
to Chtarcoai, lunli)wVOcd. ard tirlih;r lirn uci)rl of 
Eucilyptus arid dry chips prcd(h(fred frori caIssa'.. 

ELucalyptuAS Plantations 

Basic data required for tfinacid analysis of 
tree plalzttious cir i) t )o,(tly classilied into tIhe 
followinrg Igroups 

2,1(r 

http:ilfimc.il


-- 

Table 1. Indirect costs and benefits of land-use systems in the Phu W'iang forest reserve. 

Land-use system 

Pure agriculture, 

ca.sava cult;vc- d by 
farmers 

Plantation forestry, 

trees planted by RFD 

Agroforestry, trees 


planted by RFD 


Mana:ement and 

exploitation of 

natural forest 


Because quantificatico 

separately. 

Indirect costs and benefift* 

- aestruction of capital--natural resources-

--

in the form of standing torest, 
other costs are elated to soil erosion 

--

and water quality; 
contribution to foreigq exchange earnings, 
since all cassava is exported. 

-- reduction of erosion;
 

-- soil improvement;
 

- improved water quality and supply;
 

job creation; 

-- fodder provided for buffalo; 
-- costs are associated with loss n; other 

paroductive land-use alternati, es, such zs 

replacement of cassava by plantations. 

income for local fairners from irtercropping
 

cassava;
 

reduced encroachment of natural fore.t because
 
of partially satisfied cash needs;
 

--	 better forest prclection tecause farmers have 

planted the trees whose products tney 

benefit from: 
- increased replanting of area over same pedod 

of time and thus improved control of soil! 
erosion, wat.r and soil quality, rocre jobs 
and incomc opportunities; reduced encroachment 

of natural lorest and thus positive effects on 
,genetic diversity an ' availaility of minor 

forest products. 

- timber of valuable )ardwood species; 
-- fuelwood and charcoal; 
- fruits, vegetables, medicinal herbs, 

ornamental plants, wild animal, etc.; 
--	 creation of jobs related to above benefits; 

ecological effects on soil and water; 
maintenance of genetic diversity; 

--	 recreational opportunities. 

and valuation are impossible at this stage, costs arid benefits have not been listed 
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o costs of plantation esthlishisserl and 
managemOent 


a tree .growth ans ysiid 

o price, t redict. 

DaIta fromr the PhW\ ailg plltatio., rsdic;iied
that over 95% ,of ca)st'; imoield, irsp1ist.t ior 

.5taii)listilerit ire lt w rlated 

P.p ;ts lit,
of, cltovh (fchllel ';l)(cie, are irl 
prepa'-mion. Fh .voi,,e(j s,,i, wt ifdieighl
were ,.lsulatod troll a satllpi It foul y(-is-ol( 
trees ilite iata' .1x 'II sl'.,acinfl (100 IwSes Ier 
r'1)if' s;ub).ulnitI of the proj(ct. (I Iri a01; lt,, I 
ia,: ,:s1) rali ) Vlirrle wats 41, Ills ifhe1 ).,ri,aslc 
M itii\rAirls cfresaort (MAI)per lrts. iI ( 1 1Irt 

Ill [h-fh )(rl tasof his ill ,it
arstzi l ['lilti;rl 
,1ltil(d t sir h I , hi(fil ' I tisisn 
5t5 e irv to i ,t fr i nnlINt iV h i ni,ht'. 

*s i I p ;ifesl -1I ire 1ini i:U stliijI' 
*)1)id"lo tnrsl olher i. a iI ffrosth iast 
en,rss irr thoso .tilgs ,tar Iy pfrI-rrarify data of 
y sriJlj sit lsunri l Vh.i,m 

lt ls but 

i ; .srn s,' Lrisl itiofls 
i)i)i(! ,nit(!s
. A MA] ()():I'I1't v/ ilI r ,silliras 

4s /t.l 75It-ll t r ss it i ia ,I rahle 

,'Ill t I ,)rF (iis ypili:, 


Prices tr1 Wood Products 

Charcoal. A siiviy ils;]tI( Phil ia i/ legiori, 

srir jsjr 'h (iii sndicaterifat (cIticoalprice-
His i. 

I ),[t 1 c.,-h1 -rs -5 psr k) varied 

Ir it 'o fd)ixihit resi d nj i sei-o, 

,ili'lliy sstily I tiirs fi iKeir
inI isl-l ss. f!; 

p iiJt-; ,veraieil; 5 sil l, d 5 i,fi )fir.) to 3 5 
hill: 


Pulpwood [tis,ilssl>. PLIp1)
drld Ps '.rsMiill i 

is.1(m Kh.,irw l vir(: 
 v.a,, ws isir.g ;ata() capacity 


iii 1is1t'];ic 
 e.,,5
t its sl a(, a. .oil a cicar 
s),(Il for iinlho Itl(] is] cfillk:i0 ls a ', 'r.. riaiterial.. 


t fi rw-an lsr o',l,,.aiid ;ris
f(exotic ir. 

Fin ;,tlypti isn 
 w(j:stsiris;s.())i1)t t rtotrW ir 

I,SI 'rf it 


[-ovtvever,- Ihcre are no reporte( isterilios, of
isiric] exotic tirees as aI raw ma:terial Sometisrses 

these trees can be used irl a mix v.ih bmssoo or 
kenaf (10% exotic trees, 90% banboo or kenaf),
but siuch mixes are not generally prelsrred. 
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Timber. Information on the (Itlantity and prices
of exotic timber species for both Khfr Kaen 
Province and Thailand a'sa whleI15 t Mostis sc'are 
plantations with exotic trees are stilltoo young, arid 
tihe trees are Often s)yown for uses other than
timber. The average timber price at tile P1n1Wiarig 
saW lniliis 1,100 bat t per Ill , with 800 hahil for
sollwood aid 1,500 bald for bardwosd Siwimills 
ill the PilL Viti:g region uro (!x:re;ting an inicrease 
i;1s
tirfiher prices ti year. 

Data on Cassava 

To compare forestry, aglroforestry and 
agriCultural lanl-LIse systems, cassava 
moriocropping and irintrcroppig with trees have to 
be coreidJered. 

Cassava yields are high totthe years
i:iatlely followinig eicroachmlent of the rnatUral 

fIsret bil (e :fe ie rapidly ill Sit)s'(fiterst years of
C(ailiiisJOrS .cSutivation. Illtse first year, yields of 

cassava are estiniated at 25 tons per ha,but 
drop to rio sore than 7trtls per Ila after 6 years. 
Most farmers intie Phtj Wiang area use family 
labor to process tife cassava roots into chips. Tie 
price for dry cassava chips was 1.9 balit per kg in 
April 198'. 

It has beel observedI that c.1Issava ca;n be 
iritercropped with Eucalyptus ill the first three years
afler establishment. Based a cassarva survey inlon 

tirePhl Wiatiig 'watershed arid 
osIother iiforesation 
vields oi 4.1 3".8,aid 3 Aslons per nec(lam of
 
cassava chips h.ave 
 een asssts;ef2 for tie iirst,
 
second, and third years, respectively.
 

IMULBUD Simulations 

MULBLID (Mullienterpise, multi-periof
 
brgtlillg) is ass isnteractive comnpuiter package

(hiasits l to assist i tsieo 
 oimic appraisal of
 
lsfresiirial crops 
 vsis agroflo esl'., iald-lse system1s
 
where Ilia. y Ire; -,pecies, .'rowz,or livestock are
 
grows together. MLLBUD acknowleoges tie time
 
dimer~iion, is user friendly, arid is suitable for 

sensitivity analysis. 

Table 2 shows tlie major results of the MULBUD 
simulatiors with respect to forestry, agroforestry,
and agricultural land uses. Tfhe highest Sum of Net 
Present Values (SNPV) and ,3a!ortized valses (AV) 
per rai per year were acfhieved with timber. The 
average labor rentuirenleists per rai arid per year are 



related to tue length of the rotation. Frtmi the 
column "SNPV/ddys," the Return to Laht (RTL) 
carl bc deduced by consiering the inctrli)rated 
wage rates of 35 baht per Cy in trestiy ald 
agroforestry combinations arid 20 baht ierday for 
cassava monocropping. The Eucalyptu; tiirher 

iin Ilationreturn was over 62 bait pet dly (Tlhe 
SNPV/(lay of the Eucalypltsi timber thiittpise is 27 
hltl:the wage late is35 holit). lhe otlhi timler 

!irnulalioi (Iulti-eiterprise) and the sitnl ations 
with ptulpwood total 50 haIt ot Hrore pt lJAy, while 
tIre sitirtllations with charcoal are lit ' 10 balt 
per daty. 

The RTL of cassava cultivation wi;atove 35 
holit pwr day ilt the fir-t four years., lot de(teased 
1()'4otd 21 I)t per day inyears G.'11i0i 
tispicively. as yield. eclirtd. 

V'Vilh regard to thiet!ti'efit cost tolt,,i ltinher anrd
 
tIjl ossava sifilatio tor itt years
,., thi lust 

,tltir c rmathti. it(,voI tie htt rt,till,; (hitweer 
.3 itlt 108). - h( l)tn1fit, c)st tatio)., tf sJitlatior , 

Iffclh wcoal and ptir (:p'.r Gtsava inytar. 1, id were 

1. Iand 1.2, respectively, ind wer, t. Ihwest 
f)litlit P Apart fron the cassava It) i ioppill l 
,itMulations, the Euciyptus (ptulp) c(i;xl.,i 
,i~l!ation gave the highes;t (25%) ht , il Rate of 
Retrin '!'I)because of the relntivy,1 hrt period 
Of aiily (8years) c(.mpalred to t1 mittltintl 
with tim)or isthe ilaini pitonuct. ,Ili I h l uliAl ,r 
R 1(,:,0-23: exceplt the eic'aly tll, tmacoal 
'.ifttitatio, vliich had artl I13 it1; 

Consequences of the Results 

The es'ultsitOfTale 2 carl futliet )MtJre the 
oat ural forest (dry evergreen), uplantd (:toptpirig 
(cassava), and Eucalyptus plantationi land-use 
systertis. Theoretically, land resoirces have a 
current nlarket value equal to tIre ltresttt value of 
their expected future land rents (Bar lo,,we1972). 
Ul.Jh(I this concept, land rent rtay Is,dlited 

thsr crije 

,ilrolild accrle oilprodictoir land lIt rite oft 
discotirt used is10% 

sirrtply a.;the eco(liric ri!tturilat1( or
 

Based or a growing stock of 55.6 ti"i'per 
hectaro ,-rida profit margin or conc(-;i its of 
2,000 )tlt per n3 of wood,the value tf(dly 
evergreen forest has been estimated at 112,000 
lhilit The period of regrowth to obtainper hectare. 
tlie saie volume of the stand is a.suird as 30 
years. Year 0 is defined as the time when selective 
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logging by concassionaire takes place. The land 
value for year 0 is 112,000 plus 112,000 discounted 
over 30 years plus 112,000 discounted over 60 
years, etc. The value for year 1 is 112,000 
discounted over 29, 59, 89, etc. years. The same 
can be done for years 2-29, inclusive. The value for 
year 30 will be the same as for year 0.Inyear 30,a 
concessiot, ;sagain assumed to take place (as in 
years 60, 90, etc.), so the cycle c'n start again. 

Given a decline in yields, cassava cropping is 
assumed to last continuously for 8 years, fcllowed 
by 4 fallow years, and 2 years of cassava 
production in a continuous cycle. The yields 
between the fallow periods are assumed equal to 
years 4 and 5 of the MULBUD pure cassava 
simulations, or 17.2 arid 6.3 fresh tons per hectare. 
All future net benefits are disconted back to the 
year of reference 

The third major lartd-ujse systei within tie 

forest reserve consists of forest plantations 
i-itercroppel with cassava during the first three 
years. Again, all future net benefits are (liscoutnted 
back to the year of reference. 

Fig. 1 shows the results irr a graph form. Year 1 
is the initial year for all comrpared lard-slSe types, 
selective logging by the concessionaire, cassava 
growing, and establishment of forest plantations. 
At first, the cassava results are favorable because 
of relatively high yields in the first years after 
erncroachment, but after 8 years the results are 
nearly equal to Eucalyptus-charcoal plantations. 
The timber plantations give the best results in terros 
of net present value, The clurve representing 
pulpwood plantations (rot displayed for reasons of 
clarity) lies inlbetween charcoal and timber 
plantations. It is iniportant to stress that the natural 
forest produces benefits other than timber that are 
not considered here. 

Employment Generation 

Generation of employment in rural areas is anl 
important issue for tihe Royal Thai Government, 
particularly inthe Northeast. Over a 30-year time 
frame, the labor demand for the charcoal 
alternative is the highest, with 5,340 days per 
fectare,an average of 178 clays per year. This 
compares to 142, 125, and 109 days annually for 
pulpwood, cass;ava, and timber plantations,
 
respectively. Compared to the forest plantations,
 



Ta-le 2. Overview of main results of MULBUD simulations. 1 

SNPV2 

Land use Years baht 

Agriculture 

Pure cassava
 
year 1 
 1 1,810 

year 2 
 1 1,937 
year "1 1 1,681 

year 4 
 1 1,383 

year 5 
 1 181 

year 6 
 1 43 


Forestry
Eucalyptus-charcoal 6 656 

Eucalyutus-pulpwood 8 1,826 
Eucalvptus-timber 15 4,922 

Agroforestry 

E.catnaldJolersis 
(charcoal)-cassava 6 1,030 

F.cai aldulensis 
(pulp)-cassava 8 2,500 

f. cafraldulensis 
(tirber) crassava 15 5,273 

Results are based on an area unit of I rai (1 rai 016 ha; 1 ha 
SNPV -- sum of rretpresent values, based on a 10% rate of discount. 
AV -:amortized value (baht/yr) 
1,TL 
 return to lalor (baht/yr).
 
derived by dividing discounted benefit strearm 
 by discounted cost stream. 

6 IR1 internal rate ofreturn. 

AA 

AA 

S 
 . . 2 

4
 

FIg . 1.Net present values of various land uses of the forest reserve. 
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Average 

labor 
V3  

A days/yr 

1,990 114 

2,131 96 

1,849 87 

1,522 77 


199 43 

47 40 


151 15 

342 13 

647 
 12 


236 
 29 


469 
 22 


693 
 18 


6.25 rai). 

SNPV/ 

days 
baht 

16 


20 


19 


18 


4 


1 


7 


18 


27 


6 


15 


20 


RTL/ B/C IRR 
(lay 4 

railo %6 

36 1.8 
40 2.0 

39 2.0 
38 1.9 
24 1.2 
21 1.1 

42 1.2 16
 
53 1.6 20
 
62 2.3 22
 

41 1.2 20
 

50 1.5 25
 

55 1.8 23
 



--

Table 3. Firest land use in Phu Wiang. 

Dry Dry Forest
 
evergreen dipterocarp planta-


Year forest forest 1 

lions 2 

Cassava 3 

197, 4 
16,540 6,480 -- 100 

19825 14,469 6,100 -- 1,463 
19846 13,529 5,322 152 3,009 
1987 10,974 5,038 904 5,100 
1990 8,544 4.768 1,500 7,200
1995 5,034 3,7'8 2,500 10,700 
2000 2,604 1,708 3,500 14,200 
2005  -- 4,500 17,512 

1 Including decrease of dry dipterocarp for(St oItside the torest reserve 

2Figs. for 1984 and 1987 are actual for established plarrtations; projections after 1987 are based 
on a yearly increase of 200 ha. 

3Figs. only of cassava inside forest re.,e ve Figs for 11),'6, 1982, arid 1984 are based on aerial 
photographs and a ground encroachment of the natura forest for growing 700 ha/yr cassava, 
slightly below the average annual increase dumirr tie M1284 period. 

l3ased on aerial photographs of 1976 
iased on aerial pithoograplhs of 1916, followed by a ground check.

6 Based on new wial photographs of 19P., 

C '., . '' ; 

* r.. .. 

Fig. 2. Total land values of the forest reserve for various purposes. 
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only tie timber alternaive has a lower labor 
(4,111,1/(d. 

Aggregated Land-Use Values 

Thlis far all figLures Ihave b'e n expressed per 
unit area (hectare). To tunderstald their 
implications for the Phl Maniai'u watershed as a1
whittle, on)fiieeO(
; iiloorIiierll on the total land use 
wilhini thre forest reserve 

Tahlh a.lives the projeclhd florst rId use in 
Phl vIiViri over a period of .3rLyears. From 1976 to 
108.1 hie total area of natralfloest illthe 
vitersfed, irside as well a; mitird the forest 

ryoe, de reasel from ''i,0:t()o 1k,0i1 hrctares. 
Ihi,, iirilili,., (hireara )friiirattl re.t f:or) 73 5 
h1; 1/pecent (ifthe til wae ie; rea From 
1.ri,.1
t) 1I.07, forest plarrtitnii figluu ts ;oircikfed
'ini whta actulily wa.; plait Alter 1t937, an 
ilitillilJiwIreise of '2(00 I fare- is ;oci rr-'t-. The 

i(
e lierit by farims intie forest resolve is 
,:aiirit o 1 riri(),(tortintie iiot ie(( at a rafo of 700 
ht(iirnr, per year. sltjhftly helow !he average 
ii r :.t; dirruig Ii98,- 1981. After the dia,;ppearrance 

Jf tit rrattiril forest, it i,.iirri(t that the 
1inew fo)re.; plartatioins coninues 

9w ,;ire rale of P00 hcmlaliir; )o,year attIre 
P .l tI Iran, iO:.;l If cir toiri:a.i 

tnud ValLje Assumptions 

Til,h 3 shows (existilg ( t, r 1h ,'SLlledil(

'C Iraio (if
fnitlier encroufhm it of the ratural 

Ire,:t and 
 f ,xpinsiorn of II;,forest plantations, 
Miriy differenlt s 1enaihe tcho.er. Iithis
ili(th1 


ti,ilhe ilIri rrt)w lre imrlplicatioris
piirpoau i;h) 

d,rwri't tf!(tfi,4
 

ahive,i i~tlitA-. riw ioriitirIHr v, f ifI 1:),(ill);pOr 
v.1., mdnta:r:1e for (hy e,vro(eei fh)rut just 

t loholtgireg hy a llriftr
mrl:orrtssi 


NO !;ietx;ite (istinrti 
 wiv; rrraru with reference 
IthOI iriirr rixhiucl of the forest l)larntaliors. 
r :;tei(l(, air averil-g valte ot 62:",.(10baht per 

resctart
was assiined. 1Ili; aplroxiniates Ire 
a-,tilt ,
for ptulpwo h. 


For cassava , 12 dilterellt values were Used, 
(deplerldingon the rimbor of years ao'2 r 

Wrlcroaichl[nel . From year 12 o11, a corrtinurous 
cycle was a',;.stlll0dwith la coni starnit value of 50,000 
hilil per hectare. 

Aggregated Land Values 

The results of this aggregation exorcise of land
values Irdisplayed in Fig. 2 ($1 26 Baht). 
Natural forests have disappeared by the year 2005. 
hi tie sane year, the valtie for cassava has peaked 
at ahout $5.8 million. 

li 2005, casava cuiltivation is as.stilned to take 
place on an area of 17,500 hectares or almost 80% 
of the forest reserve, the remainder being forest
plantations. The curve re)resenting the value of all 
lands within the forest reserve declines steeply
because of the (isa)lpearance of (try evergreen
forest. Aflter 2005, cassava lands gradually will be 
reverted back to forest lands. Given the higher
valtje(Of lhe latlr, the total value CuiVe then rises 
slowly ,aailtl
 

Discussion 

Based o tire assumed data, forest plantatiors
 
seem able to compete with cassava growing in
 
terms of 11opresorit value, RTL, and em)loyment
generation. Inreility, ihe assumed scenarios Could 
becomre rihlih different, depending or government 
policy arid other factors. In view of air expected
increase in forestry-related employment 
opportunities in the near future, pressing gluestiors 
need to be answered. Is the RFD going to manage
the plantations by itself, including the harvesting 
and selling of the wocx f)r)ducts, or will it become
possible for farmers to participate in the process of 
tree growing? The last option implies that benefits 
of the trees would go to farmers as well. 
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Farmers' Attitudes Toward Planting 
Multipurpose Trees in Northeast Thailand 

Narong Srisawas 
DeparI rrir t i(A y rid Arit Iiropoi)f S;%r( y, Kasetsar University 

BuItqkrok T)aikirid 

Il Iis study, rural farr;i hoscihold l111(s in 5 

prnvinc:; of Northeast Thailand were Surveyed

rea(rding their access to rind use of 
 riiltitirtipuose 
tree :p(.ecies The farmers Surveye(d nioted a 
:hortage of available seedlings iid a lack of proper 
Kri,.hJf~l~f about niru1tiotrpose trees Pilot self-
I1,Ip1iltierie sholli(d be e ,tI[iishe. ill selected 

i l,1 a d treeh(&)ll-, 'ori ilei ptilrp)os( 
i, uld he promote(. 

S,dy Method 
i i'-JViesi .~ ) twl had previously 

ha 

. - I)r Ih,, tAwly ill 198; A totsl of 440 heads 
S,f I qJ,!i-i W(I rler.s\iW':we 

-, ,,,I -f -~rihfi lru inrfq futiowood scarcities were 

I-! -u: l Aee 

Results 

5, ifi, : 5 .r.-e',( l!St d tle Llti irj)se 
+.... ,-- i-,that they mo t wanted (Fig 1), the 

tir, they desired (Fig. 2), their reasons for 
ir,iwi troes (Fig 3), and the uses of the species

'I1 - i 

Nurseries 

There were (; Royad Forest Department nursery 
centers in the provin(:.os studied. Each center 
could prodju,: cl;.L W,,k0(; seedirgs per year. 
There were ;lso 10 private rrseries of various 
siues i)r(xJ 'hcr(j Ftjcilypti;s Oiirnadk]l sis 
seedlirigs at 0 50-0 7 1 ilihtper .e(dlilq (SUSI 
25 laht) 

Farmers' Problems 
Farrics saud there w, is I Ia rtate ei seedligs 

a)d a ktick of troper krr )wtusl(i, of niultipurpose 
treeLs 

Recommendations 

o Pilot self help rrurs;eri s l)rio(hucing
riiiltih irfi,.e tr ,e.peciS shotl(J le set ip il 
selecdw( primary ,cloiols of the districts 

e So11i irrtlti)urpo)se hieu ,lpecies, assuch 
Aiadirachtd idica and Cancsia siinea, 
shourld be poriioted 

http:provin(:.os
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Fig. I Multipurpose true species desired by farmer
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Fig. 2. Average no. seedlings farmers want, by distance. 
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Fig. 4. Ues onmultipurpse trees by farmers. 
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Potential Uses of Nitrogen-Fixing Trees on
 
Small Coconut Plantations in Sri Lanka
 

L.V.K. Liyanage, H.P.S. Jayasundara, and T.G.L.G. Gunasekara 
C(.ontit hese.arch Inistitute
 

Sri Lanka
 

Establishment of nitroger-fixing trees (NFT) on 
coconut plantations hu received increasiirg 
attention recently, although o quantitative data 'Ire 
available on their growth md yield cr .p ,ifir use-
tindor variljis ranragemrnerl rqlirrnf,! It i no)w 
evident that Giliricia ;,,.,!. L',ccc a ic 

Ic~ .--. v ';fcrcc),c,ca pc-:rp. |ni r lli Ni .s , 
MiCdote-dlyCiy iltId.ir llrrlcil n c(:accilct 
pllicrtatrair:. ct I Iltil ccs)jcf tW 'I (c.IFIS)
far slmll scale funi, <ccci, 1-I .iarics oft 
field eerXI)Orcctiils dh, ijfltcd h i(i lvlice 
(Jgwlr ard1 \'iil( , rrl it.I( ctcll lict illil)! 
ll. a,.l NFT :,i ci i IrtNH imc ,!clt Olcirct,tciarc; 
rccuM.cr.c cer 

'3liricidia atnd Letlcaona Trials 

Glhri'Jcii, l id Lcicc,c,0 t Vtl 1 (.c (.vn Ill ! C ( r 

(Jro ov n trill f(c ;ci" cc;,ili cci,lcrtccrLI '; ill -II. if 3 
ciffereit soil lypes.; anid cliltlis cif . c- ccti(i0 c(.r(f 
atts af Sri Laink. Ire ,1 h.rcsiion,; werc 'l 'cr. 
vt ilharrei iale /ccllc., dry irlct lrcte i'fc. rlnd 
dry zone. tie scil Vye:;'.. le LlliiOl (l 'a li(',i ) dcd 
2 enti.als+(sady m , , c rnd A rArcclccrnizecl 
Il o c0 do:ign wilh 4 rcl.licactirrs was icse.,Crops 
were planted 2.0 x 11)9inapat indtle(; re, i1the 
cocornut avenues, leavingq iore thlir 2 in Ifroir the 
rows to the, coconut boles. One ye:cr aftor l)linirg, 
!Mirvoslingwas started by lopping lh. plarnis it r () 
Iii neigh above the grotlrd. Greei hiatlt(r (hagive.; 
and leider ste rs) wa, salarat cr1 Ir, in fr :,h 
firewood. 

Lopping ,,as done,at 3-icOaith inteval.s, giving 1 
harvests per year. Gliricidia aind Leibtaoiwc;outhiwest 
produced 7-10 I/ha and 12-16 /ha ( een rnatter 
and 8-1!. t/ha and 14-20 I/Iha fresh firewo od during 
the first and seconrd years, respecti, ely 6Nricidia 
deornoistrated a wide adaclcility 1() ill lhi? clinates 
and soil types while Le-,uaic-i pert cr iced vell in dry 
areas and preferred light soil', 

Use of Gliricidia arcd LOicLaena it-i soLreS ol 
green rnunt-re was tested in 2 experiietl' Th ese 

wore set up in low-yielding mature coconut 
plantations on ultisols (lateritic) of the intermediate 
dry zone and intermediate wet zone. The purpose 
was to study ways to induce new root development 
an1r! expand the active root zone aroun)d the base of 
the palms. Treatments included opening pji 
(lLItler-, semi-, and full-circle trenches of '0 cmn 
width nad 30 rr depth 30 cm away from thetole of 
thIe palm. The quartor-, semi-, arid frill-circle 
treierhes wore filled with 31, 62.5 and 125 ki 
Gliricidia leaves, respectively. A ranrdonized lock 
design witlh 3repliialions was used. There wore 9 
effective ptal s pr plot. Nut arid copra prodiclio 
was ireaisirem! tc-rrnonlh iutenils fr 2 years. 

!ncorporatior. of Gliricitdia inillveslflerenl size 
treincho. orolid ih Iaricls pirodced copra
weights ciJlrlccfiitly fi ct l rr nllh ;acoftlhc. 

conrtrol Witihoit treiches or aidcled Inathriil. The 
g iarter circlh trenches (Fig. 1) t)rodhiiced the 
highlest conlrts of ard (copraweightsa!Ocpr 
comparecd to controls. 

hi another experiment, GliricJ(tia and Lacic iera 
Wrplanted in double rows at a spacing of 2 x 0.9 
mclcuder 40-year-old coconuts in he wet 
inlernediate zone on a ulisol (lateritic). A 
randoinized block design wilh 3 replicalicins and 9 
calns per plant were taken to record nut 

Iroductiari. Gliricidia and Leucarna wore lapped 1 
yeair after planting at 1.0 in height and every G 
iniontlis thereafter, and fresh mater cll of 21 
kg/palm/ryear was incorporated tc a depth of 22 
(rn in a 2 i radius around tire palii during tIre 

monsoorns (Fig. 2). Soil physical andr 
chemical measurements were taken at 6-nionth 
i lervals and coconut/copra prodticion was 
recorded every 2 months. Altoticgh rio 
improvemient in nut production was observed, a 
re-huction of va; evident after Gstlre soil hulk densily 
monthfs. 

Use of Gliricidia arid Leoi(.leona in integrated 
farming systems of coconit, pasture, and cattle 

_25i 
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Fig. 1. Quarter circle trench CLt around a coconut palm to bury Gliricidia leaves. 

Fig. 2.Gliricidia mulch applhed as a green manure to coconuts. 
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was studied for 2 years. Two rows of Leucaena 
were planted 2 m apart in the coconut aventues 
while Gliricidia and Leucaena were planted 1.5 m 
apart alternately in a living fence along the 
boundary of a 1-hectare block. A mixture of 
Brachiaria tniliformis/Puerariaphaseoloides was 
grown in the avenues between the coconuts. 
Jersey and Local heifers were reared at 4 
animals/ha and fed the forage. When the living 
fence was 2 years old, it yielded more thai 2 
t/ha/yr fresh green matter, with harvests every 6 
months. Significant increases of live weight gains 
of over 450 g/head/day were prcduced wien 
Glrincidia and Leucaerla were mixed in the forage 
mixture during the wet season. More than 300 
g/head/ctay of live weight gains were produced 
during the dry season. General improver rol t in the 
coconut plantation also occurred, ard it became 
evident that inorganic fertilizers wero not necessary 
in this integratcd faruning system. 

Gliricidia stakes of 15 in height, pik rted 25 cm 
away from the pepper p!ants grown erido coconut 
arid lopped regularly, have also srji\(,j a.; 
successful live pepper Slp)t)lts for 10e1) years. 

Twenty introduced NF- species were tested for 
local adaptability in the low counruy innrmediate 
zone of Sri Lanka for 2.5 years. The experiment 
consisted of a non-replcated block design, where 
tree species were planted in plots ol 5 x 25( m with 1 
x 1m spacing Acacia anriculiformis, A. mnmgiun, 
Letlcaena leucocephalavan. K636, Girin('iia 
sepinm, Enteolobium cyclocarptim, andl Calliandra 
calothyrsus were identified as promi-;in!,j yielding 
more than 2.5 kg/plant green maler anr.t 1.0 
kg/plant firewood aflter 2 years. 
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Superiority Indices of Some Multipurpose Trees 
from the Central Himalaya 

A. R. Nautiyal and A. N, Purohit 
High AIttude Plait Fhysietloy Re'search Centte, Garhwal University
 

Srilaglar, India
 

Although the forest flHea (-)Krna ln nm 

Garhwal, India are r 
 i 	 toI irw(nhar iosp)erm tf e slech,., (C)rrr;it '3 K' a
e)w are; heing irli t itl < i. tl fl r 't' a' 

duI t ) the !ack (if ll fiit I(If, %.IlIrat, 
pllotosy tlitheli rtiiO V+ai rs li(ttrarrspJratirrr t 1( Wti~' : lt it I', r rHt ,,,( 

Cr riterr. -[trs 'i:,, . ., ft 
 r,i < rlr!

~rl t ort s,rj . ' I 9 r1 I 
tjI'rie"trt l i l ,i'( :j i , , -t Ill thf tl ,. 'iIhN!, il i hrf) i,,:, , lt ,''r, i 

.Ofill (l v;, 
 nll, I rrt, 'i(I ile. r 11 ; l' 1 , III! 

c(M) 'k,11""Ji, ( ift 1w 1)(), I 'f'- l l t rr ,1 Ifl
', ' ( I!o ill a ll fh i t t, I 

, 
A II i('. I ,J~ .iI if, > //\II tI . 

li(i f/Ih'r !( ) -;1 Ii, d i , i 1 Iti ,' , 

Tll ti ; ]lit, , L, '*. timy itf : h , ( 1t980')
i wArill that ivmv,fIlli rf;1, ,J .airhlrl

alsu; Is ;,tI trrIt;rrtlrh HOaLl (',il 1eii[U *,,. sll()jIji
iref'rn. rfr t ii r,t, Il I H t ir,, jor twev,

f)ll:;r i, f i hil; tht-r,, i hearly a n i:, f, I 


tr o1 1 it i 1t 4 f )fII L f tI Iis C' lin I. IrnI 
hf, i a p f 1,( ,i1 .ii ::I Hia iroid,h 

SI i tJ rI. t(i ; I ltrlit I ll lii f j Ill Itirlli. 

. f)' li )f' i(i,: ni" i f l 	 i tIe 
i+ 	 i riiitl(tl iIl yr, II jtllhr , ,hi: .li , fir 

'I'l i d i'dS',r,)I1 
 :,i1hih:I miily le; ti'ely,
rIt e, vith till ha )ifif,ntli (HtlIrln, )l!).tin 


;IIIlty[ttiJrfr;i I ,;hill IL lt eLI hio a 
, ,,,ilrif i' es fi ,ifw, n !,+v,iiL af thrC: 	 nith ,irr,::rrrrhinrfirgl:CInaCt tIics ..e 

,,. ,,Ii tIl tr i;r ,1l,( ilinji 15kf1 tr,, 
:.wi( fimrrc Cte tralr lHrirlyr rrd ki(etd 210

I tlI, Jy r ti' il rwir Aithr i11 l111hII,*

frffi(kfie , anird
flrn ffl, ; (, v'ii 

hilt IvvOil (:tr aclerist.;: Tii-ir ret live . ulL ,Iinrty
iflinlx was COill)Iiied Io iihlt fy thi speel, ' w,'illr the 
O)f cornritalienItiii 
 at itisiralnle rlrariCtlr.ist ins. 
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Materials and Methods 

A utility ind ex of 8,4 tee species, hascd on their 
Najo ard minor use,s, was worked ant. Values for 
(0speci - are given in Tahle I 

Le.S'eds of these specie.s were sawn in styroataa
trays Ce)lt/iriirio,a 1 irrixture of . (iel ',(ril -nd 
irIflryarid imr ree.The trays were, kept Innet 

I1f hiwileh, r At thet;cl,'oty 1 1 lea fta(.ltj. e (er lll s welo tratrls)Iarted to elftherr poht
(ir rrdlifl per pot) c:rnrrta in iia 1 2:3 mixtere (,f 
river sanr(r,nmrlya d m; lrrr a t gard(n soil Pots 
WerleW kittj lr a ret hrc.oser a:t Sr ihra(lerf hlrItintin(.O h)&l%,iill'l-t; o)n 10 pl 	 yit-l.'wVrV reC (;oJd livel;c 

W.ek; tar Iheight aid teat rnim ber for 9 years 

ire CO, Cxchanc. rate (CER) and stomatalcorIIuctarcee were reastured sim:"areOusly will 
the LI-COR LI 6000 Portable Photosynthesis 
Systom , which calculates the leaf internal CO, 
cCe'oncertrationr as well as transpiration The liglt
(nlla ta alliNg or leat surfaces were ].easisre( witlr 
trelht"hel ata qtanrim 1 sensor (LI-COR Iin dlOl 190s
t), an i after working oit the perce t o.

abhso pt;vily of 3 different leaves with tre helf) of ,rr 
Ll- I It,00 p rtaha spectroradron ter, the tatit ligt
absorbed by the leaves; was delerntitred. L I Iire 
efficiency (LUE) was calculated as treh CO. fixed 
per einstein of light absorbed. Based on 
transpiration and CER values, the water use 
efficiency (WUE) was worked out as mg C0 2 fixed 
per rnig of water lost by transpiration. All these 
orhser,,ations were recorded the I5th day of each 
month during the period when llant foliage was
 
pJr 1sent.
Mean values of each parameter represent
Ille average of values recorded duritrg the innual 
growilr period of each species. Calolific VIlo, 
dersity, ash content, rioisture ard nitrogeir 
conrrtent of wood we, e trreasured (Purohil and
 
Nautiyal 1987). 
 The Pearson correlation matrix was
used to analyze the mean values of the data. Light
transmissivily of leaf at 660 arid 730 tim was 



Tatic 1. Utility index of 20 tree species based on pievailng major and minor uses in the hills. 1 

2 
Uses 

S:eeies E FD FL OL CT FB FR M G/R ST 

Tuoora ciliaria 1.0 1.0 0.5 1.0 U.5 
G-ewia optiva 1.0 0.5 0.5 1.0 0.5 
Cug(einia 

datlbergicides 1.0 1.0 1.0 0.5 1.0 0.5 0.5 
ljuhinia rettsa 1.0 1!.0 0.5 0.b 3.0 
Dilbeigia siss* 1.0 1.0 1.0 1.0 0.5 0.5 0.5 
S)Ij:rduc muorossi 0.5 1.0 0.5 

t. e t 1 0 0.5 1.0 0.5 
i 'w:o'ngrI:rns/s 0.5 1.0 0.5 0.5 1.0 

i Ny, 0,5 1.0 0.5 

St,;ufuhi 1.0 0.5 0.5 0.5 
b c:, 0.5CJbt 0.5 0.5 1.0 1.0 

[. ul;s'Ir'a 1.0 0.5 0.5jamto;ana 
 0.5 
C<rU' cipitata 1 0 05 0.5 

!),,r u; .0 0.5lu1 1.0 0.5 0.5 

'1,1 0.5 1.0 1.0 1.0 0.5 1.0 
, , ,U r~nttr, 0.5 0.5 1 0 0.5 

1 0 1 0 0.5 0.5 1.0 
0,5 0.5 0.5 1.0 

Pi ,''s cimraoides 0.5 0 5 0.5 0.5 
- ; n ', ensis 0 5 0.5 0.5 1.0 1.0 0.5',p 


Scores 1and 0.5 represent major and miror uses, respectively. 
L edible, FD fodder, FL - fuel, OL = oil, CT .:commercial timbpr, FB = fiber, FR = fertilizer, M = medicine, G/R = gums/resins, 

small timbt:r. 
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speCtcradlioJrltef 


Results and Discussio1 

Baned on ;n annual average (Tahle 2), the 

hhiihest rate or 
 (rowth (REG) vas recorded in 

Toeut ciliate ;nd th 
lowest in Aes.;n ius indica. 
Phot,,,le~si, (Fh)mui iigtl rse o;ficierrcy (LUE) 

, rS ' sdo, ';;t) iillilllL"Im 

inl so /ns, 
 iiioios;5I Siniliiy. hirspiration Was 
hitjlhit ill) s/s;)o aid uwo(jwt ilnQitorcils itncalia. 
l. wtier use eflicieny wa-s tolii(highest ill 


:)z7f/01( i/ Ot(*.; annlov.o,. ilSapindlis
1'tiAotlossi 

i-)supetiol fire"v)d, wo(d ouldColitaill high
el-rilic value, high density asil, n 

aid iitrogeti. Ihese valuel ,ftr 


imii l ,w oisture. 
llot lested species 

are shown i Table 2 Trootioi ihuiad ihehighest 
c,lkii value, but itS den i was 
C()lni)iA:,Aively lw Oil lb' I ,i f I l (h'nrisity. 

aQ(lw
ier 'rrkd fr 1A.il it 1LI a1 

ailo flho dl cfoirle lOt"e)w'Jia
r l ccyli 

11,1 tlaWO !it I10 ti.SAHrCI l ita( PuIuIS 
I(1A' j i l,; tifl.id iteLat ii'A tit of rtfloljll 
is.it; ,r;d 

romllll
the, srlndp)oirli of er)rtl( ,irfiy,d a species

.hoiuld io,,o
fist with highll tiodc,::on pteniril in 
trems of phltosynhresis aild iter lintulyse 
,flicioric aIs. How;,er, timrir of the speci -sserms 

to collbiile rrr:rxinorirr values of (dsirable 

cliracteistics and IIallrui Ill valuies of all 
 non-

,j.ciralih cha;racterislics. Sorre desirable 

cliaractorie,i( chss,
REG arJ v,ocI density, are 
iriversely correlated ar,2 senio nl (iesirable 
(chrera'teristics, such as trr s iiitin,are positively
circlaletd with rates ciqrowbll lid Ichlosy!,tfesis. 
Ilreriore el,.,hrr species vail) suiablle 
-oribirflatiori of desiraltle arid riori d(esirable

ii i ics(:.I;i Init() isos.!-sei l. 

Bix;((IeOr ao:il:rtvi' lrr'ssi 'reic for the first 2 
year:; fgrowth, th; 2)' spe(ck..s were given inlde/. 
values of 1.0 ot ea(l' ,hrracleristic measurec'. 
An index va'lue of Iwas assigined to the species 
wilh the highest value of a desirlble characteristic 
and the lowesl value of an unresirable orne 
Species with tilelowest value ot a desirable 
characteristic or the highest value of a undesirable 
characteristic received an index ralue of 20. 

On1))the basis of ill(!)XvAh;,; Of eacrh
 
characteristic, fhe tillrl itl(,ex o1 
tIr e ci( s was 
computed. *1he r'shIs are shown ill Table 1. On 
lhe basis Of the final illd,.,vdte, Dalbetiasi/ssoo 
ismee best species i!nhough it has t; e Ihighest
transpiration rate. Pranos cetasoidis is the next 
best species, followed by Oogeiniai/dalhwioides, 
which, lik, D.,*iss-)o, has the additiurral advanltaje 
of ni!rogen fixation. These species have nigh
Coppicing ability as well as goo( sent(Jgenninltion.
IThoy usually Jrow successhrlly on lr od(d soils. 

The qualily of lgi ittians-inittet thlou(Ili the
 
canopy of a tWne species has a shistanialI
 
phlotomorpholo qical effect onl the uin(erstory
 
vegetation. Tree species wil 
 a high ratio of
660,/730 niu (Al/FR ralio) lransnitled light will have 
beltr ,hairces for (itrnlirrtion and growth of 
associated vegetation than those wilh a low ratio. 
Thus, if a tree species is i0 h0 used ilagrolorestlry, 
informaliron ire ratio of R/FR ligrt aIsiil
 
tirlOLglrl its canopy is irporlitant. Furno th;s
 
vi,'wpoint, Dalbergia sissoo slands alr!iost inthe
 
mi55O
nriildl,, of tle ntirer species whloeas Copeiria
 
ha!bergiow/eshas a higher RiFR ralio (f !hi?
 
tranls!nlittefd ligh tli ou(h its ,canopy aid allow;
 
better uJede-C,-opy growth.
 

From a socioeconomric viewpoilt, multipilu:.ose
species with higher Lltilit\ index values will be More 
acceptable to farmers. Dalbetjia sissoo aid 
Orgeiniadalbergioides have the highel ,Jtlilty 
index valies (Table 1). Thefore, frmnri 
socioeconomic, ecological, aad hiological 
perspectives, these will !, tre best sl)ecies fto;rr 
valleys to middle altitudes oil ibout 6,00G feet 
(1,828 Ir) inl the Central Himalaya. 
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Table 2. Average values for 20 tree species during active growth period.1 

2 
Value 

REG Ph LUE Tr WUE 
Species (cm/day) (rg CO 2 /m 2s) (mol CO 2 /E) (mg/m2 /s) (mg C0 2/mg H2 0) 

Toona ciliata 0.0214 0,332 0.0059 143.8 0.0021 
Grewiaoptiva 0.0163 0.532 0.0084 168.1 0.0030 

Ougeinia 
dalbergioides 0.0193 0.514 0.0114 125.3 0.0048 

Bauhinia retusa 0.0148 0.301 0.0064 104.6 0.0023 
Da!bergiasissoo 0.0200 0.826 0.0147 215.9 0.0039 
Sapindus mnuorossi 0.0144 0.126 0.0015 92.9 0.0012 
Termina/ia 

tomentosa 0.0177 0.286 0.0051 106.9 0.0029 
Ficus bongafensis 0.0147 0.607 0.0096 151.8 0.0040 
Cordiamny.a 0.0171 0.01140.573 163.7 0.0040 

utegrtfolia 0.0156 0.239 0.0031 112.5 0.0018 
Bmhak coiba 0.0185 0.451 0.0095 139.2 0.0035 
ECeniajambolana 0.0150 0.258 0.0051 116.2 0.0022 
Comus capitata 0.0104 0.344 0.0101 144.7 0.0024 
OQiirCusglauca 0.0065 0.298 0.0069 122.8 0.0029 
Q. incana 00052 0.198 0.0048 77.4 0.0030 
Fraiutusmicr,intha 00111 0.147 0.0057 96.6 0.0015 
Cv/ti,; australis 00150 0.334 0.0067 146.8 0.0023 
A.;t,'ol'; indica 0.0013 0.279 0.0061 97.7 0.0030 
Pmnus cvra.,oidos 0.0191 0.519 0.0111 128.1 0.0040 
A/nus nepalensis 0.0212 0,661 0.0098 164.7 0.0043 

1 April-Sept., 550 m elevation, 

REG . rate of extension growth, Ph - photosynthesis, LUE = light use efficiency, Tr = transpiration, WUE = water use efficiency. 
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Table 3. Average values Cf the characters related to fuelwood energy potential for 20 species. 

SI Calorific value Density Ast Moisture NitrogenNu. Species (kJ/g dry wt) (g/cc) (%) (%) (%) 

lJvli.cih'ata 22.01 0.49 59.84 
1687 * (3,o,,,i. oitiva 

1.4 0.57 
0.52 0.9 67.22 0.62 

A /tIomloiaos 16.79 0.68 67.784 1?tuji, itusa 
0.6 0.38

16.34 0.75 4.2 
 50.00 0.36 
1628 0.74 1.3Si'iiJ, rlduriiiiar 46.32 0.4316.12 0.90 1.1 39.18 0.60 

tmnt ?nt)!;, 15.89 0.50 2,8 52.43 0.27 
tiqtJahonv, 
 15.71 0.63 3.0 66.67 0.61 

'""I,, my ,a 15.70 0.40 1.0 72.16 0.87
if, hIou'oh,i

1' mt!info,a 15.54 2.0
f,, 

0.54 67.41 0.57,rnti,
xco'd), 15.20 0.61 4.2 59.84 0.47
;eml pjw ,:lana 14.39 0.69 2.0 48.98 0.511',nns Cpitata 22.40 0.74 52.58.1 nftcus glaua 

2.5 0.16
17.86 085 1.6 39.54 0.19( . icn;m 15,74 1.00 1,6 47.47Fil,im'; r icranitha 0,24
17.07 0.43 08 45.04 022S Clti; uItIrais 16.81 0.54 3.4 
 57.53Ill 0.40Au:nluinmnica 1622 0.89 2.4 ,14.67 0,30colasoides
sP,,n.; 
 1602 0.72 2.7 49.69'u Aluis 1 p ourlisis 0.43 

0.05
15.09 1.9 61.50 0.43 

SIs.perloty index 1 
 highest value of desrable characterisic and lowest value of undesirable characteristir.
 
cii;d
OH dsita OfPurohit and Nautiyal, 1987. 
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Table 4 Final index values of Indian mountain tree species. 

2 

Characteristics 
SI _____________
 

No 2pecws REG Ph WUE LUE CV Density Ash Moisture N Tr Rank
 

1 To)na ciliata 1 11 11 13 2 15 7 13 14 13 10 

2 Grewia optiva 9 5 6 8 5 13 3 16 17 19 12 

ougeorila 

3 da'bergioides 4 7 1 2 7 9 1 18 9 10 3 

4 juihin,ai retusa 13 12 9 11 8 5 17 9 8 5 9 

. ,1lhIr(,ia sissoc 3 1 4 1 9 6 6 5 11 20 1 

SS,pinous mAorossi 15 20 15 18 11 2 5 1 15 2 13 

7 14 7 15 13 14 14 19 6 6 14 

i- : .,2. !,ii .leisis 14 3 3 5 15 10 15 15 16 16 17 

L'r!inryxt 8 4 3 2 16 16 4 19 18 17 16 

i olo telal 

ritegrfolja 10 17 12 17 17 12 10 17 14 7 20 

iI Bo;,;ix ceiba 6 8 5 6 18 11 17 13 12 12 15 

1, Eu.,oiijrnibolana 11 16 10 15 20 8 10 7 13 8 19 

I: Corus capitata 17 9 8 4 1 6 12 11 2 14 5 

1!1 iurcus gfauca 18 13 7 9 3 4 8 2 3 9 4 

1'6;0 incana 19 18 6 16 14 1 8 6 5 1 7 

16 Fu,iomjs micrantha 16 19 14 14 4 16 2 4 4 3 8 

1 Coltis aostralis 12 10 9 10 6 12 16 12 10 15 18 

18 Ae';:uls indica 20 15 6 12 10 3 11 3 7 4 6 

19 Piton.s; ctrasoides 5 6 3 3 12 7 13 8 1 11 2 

20 Afihsnepalensis 2 2 2 7 19 16 9 14 11 18 11 

"1 supeiority index; 1 highest value of desirable characteristic and lowest value ofundesirable characteristic.
 

REG rate of extension growth, Ph = photosynthesis, WUE - water use efficiency, value, LWJE- light use efficiency, CV = calorific value,
 

N nitrogen content of wood. Tr = transpiration.
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Effects of Gliricidiasepium Mulch
 
on Upland Rice Yield and Soil Fertility
 

Dorninador G.Conzal and Romeo S. Raros, 
Visayis State College of Agriculture
 

Bayhay, Leytc, Philippines
 

T7e effects of Gliricidia snpiunr tonlch on the 
grain yield of upland ice (UPLPJ-Ri- 5) and soil 
'riliywore ,valiuated for twAo successive 

troppings fit the Agrofoiostry Research and 
bemono tration Station, ViSCA, from May 19f35 to 
Al xch 9,6 Donhle row hicdges of (hrIcidia were 
.;,,c.apat0 5 i il :1eIvatioll onl a?20%6 avota.e 

Iil 'rro,,:pmcirng of th hoIgoes was 0.SmI 
x1 ic thin ro,.,acin was 0 .i Grain yields of 
i;/,;ri ricoe wit/i Giricidiawtch for tlhe first ao,(t 
,(;, ood i t,.t .r 7 2 and 1r 0 toty.; ha, 
r .snc): , . o,liao,,d to I2/ !rid0 90 ton, ha 
S,';poctivoly, Iorthe con trol jrlort Or lq ic rI at,, 
cfhitmnit of th1 s("1,iicleasod consistelitly ili a/l 
ta,,il iots. Ho,,.over. or.anic ma ttr accurmilation 
~;as hrigiior iii thir rilihed pilots Soil p/honc-', 
i(.ritoiW h,I., iirninm lched treatt its. 

Inll)laiiil iAijltivati(Al, Ve?(;Pt;1ii;1 1',LI.,Ey 

oed, leaviti the area entirely Wi-,
a. When it 

riinf;, runl altf insheo downhil! and e;odes the soil. 
tatus the ilnd becomes Linproductive, farming 
isposs'ile for oinly two years. Farmers are forced 
tr ;hilt to ,tlhor areas The untproductive land isleft 
ti tilled or fallow for five years. Mulching and 
(:itour hdd/,row estal)lislhHrent of leguminous 
sfecie. sl as Glinicirli, sopium, are twonch 

ciiirn eiosion control mlethod-s. 

Tihe hjec:tives of this study were aS follows: 

* 	Determine the effect of Gliricidia mulch on the 
growth and yield of upland rice (UPLB-Ri-5) 
within contour hedgerows of Gliricidia and 

o 	 Appraise the it.ility of Gliricidia Mulch arid 
contour hedgerows to rehabilitate 
impoverished upland soils. 

Methodology 

The study was conducted in the Agroforeskry 
Research arid Demonstration Area of the Visayas 

State College of Agriculture from May 1985 to 
March 1986. The site is located on a Gliricidia
based alley cropping farm with three-year-old, 
double-row Gliricidia hedges. The hedges were 
planted on contours separated by 0.5n in elevation 
on a 20,/average slope. Spacing between rows 
was 0.5m and 0.25n within rows. Experimental 
plots were laid out within the strips (areas between 
hedgerows) using a randomized complete block 
design with five replications Each replication was 
subdivided into two plot,, of 4 x 5m.Tueo treatments 
were upland rice plus Gliriciidia nilci aid upland 
rice alone. Rice was d f-ti/ed it 0.3ni 2 spacing at a 
80 kg/ha seeding rate. The first mulching with 
Gliricidia was done imnediately after planting, the 
second 45 days later, arnd the last at booting stage 
(/efc e panicle iniliationl. No pesticides, synthetic 
tetilizer,or any related chemicals were used during 
tie study, The experimental field was weeded by 
hand. 

The crop was harvested after four months with 
hand sickles. Data gathered were plant height at 
harvest, herbage yield, number of filled arid unfilled 
grains per panicle, and grain yield. Soil samples, 
before and after harvesting, were also taken arid 
analyzed. 

Results ind Discussion 

Yield and Yield Components of Upland Rice 

Generally, Gliricidia mulch improved the overall 
growth and yield performance of upland rice. 
Mulched rice plants exhibited greener, longer, arid 
broader leaves; larger stalks; arid better grov,in 
than the unrniulched plants (Table 1). 

Plant Height 

Highly significarit differences inheight between 
the mulched and unmulched plants were obtained 
during the first cropping (Table 1). Inthe second 
cropping, there was a marked reduction inplant 
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Table 1. Yield and yield components of upland rcr. (UPL D-R-5) usrr5 Ghicidia sepium mulch. 

Treatment 

Height 

(cm) 

Tillers/ 

plant 

Panicle 

length 

(cm) 

Unfilled 

grains/ 

panicle 

Filled 

grains/ 

panicle 

Herbage 

yield 

(t/ha) 

FirstCrop 

Control 

Mulch 

CV () 

99.70 

111. 0 0 b 

4.33 

2.68 

2.80 

13.00 

23.2 

24.8 

4.2 

70.30 

1.30 

:33.90 

83.00 

96 a 

9.98 

16.70 

20.500 

9.88 

Seccnd Crop 
Control 

Mulch 

CV ('.) 

89.70 

10 8 ,4 0 a 

7.16 

3,40 
3.80 

9.73 

20.50 
19.60 

4 

14.10 
12.60 

11.47 

59 30 
61.90 

2.47 

6.90 
1100 a 

7.90 

- ;ignrfrcant 
b highly significant 

Table 2. Effect of Gliricidia sepiun)mulch on soil characteristics. 

reatment pH 

Organic 

matter 

(%) 

P 

(ppm) 

K 

(ppm) 

Before Planting 4.55 3.48 0.65 120 

First Crop 

Control 

Mulched 

4.75 

4.60 

3.62 

3.82 

0.98 

1,65 

150 

171 

Second Crop 

Control 

Mulched 

4.60 

4.60 

5.22 

5.68 
0.69 

1.57 
139 

243 
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Further research is recommended to 
substantiate the results obtained. Soil ,nalysis
should include calcium, magnesium, arnd 
micronutrients, Soil erosion should be monitored 
to evaluate the effectiveness of Gliricidia 
hedgerows, as well as mulching, in controlling soil 
loss. The nodulation of Gliricidia hedgerows should 
also be m',,itored to program the planting of 
upland crops. 
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An Economic Model for Evaluating Charcoal Production 
of Multipurpose Tree Species 

Using the Transportable Metal Kiln 

W.C. Woon 
Fore;t Reksearch Irotitlte of Malaysia

Kop nq f,fi/sia 

This paper evaliates Iht1use of a 'icro He kiln is about 2 5 in in diameter and aboLt 2 in 
COMptter odel for t,!lu,ivod (4Hvea high. It h s a capacity of about 7 n 3 and can 

haSco) crC(,I/it .sih/ ( (d Jir h,-Joniri ui.,l9j t'' j)I(JuLICO about 0.5 tons of charcoal per burn. e-ch 
ranisportahle metal kit (IIMK) iii ibbeor burn requiring 3.5 days Hoi ot al. (1900) and
 
.ilrnltlho1dii (;. iii Pemimulair MAay:,i Ato,(mh the Weo, Hoi, and Low (1907) piovide mo-re 
detailed 
(eli]ini J for Mlavsiarr rtiol'ol'"e'Voo ,,tn tin ih1r descriptions if the operations involved 
il'"lkIrw:rf!aIii 1980, rm t 1,h)or(dlol"(ddt'.,ill:f' fl ! 

1i001 are hrried miot)(1 rpimtlit ii niu h r Set Upfilq 

, i; dlhulhdiri : A ,:; ro ltlu Ioi,il iit-i
rnif it 7i- of thl,i 
plt;itei VJittl I(,m Thiril.,Ib l , Ini , II(ti: d i-lhtif lilO( el was (eveloped hase(( Oil a study t)y 
1l,),tAit.ll ,,,l Iv, . Woon, H i, and Low (1987). The scielfists 

Iri )gOtid (I , ,I,, , ;I, . of It, investigated the econonlic feasibility of tisi g the 
111i1) (Ji lrfwet% r-, , ill oirefq,; I ,it (11 following operating sche(ules for rul)berwood 

. '1re ete(Jr, A It 'r, I l Ii itli r charcoal prodiction s-;ir. t.he TMK: 
l ItIh lilii; 1 sr li .i I( ):As 

coitraito(-Ir; i( (ii4 


li, hl)her-,,o(l hlviwtli' illirtFo

,1t) 1h9lh. ld it ii):aI tI, )1LIS 0 1 kiln/2 man 

siar ihrslilit it fM ,; yt,i,,F S lei( tilher c 2 kiltns/3 inan 
R,,.mh Ini,.tiltile of fMilhry i,i (Rlilf.l) ,iiri( Ihe( 

ibitth r Itflklr:hy ,Sim ll I ddllrt; Dt,.ti' f s 1( 3 kilrFs/. rn m 
/otlot y (FSR:DA) have Iilrllruc lile Tt.1 ft,r 

I 'i c;lc irco, ;o)r(jiiJ(:hl (Imftih).l They also considere the options of buying and 
,Inlit Otirigs;TNhi, tv;1: ,,f ai( I, in ;,ill iv e rentii.g the kilns. The operating schedules are 
W: , ltl t l l;fu5 ;Lirco (sfi i li i f) t ,i ;111,h1l)ld or .sLriliiiariz(td ill Table 1, 

( r:;o o. tle TM K for I lirotl ip tll iii onr The following indicators and parameters are
 
ri t:,l),:r saiaKtioklIis was loid titlmical ), i itlpesented in graph form in the model
 

eoiioiircafly feasible (Hoi. L(ow, irid Wor) tl85
1 

Fhi fit ii 19086 and Woon l-Foi. arift tow 19)87). o unit cost of product ion (S per kg)
 
-vEo ,a tors were ideritifi.d iis cri-,1 t,) liw 

so e: is.s 1ofthe 1MK (1) th, iilial lipitai o profitability 
iivetirleni t required ad W)i thie rmil er (it f-lilis 
icetd. (liv ll the .;iratll iw:wilo (ifte iridividal o payback period (months) 
irtlher b;rmllfI~l(litq - moeIl l,';crit ,(t in tlhisho de 

[llier was ;deigrld to arier tlia goetiolls and o acreage of rubtberwood required to break 
it) (letormlile whether cjovt 110lIc),tIf)' should even 
[tiy ttiekils 'Ind rent wlnl h, .'-lllhllllers 

The model is composed of 3 levels with a total ofOverview 16 options (Fig. 1). There are 5 options in level 1, 4 
in level 2, and 7 in level 3. 

The TMK consists o! 2 iiterlckinr cylirl(lrical 
seiis, a conical cover, an(d 8 st(l air inlet/Outlet 
chiannels Details on the construction of the TMK 
are given by Whitehead (1980) Whl assembled, 

http:1l,),tAit.ll


----- ------

Table I Method of study. 

Schedule I kiln/2 man 2 kilns/3 man 3 kilns/3 man 

Own kiln(s) Option la Option Ila Option lila 
Rented kiln(s) Option lb Option lb Option IlIb 

Operating schedule Input Readme End Quit Level 1 

..
..
-
 ...
...
.
.
 ..... .. ..
.
...
..
 -
-
 -
-
 .
-
-
...
...
.
;
.
.


Price Acreage Graphs Quit Level 2 

.......
.....
........
...
. .I ..... ... 
, I , .I

iI
 ..........
.
..
.......
-. ...


Breakeven Payback Monthly Investment Time Save Quit Level 3 

Fig. I. Layout of the model. 
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Hardware and Software Requirements change the selling price, as the other cells are 
protected. The following instructions on the control 

Lotus 1 3 2 Hr lior ruleu ry:,il dr';k is panel reappear:
 
requ|ired to /VO this 111k)r10 I Thht! Printrgra lh (irN is
 
[-erl for piuinv; liard r'())io?' (,1ti'e gIrapls jire Pric:: Acreage Graphs Quit

min<Jol will rtiH ()it arl',l IBM com-i til~h miit ) 

, , ',,'l;it l' '. )IRA1 al( a : floppy Projecled ptolitabil~fy for a given price 

I o change the acreage available, the user
 
How To Use the Model nove, the cursor to the 'Acreage' option and
 

presses the Petlin' key Fig 3 shows what then
 
Iil, tl.;t~r ir),,i: -1 t dystc(i in dhie A appears on thie screen
 

n hld h beio. turili"d th
hiii 1in 

, ,Hlto ii pars on The
'i .hri. v,''ksh~etl user tilers the new acreage Lit the cell 
m , r' tilt! kcy highligtted 'YOM 

t , fill ior 'Rettr ' tO LlAX it'ltf1 the crrle, When the figture 

1};i; ,lli rh ,- i ' call Acrefge Please?' He presses
! !;t. , 111I1115 , hi''.ivlyf 


It. ld Cr*tll r wv /, tA "iv,int lilt, I') (ew acreage) iplpf:-ts. hre presses 'Retr' a'-ai'l
 
,,hr l Ifrit,' r yIls -ItJO[tAl ( riud to Lp(Jlate thre talle The following is recalclulate(
 

I .1,, '',, F ni,r * l , illiil.rrh I Oil Ltiii .rrrct jTime req'd,'rmr
ui~tI s,' 'Gin'.-s [rofit $,' mid 'Net 
Ir'ttHthing ,I 'ii tll; Returns $.'The riSe call oniy ch:tlge tlieI';a.'r' ill tolp hlt tihl/d corliel 
,ft! i e, 'Acreage' figure, as the rest otth cell; are
 

protected. The level 2 subuerin reappears:

Opl tiii S hii-dlih,
 

Price Acreage Graphs Quit
 
Ilil i c Eid
Fedimle Quit 

Projected frrofithl)ility for a given price 
(p ",tirto
schedule for I,2,and 3 kilnso
 

The 'Graphs' option allows the user to view the 
The user then moves the cirsor I tile loperating following parameters graphically: Breakeven
 

.i lioile (itiplrrind pes;es 'Return.' On period, the Payback period, Monthly Profit,
 
,tlotioin. the le', l 2 SnbllerL app('ars arnd only Investment required aird tire time required to
 
li- iw;lrtclirrs , i the control paitrI chalne The complete the acreage available. He selects the 
irl :1u l ms (mitire coal il pinel rriV read as 'Graphs' option and presses 'Return.' Tfie level-3
 
, I1(.,stbmeru appears
 

Pri(: Acnviojr Graphs Quit Breakeven Payback Monthly Profit Ihvestment 
Time Save Quit 

Projected profitahility for a given price 
Breakeven acreage at given price of charcoal for 

1he userinray change hth he selling price and various kilros opti'ms 
a creaye of rrnirio'rwood availaible hy selecting the 
Price' and 'Acre,re options, rest)'clrvely When 

ihe selects tIre price option ard presses 'ntutre, The user selects iry one of the options by
tie infrormation presented irr Fig 2 appears urn the highlighting that option and pressing 'Return.' 
m:(:teen Graphs then appear on the screen. To print a hard 

copy of a graph, tlne user selects the 'Save' option
Tine cursor is highi(lleI at tre eoiurrr '30 30 ' imrrnediately after viewing the graph and the 

Tire User keys in the new selling price and presses computer then prompts tfie user: 
Return ' Once tlhe new selling price appears on 

the screen, he presses 'Return' again. I his Save the Graph of Quit 
updates tire fijures in the second table. Figures in 
the last 5 rows (i.e., Profit S/kg, Sales S/me. Profit Net Returns arid Time required to clear Holdings 
S/mo., Payback period /ros, and Breakeven (small model) 
acreage) are recalculated The iser can onrily 

2r0 

http:illiil.rr


Cost and profit figures for 1, 2, and 3 kilns, 

Selling oice Please ($0.00) ?: $0.30 

No of 1i1n; 

No of 1,wrus r,,outh 

A.cr;umgiused,,rIuorlo h 

Chfuirco;al (ln k 'rnOrHh 
No' of l1"bl ,uowl 

F1,ed cw;t'; 


'w't 11(lepr ,!r:r0 ,$ 

ult;u!Co , ,1,I'lonth 


I ft
fcarcod,$/'kg 

m ooth 

'wr'!h 

', ), r)d, months 

S,. (Lic qeao 

Fig. 2. Price option screen. 

Invertment profit, and returns for 1, 2, or 3 kilns 

Your acre;.ge please ?: 5 acres 

Price/kg $030 

)rofit, $/kO 

ime required, rnonths 

;ross profit, $ 

Ivest en . $ 

;et returns, $ 

ig. 3. Acreage option screen. 

la 

1 

8 

0.64 

4,000 

2 

2,930 

70.44 

1,050.44 

0.26 

004 

1,20000 

1.19.56 
20.29 

12.99 

la 


0.04 

7.81 

1,168.47 


2930.00 


-1,761.53 

lb 

1 

8 

0.64 

4,000 

23 

930.00 

14.88 

1,094.88 

0.27 

903 

1,20000 

105.12 
900 

5.76 

lb 

0.03 

7.81 

821.25 

930.00 

-108.75 

Ila 

2 

16 

1.28 

8,000 

4930.00 

14087 

1,680.87 

021 

009 

2,40000 

719.13 
695 

8.89 

Ila 


0.09 

3.91 

2,461.87 

930.00 

-2120.90 

lb Ilia 

2 3 
16 22 

1.28 1 76 

8,000 11,000 
3 3 

930.00 6,930.00 

29.76 207.59 
1,7e9.76 1,852.59 

0.22 0.17 

O.OP 0.13 

2,400.00 3,30000 

630.21 1,447.41 
1.48 4.83 
1.90 8.51 

lb Ilia 

0.08 0.13 
3.91 2.84 

2,461.87 4 1 1.97 
930.00 6

,90.00 

1,531.87 -2818.03 
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Chacoal production parameters 

Cost per kiln $2,000.00
 

Other equipment 930.00
 

Cost of labor/day 15.00
 

Cost of bucking/burn 5.00
 

Packaging costkg 0.025
 

Rental of tin/month 100.00
 

Depreciation ofkiln/month 55.56
 

Depreciation oi tools/bum 1.86
 

No. ofrubber trees/burn 8.00
 

Acreage used per burn 0.08
 

Charcoal production (kg/burn) 500.00
 

Bank interest rate (pa.) 4.00%
 

Bank interest rate (puo) 0.33%
 

Fig. 4. Basic data input table 

Readme 

-----................................................
......................... 


Introduction Overview Using Model Quit 

i..... .................. ..........
 
II I S 

Overview 1 Overview 2 Overview 3 Quit 

.... ..,.........!.....................

I 

,...I......,.... ,.. ... .. 
i r I I-

Page 1 Page 2 Page 3 Page 4 Page 5 Page 6 Page 7 Page 8 

Fig. 5. Readme option screen. 
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He selects the option 'Save the Graph oh' by
pressing the 'Retir;l' key. Thle Collputer prOmcpts
the user again: 

ELiter name o iGraph file (,3chr; lax.) 

the u';er t i ap;I pjctr, lielnam, anti pr(sses
'Hotlurn' Th ,raph I. t.na v,,ithi
Ifilhiane .PIC( xh;tll' l 'iIII Priilkltgpl itu;ski-
uetd to pril tie (-os irtd graph 1) Irthun hilevel 
2 tie user soloithe pQuitttiol arid pi,,;se.
heiiit'' Siiii aly. to retrill ,) level t, he selecls 
t 'Qutl' option ard pre;, tur, ' atiri i lti 
main iticnu reappear onhe t .ontrol ixmel: 

Operatiii S&C(1.tule hi)tit[Readfle End Quit 

Oiptrainj ,ch:l:lil,'lohr I. :. anrd 3 kii, 

I ihtser moves the (-'i i,. ie Ipt'itl ttioil 
aitd i erli' tie si(It tI iir)tii 

i It),;FJ ; 

1 ho ;I,] c ,ulge a,;,all 0t lto (atl;, arid 
(riil iSe Hio no1)or iiewl arlfrrV ky, to flov( fromlt 
ii' 'ilt o t l to anotWer He presses H''turn' 

a I itt'i''iailtws have i(. made ,ur 
tipl tiith Will i(XLur. lhi; aillows lHie )dol to he
 
ii1iliOlh for (ttliii
nilultil)Lirpi se wood species a., 

iiil)i;t dt;it,rich i;a chiarcottl tiitltiit
waes, aridc:ost of inve.iirlwit vary amtnq species aid 

ic tj(iil ,
Iln/l)l tttltnity cosi,: of rit invetling is 

'
 also (oiii't(t
Is ;iiiol H:;s aIe allowed ttt li )tse 

1hii'test rateI lits 
li Ji the cul elitrtli ("f'", fbeiariliirill i' e t IlIheveol 1 illeru 
ir".ctl;oirs rtcillf;m
r
 

O)(lteilrg ScII, ileilil)tit , ei1mii Eli(! Quit 

Operatig 5hadil- for 1 2. ai 1l kilirs 

The eadilo' optiin proivides isetlt intortnation 

oil1 how I r-) lhoIlod el.
ise Users are .tioirl y 

iotviseoi 
 to rea( this section before prrijeanding to 

the iodel propr. The layout of the 'He~r(hrle'
ofption app)1la-; iimFig. 5. 

Ihe IhntrodJ'ictioii' oplion csists of 1 screen 
(page) of general irformation on ruhbeiwood 
charcoal produtction usirng the TMK ill Peninsular 
Malaysia. Three pages of itforniation oil tire 
general tayout of the model are given ill the 
'Overview' option. arid S pages oil the 'Using 
M'Iel' option. To modify this miodel, the user 
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selects the 'End' option. This retrieves Ill(, ;tns
worksheet environient where chan-Wes can be 
made. 1o e!I(1 tle nlixelinfg .W;assi -rn tihe User 

selects 'Quit., 

Conclusion 

ThewTMK wias toil(t iechilicallyald 
ecoil,,.uicaly feasible for ltutbewood charcoal 
proLuction in rnib'jer smallholdings ilnPeninisnilar 
Malaysia. This model is tused to determine fite 
optimum operating schdule and only requires 2 
inpulS from the user (Ihe selling price and acreage 
available). Four parameters are calculate(t 

aultomatIcally rid can be viewed gra phically. The 
parameters are breakeveni acreage, ifie payback 
period ill noathis, the umonthly profits derived, andthe lttime (ill riontlrs) required to plant crilpletely 
le total ane; of ri i berwood available. The r lodeis flexible and easily modifiedt for other 
rrrultil)prl)ose tree species. Since tire motel is
 
develope(t using Lottus 1 2-3 softwar, 
 it is user
friendly and easi 'y accessed by scier tists using a 
ricrocomptiter. 

Arnyorre interestedt in oltainirig a free copy of tire 
lpogram sanl write to the author. 
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Fast-Growing Nitrogen Fixing Trees as MPTS 
for Fuelwood and Charcoal on Small Farms 

Suttijed Chantrasiri
 
Thailand Institito of ScierIrfi(; anid ]-C1IfIOrJ;lo l ReseJoarch
 

Bil,gkol, i hailild
 

In Thailand, ihoever oreat,; (Iem aid for Analysis and to;stingcjdeterminod the followingfuelwood arid charcoal ii(.,;wasing rapid species suilable for p)oteilial iJ.so lwood andas fhid(egradalion of natura! forests and Increased wc ..I charcoal: Acacia nangium, A. auticulifomi',s.ho aages. More Ihatil ulII(!lwood arid 
 Leocaeti90" !ucocephal.i, L (liversifolha. Casarina-70'- flthe ch:irmal u;riSd
by rural people corme 
 equisoifolia, C. juuqrIul inra Callialdr,,froit the tor't 
 l:(JC
R awsrad (v(!)pnerit oil caothyrsus C!,'iilja sepiun, arid Eucalypti,;qim ,li
fhi:,l W rllnill fixiiq tier:isa feasihle wily csimaldul/eis.; All
have liih cinritic'r'ies,
h-),wapi ,:h id;lCrT;IlCfwe(tw ,ltlir- itlry a'; charcoal properlie;, aid ahiliry to oppice (latles;CIfr'rt, fail
le!r, 
 Iland 2). 

Table I ,alorfic v,,, kl,(jI>: Ic of live year-old trees (dry basis) 

-Fuehvood 
Charcoal (500 C) 

Araciaauc.LuhfomL,. 
4690 7410

A CrnCIjiuC 
4640 7780 

Callialdra ca1, ihC/ata 4610 7580
LCJaypts CwCnI lCtw Csw 4550 7910

(diCcldha seC/)C 

4550 7150
C I; iCinaolCp;tidol,la 4550 7580A/f:,Ibr fl,11,Clr 

4510 7780 
Ca: ;CCr;iCCC:,C!4510 

7680
1(uc.na lucC:ociphala 

4450 7790
 

An-yis by Energy ifrao:t.rch
Laboratory, TISTR
 

Table 2 Recrowih data oftrees one year after
copplcing 

Cutting at15 mos. Cutting at24 mos, 

Sprouling 0 Dbh SproutingSpecies H Dbh%) InI) (mn) I%) (i) (lr)Acacla auricufiformis 26 3.8 31 72 3. 25 

A. mangium 10 4 1 39 22 
 3.4 34
Albizia
falcataria 
 56 4 5 33 76 4.5 31CalliaJra calcthyrsus 90 2.9 20 52 2.2 15Cassia siarnea 100 3.1 21 97 2.4 18Casuarina equisotifolia 2 3.5 27 1 0.6 4Eucalyptus camaldulensis 90 4,7 29 8. 4.8 29Gliricidia
sepium 99 2.2 16 73 1.4 7Leucaena leucocephala 100 
 2.2 10 74 1.9 9 
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Introduction to the Acacia Hybrid
 

Jaffirin Lapongan
 
Forest Research Center, Forestry Department
 

Sabah, Malaysia
 

Ahybrid of Acacia auriculiforrois and A. 
mangiurm has been observed in Sabah since 1971, 

developing naturally wlicre the 2 species are 
)laited inclose proximity. The hybrid has slender 
hranchlets, large phyllodes approFching those of A. 
ain/ill in size, and white to cream-colored 
flowers, cln-,e in appearance to A. ianqium 

flowers. It appears to grow I)etter than A. mangiun 
(Tab!e 1),and adapt'; well to degraded soils. 

Poletlial uses for the liybric! include general 
er, fence poss,fuel,(:on'tHtction, pill) and I 

,.h ce for c .tle it liroiaan ',I m ion. 

Clha ra cte ri stics 

Acacti ijricolifotlin!; has sle der branchlets, 
elonijae phyllodes 1sumdly less than 30 mm wide, 

and lemon-yellow flowers (Fig 1). A. mangium has 

tlricl: hranchlets that are acutely triangular. Its 

Iivilodes are large and 2.5 to 5.3 times as long as 

thuir width (Fig.2) Flower (clor is while to cream. 

Thw hyhrid has slender brnchilets, large phyllodes 

al~irobtching those of A. im 1.i11i in size, and white 

to crearm rolored flowers, cloae in appCarance to A. 

nj/ilui',flowers (Fig. 8). 

The seeds of Acacia narigiuom are smaller and
 

than those of A. aiuticuliormi.s. Hybrid
 

seeds most closely resemble seeds of A. mangium.
 
li(-htei 


Adaptability 

The hybrid isnot demanding as far as soil is 
concerned. It grcws well in degraded soil and 
competes successfully w'th Eupatorium odoratum, 
Imperata cylindrica, and other weeds. 

Regeneration 

Hybrid seedlings often grow naturally under 
parent trees (Fig. 4). 

Timber Properties 

Heartwood isbrown, and sapwood is iairly
 
narrow and pale cream to yellcwish in color. Its
 

grain is straight on Ihe tangential face and slightly
 

interlocked on the radial face. Its basic density is
 

0.53 g/cm 

Possible Uses 

Potential uses include general construction, pulp 

and paper, fence posts, fuel, shade for cattle, and 

soil amelioration. 

Table 1 Growth comparison ofAcacia mangium and the Acacia hybrid at 2 sites. 

Age Height dbh 
(crn)
Site and species (yrs) (M) 

Ulu Kukut 
11 27.19 31.79Acacia hybrid 
11 25.54 28.55A. mangium 

Bengkoka
 
7 19.71 24.44A. hybrid 
7 16.83 18.08A.mangium 
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Fig. I. Aracia auricu ifo,mis 

Fig. 2. Acacia rangium, 
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Fig. 3.The Acacia hybiid 

Fig. 4. Seedlings are often found growing naturally under the parent tree. 
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Ip/I ih,i I 

Field Trip Summary 

The workshop field trip, organized by the 
Kaselsart University Faculty of Forestry, provided the 
opportunity for participants to ohserve a variely of 
trees and agr' rlirral crops (Irov.,iiillp)artantions aid 
hrr ste -ilRn ,(l
c Prov,i,:e riesillr
Pa laya 

'crc J'rtl~ti '(h91In' r' ! i,nRa'/iy ri ,,' in(sat ri(l Pr(,'vimc tlIlts
h~i! ,llirt;,;:53 km' . Its 

'Iitapoptil iri ;rc,,I~ f an1irif~fLi irr 

t'1crl y is;1 t17 pe rsoi 

or rr I h tf 

rih I11' 1 ( ps tirr)IfIr11;rt 
ciq i,; b r m arr iu ritifrIir f;otif,)c?y

! i :liurml r p,,re eiinrl % 1lrsil, ill, io;A,i ott 1,21 
rmmr ,v'ilhiht'l ,trc iry (J'i,:, fic ivfsrdgec 

)i,
I ' ri ,orqiycolivirteo 


;or qt)'v.'li(rj
:x;ir: fruit , Aho /it(
np5.Orc tIfe of
 
tec I,,c c.,'id ichy Ic ;!A. ot()f whih
c)r1 is 
h )" ir in, t t I i;rnnf eA lirt; of therr I ScIl nn , . orr1 
)) "A'Jl(;i? If)lf irertlr, .;clc'ir) 1 frisi woocI of
riiHif c ll<i++Iths i itheyith irson c;rrcs)al nade 
Irom isiqrove arnd f iilclr trc:; NO word cr 

d irhs;ris w;rcify ,il,,l irlih rv,.rinc(:? 

,vet
frh, fhop f r!iciptarrr (ohornultocs);(c'iecf 


p)lhittiatin , niixwl spcie, inhnire q'irren;, 
pirciiion;r'; (f Cas;,ilnor I,',/c //ri i Euic lyptlis
ca'nildolerr;is Bamboo spp- alid l-evea 
bruz/lieIsis. 


..
4 t~il 


: ,.-; .: -mixe(Jspecie.s 


PatricA
Robinwnn (left) andiKovith Y.-nt.,sathi (:ight)discuss 


wc'cot frer 
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Pnripanrtii .', illea)inle s)cies,exa tlnn o 

The group visrleci;rtm;ikase Farn, Plucak Daming 
District, which is; owriiA hy Mr. Sorrpong Kasetp al, 
and ohbsorvel irtnrs;ivc f;irrirrg of Aar§;s sf)p., var. 
bitavia and Hova bta.i//(P st.,;Anot hir visit wa;
made to the Raiyorj A tricriltiral Society, PFltak 
Daenrg Branch,whi(ih islrhed 2)'; ;t;r years ago. 
The society hfr,;ahnixt I5(1) i lrriflr I rl;rt tur(i l
 
variety cifs.qfi(
tlnltl ):ri ,,witii )r sulgt; sie the
 
pricriry c:rop
 

,Irlic!flrt; ilh;(
v',nir a f,irnir Sri Hu fha
 
Di'trict ill Ch l Hi I It
t!t fhctares five various; 
spocies nIrovw' ii rrri,:(tri p)!;trItins. incl ill-g Cocos 
nbcieta, 7atmmmh : mr c,,i "andoiclu inricunr,
 
Spoo(tias pi/,,
a.r 
Art csarllils /i efophylis,IA
 
.I;oocii,C,ric;i
p),ti/ yii,Nophelion lappaceii.n, N. 

lsi
1c/,idiracht/ edic,i L eltiaueni ho(:oiepiltila,Areca 
cateli, Coi , l l;olt,;ihc/,E3,1urrhoo s;pp., and 

Maoc;ifnnra ic/ictl 

In soie parts; ,(if r h er tetci coconot is grown 
at a slsacrig of 10 x 1(m and pineapples are planted 
between the cc:onrIt rovs Tire group notod thatphlritin(Is wre suilable for hon es-teads. 

Old trees and branches 're cut (Jown when neededand are+usedl as,fuelwood. 

i,; eih fft ores 
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Workshop participants gather outside the Royal Ch/ff Beach Hotel conf~zernce center in Pattava. Thailand. 


