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INTRODUCTION 

inrecognition of the rapid depletion of tropical forest resources and the increasec scarcity offuelwood and other tree products, the U.S. Agency for International Development (U ,AID) designeioand funded the Forestry/Fuelwood Research and Development ('/FRED) Project. F/FRED providesanetwork through which scientists exchange research plans, methods and results on the productionand use of trees to meet the needs of small-scale farmers InAsia. These fast-gro ing, high­yielding trees are appropriately termed multipurpose tree species ,MPTS). 
An Important network activity isthe establishment of standardized MPTS experimental trials toimprove the efficiency and effectiveness of MPTS research. Cooperating scientists collect andanalyze data on MPTS to determine site requirements, growth rates, and small farm uses. 
To date, network trials have been established on 16 sites inthe humid and semi-humid tropics.Participants are 10 Asian scientists from Indonesia, Malaysia, Pakistan, Philippines, Taiwan andThailand. 

This workshop provided a forum for scientists and administrators to discuss the establishment ofasimilar network of experimental trials for the arid and semi-arid tropics. Over 45 invitedparticipants attended, representing 8countries inAsia, Australia and the United States. 



WORKSHOP SUMMARY
 

The workshop of the Forestry/Fuelwood Research and Development (F/FRED) Project on 
Multipurpose Tree Species Research for Small Farm Use In the Arid and Sem!-arid Tropics was held 
November 16-19, 1987 at the Pearl Continental Hotel InKarachi, Pakistan. The workshop was 
attended by Invited participants and by many observers from the Sind and Baluchistan Provincial 
Forestry Departments of Pakistan. A total of 115 people registered, representing Pakistan, India,
Nepal, Sri Lanka, Thailand, Australia, Republic of China, and the United States. 

The objpclrves of the workshop were threefold: 

(1) Introduce the Forestry/Fuelwood Research and Development (F/FRED) Project to
 
potential network participants,
 

(2) present and discuss on-going multipurpose tree species (MPTS) and social science
 
research in the arid and semi-arid tropics, and
 

(3) prepare plans for future network research activities. 

In addition to the introductory presentations on the F/FRED Project, participants received a 
packet of background information to stimulate informal discussion. 

On-going research served as the toplc of presentations that were grouped into four subject 
areas: MPTS research, socioeconomic research, germplasm resources, and experimental design, data 
collection and analysis. 

Participants took .art in a field trip to the "hurri" plantations of Acacia nilotica and the forest 
station at Miani in Sind Province near Hyderabad. 

On the fourth day of the workshop, plans for future network research activities developed out 
of three working group sessions. Although there were no specific assignments of participants to 
groups, an integration of disciplines, research experience, and nationality was encouraged. Each 
group was given a list of questions to discuss. In a combined session afterwards, the groups
reported the results of their discussions for consideration by the workshop. 

The following Isa list of the discussion questions, with a brief summary of responses. 

(1)Who is interested in cooperating in arid and semi-arid zone network research? 

The following institutions were mentioned as prospective cooperators, in part because
 
most of these institutions were represented at the workshop. This is not, however, intended
 
to be a complete list of network trial participants.
 

Nepga 
Tribuvan University 

- Institute of Forestry 
- Institute of Agricultufal &Animal Sciences 

Forest Survey and Research Office (HMG) 
Winrock International -Agricultural Research Project 
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Pakistan
 
Pakistan Forest Institute
 
Punjab Forestry Research Institute
 
Pakistan Agricultural Research Council
 
University of Karachi 
University of Sind 
Arid Zone Research Institute 
Atomic Energy Ag. Research Centre 

Sri Lanka
 
Forestry Department
 
Coconut Research Institute
 

Thailand
 
Royal Forestry Department
 
Kasetsart University
 

India 
Bharathidasan University 
Tata Energy Research Institute Research Institute 
Bharatiya Agro-Industries Foundation 
Indian Council for Agricultural Research 
Indian Council for Forestry Research 
ICRISAT 

(2)What kinds of MPTS research are most important? 

A distinction should be made between research requirements of the two climatic zones
encompassed by the term arid and semi-arid tropics. A definition of the semi-arid tropics
based on annual rainfall (between 550 mm and 1200 mm) may serve as a guide for the 
establishment of separate network trials for arid and semi-arid priority species. 

Two additional priority species were suggested for the arid zone --Prosopis cineraria
and Prosopisjuliflora. The priority species were then grouped according to the new zones. 

For the arid zone (annual rainfall less than 550 mm): 

Prosopis cineraria
 
Prosopis juliflora
 
Acacia nilotica
 

For the semi-arid zone (annual rainfall between 550 mm and 1200 mm): 

Acacia nilotica
 
Dalbergia sissoo
 
Eucalyptus cama;dulensis
 

The limited vibility of Azadirachta indica seed raised questions as to its inclusion in 
network experiments. The workshop participants considered species assessment, species
Improvement and species management to be the Important research areas. 

(3)What kinds of socioeconomic research would be useful for forestry researchers? 
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Economic --This would Include a benchmark survey of supply/demand situations,
compatibility of agricultural and tree crop Interaction in environmental and economic terms,
and marketing studies. 

Social -- This would include land tenu-e systems, assessments of the social structure
and organizational patterns of farmer group,, baseline social surveys, and leadership patterns. 

Cultural --This would include group knowledge of trees for fuelwood, fodder, etc.,
assessing the acceptability patterns toward nev Ideas in terms of productivity and/or
environmental considerations, and assessing the role and activity of women and children in 
working patterns. 

(4) What germplasm isavailable for network experment-? 

While in general terms it was agreed that the countries represented could supply the 
germplasm, this issue will require further assessment. 

(5)What is the planting season for available sites? 

Nepal: July-August 
Pakistan: July-September and February-March
 
India: July-August
 
Sri Lanka: October-Novemker
 

(6) Should some MPTS network experiments Include on-farm research and, if so, how should the 
experiments be designed? 

Research that isrelevant to small farmers' needs can be conducted with the 
establishment of on-farm experiments, but that methodologies for such experiments with tree
species are not yet available. One approach to removing this constraint would be to conduct
experiment station research testing species, provenances, and management treatments, while 
at the same time developing methodologies for on-farm experiments. 

The proposal for a follow-up workshop in the spring of 1988 met with general acceptance. It was agreed that at this second mfeting the design and minimum data set for a network experiment
would be developed following the guidelines proposed by participants at the Karachi workshop. 
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KEYNOTE ADDRESS BY THE INSPECTOR GENERAL OF FORESTS 

It isa great honor for the Government and people of Pakistan to host this F/FRED workshop,

which isexpected to serve as amilestone to encourage tree planting to meet the needs of small
 
farmers in member countries.
 

I am privileged to extend awarm welcome to the distinguished Chief Guest, the eminent visiting
delegates, and to others of you who are participating Inthis inaugural session. 

F/FRED is the acronym for the Forestry/Fuelwood Research and Development Project, which is
sponsored and financed by the United States Agency for International Development (USAID) to help
scientists in member countries address the needs of small farmers inthe developing countries of
South and Southeast Asia for fuelwood and other tree products. The countries participating intheF/FRED research network are: India, Indonesia, Malaysia, Nepal, Pakistan, Philippines, Singapore,
Sri Lanka, Taiwan, and Thailand. All share common perceptions and similar problems regarding
forestry and fuelwood shortages. 

These countries are located mainly inthe tropics, where the rural population depends upon
biomass as its principal source of fuelwood for cooking and heating. Great pressure on the
dwindling forest resources makes visible the need to Increase wood production by undertaking farm 
and community programs. 

The objective of improving both wood quality and yield can be achieved only by conducting
research on species inarid, semi-arid, and humid regions of the member countries. To this end,
research on four species --Acacia nilotica, Dalbergia sissoo, Eucalyptus camaldulerisis and 
Azadirachta indica -- is now being conducted in Pakistan. 

Pakistan's forest resources are limited. Piesently, about five percent of the country's land is
under forest uover. It isbecoming increatingly difficult to meet the demands of the growing
populace for fuelwood, fodder, agricultural implements, and raw materials required for wood-based 
industries. 

The problems and prospects of forestry in Pakistan are linked to the following factors: 

o 	Fifty-one percent of Pakistan's area isarid, with an average annual rainfall of less than

100 mm. This zone includes four large deserts (Thai and Cholistan inPunjab, Thar in

Sind, and Saihan desert inBaluchistan). :n addition, there are more than adozen small
deserts scattered inthe drier regions. These areas have been hit by severe droughts
during the past several years, resulting in near famine conditions, particularly inthe Thar
 
and Cholistan deserts.
 

o 	Thirty-five percent of Pakistan's area issemi-arid, averaging less than 250 mm of rainfall

annually. This area isheavily populated and extensively cultivated using canal water
 
available from the Mangla and Tarbela reservoirs.
 

o Twelve percent oi Pakistan's area islocated inthe Himalayan region. Because of 
favorable edaphic and climatic conditions, it supports 80% of the country's forest
 
resources. The remaining forested area InPakistan consists of: irrigated plantations

(5%), riverain forests (6%), mangrove forests (8%), and linear plantations (1%).
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o Inefficient water management of irrigated plantations, some of which are more than 100 years
old, Iscaused by siltation or poor drainage. With the construction of the Mangla and 
Tarbela dams, the riverain forests Inthe provinces of Sind and Punjab are no longer
Inundated in summer; this has adversely affected forest regeneration and growth. The same 
is true of coastal forests that now receive less Influx oi fresh water from the Indus river 
and greater quantities of pollutants from Industrial wastes and domestic sewage, particularly 
from Karachi. 

o It is difficult to increase the forested area because suitable publicly-owned lands are not
 
available. Forestry competes with agriculture for inadequate quantities of water, and
 
natural conditions for forest growth ar6 constrained by the problems of arid and semi-arid
 
conditions coupled with increased population pressure and uncontrolled grazing.
 

More than 60% of the land in Pakistan is either already affected or likely to be affected by
desertificatlon. The suspended sediment load per km of drainage basin is one of the highest in the 
region. More than 1.2 million ha of land has already been affected by soil erosion, 4.2 million ha 
have been rendered unproductive by salinity, and another 2 million ha have become unarable due to 
waterlogging. Inspite of reclamation efforts, large areas remain plagued by these problems. 

Although the official figure for the country's forested land is 5%, actual productive forest area 
comprises less than 2%. Consequently, available timber per capita is only 0.013 m3,as compared

3
with per capita consumption of 0.024 m . Imports, which narrow the gap between supply and 
demand, have swollen to Rs. 1.7 billion per annum. Most likely, rising demand and declining supply
will follow in the wake of increasing population and per capita income growth on the one hand, 
and shrinking forests on the other. It has been estimated that the present annual timber 
requirement of two million mn3 will double by the year 2000, and that firewood consumption will 
increase from the present 16 million m3 to 30 million m3 within the same time span. 

Due to the widening gap between wood supply and fuelwood demand, the bulk of our domestic 
energy requirements are being met by kerosene oil, natural gas, electrcity, cow dung, and 
agricultural wastes. All of these commcdities could be used more profitably for industrial and crop
production rather than for fuel consumption. Imports total 13,000 m3 annually, costing more than 
Rs. 95 million. With pulp, paper, and other wood products, the foreign exchange bill has risen to 
Rs. 1.7 billion per year. It is now time to design a strategy not only to overcome the present
deficit, but also to meet the increasing demands placed on public and private forests and farmlands. 

Similar problems prevail in China, India, Bangladesh, Sri Lanka, Nepal, and Thailand, where rural 
populations experience mounting hardships due to shortages of fuelwood for cocking and heating.
According to a report prepared by the Food and Agriculture Organization of the United Nations,
Bangladesh, India, Indonesia, Pakistan, Philippines, Sri Lanka, Thailand, and Vietnam have been 
rated as "fuelwood deficit countries," while Nepal was identified as a country cf "acute scarcity."
Burma is the only country in the region identified as having only a "potential deficit." 

Approximately two billion people -- mostly rural, but not exclusively depend on firewood as 
their main source of energy for cooking and heating. Ninety percent of all the wood harvested 
annually is used for energy. It meets over two-thirds of the total energy consumption needs in 24 
tropical countries, of which 16 are least-developed countries. 

No alternative energy source will provide a viable substitute for fuelwood in the near future. In 
places where a surplus of wood for energy exists or could be created, wood-based energy can 
contribute to rural and industrial development, as well as to self-reliance in energy at the national 
level. 
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in view of the prevailing conditions in the tropics, the F/FRED member countries are striving to 
Improve and expand the vegetative cover. The Government and people of Pakistan are working to 
increase wood production for construction, Industrial and energy purposes. All state-owned 
coniferous forests InMurree Hills, Hazara, Malakand, and Azad Kashmir are being managed 
Intensively. For that purpose, the Forest rievelopment Corporation In North West Frontier Province 
and the Logging and Saw Milling Corporation in Azad Kashmir have been established. This has not 
only stopped unai-horized fellings, but has also Increased the recovery of usable wood by 100%. 
Where additional management inputs could be arranged, the yield has Increased by 200 to 300%, 
thereby meeting the increased requirement for consiruction timber. 

Inthe hills of northern Pakistan, vast areas suitable for tree growth are presently bare. Phased 
planting of these areas isproceeding as financial resources become available. So far, more than 
200,000 ha of land have been planted, thereby Increasing the forest cover in North West Frontier 
Province alone from 12 to 13%. 

Irrigated and riverain forests in Sind province are being Improved. Based on a feasibility study
prepared by a team of consultants to the Asian Development Bank, a $US 40 million Forestry 
Development Program in Sind is being developed. A pian for the improvement of coastal forests in 
Sind Is also on the anvil. 

Finally, farm and community forestry programs costing Rs. 530 million have been launched in all 
four provinces with the help of USAID. In Sind, the system of "hurri" plantations, practiced by 
farmers for over 100 years, isbeing improved as social, economic and technical studies are carried 
out by local and foreign experts under the Forestry Planning and Development Project. 

The Prime Minister of Pakistan, when he inaugurated the Monsoon Tree Plantation campaign in 
August this year, expressed the desire that greater attention be given to afforestation of arid and 
desert areas in Sind Province. Incompliance with his directive, the following steps have been 
taken: 

o Two million masquits plants are being raised for planting Indesert areas of Sind. 

o Arrangements have been made for an American expert to render advice on large-scale
 
planting of Prosopis spp., the main species in arid regions of Pakistan.
 

o The F/FRED conference here in Karachi and an earlier F/FRED Research Committee
 
meeting in Peshawar are developing a strategy for future action.
 

It Is a happy auguring that we have assembled here to deliberate upon a topic of immense 
Importance to participating countries and vital to human needs. I hope the results of this F/FRED 
network workshop, as well as those of the Research Committee meeting held earlier at the Pakistan 
Forest Institute in Peshawar, will help guide scientists and foster cooperation among participating 
countries to improve and expand objective-oriented MPTS research. 

I wish the workshop participants great success and express my gratitude to the distinguished 
Chief Guest and visiting delegates. 

Thank you very much and God bless you. 
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OPENING ADDRESS BY THE CHIEF MINISTER OF SIND PROVINCE 

I am grateful to the Forestry/Fuelwood Research and Development (F/FRED) Project forInviting me to inaugurate this workshop to establish a research network concerned withmultipurpose tree species (MPTS) for the arid and semi-arid tropics. Inview of the rapid
depletion of tree resources inarid and semi-arid areas lands, the project's task isnoble. Theproject is all the more commendable because itaims at meeting the fue!wood, fodder, and smalltimber requirements of small farmers indeveloping countries. 

The reports of various United Nations agencies pertaining to the Increase indesealfication
and the extent of fertile land going out of cultivation are alarming. One-third of the earth'ssurface (47 billion ha) isclassified as arid and semi-arid and Ispopulated by 850 million people,about 17% of the world's population. It is estimated that about 280 million people are living inthe areas directly threatened by desertification. About 20 million ha are deteriorating each yearthrough the desertification process, resulting inaproduction loss of US$26 million. This
situation deserves the most urgent attention of governments and peoples. 

InPakistan, about 57.1 million ha are classified as arid, and 17.1 million ha as semi-arid.These classifications are based on relative severity of climatic elements such as precipitation,
temperature, availability of moisture, and type of vegetation. Through unwise land-use practices,
man has contributed to the degradation of soils and the over-grazing of vegetation. However,
other factors have helped to produce these phenomena. Low water availability iscaused by high
evapo-transpiration rates, absence of humid air streams, high temperatures, reduced ground waterrecharge, and decreased river flows. Additionally, the high velocity of sand-laden winds causes
physical damage to crops, life, and property. Sandstorms block roads and rail tracks, choke
irrigation channels, engulf villages, and encroach upon rich agricultural lands. This isthe
scenario inall arid regions and leads to massive human tragedies. Desertification isongoing,
carrying in its wake misery and poverty. 

Desert vegetation has provided fodder for domestic and wild animals since time immemorial.
Cutting for small timber and fuelwood has reduced the vegetation to mere scrub. There isheavy pressure on this vegetation inwinter when millions of goats, sheep, camels, and cattleleave the hills insearch of grazing grounds. When fodder isscarce, jand (Prosopis cineraria)
and babul (Acacia nflotica) trees are completely lopped and only stubs of the branches are left,which sprout the next year with depleted vigor. To meet the requirements of cooking andheating, plants are dug out by their roots and are used as fuelwood. The deserts are expanding
at a fast pace, engulfing rich agricultural land. Under such hostile biotic and climatic
conditions, it ishard to expect any natural recovery of vegetation, and ithas become impossible
to develop a feasible plan of reforestation/afforestation. 

The socioeconomic conditions inthese areas have played asignificant role inthedeterioration of forest resources. Communities living here have largely agricultural and pastoral
economies. People's needs have continua!ly clashed with pollcymakers' plans for vegetation
conservancy. The people make a living from their meager agricultural resources and pastoral
activity, arid with the passage of time, site conditions have deteriorated. 

People living inthese arid and semi-arid areas need fuel for cooking and heating, foddertrees intimes of scarce animal feed, material for thatching, small timber for agricultural
implements and small household items, doors, persian wheels, etc. Additionally, they need trees 
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for shade and shelter around thefr dwellings. Above all, tree windbreks are essential to 
protect their agricultural crops from scorching, sand-laden winds. The constant migration of 
people from these areas to cities in search of better jobs and living conditions can be checked 
only by improving the living conditions of the rural poor. The answer lies in making a sincere 
effort towards greening the deserts by making available those tree species required by the 
people, and by adopting measures that foster natural regeneration. 

Inthe province of Sind, the desert areas of Thar cover more than 44,000 sq. mi. With 
timely and adequate rains and controlled grazing, soils of these deserts have the potential to 
sustain good plant growth. This year the monsoon rains failed, and the people living there face 
unprecedented misery. Trees, though, have withstood the drought conditions and have provided
the only source of fodder for millions of livestock. Without the trees, the situation would have 
been a complete catastrophe. You are scientists of high caliber. Your motives and intentions 
are praiseworthy. The arid and semi-arid regions must be tamed and their potential harnessed 
for the benefit of the people living there. While exotic species may be introduced, indigenous 
species should not ba forgotten and improved tree management methods should be explored. I 
would also suggest that research studies be conducted on private lands so that comir -3ties may 
be convinced of your results and adopt the findings. Improvement of the quality and quantity 
of tree fodder is another area requiring work. 

With these words I declare the workshop open, in the fervent hope that the challenging 
issues will be discussed thoroughly, and that practicable recommendations will emerge. 
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RESULTS AND LESSONS FROM THE ESTABUSHMENT OF THE F/FRED

NETWORK IN THE HUMID AND SUB-HUMID TROPICS
 

K.G. MacDicken 
D.A. Taylor 

Network Team Loader/MPTS Specialist and Project Staff Memer, respectively 

Winro,k International 

Activities during the first year of network research on multipurpose tree species (MPTS) underthe Forestry/Fuelwood Research and Development (F/FRED) Project have included the design andimplementation of the 1987 network trials in the humid anc' sub-humid tropics, development of aregional research plan for control of the Leucaena psyllid,enactment of a research grant program,initiation of national organizing meetings, and aworkshop or MPTS for Small Farm Use. From thisexperience, lessons may be drawn on the value cf clear national research priorities, standardizedmethodology, interdisciplinary cooperation, donor coordination, andgermplasm colleLtion anddissemination. Coordinated network activity can improve regional MPTS research in general, aswell as the quality and focus of individual research programs. 

INTRODUCTION 

Network research of the Forestry/Fuelwood Research and Development (F/FRED) Projectformally began inthe humid and sub-humid tropics with the Forestry Networks woi kshop held inBangkok, September 1986. At that workshop, participants developed astructure for the networkand Initiated plans for multi-location network field experiments on priority multipurpose tree
species (MPTS) of the humid and sub-humid tropics. 

This initial network was based on the shared problems of cooperating scientists working withpriority tree species best suited to the climatic conditions of the humid and sub-humid tropics.These scientists shared problems involving selection, improvement and management of tiee speciesfer multiple purposes. At that time, the foundation was laid for asimilar environment-basednetwork for research on three priority MPTS inthe arid and semi-arid tropics. Acacia nilotica,Dalbergia sissoo and Eucalyptus camaldulensis were selected as the three priority species for this
environmental zone network. 

F/FRED ACTIVrIIES TO DATE 

At ameeting held in Kuala Lumpur inDecember 1986, researchers designed aseries of networkfield trials for the humid and sub-humid tropics. Participants at this meeting played an importantrole inthe advancement of the network by agreeing on adesign and a standard methodology forthe 1987 network experiment. Arandomized complete block design was agreed upon, using a 
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F/FRED INTHE HUMID AND SUB-HUMID TROPICS 

3 x 2 x 3 factorial where two genotypes of each of three priority specles are observed under three 
management regimes. 

In January 1987, the present Coordinating Unit staff established itself in Bangkok and, based on 
discussions with network scientists, began assembling a strategy for network development. By
sponsoring meetings and wori<shops, funding limited research projects, and providing short-term 
training for scientists, the F/FRED Project Is developing lines of communication among researchers 
Interested in MPTS research in the biophysical and social sciences. These activities primarily aim 
to coordinate efforts, so that the limited financial and human resources of national research 
programs are not wasted through duplication or lack of effective communications between 
institutions working on similar problems. 

One of the first opportunities for network coordination presented itself in an unlikely form: the 
leucaena psyllid, or "jumping plant louse" (Heteropsylla cubana), which by eady 1987 had inflicted 
serious damage to Leucaena leucocephalain five countries InSoutheas;t Asia. A series of meetings,
beginning in November 1986 in Hawaii and culminating last June with a meeting in Manila, yielded a 
comprehensive regional plan for psyllid control. The plan put forward t;uggestions for an integrated 
approach involving: 

o accelerated research on psyllid-reslstant or -tolerant leucaenas, 
o psyllid biology, 
o biological control of the pest, and 
o species diversification. 

The psyllid control plan calls for further research, and lays a foundation for cooperation among 
different national scientific communities and donor agencies according to the research priorities
expressed by each. The regional research plan is now being used as a basis for funding allocation 
of additional psyllid research by the U.S. Agency for International Development (USAID), the 
International Development Research Centre of Canada (IDRC), and the Asian Development Bank 
(ADB). 

Like the psyflid meetings, other network workshops and conferences can lead to better 
communications among scientists and a coordinated approach to solving MPTS research problems.
F/FRED has co-sponsored with IDRC and the Food and Agriculture Organization (FAO) a workshop 
on MPTS for Small Farm Use, where 35 papers were presented ard discussed. These papers
provided an overview of piesent knowledge on small farm use of MPTS in Asia, and pointed out 
deficiencies in that knowledge and in methodologies used to evaluate MPTS. 

Besides coordinating efforts, the F/FRED network is designed to improve the quality of MPTS 
research and fill critical research gaps. One of the most effective ways this has been achieved In 
the humid and sub-humid zone has been through the commitment of participating institutions to 
conduct multi-location field trials based on a uniform design and methodology. The Kuala Lumpur
meeting supplied the basis --an experiment designed by network participants and a minimum data 
set -- which the Coordina~ing Unit and the F/FRED Global Research Unit at the University of 
Hawaii have been able to support, and which we hope to support In further biological and social 
science activities. F/FRED has funded the collection of good quality germplasm of the priority
species and has distributed it to participating institutions, along with Instruction guides, operational
funds and equipment support. The F/FRED Global Research Unit InHawaii has arranged for soil 
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F/FRED INTHE HUMID AND SUB-HUMID TROPICS 

characterizations of 12 of the experiment sites and has developed the experiment database forrecording and analyzing field trial data using microcomputers. A series of four-day training courseswill help researchers and technicians to use the standard data collection methods and the MPTSexperiment database. F/FRED is also providing microcomputers to a number of the cooperating
institutions for use with the trials. 

Inconnection with the experiments, a socioeconomic data set Isalso being developed to linkwith the MPTS data being collected for the trials. Several scientists from Asia, the U.S., and LatinAmerica met last month in Hawaii to begin development of this minimum data set, and to discuss
how it should be collected. The project has engaged two consultants to follow up that meeting

with firm recommendations early in 1988.
 

One of the benefits of the network trials has already been realized: cooperators in the humid
zone share a degree of uniformity in the manner Inwhich they conduct at least one experiment.
As experience is gained from these trials, these methods and the minimum data set will be refined
ina process which will result in widespread use of variables which are measured, recorded and
analyzed in a standard way. This advance will allow comparisons of results from a much wider
range of experiments than is now possible, induding site characterizations and descriptions of soil
and climate. In the spring of 1988, cooperators will begin to see greater benefits. At that time,
each participating researcher will have access to data from 16 experiment sites, although eachcooperator has been responsible for planting no more than 2 sites. 

Another means by which F/FRED is supporting network research is through small research
grants made to individuai cooperators or institutions. For the most part, these limited grants serve
as "saned money" for national and other research programs. In the case of psyllid research, F/FRED
is funding several small studies in high-priority research areas not currently supported by other
donors or national programs. F/FRED is also sponsoring socioeconomic studies inThailand,
indonesia, Malaysia and the Philippines, in addition to co-sponsoring a study in Bangladesh on

homestead forests.
 

Undei a recent agreement, F/FRED will sponsor six Asian scientists to pursue Ph.D. studies atMichigan State University, returning to their home Institutions to complete their research anddissertations. Three of these fellowships will be inthe biological sciences and three in the social 
sciences. 

Besides network coordination and research support, the F/FRED Coordinating Unit has developeda plan for short-term training based on the training needs expressed by Asian scientists. The planprovides sponsorship of participants to existing offerings in the region, as well as trainings onmicrocomputer use in forestry, proposal preparation, and integration of social and forest sciences. 

Twinning between Asian institutions, proposed by Salleh Mohammed Nor of the Forest ResearchInstitute of Malaysia (FRIM), forms another part of the F/FRED training plan. Institutions havingmemoranda of understanding (MOUs) with the project will be paired to exchange scientists forthree to six months. This will strengthen ties between Institutions and expose scientists to other
research programs. 
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LESSONS FROM THE HUMID AND SUB-HUMID ZONE 

Network activity In the humid and sub-humid zone has been underway for only a year. One set 
of field trials has been established In6 countries. After site visits and review by network 
scientists, a second set Isplanned to begin late In1988. Even at this early stage, though, some 
lessons can be drawn as F/FRED begins work in the arid and semi-arid zone. 

First among these Is the need to coordinate national research agendas before developing a 
regional agenda. The psyllid plan demonstratea the Importance of clarifying research priorities 
within countries before beginning a coordinated effort among countries. The Coordinating Unit has 
encouraged the establishment of national organizing meetings that bring together, at least once a 
year, MPTS researchers in both the biological and social sciences of each country. From these 
meetings, a list of research priorities for each participating country will emerge for the network 
Research Committee to consider. The first of these meetings have already taken place in Pakistan, 
Philippines, Thailand, and Taiwan. 

A second lesson is the importance of standardization Inresearch methods. The scientists at the 
meeting In Kuala Lumpur exercised great professional cooperation in developing the plan for the 
first set of network field trials. Their model can serve, both Insubstance and in spirit, those who 
meet next spring to plan the first network trials for the arid and semi-arid zone. The 
standardization of methods means more than establishing experiments with common design and 
germplasm, however. It means seriously considering the Improvement of methodologies used in 
assessing the value of MPTS for use on small farms. Too often researchers compare results without 
recognizing their differences in assumptions and parameters. The standardization process must 
include an understanding of what characteristics of MPTS are most important to small farmers, as 
well as reliable assessment methodologies for biological research. 

A third lesson learned is the Importance of cooperation and communication among agriculturists, 
foresters and social scientists. In order to be effective Inimproving the small farm productivity of 
MPTS, scientists must understand the small farm environment in which the trees will be grown. 
This does not mean the soil and climatic environment only, but also the socioeconomic environment. 
Communications and cooperation among researchers with knowledge of agronomy, forestry, 
economics, and social survey methods are critical to this understanding. 

Donor coordination is also important. Each donor agency has strengths and weaknesses which 
determine the limits of its effectiveness. For example, in the area of psyllid research support, both 
the ADB and IDRC have substantial funds available for psyllid research, yet have been unable to 
encourage and support regional coordination of psyllid researchers. The F/FRED project, on the 
other hand, has little money for research grants, but has effectively used travel and workshop 
funds to support the development of a coordinated regional plan for psyllid research. One of the 
lessons learned from the past year's effort in the humid and sub-humid zone network is that donors 
need to understand the strengths and weaknesses of their research support programs, and work 
together to bridge as many research "gaps"as possible. 

F/FRED's experience also has pointed up the importance of regional support for germplasm 
collection and dissemination efforts. The use of shared germplasm resources in multi-location trials 
is critical to the success of these experiments. Without regional support for exploration of new 
genetic materials or identification and dissemination of seed from well-documented collections, 
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multi-location trials will fail. Without regular communication concerning seed sources and
coordinated evaluation of germplasm performance from these seed sources, species assessment and 
tree Improvement will be limited to local experience, which Is often restrIcted to a limited 
gE rmplasm base. 

Experience of the last year has shown that the exchange of Information made possible by a
network can lead to the improvement of research not only on the regional scale, but for each
Institution and Individual scientist as well. Through twinning of Institutions, theme workshops and
site tours -- in addition to collaboration Inresearch planning and field experiments -- each 
scientist's work can gain through contact with other researchers. 

With this workshop, we Intensify oui efforts to gain these benefits -- from coordination and
collaboration -- for MPTS research In the arid and semi-arid areas of South Asia, where, even morethan in the humid region, the small farmer with limited resources faces a harsh climate and few
choices. A difficult road lies ahead, but our research network can use the lessons gained from 
experience to develop, with the farmers, alternatives for the future. 
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THE SOCIAL SCIENCE COMPONENT OF THE F/FRED PROJECT 

C.B. Mehl 

Land and Forest Management Network Specialist 
Winrock International 

The Forestry/Fuelwood Research and Development (F/FRED) Project is integrating the work ofsocial and biological scientists to develop research on multipurpose tree species (MPTS) thataddresses actual needs of small farmers in Asia. Alook at aNepali village raises questionspertaining to existing management practices and rights to tree resources that researchers mustconsider. The F/FRED project approaches an integrated assessment of these issues through itsactivities in network development, sho.,t- and long-term training, and research support. Thedevelopment of aminimum data set for socioeconomic information and uniform methods of datacollection will be an importantcontribution towards improving interdiscliplinary cooperation amongscientists and incorporating farmers" knowledge into research programs. 

INTRODUCTION 

The Forestry/Fuelwood Research and Development (F/FRED) Project provides aunique
opportunity for biological and social scientists to work together intheir efforts to better the
condition of the rural poor in Asia. Social scientists can provide foresters and agronomists withinformation on the land management practices of the rural poor for both private and commonly heldproperty, the place of trees infarm management systems, and what potentials exist for innovationinthe village use of multipurpose tree species (MPTS). With this information, biological scientistscan design experiments that reflect farmers' actual management practices inorder to improve treesalready used by farmers and to test other species under actual management conditions. Eventually,the F/FRED network will probably conduct on-farm field trials, which will further strengthen thelinks among biological and social science researchers and farmers. 
Farm forestry and community forestry are not new concepts to farmers inAsia, who have longgrown trees around their homes and intheir fields for avariety of purposes, such as fodder,fuelwood, fruit, building material, and shade. Each society and culture -- each village in fact -- hasa unique system of managing land and forest resources. Tree management and use depends on thesocial, economic and cultural environment as much as itdepends on the physical environment. Abrief visit to one village inthe hills of Nepal can reveal several systems of tree management anduse, and may raise questions relevant to research programming. 

SCENES FROM A VILLAGE 

1. Awoman stands on awall bordering a road, stretching to cut a few branches from a tree.This scene, typical inmany Asian villages, shows that leaves are an importarit tree product, usuallyused for fodder. This scene also raises many questions. What purposes other than fodder does this 
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tree serve? Who has rights to its use? For different uses, are there different rights to the tree? 
Can an Improved species be grown here beside the highway, where anyone may have access to it 
and where the air is regularly polluted with engine exhaust? How could the tree or its 
management be improved to yield more fodder or better wood? Who would plant the tree here and 
who would care for it? 

2. A single, one-year old Leucaena leucocephala grows near a house surrounded by vegetables, 
flowering plants and a small stand of Cannabis sativa. On small farms, trees are more often grown 
as components of mixed systems than as monocultures. Why has the farmer planted this Leucaena 
here? How will he use it? How does it interact with the surrounding plants, given his system of 
management? 

3. Many villages in Asia, particularly South Asia, have commonly owned and managed lands. On 
top of the hill near the village is a commons where cattle are allowed to graze -- but whose 
cattle? How are grazing rights allocated? Scattered throughout the commons trees grow on piles 
of rocks. The land is common property, but these trees are the private property of the people who 
planted them. The tree's owner can use it for his or her own needs, rent it to another villager, or 
sell it. In some communities, land may be owned by one person while trees on that land belong to 
another. With a system of combined of rights, who determines where trees are planted and how 
they are used? What improvements can be made to such a management system? What 
Improvements can be made under a common property system? How can the species grown on the 
rocks in this Nepali village be improved? Can another species better suited to the conditions be 
Introduced there? 

4. A few trees grow along a path in the village, but not by chance. They were planted or, 
more likely, selected by villagers from naturally generating shoots. Why did they choose these 
particular trees? In some places, certain species are grown for cultural or religious reasons. 
Others are avoided due to beliefs associated with them, or uecause the names of the trees carry 
negative associations. 

The demand for tree products for use by the rural poor, most critical in the arid and semi-arid 
tropics, poses an important challenge to F/FRED. Clearly, social and biological scientists must 
work together to understand how, where, and why farmers grow and use trees before they can 
successfully -- with the farmers -- improve the existing systems of tree use. The F/FRED proj'ct 
encourages Interdisciplinary cooperation among scientists through three general categories of 
activities: network development, training, and research support. 

NETWORK DEVELOPMENT 

An important element of the F/FRED program Is the development of a single research network 
of biological and social scientists. With a single research network, the results of social science 
research can be directly applied to the improvement and development of multipurpose trees, and the 
experience of foresters and agronomists can be applied to the design and programming of social 
science research. 

The network will be guided in its sponsorship of regional research by the F/FRED Research 
Committee, which consists of both social and biological scientists. The Research Committee sets 
priorities for the provision of small grants to both social and biological scientists. 
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The project co-sponsors workshops where Issues concerning the improvement and use of MPTS 
are discussed and research results exchanged. The first such co-sponsored wcrkshop was the
workshop on Multipurpose Tree Species for Small Farm Use, hekld InNovember- 1987 InThailanJ, in
association with the Food and Agricutural Organizatlon (FAO) and the International Developm,)nt
Research Centre (IDRC). Among the topics dicussed as potential themes for a second workthop, 
now under planning, Is the broad area of policy Issues in MPTS research, Including marketing,
property rights, integration of agriculture and forestry research, and the use of research outputs In 
extension programs and policy. 

TRAINING 

F/FRED provides both short- and long-term training. Under the project, six fellowships for
Ph.D. study will be awarded, three each in the biological and social sciences. All six Asian 
candidates will study together at one university to encourage regional and interdisciplinary coopera­
tion. 

The social science component of the project is evident in the short-term training program in
 
three ways:
 

1)Short-courses are being prepared on Forestry Concepts for Social Scientists and Social
Science Concepts for Foresters. Fesearchers and administrators participating in these courses
will gain a greater understanding of 'he work and research of scientists in other disciplines.
It is also hoped that the courses will encourage more Interdisciplinary work by the 
participants. Other courses being developed under F/FRED Include Forestry Research 
Management and Forest Research Methods. Additional courses will be developed as network 
participants identify further training needs unmet by existing offerings. 

2) Social scientists are invited to participate Inexisting regional training programs on topics

concerning the management and use of multipurpose trees in farm and community forestry
 
systems.
 

3) F/FRED Isco-sponsoring a variety of short-courses, seminars and workshops planned and
 
organized by network participants in conjunction with the regional programs of the project

to meet their national research needs.
 

RESEARCH SUPPORT 

The F/FRED Notwork research agenda emphasizes both biological and social science research. 
Small gia'nts have been provided for network socioeconomic studies. Five social science case
studies - on farmer access to, management, and use of MPTS -- are being conducted In
conjunction with the 1987 Network Trials. Two studies take place inThailand, arid one each In the 
Philippines, Malaysia, and Indonesia. 

These grants will Inc:rease Innumber with thid development of network experiments In the arid 
and semi-arid tropics, with the Initiation of a second set of humid and sub-humid network trials,
and most importantJy, with the development and Implementation of a series of regional studies using 
common methods for research and analysis. 
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Consultants are conducting two studies to assess the potential social and economic Impacts of
the Improvement of multipurpose trees through biotechnology proposed Inother F/FRED-sponsored
studies on tissue culture, mycorrhlzae, Rhizoblum, and the use of gums and resins. 

A most important part of the social science component of the F/FRED project is the 
development of a farm and village forestry minimum data set, and the design of st-andardized 
methods for its collection ad for broader village studies. A planning meeting of several social 
scientists from Asia and Latin America took place inearly October 1987 to begin development of a 
standardized methodology and a minimum data set, which together will create a number of oppor­
tunities, including: 

1.rapid appraisal of farmers' current land and forest management practices, 

2. enhanced understanding of the place of trees and tree products infarmers' lifestyes, 

3.exchange, ad in some areas integration, of data from biological and social science studies, 

4.means for comparing tree use across national and cultural boundaries, focusing on important 
common and location-specific factors of farmer use of trees. 

5.development of an information system to help in national policy formation, extension work, 
and the establishment of research priorities and design. 

CONCLUSION 

We often hear that villagers need trees, and this is true. But itshould be remembered that 
they already grow and use trees. We need to learn more about their established methods of 
growing, managing and using trees. Using their valuable indigenous knowledge in combination with 
scientific knowledge of tree improvement, we -- researchers, extension agents, and government
officials -- can work more effectively with the rural poor to improve their livelihood and their 
lives. 
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GLOBAL RESEARCH AND NETWORK EXPERIMENT DESIGN: AN.OVERVIEW 

F.B. Cady 
D.A. Taylor
 

Director, F/FRED Research and Development and F/FRED Projoct Staff Member, respectively
 

The F/FRED Global Research Unit in Hawaii is supporting the 1987 network experiments In the
humid and sub-humid environmental tropics through a number ofactivities, Including the
development of the F/FRED Information and Decision Support System (IADSS), provision of site soil
characterizations, and system trainings on microcomputers. Predictive models will be developed forthe network. In designing and executing network experiments, sites should be carefully chosen and
characteriz,;d according to clear objectives. 

ITJRODUC1TI(;U 

The Global Research Unit of the Forestry/Fuelwood Research and Development (F/FRED)

Project, located on the Island of Maul with the University of Hawaii, Isdeveloping the Information
 
and Decision Support System (IADSS). This system Is a software package that uses dBase III + and
 
is compiled with Quicksilver, which allows scientists In the F/FRED Research Network to manage,

analyze and interpret field trial data. 
 It also gives cooperators access to bibliographic references 
relevant to research on multipurpose tree species (MPTS), and a directory of MPTS specialists
worldwide. The system has developed through study of existing databases and through discussions 
of F/FRED collaborators and specialists from key forestry and agricultural organizations. 

THE INFORMATION AND DECISION SUPPORT SYSTEM 

In the generation, management and use of data from F/FRED network trials, the network 
collaborator is the driving force. IADSS Is not a system that resides only In a central location,
either in Hawaii or Bangkok. It Is a dynamic system that each collaborator will have and be able 
to modify according to his needs. Because of this, the system format provides a common set of
data management options. The uset' selects operational options within the system by entering "add', 
"search", "modify, "delete", or "print". 

The first use of IADSS has been tne experiment database, which was designed to support the
1987 network trials in the humid and sub-humid tropics according to the minimum data set (MDS)
developed by thq researchers who met last year at Kuala Lumpur. The experiment database is
id ally suited for comparative analyses from a series of trials having a common treatment design
and a standardized methodology for the collection of tree and trial site Information. Its flexibility
allows it to be adapted to Incorporate other experiment objectives that may be considered Important
by scientists working in the arid and semi-arid tropics. These specific objectives, together with a
design for a network experiment for the arid and semi-arid tropics, will be determined at a meeting
in the spring of 1988. The network scientists at that meeting will determine the end uses of the 
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Information gained from these trials, detine the MDS for the experiment around these uses, and 
standardize the experiment methodology. 

In the case of the 1987 humid and sub-humid zone trials, each cooperator enters the MDS
directly into the experiment databasa on a microcomputer. Direct entry by research technicians
reduces opportunities for incorrect data entry and simplifies the data management process. For this 
purpose, the system has been designed to be as "user-friendly" as possible, so that one does not 
need to be a computer specialist to enter or manage trial Information. 

The experiment database is linked with a data graphics and analysis package. Upon entry of the
field measurement data, database files on experiment design and calculated plot data are merged and
analyzed using a customized version of a commercial statistical package. This link between the
experiment field data and analysis eliminates the need for tedious manuai calculations. A summary
of ,ne analysis appears on the screen, with a graphics display of the distribution of data, to help
the cooperator interpret the experiment. After each measurement period, cooperators will update
thi, experiment database. The data will be aggregated, analyzed and distributed to all network 
cooperators for their interpretation. 

OTHER ACTIVITIES 

Besides design of the experiment database for the 1987 field trials, the Global Research Unit, in

conjunction with the the F/FRED Coordinating Unit In Bangkok, Is providing network cooperators

with soil characterizations of each of the trial sites and training in standardized methodology and
data collection. All of the sites for the 1987 network trials have been characterized by a team of
soil scientists using the Soil Taxonomy classification system, and summary characterizations have
been recorded on the "site descriptor--soil" form of the experiment database. These will prove
useful in modeling species performance. Also, a four-day training course on standardized field data
collection and data entry are taking place in each of the countries involved in the present trials. 

Other databases that already form part of IADSS Include a network directory of MPTS 
specialists and a ibliography of MPTS citations with abstracts. Future additions will include a 
summary database of related MPTS research records, as well as village, soils, and economic 
databases. 

Another function of the Global Research Unit is worldwide coordination with other scientists
working in the field of MPTS information and database management. In developing the design for
IADSS, contacts have been established with the Tropical Agronomic Center for Research and
Education (CATIE) in Costa Rica and the International Council for Research in Agroforestry
(ICRAF) in Kenya. F/FRED also has ties with the Division of Forest Research at the 
Commonwealth Scientific and Industria: Research Organization (CSIRO) and the Australian Centre
for International Agricultural Research (ACIAR) in Australia. Through these contacts, the the
F/FRED team in Hawaii is exploring avenues of collaboration with other efforts inthe area of 
MPTS information management. 

PREDICTIVE MODEUNG AND MPTS TECHNOLOGY TRANSFER 

Historically, transfer of improved technologies from experiment sites to actual applications has
Involved trial and error. This method is effective where time and resources pose no constraint. A 
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more cost-effective method, however, is the transfer of a given technology to sites where theenvironment is most closely analagous to the experiment site. With MPTS, transfer by analogy canminimize mismatches between the requirements of a particular tree species and Th,,biological andsocioeconomic characteristics of a planting site. Still, this method of transfer is restricted by therange of experiment environments from which analogies can be drawn. Inbroadening the range ofexperiment sites, multi-location network experiments provide an excellent instrument for improvinganalogue transfer. To develop an environmental model, for example, the data gained from a rangeof experiment site environments can be used to extend the predictive capability of analoguetransfer. Simulation modeling offers another, more comprehensive method of transfer thanenvironmental modeling. This second type of predictive model can mimic the biological processes ofwood and biomass production, for example, through systems analysis. 

When adequate data has been collected through the 1987 network trials, the summarized data canbe used to estimate predictive environmental models of species performance and to validatepredictions from simulation models. These models will help scientists to predict the performance oftested species under several management regimss at non-experiment sites based on environmentalcharacteristics, and arrive at the most promising match between tree crop requirements and location 
characteristics. 

NETWORK EXPERIMENT DESIGN 

With these specified objectives, it is helpful to outline some of the considerations involved in
the design of a network experiment that influence the effectiveness and value of these kinds of
 
models and their interpretation.
 

In analyzing the data from multi-location trials and developing a predictive model, the most
basic data analysis consists of calculating the average of measurement data collected at the sites.
Average species performance is a model of sorts, although its value and extrapolability will be
limited unless the sites are merely replications. This predictive model is simply the average value,
and itwill "predict" the same average performance for any given site. We may determine later if
this type of model is adequate for the purposes of our network. However, if we add
characterizations of the experiment sites to our model the soil, climate and weather conditions
under which the tested species performed -- then we can establish re!ationships between species
performance and site environment that enhance our predictive capability. 

In conducting a network trial on species assessment and management, the scientist expects tosee differences in performance between treatments and between sites. Itmay not be enough toconclude merely that there is significant variance In performance of a species over a given rangeof site conditions. What the scienists may want to do Is to examine how the differences inrecorded performance vary among the sites. Do the differences among the experimental treatments,
calculated for each trial, remain constant from one trial site to another? Ifnot, can the variance

be graphed and the nature of the site-by-treatment interaction established?
 

For the purpose of analyzing important site-by-treatment Interactions, site information should bemeasured before and during the trials. In this respect also, the designers of a network experimentshould ensure that the experiment sites are carefully selected to represent a range of site variables.To be able to determine interactions, researchers must carefully choose the range of sites so that,to the extent possible, all combinations of site variables are represented. For example, the
designers of the 1987 humid zone trials anticipated that soil texture and precipitation might be 
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Interaction factors. In that Instance, sites exhibiting the full range of soll texture and precipitation
combinations would be most useful for predictive modeling purposes. Without the use of an 
adequate range of sites, itwould be impossible to establish the nature of the interactions with a 
degree of accuracy adequate for prediction at non-experiment sites. 

It may be that In the arid and semi-arid tropics, for example, previous farmer use of tho speces

will be considered to be an important site factor, in addition to moisture conditions. In that case,
 
care should be taken to select sites that provide a uniform distribution of expect_.si site
 
prec..pitations for villages with and without previous use of the priority species.
 

CONCLUSION 

Haid data from multi-location trials, taken with a set of standard data collection techniques,
will be a major contribution of the F/FRED network to its cooperators. Good quality data will 
command the attention of other scientists working in the field of MPTS research. To the extent
that the designers of the arid and semi-arid network experiments define the intended uses of the 
trial information and develop a MDS that serves these ends, with site variables that can be
represented by a suitable gradient of experiment sites, the network trials will also provide a 
valuable tool for assessing the like!y performance of species on locations away from experiment 
sites. 

DISCUSSION 

The Importance of both the management of each trial and conformity to the standardized 
methodology was noted. The anticipated output would be the predictive capabilities regarding the 
suitability of a species and its reaction to management practices. It was agreed that the use of 
reliable extrap:lations for prediction would reduce speculation on adaptation of species. 

The origins of the germplasm used in network experiments should be well documented, and in 
selecting experiments sites, practical considerations such as road access should not be overlooked. 

GLOSSARY OF TERMS 

ExperimentalDesign - A set of rules for assigning treatments to experiment plots. When all
 
replications of each treatment are assigned to the plots completely at random (without
 
restriction), the design Is called a completely randomized design. 

When the rots are arranged In subgroups or blocks so that the variability among plots
within a block Is minimized and the randomization is restricted so that each treatment occurs in 
each block, the experimental design is called a randomized complete block design (RBCD). When 
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each treatment is replicated once in each block, the number of blocks Is equal to the number of 
replications. This Is the most common RBCD. 

An augmented block design is an RBCD with additional, non-replicated treatments in each 
block. 

Experimental Error -- A measure of variability determined from replication of the treatments,
commonly called the variance of an experiment. This Is used in calculation of the standard 
error of a treatment mean. 

Field Plot -- A specified land area associated with a treatment. 

Network Trials -- A series of experiments with Identical or similar treatment designs. 

Randomization (or, Randomized Experiments) -- A specification of assigning treatments to the plots 
so that each treatment is equally likely to be assigned to any given plot. 

Replication -- Repetition of plots with the same treatment. Replication should not be confused 
with samples (e.g., trees) within a plot. 

Sampling Error - A measure of within-plot variability, determined from samples within a field plot 
(e.g., tree-to-tree variability within a plot). 

Treatment -- A generic term used in comparative trials to describe the effect of a procedure (agent 
or intervention). Treatments can be physical, as with cutting managements, or definitional, as
with species or planting dates. Each type of treatment is commonly called a treatment factor 

Treatment Design -- A structural arrangement of treatments. A single-factor treatment design willnormally have two or more categorical states (e.g., species or management packages), or three tofive quantitative levels (e.g., rates of fertilizer or planting density). The number of treaments
is the number of qualitative states or the number of quantitative levels. 

A two-factor treatment design is a factorial arrangement of treatments where the number
of possible treatments is the product of the number of levels (or states) for each of the twofactors. Each treatment is a factorial combination of one level of one factor with one level of 
the second factor. 

Trial (or Exoeriment) -- A set of plots with one or more treatments. A demonst:ation plot is

commonly associated with one relatively large plot on a farmer's field with one treatment.
 

A comparative trial is a set of plots with twc or more treatments, whereas a replicated

trial is a set of plots in which each treatment is replicated at least twice.
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TOWARDS A SOCIOECONOMIC DATABASE 

ON SMALL FARM USE OF MULTIPURPOSE TREE SPECIES 

D.Bajracharya 

Division Head, Mountain Institutional Development 
International Centre for Integrated Mountain Development 

Agood understanding of the socioeconomic system facilitates the adoption of multipurpose tree 
species (MPTS) by small farmers. As the F/FRED project develops its socioeconomic database, 
questions regarding profitability, farmers' objectives, and infrastructure must be considered. A 
series of inter-related subsets --such as forestry-faiming linkages, infrastructure, and organizations 
and institutions -- form a framework for the database. 

To integrate the biophysical and socioeconomic approaches to MPTS research, researchers must 
bridge disciplinary borders. Scientists should involve farmers in the research process to develop 
viable options. This 'action research' app,-oach contrasts with the classical view of professionalism, 
in which there is little interaction between researchers and users. The new approach has 
Implications for policy and extension in its focus on the local and institutional realities of rural 
development. 

WHY A SOCIOECONOMIC DATABASE? 

Developing aproper understanding of the socioeconomic system isan integral activity within the 
program of the Forestry/Fuelwood Research and Development (F/FRED) Project on multipurpose 
tree species (MPTS). This understanding Isparticularly important considering the project aim that 
it 'should result insustainable land-use systems, raise incomes, and meet basic needs of rural 
people inthe developing world" (Winrock-F/FRED 1987). The primary goal of the project is to 
apply technological know-how in a manner acceptable to farmers and accommodating to large-scale 
extension, using acombination of strong indigenous initiatives and sustainable external support 
services. The need to take into ac7ount the socioeconomic dimension issupported by the 
experience of the Nepal-Australia Forestry Project, which suggests: "Given a legal framework in 
which to operate, the technical aspects of nursery and plantation establishment pose relatively few 
problems ... It cannot be overstressed that, inorder to establish and manage viable plantations 
and forests protected by the people, the mechanisms employed to undertake this must be within the 
established social framework." (Applegate and Gilmour 1987) 

Inthis context, astrong case can be made that proper orientation of policy and planning issues 
related to small farm use of MPTS requires asocioeconomic database. This paper highlights the 
principal variables to be incorporated inthe database system, and isbased on discussions at the 
F/FRED Planning Meeting on the Minimum Socioeconomic Database, held October 5-9, 1987, on 
Maul, Hawaii. Abrief description of the methodological framework and related approached is 
included. 
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In considering the socioeconomic database, the following key questions posed by Carlos Reiche 
(1987), based on CATIE's experience with the Multipurpose Tree Project, are highly relevant. 

1. 	 What are the key economic variables affecting people's willingness to grow trees on the 
basis of profitability?. 

2. 	 What kind of interventions or incentives are needed to stimulate growing trees under 
different socioeconomic circumstances? 

3. 	 What are the most cost-effective ways to stimulate and transfer multipurpose tree 
reforestation techniques? 

4. 	 What are the feasible and available options for growing trees, given the small
 
farmer's objectives and constraints?
 

5. 	 How much income return do the available options for tree-growing offer? What are
the financial and economic constraints under different conditions and resource bases? 

6. 	 What techniques and institutional measures are required in order to bring about
 
multipurpose tree reforestation?
 

A FRAMEWORK FOR THE SOCIOECONOMIC DATABASE 

The F/FRED socioeconomic database will supplement the MPTS experiment database, which
focuses on the physical and biological parameters related to the production and yield of prioritytree species. The purposes of the socioeconomic database are: (1)to understand the compatibility
cf MPTS within the present socioeconomic framework, (2)to assess the strategies required for theacceptance and extension of MPTS, and (3)to establish guidelines for formulating policies and plans
that the reflect the needs and priorities of the local population. A framework for the database 
system should consisting of at least three inter-related subsets: (1)farm forestry linkages and the 
state of subsistence, (2) infrastructure development, and (3)organizations and institutions. 

Farm Forestry and the State of Subsistence 

Clearly, the nature of most Asian economies is subsistence, dominated by an agrarian rural 
sector (see Mahat 1987, and Khattak 1987). Crop production, livestock husbandry and forestryIntertwine in a mutually reinforcing and interdependent manner within the region's farming systems
(Figure 1). The potentials and constraints of MPTS will have to fit within this subsistence
framework, and the socioeconomic database will have to reflect these dynamics to be relevant. 
Variables that should be incorporated include: 

o Population and poverty 
o Land holding and use pattern 
o Livestock holding and husbandry pattern 
o Labor use pattern, including outmigration for seasonal employment 
o Tree use pattern vis-a-vis fuel consumption, crop production and animal husbandry 
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Figure 1. Schematic presentation of the interaction among major components of the homestead 
agrofores"y'system (Source: Nair and Sreedharan 1986 quoted by Singh 1986) 
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The database should be oriented to answer the following questions that bear directly on
 
strategic planning and policy Issues:
 

o Why are forests or tree plantations required? What Is the demand for tree products for
 
fuelwood, fodder, animal bedding, construction timber, fencing, and Industrial
 
use?
 

o How much tree plantation is required? What Is the quantity and quality of available land?
 
Are nere potentials of intercropping trees and agricultural crops? Is there competition or
 
complementarity between particular land uses (e.g., agriculture, forest or grazing)?
 

o What are the attitudes of local people regarding trees and forestry activities? Is there
 
sufficient flexibility for innovations in their patterns of land use, labor use, and/or tree use?
 
What are the potentials of risk-taking in new ventures under subsistence conditions?
 

Infrastnucture Development 

The three essential components within infrastructure that directly affect the promotion of MPTS 
for use on small farms include: 

o Transportation links 
o Market centers and other marketing opportunities 
o Government services and other external support systems 

Their inclusion in the database follows from the premise that in experimenting with MPTS, the 
sma!l farmer takes some risks. Using his own criteria, the farmer must first be convinced of the 
economic viability of using MPTS within the confines of the village, or for sale outside the village, 
or tor both purposes. He must be assured of a regular supply of inputs such as seeds and saplings,
credit, facilities, technical support, and reliable extension services. The related questions that the 
database would attempt to answer include: 

o What are the potential effects of road and/or trail conditions and of the distance to
 
market centers and/or the district headquarters on the supply of required
 
external inputs and on monitoring and supervision visits by external resource persons?
 

o How is the price of material inputs affected? What is the marketability of tree products and
 
estimated margin of profitability, given the current and/or projected market conditions?
 

o What other incentives are available from government and other offices that could help build the 
confidence of local residents to undertake new initiatives (e.g., provision of training programs,
availability of subsidies and grants, technical support for planning, implementation and 
management, and market guarantees)? 

Organizations and Institutions 

It is essential to consider organizational and institutional issues at the village level as well as at
the national level when planning the acceptance and diffusion of innovations in the use of MPTS. 
Variables of particular importance are: 

o Indigenous technical knowledge and management systems, particularly pertaining to tree use 
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o Village leadership/cohesion patterns 
o Property rights related to land and tree tenure 
o Land and forest laws 

The growing recognition of sound longstanding indigenous agroforestry practices is encouraging(see, for example, SIngh 1987 and Tejwani 1987). Similarly, there is greater awareness of the needto understand people's inSL,utic, s for forestry and fuelwood development (Morse et al. 1987, Daniand Campbell 1986, Dani et al. 1987). At the pollcymaking level, the need for favorable regulationsconcerning community forestry and property rights is receiving increasing attention (Applegate andGilmour 1987, Singh 1986). Relevant policy questions Include: 

o How compatible is the proposed use of MPTS with the indigenous agroforestry practices orforest management systems? What important lessons can be drawn frorm the indigenous systemsconcerning, for example, the species preference, complementarity in intercropping, and tree usepatterns? Is there a possibility of blending systems of traditional knowledge with the more"modern" systems? 

o To what extent do the land and forest laws, tenancy rights, regulatory mechanisms, and othersupport systems reflect the local people's aspirations and consequently encourage or restrictlocal Initiatives for agroforestry activities or forest plantations? What problems and prospectsdoes tree planting on private and/or common property pose for regulatory and extension 
agencies? 

o What are the possibilities for organizational and institutional innovations, given the history of
mutual collaboration or factionalism in the village? Inwhat ways can external interventions

effectively strengthen local residents' capability to innovate? 

INTEGRATION OF BIOPHYSICAL AND SOCIOECONOMIC APPROACHES: A NOTE ON

METHODOLOGY
 

A detailed description of the methods of data collection for establishing the socioeconomic
database is beyond the scope of this paper. A few principles pertaining to methods merit attention,
however. First, scientists need to avoid separation of biophysical experiments and socioeconomic
enquiries as different entitles, and emphasize instead interactive research where there is no role
differentiation. Biophysical scientists and social scientists should ward off narrow disciplinaryarrogance and adopt an Integrated approach. The following statement by a forester can serve as aresearch paradigm: "Forestry isnot about trees, it is about people. It isabout trees only insofaras they can serve the needs of people" (Westoby 1987). While this differs from the classicprofessionalist approach, its adoption provides the opportunity to integrate silvicultural practiceswith management issues of social needs and acceptability, and induces researchers to develop arange of options based on both silvicultural and end-use objectives that can be readily understood
by people in the villages. 

Secondly, strictly academic pursuits should be avoided. Silvicultural triais that ignore actual usepatterns and production conditions have limited applicability. Of equally limited value is asocioeconomic database tiat does not entail Involvement of local farmers in the experimental searchfor acceptable MPTS and management schemes. The most valuable approach would be "participatoryaction research," in which biophysical and social scientists Interact with local residents as partners,sharing each other's knowledge to develop effective innovations for sustaining increased 
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productivity, encouraging sound environmental management practices and increasing self-reliance and 
quality of people's lives. Agrowing body of literature now advocates this position convincingly 
(e.g., Bajracharya et a/. 1987, Fisher and Malla 1987, Gilmour et a/. 1987, Glover et al.1987, and 
Morse et al.1987). 

Figure 2 contrasts the "new professionalism" described above with the "old professionalism" 
(Gilmour et al. 1987). The process includes the participation of professionals and users at all 
stages, from planning to implementation to monitoring and evaluation. Technical inputs come from 
professionals at all stages, with village level data collected as appropriate, with integration taking 
place In the process. This differs remarkably from the classical approach, where Interaction 
between professionals and users is minimal and the prescriptions always come from the 
professionals. 

Figure 2. Comparison of classical and participatory approaches to the development of forestry 
management (Source: Gilmour, King and Fisher 1987) 
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MIIMPUCTION FO UC AN E\DTENION0 

The purpose of the socioeconomic database and the use of "action reEearch in selected villages 
Isto gain necessary perspectives on how to Increase productivity, encourage sound environmental 
practices, ensure sustainability, and promote self-reliance. Given that environmental degradation Is 
accelerating under increasing population pressure and that corresponding innovations uinder 
subsistence conditions have not been forthcoming, the challenge is to find suitable alternatives that 
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respond to local needs and that are acceptable to the local population. MPTS play an importantrole In this endeavor. Selection of these options will have to be supported by organizationai andInstitutional operational realities at local levels, both In terms of potentials and constraints, beforeany judgments can be made about their effectiveness. The socioeconomic database based on actionresearch in selected villages will highlight these local dimensions vis-a-vis the national policycontext. Although a limited number of cases makes generalization to all villages in ,ny countryimpossible, village case studies will indicate the strengths and weaknesses of specific policies. 
This new orientation in research and development is evident in a paradigm that promotes activeinteraction between professionals and the local population. The first cycle of activities willprobably involve extensive dialogues, and some activities will be initiated based on commonunderstanding. In the long term, scientists will be Induced to conduct more need-based researchbased on village conditions. At the same time, exposing villagers to new knowledge will help
revitalize, re-organize, or replace indigenous s3ystems, depending on the situations and the
confidence gained by community residents. New insights gained by professionals and users willimpel the extension system and other support services to be more responsive to local needs. 
Several innovative community social torestry projects in the region demonstrate the validity ofthis position in a preliminary way. The F/FRED research network can consolidate many of thesefindings and shed new light with frontier research. The integration of technological options, socialneeds, organizational requirements, and management skills through a partnership involving bothprofessionals and users holds many promises, which international perspectives can only strengthen. 

DISCUSSION 

There is a need for forester training in techniques of information collection in order toadequately incorporate the farmers' perspective Into the research process. One forester summarizedthe goal of research in four questions: 1)What is the existing situation? 2) What are the localneeds? 3)What deficits exist? 4)What measures are required to meet these needs? Both forestersand social scientists are in accord on these general aims. 

In response to the expressed concern that time may be a constraining factor to action researchmethods, the author replied that in fact the interactive approach to research is more efficient thantraditional approaches in reaching viable end uses because the process integrates new and old
knowledge. 
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PRESENT AND PROSPECTIVE USES OF TREE SPECIES 

IN INDIA'S SEMI-ARID TROPICS 

T.S. Walker 

E:jonornist, Internatlonal Cops Fetearch Institute for the Semi-Ard Tropics 

To be successful, research on multipurpose tree species (MPTS) requires clear end-use objectives.Based largely on informationfrom village studies In India'sSemi-Arid Tropics, economic prospectsof alternative MPTS end-use objectives are assessed, implicationsof current and prospective treeuses on villagers' welfare are discussed, and areas for future research are delineated. The mostpromising anduses Include poles for small construction timber, fruit and fodder. The economic scope for using trees for mulch or village fue,'wood isjudg6d to be limited. More empiricalresearch is needed on the optimal management of tr'e crops in sole stands, the consequences ofrapid uptake of farm forestry systems, the demand for Leucaena, and the allocation of research resources to farm forestry and other economically importanttree species vis-a-vis other 
commodities. 

INTRODUCnON 

This paper assesses, Ina preliminary and Intuitive manner, present and prospective end uses of
tree species In India's semi-arid tropics (SAT). The material presented here draws heavily on
Walker (1987). The assessment Is limited In three respects: (1)its geographical focus Is confinedto several large production regions within India's SAT, (2)the evaluation does not centerexclusively on multipurpose tree species (MPTS), and (3)the relevant literature has not beenthoroughly revlewed. The assessment relies largely on longitudinal data from 10 villagesrepresentative of 5 broad soil, climatic, and cropping regions of India's SAT (See Figure 1). Table
1 lists the study villages and their salient features. 

The paper Isorganized Into three sections. Descriptive analytical information on end-useobjectives Is followed by a discussion of the implications of current and prospective tree uses onvillagers' welfare. The paper concludes with a brief agenda for future research. 

PRESENT AND PROSPECTIVE USES 

To be successful, research on MPTS requires clear end-use objectives. Loppings for mulch orfodder, fruit, fuelwood for domestic use, wood for household construclion, poles for commercialconstruction, commercial small timber for pulp, and wood for farm implements are only some of thepotential end uses of trees In India's SAT. The demand for six end uses are evaluated here in
ascending order of perceived prospects. 
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Figure 1. Areas Identified for village selection in ICRISAT's Village-Level Studies. 
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Table 1. Basic features of the study villages.
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Tree Mulches 

Much of the enthusiasm for using tree biomass as mulch stems from experdence InAfrica's humid
and sub-humid tropics, where alley cropping has demonstrated advantages over conventional
cropping Inforest or bush fallows, usually on acidic and often heavily-leached soils (Kanp et aL 
1981). These advantages derive largely from nutrient recycling and mulch Incorporition onrecently-cleared fallows. The comparative economic benefits from incorporating tre blo+nass asmulch have four possible sources (Sumberg etal. 1985, Hoekstra 1983): 

1)cost of land clearing with conventional cropping and bush fallowing 

2) progressive yield erosion under bush fallowing 
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3) scope for double-cropping a cereal Inparts of Africa's SAT with a bimodal rainfall pattern 

4) prohibitively expensive and/or unavailable fertilizer 

Uttle Ifany economic advantage Isconferred by these factors in India's SAT. Periodic 
fallowing Isa luxury enjoyed by only the largest cultivator households who have extensive holdings
of marginal land. Thus, land-clearing costs would not be charged against conventional cropping 
systems. Decline in yield erosion is not a significant factor In Ir(a's SAT, where fields have been 
under permanent cultivation for many years and where soil fertility is already low. For example,
based on plot data and after accounting for technical progress, it would be dill tillto show that 
yields have declined significantly since 1975 In the ICRISAT study villages. The problems of 
nutrient depletion and soil acidification are more acute InAfrica .. humid and sub-humid tropics,
where bushfallowing Is common, than in India's SAT, where permanent cultivation is the norm. 

Opportunities to double-crop cereals are also rare In India's SAT. Furthermore, fertilizer 
availability, while still suffering from the occasional cyclical hiccup (Desal 1986), is adequate during
most years and seasons, and the prospects are good that fertilizer will be inrreasingly available to 
SAT farmers. 

The economics of substituting tree mulches, such as Leucaena prunings, for fertilizer warrants 
further discussion. Even a significant yield response to mulching may not be economical. Without 
significant change insoil structural properties or large nutrient carry-over effects, benefit from 
mulching should not be gauged by the Increase in annual crop yields, but by the relative cost of 
fertilizer to achieve a similar response. Only benefits from mulching that cannot be gained by
applying more fenilizer should be considered decisive. Under conditions of land scarcity, tree 
biomass Is too precious to use as mulch when fertilizer is relatively cheap and readily available. 

Currently, farmers do not apply tree biomass as mulch in any of the 10 study villages. The only
example of mulching comes from the Sholapur villages, where farmers use sunhemp (Crotalaria
Juncea)as a mulch In the cultivation of Irrigated table grapes -- the most labor- and Input-
Intensive cropping system in any of the villages. Economic sense dictates that mulches, when used, 
will be applied to the highest value cash crops. 

vage Fuelwood 

India's recent large Investment Insocial forestry has generated valuable information on farmer 
demand for alternative end uses of trees. One messages comes through clearly: farmers are 
reluctant to plant and harvest trees for sale as village firewood. The following reference applies
generally to India's SAT: 

Gram panchayats (village governments)...thought of their plantations on common land as 
being primarily for poles and small timbers with some consideration for fodder, but 
almost none for fuelwood. Typically their plans for distribution of the produce revolved 
around either auctioning off the wood and fodder, or selling them at concessional rates 
to local people. Even here the notion of the market prevailed. In short.... fuelwood -­
supposedly the first objective of social forestry - has Inreality become its last 
objective. (Blair 1986, p. 1318) 
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Although the need for village fuelwood appears to be alarmingly high, the effective demand Is

surpirskny low. This disparity between observers' expectations and farmers' realities Is easily

explained (Blair 1986). 
 Several atudles have shown that about 90% of all fuel consumed by rural
households isnot purchased, but collected from common property resources or supplied by private
crop resJidues or animal dung (Bowonder et al. 1985, Jodha 1986). Women and children collect logs,
tvgs, ,ticks, dung, and crop by-products. Men view the opportunity cost of that labor as 
insIgnlflant. Thus in making decisions, men will choose to market tree crops to Increase their 
cash Incone rather than grow trees as fuel, which they generally regard as free (Blair 1986).
While this situation may be lamentable, and while the educational transition (Caldwedl et aL 1984)
that Is taking place in India's SAT may increase the opportunity cost of children's labor,
Investment Inagroforestry research to Increase village fuelwood consumption, in the near and 
medIum-term future, Is the economic equivalent of pushing on a string. 

Although casual empiricism suggests that fuelwood availability for the rural poor throughout

India's SAT Is deteriorating, proliferation of Prosoplsjulflora over the last several decades 
-- on
village wastelands and along roadsids -- has gone largely unnoticed. Severai surveys indicate that 
fuelwood availability has increased over time with the prociuctivity of highly-coppiced Prosopis
julfflora on marginal open access land (D.Hocking and K.P.C. Rao 1986, personal communication). 

Some households in the drought-prone Mahbubnagar study villages now buy firewood, but their
purchases amount to only about 1 % of total village consumption expenditure. Inthe Akola villages,
where biomass is more readily available, only government emp!oyees purchase fuelwood. Inthe
Sholapur villages, households rely more heavily on dung as a source of cooking fuel. Unless village
purchasing power expands dramatically, alternative fuel sources become much dearer, and comDeting
end uses such as pulp for paper and poles for construction become decidedly less attractive, tree 
plantations for sale of village firewood will remain only a remote possibility. 

Vegetave Barriers and Sheiterbelts 

Vegetative barderm are grown to protect against soil losses from surface runoff; shelterbelts are 
designed to reduce the effects of wind erosion. With the exception of some districts !n the
northwest, wind erosion InIndia's SAT is not severe. The objective of sheltetbelts makes them 
more suitable to Africa's SAT, where sand blasting often severely reduces millet yield. 

Species requirements for the use of trees as vegetative barriers are quite stringent: at least
partial tolerance to heavy browsing, limited competition with field crops, and a readily perceived
economic value. Depending on location-specific conditions, grasses may be more cost-effective as 
vegetative barriers than trees. 

Fodder 

The use of trees for fodder shows considerably more economic promise. Since 1980, the demand 
for fodder in India's SAT has clearly increased. Fueled by demand for milk in urban areas and 
smaller towns, fodder prices have more than kept up with Inflation. 

Figure 2 Illustrates that trend for the Sholapur market, the center of post-rainy season sorghum
production In India's SAT. 

Since the severe drought InMaharashtra in 1972-73, sorghum fodder prices have Increased 
steadily from about Rs. 15 per quintal of 100 kg In 1975 to Rs. 115 per quintal"'. Growth In 
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sorghum fodder prices In Sholapur started well before the 1986 drought. Between the periods 1971­
75 and 1982-86, the fodder/grain price ratios have almost douled from 0.20 to 0.36 (lower graph,
Figure 2). Based on grain and fodder yield data for post-rainy season sorghum, fodder's share In 
value of production has also advanced steadily since 1975. Similar trends of rising fodder/grain
price ratios are evident Inall of the study villages In the 1980's. 

The Impact of the rapidly increasing demand for fodder on the adoption of fodder species Is 
unknown. Tree fodder Is rarely marketed, and price Information Isscarce. As a result of social 
arid farm forestry extension programs, a handful of farmers Inseveral villages are now harvesting 

Figure 2. Wholesale prices, ratios, and shares for sorghum fodder and grain in the Sholapur market 
from 1971-86. 

-I-- ~ III,,i 

i j1\o 

021 

41 S5 8 

C1a dar.c ,, 

Leucaena for fodder. When asked why, farmers responded that they prize Leucaena dry fodder 
more highly than sorghum dry fodder. But they rarely offer reliable information on how they
Intend to Incorporate Leucaena Into their farming systems. Economic questions remain concerning
the ability of Leucaena to replace or complement other stovers, particularly sorghum straw; and the 
relative attractiveness of poles and fodder as end use objectives. 
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Frult
 

In response to expanding market opportunities, a few farmers Inseveral of the study villages 
are planting small orchards around productive dug wells. In the transition to fruit trees, the 
farmer often consolidates his activities around an assured Irrigation source and plants one species
before diversifying to others. Leucaena and other tree species often find a home in these orchards 
because they can be protected from browsing with the associated high level of management. Area 
under fruit tree plantation should continue to Increase Inseveral of the study villages. 

Pulp, Poles, and Smai Timber 

Poles for construction and pulpwood for paper will most likely continue to offer the brightest 
prospects as end uses. Farm forestry systems -- primarily using eucalypts and casuarina - are 
expanding rapidly in large regions of India's SAT. The area under eucalypt plantation Is increasing, 
although farmers inthe study villages have not benefitted from the farm forestry revolution nearly 
as much as growers in other regions. Some have planted eucalypts in marginal dryland fields, while 
others have sown them Inmore productive Irrigated fields. In general, the seedlings planted on 
marginal dryland have suffered high mortality whereas those under Irrigation have prospered. 

TREES AND THE VILLAGERS' WELFARE 

Income 

Scattered trees in farmers' fields figure prominently in India's dryland agricultural landscape.
Common species include Acacia nilotica (babul), Annona squamosa (custard apple), Azadirachta Indica 
(neem), Mangifera indica (mango), Melia azedarach (bakain), and Tamarindus indica (tamarind). Tree 
counts in the study villages yield average densities ranging from 1-7 trees/ha"1. In general, tree 
densities on private land have been too low to contribute substantially to village income. 

But trees can be important revenue earners in geographical pockets of India's SAT. Of the 
study villages, the outstanding example is Aurepalle, which has about 2,000 productive toddy palm 
trees. The milky juice of the palm fruit is fermented and sold as palm liquor or toddy. Toddy
tapping, a traditional caste occupation, engages about one quarter of the village population (Rao
1983). The toddy trade accounted for about 15% of total village income from 1975-84 and has 
gradually increased in Importance in this decade. 

Equity 

The complexity of agroforestry systems featuring MPTS is sometimes cited as an advantage to 
resource-poor small farmers. It is maintained that these farmers are accustomed to complex 
intercropping systems, that they have more time for farm management, and that they rely less on 
hired labor (Bentley et al.1984). Most likely, however, this advantage of complexity will not 
prevail in adoption behavior. Competition between woody perennials and annuals for soil moisture, 
which reduces the yields of annuals, severely constrains the potential of Intercropping at narrow 
spacing in India's SAT (ICRISAT Annual Report 1985, p. 304). Other factors also indicate that 
large farmers will be the first to adopt the systems. 

Two factors determine the differential consequences of tree species on small farm households 
vis-a-vis large farm households: (1)the pattern of adoption by the two groups, and (2)adoption's 
Impact on the demand for casual labor. Observers often overlook the Importance of the latter 
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Issue. In the study villages, small farm households derive 30-50% of their Income from earnings as 
casual agricultural labor. 

The relatively low demand for labor of eucal'pts Is responsible, to a great extent, for their 
surge Inpopularity. In the tightening labor markets of the past decade, large farmers, particularly 
absentee landlords, find such systems attractive. 

Farm forestry systems can hurt rural casual labor In another respect. After planting, the 
management of these systems usually responds to seasonal labor fluctuations with greater flexibility 
than annual cropplngs systems, which are more bound to seasons. This reduced seasonality In labor 
demand does not favor landless labor and small farm households, which find seasonal peaks In labor 
demand economically desirable except where mechanization Is imminent. 

The comparatively low labor use Intensity of farm forestry systems also has implications for 
differential adoption behavior between large and small farm households. Low labor use Intensity 
means that small farm households have less scope for exploiting their advantage, compared to large 
farm households, of a lower opportunity cost in supplying labor. 

The long-term nature of farm forestry systems may also favor early adoption by larger farmers, 
who may be more willing to forgo consumption today in order to enhance tomorrow's consumption. 

Relatively low and unseasonal labor-use intensity and potential differences in time preferences 
Indicate that large farm households will participate more actively inthe farm forestry revolution. 
In the green revolution, large farmers adopted first but small farmers soon caught up (Herdt 1987). 
Such differences Inthe diffusion of farm forestry systems, though, are more likely to endure. 

Much of the preceding discussion is speculative, and addresses short-term equity objectives. 
One particularly neglected longer-term question centers on the consumption and Investment behavior 
of large farmers who have profited handsomely from the early adoption of such systems. Do they 
consume and invest Inways that are conducive to local, regional and national economic growth? If 
the answer Isyes, then the foregoing discussion loses much of its Importance. Another relevant 
issue concerns the degree to which small and marginal farmers who, instead o! producing for their 
subsistence needs or leasing their land to others, have planted eucalypts and have channelled their 
energies to more specialized, profitable (and often off-farm) activities. Few of these issues have 
received the empirical attention that they deserve. 

With fruit trees, the labor consequences will likely be more benign and perhaps decidedly 
beneficial. But fruit crop production requires greater management skills than farm forestry systems 
that use eucalypts. If the study villages are any indication, such management skills are scarce in 
India's SAT. 

While it Is still too early to judge the impact of farm forestry on the labor market, the question 
of who adopts first has an obvious initial answer: those who adopt early in the study villages 
come from the ranks of the most progressive large farmers. Some of these farmers may have 
Inherited little or no land, but by the time they planted trees intheir fields they had relatively 
more land than others in the village. 
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Tree products can Influence nutrition,l,)directly through Income, or directly through consumption.Although tree products directly contribute little to the overall nutritional status of the studyvillages, they contribute proportionately more to the Intake of those nutrients, such as B-carotenand ascorb;c acid, characterized by the largest deficiencies. Even so, tree products only contribute
5-15% of the total Intake of these vitamins. 

Risk Benes 

Risk benefits are those supplied by Institutional or technological means that allow risk-aversedecision makers to reduce fluctuations in Income. This, in turn, reduces variability in consumption(Newbery and Stiglitz 1981). Because trees are often assumed as being more drought-tolerant thanannual crops, itIs orgy natural to suppose that tree products would be prized highly in low incomeyears. Farmers could also cut trees for sale to compensate for these years of low income. Butthis common sense observation may not carry much force inthe SAT of India. 

Iftree production also drops sharply In low Income years, or ifresource-poor households have
access to fairly efficient means of risk adjustment, benefits are likely to be small. 
 For example,
fanTrrs Inthe study villages seldom part with land to mitigate income variability (Cain 1981).
Moreover, with the exceptlion of the Sholapur villages (where the fodder costs of maintaining
livestock rises sharply diring prolonged drought), asset disposal is not the preferred first or even
second fine of defense to adjust to income risk. The risk adjustment measure preferred by theoveywhelming majoity of households is consumption credit. Farmers will not be enticed to cut
down trees that they have planted until sources of consumption cradit are exhaust.d, or until
public works schemes are no longer locally available.
 

RESEARCH IMPUCATIONS 

What do these points Imply for MPTS research In India's semi-arid regions? First, more
research should be directed to study optimal management of tree crops, particularly Leucaena
leucocephala, In sole stands for end uses such as fodder and poles. The main interaction betweentrees and annuals will .-iost likely be the income generation taking place at the household level.
Donor Interest Inagroforestry has, perhaps, obscured this emerging empirical truth. Unless strong
complementary effects can be found, more proximal or field-level interactions will either be
economically unimpo!tant or too location-specific for general research. 

This author believes that the research establishment may have been slow to respond to theneeds of the rapidly expanding farm forestry systems. Tre species in these systems, as well asIndigenous species such as toddy palms, may be discriminated against in the allocation of researchresources. An assessment of research resource allocation on tree species in general and farmforestry species in particular should rank high on the research agenda, although adequate data maynot be available at this time. The emphasis on agroforestry research has to some extent directedexperimental attention away from farm forestry systems already adopted by farmers in favor of newsystems that farmers do not now plant, and which they may not reasonably hope to plant in the 
Immediate future. 

In the area of economics research, priority should be given to the consequences of rapid uptakeof farm forestry systems. Research should also explore reasons for the slow development of tree 
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fodder markets In the SAT of India. By studying the Leucaena leafmeal markets that have
developed in some countries in Southeast Asia, F/FRED's regional research network could Improve
understanding of the evolution of such markets. 

With the threat of an infestation by the Leucana psyllid, a study of the demand for Leucaena 
seed and seedlings in India's SAT may be timely. Before invosting In research to control this pest,
the demand for Leucaena should be ascertained. 

Finally, more information is needed concerning the relative demand for MPTS and single­
purpose trees. Under what conditions is multiplicity of purposes an advantage? An analogy can be
drawn to multipurpose wheeled tool carriers, in which several research institutes, including
ICRISAT, have made a considerable Investment. In a forthcoming book, Paul Starkey argues
persuasively that farmers want single-purpose implements and equipment. Investing in a
multipurpose implement, for example, involves rnore risk because in the event of machine 
breakdown, all of the machine's multiple operations cease. Perhaps work in this area has already
been done. Such research would enhance our understanding of when and where multipurpose trees 
best suit the farming systems of resource-poor households Insemi-arid regions. 

DISCUSSION 

How applicable to arid regions are statements made regarding demand for fuelwood and
 
windbreaks in SAT? While an increase in fuelwood demand for semi-arid regions may not take
 
place until the future, it is a more immediate concern Inarid regions.
 

Large farmers may adopt agroforestry systems more quickly than small farmers. Donors have 
focused on adoption by small farmers, not necessarily for optimum productivity but for reasons of 
equity. 
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EXISTING MPTS RESEARCH 

Tha development of new experimental MPTS trials must recognize and be based upon previo 
and exist:ng research efforts. 

Astudy of previous and ongoing research helps to identify potentially beneficial topics for 
future research, and identify gaps Inresearch that require Investigation. The following
presentations attempt to provide an overview of existing MPTS research efforts InPakistan, India, 
Sri Lanka, and Nepal. 
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REVIEW OF RESEARCH DONE IN PAKISTAN ON ACACIA 
A..R.LQIM . SIS ,.EAL EDJS CAMALDULENSIS 

AND AZADIR LA INDICA 

M.I. Sheikh 
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Acacia nlotkca, Dalberga sLssoq Eucalyptus camaldulensls and Azadirachta Indica are the four 
species designated by the F/FREDproject as priorty multipurpose species (MPTS) In the arid and 
semi-arid &opics. A. nhlotica and Dalbergla sissoo are indigeitous to Pakistan and are widely grown
by farmers. The other two have been more recently Introducedas promising species. This paper
reviews the characteristics of each and relevant research that has been conducted in Pakistan 
concerning nursery techniques, seed source and species trials, field planting, management, farmer 
use, the tree/crop Interface, and optimum water requirements. 

This paper provides an overview of the multipurpose tree species (MPTS) selccted by the 
Forestry/Fueawood Research and Development (F/FRED) Project as priority species for the arid and 
semi-arid tropics, and reviews related research conducted In Pakistan. Of the four species dealt 
w i Inthis paper, Acacia nilotica and Dalbergia sissoo are native to Pakistan, while Eucalyptus
cemaidulensisand Azadirachta indicaare exotic. 

ACACIA NILOTIC4 

A n/lot/ca Is a moderate-sized, fast-growing evergreen tree with a large, spreading crown. It Is 
Indigenous to the province of Sind but is grown throughout the plain of Pakistan and, despite its 
frost-tender nature, good specimens are found scattered even in the foot hills. A.nilotica ranks 
among the trees most commonly planted on agricultural and marginal lands. A tenacious 
multipurpose tree having end uses such as fuelwood, timber, tannin, and fodder, it has become a 
favorite of the country's farmers and herders. Because of its tolerance of salinity and alkalinity, it 
has long been grown In the province of Sind to reclaim marginal soils. During times of fodder 
scarcity, It Is a tree n which farmers depend. 

A nio;icaflowers twice a year, InSeptember/October and January, and seed becomes available 
in May and June. Germination is accelerated by soaking the seed for 24 hours before sun-drying
and sowing. To Improve and quicken germination, farmers keep the seed Incow dung for 8 - 10 
days. The seed is collected from the livestock pens where it is abundant in the droppings.
Foresters also collect the seed for large-scale afforestation. 

The species is most commonly planted by sowing treated seeds, which germinate after one to 
two weeks. In the province of Sind, river banks are sown by spreading seed from boats In the 
receding flood waters of the river Indus. Farmers usually sow the seed Inlines or Inpits, a 
method known as *spotsowing*. The practice of planting seed in polythene tubes for later 
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outplanting has recently been Introduced. Tree maintenance practices accepted by farmers include 
cleaning, pruning and thinning to reduce crowding in the early stages. 

A.ni/otica Is grown on a rotation of 20 years, with 2 thinnings at 7-year Intervals In the 
riverain forests and 5-year intervals Inthe Irrigated plantations. The crop is often harvested at 
the age of 20 years, yielding construction timber that Isvery hard and durable and used extensively 
for pit props in mines. Large quantities of the wood are converted into charcoal. The bark Is 
used in the dyeing of leather. With the expansion Pakistani industry, the wood of this species 
shows great potential. 

A sub-species known as A.nilotica var. cupressiformis grows straight and fairly tall, yielding 
better timber than the other varieties. For use as fuelwood, however, the other branchy sub­
species yield a greater quantity of wood. 

DALBERGIA SISSOO 

Dalbergiasissoo, known in Pakistan as shisham or tahli, is a deciduous tree with an irregular 
crown, large-sized but rarely straight-growing. An unidentified variety grown in North West 
Frontier Province, near Peshawar, has drooping branches but a clean straight bole and good heart 
wood, making it prized for furniture-making. Dalbergia Is indigenous to the sub-Himalayan tract, 
and is found as high as 1,200 m. It is Pakistan's most popular timber species, cultivated 
throughout the Indus valley for firewood, furniture and construction timber, fodder, and charcoal. 
It is also the tree most commonly grown with crops; farmers plant it singly, as a windbreak, or in 
block plantations. 

Dalbergia sheds its leaves during the cold season, with a new flush of leaves and fragrant
flowers appearing in February/March. Seed becomes available in November/December. When sown 
in the numery, germination starts within 7-10 days and may continue for 3weeks. Generally, the 
tree Is propagated by root shoot cuttings, but farmers also sow the seed directly. Raising plants In 
polythene tubes is becoming more popular. 

The plantations raised from root shoot cuttings are worked on 20-year rotations for fuelwood 
and small timber, and 60-year rotations for larger timber. The thinning interval is usually five to 
six years. 

EUCALYPTUS CAMALDULENSIS 

Eucalyptus camaldulerisis -- known locally as safeda, gond or lachi -- has an erect and 
symmetrical stem but is often irregular in shape, with drooping foliage. The bark is smooth ashy 
grey or whitish. E.canialdulensis grows under a variety of climatic and soil conditions, varying 
from the waterlogged or saline soils and marginal lands In the plains and foot hills, up to an 
elevation of about 1,200 m in the north. Flowers appear In May and June and &2' 1 Is available in 
September. 

Eucalypts were first introduced to the subcont!nent in 1843, when they were planted as single 
trees, arboreta and roadside plants. Interest In Eucalyptus rose In 1900, when it was feared that 
fungal attack could cause severe losses to Dalbergia sissoo plantations. Still, no substantial area 
was planted for 50 years. Efforts to test more species of Eucalypts was revived with the arrival of 
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Mr. G.E. Brockway, an Australian expert, in 1965. Over the years, many foresters have visitedAustralia looking for species suitable to Pakistan's climate. In the process, arboreta wereestablished at Pirawala, Changa Manga and Chichawatni, and field trials were conducted at several
sites. 

The planting program received a new impetus in 1970 when it was found that E. camaldulensiscould be raised without irrigation in a rainfall zone of 350 mm. Millions of trees were raised in
nurseries and planted in dry areas, along roadside avenues and in irrigated plantations. Still,
farmers are slow to adopt the species for two reasons. First, they are more committed to thetraditional species of Dalbergia sissoo. Acacia nilotica and poplars. Also, the refractory nature ofthe wood has slowed the full idenfication of end uses. 

Monographs have been prepared on E.camaldulensis, E.microtheca and E.tereticornis have beenprepared emphasizing that these are the species most important for large-scale planting in Pakistan,and recommending plantation of E.microtheca in areas where E.camaldulensis and E.tereticornishave not given encouraging results. 

Eucalyptus is most commonly propagated by planting 6- to 9-month old tube seedlings at a
conventional spacing of 3 x 2 m on a short rotation of 15-20 years (Qadri 1983, Sheikh 1984).
 

AZADIRACHTA INDICA 

Azadirachta indica is indigenous to the central and southern parts of India, and has been
casually introduced in Pakistan by foresters interested inthe species. The tree isgenerally found
inthe lower Punjab and Sind regions, although good specimens are also available in Lahore Cantt.
The species can withstand minor salt concentrations and can grow in calcareous formations. 
Flowers appear from March to May and the fruit is available from June to August. Azadirachtaseed has low viability and should be sown immediately after collection. Before sowing, the seed
should be depulped and soaked in water for a few hours. Germination takes place in about 10 days.
 
Because it is frost tender, Azadirachta has not found much favor with foresters. This is animportant species for the lower Punjab and Sind, however, and large-scale planting should be
encouraged, particularly on farmland.
 

NURSERY TECHNIQUES 

With the objective of finding the optimum size of stock for field planting, a study used 3-, 6­and 24-month old E. camaldulensis seedlings in outplanting. The 6-month old seedlingsdemonstrated the best survival and growth rates. Although 24-month old plants were tallest due totheir initial heighth advantage, these were slender with few leaves ,',hile 3-and 6-month oldseedlings were sturdy and had large numbers of leaves. The study suggested that for field planting,seedlings should be between 30 - 36 cm high, a height normally attained in 6 - 8 months (Sheikh
1978). 

Data collected ina nursery showed that the cost of raising one eucalyptus plant was about 15paisas (approximately $US 0.01), including the cost of the polythene tube. In subsequent studies, 
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the cost per plant rose to 100 paisas/plant ($US 0.06) due to increases in the cost of polythene and 
labor rates. 

Nursery techniques for raising E.camaldulensis on a large scale have been described by several 
authors (Qadri 1983, Sheikh 1984), with instructions on seed collection, sowing, proper soil
mixtures, size of polytl-,ne containers, transplanting, and transportation. Field planting techniques
outlining instructions for site preparation, planting methods, fertilizdtion, weeding, and the use of
insecticide have been included also. The cost of raising 1 ha of eucalyptus was estimated at $US 
100 in 1982. 

An experiment aimed at determining the effect of polythene tube size on seedling growth was 
initiated in January, 1970, with tube sizes ranging from 15 to 23 cm in lenght, and 2.5 to 7.5 cm in 
diameter. Among other species, E. camaldulensis and Acacia nilotica were tested. Tube sizes of
15 x 6.25 cm (45 perforations) and 15 x 5 cm (36 perforations) were found to be most suitable and 
economical. It was noted that although seedlings grew better in tubes of greater diameter, the 
cost of the bags proved uneconomical (Sheikh 1984). 

In another study of the effect of tube size on .tedling development, E. camaldulensis and
Leucaena leucocephala were planted in polythene tubes of two sizes: 17 x 2.5 cm and 15 x 4.5 cm. 
The results confirmed the earlier finding that plants grow better in polythene tubes of greater
diameter. Researchers also noted that these species should not be kept in the nursery st3ge for 
more than eight months, after which time they tend to become weak, suffer from unbalanced root­
shoot ratio, and have poorer chances of survival in the field (Sheikh 1984). 

Based on research conducted on nursery and field planting techniques of Acacia nilotica,
Dalbergia sissoo, and E.camaldulensis, recommendations have been made for the benefit of the field 
foresters. Time and method of seed collection, storage, sowing, pricking of seedlings, shading, and 
watering have been outlined. (Sheikh 1986, unpublished). 

SEED SOURCE AND SPECIES TRIALS 

Initiation of a program of seed selection and establishment of seed orchards has been 
emphasized with those species of Eucalyptus which have proven successful in Pakistan.
Introduction of Australian species has also been suggested, but this should be restricted to small 
quantities of seed from sele-.tea species and provenances that show wide variation in natural 
distribution patterns (Bode 1967). Pryor (1968) identified the most suitable species for Pakistan's 
ecological conditions: Eucalyptus tereticornis, E. camaldulensis, E.microtheca, E.citriodora, and E. 
melanophloia. 

Reports oi comparative growth of 10-year old specimens of 52 Eucalyptus species raised at 
Peshawar have revealed large variation in survival, diameter and height. These differences were 
found to be highly significant for height and diameter, and not significant for survival rate. Of 
the species tested, E.macarthurii proved to be the fastest growing, attaining a diameter of 22.5 
cm, follcwed by E.botriodes, E.kitsoniana, and E. crebra. E. camaldulensis attained a diameter of
16.5 cm. The authors recommended further field studies, preferably provenance trials of the
promising species under different ecological conditions (Siddiqui and Hussain 1980). 

A 6-year old trial of 22 provenances of E.camaldulensis from Australia resulted in the 
recommendation of 6 provenances for large-scale planting, the most promising being from Newcastle 
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Waters Creek, followed by Katherine. Both of these originate in the Northern Territories (Hafeez

and Sheikh 1972).
 

The trees were compared again at 10 years, with results consistent with the earlier observations.The growth differences among various provenances were statistically significant. The fastest­growing provenances compared favorably with Dalbergia sissoo and Acacia nilotica plantations

similar site conditions (Siddiqul et al. 1979).
 

Seed source trials of Acacia nilotica and Prosopis cineraria began in 1984 in collaboration with aFAO/International Board on Plant Genetic Resources (IBPGR) project. Of 11 sources from India andPakistan, the 1986 data showed that A. nilotica Haryar'r 1081 seed had obtained an average heightof 3.26 m, followed by Patoki (Pakistan) source 1168, which attained 2.87 m and showed the best
survival. Similarly, the fastest growing Prosopis cineraria source was India 1090, with an average
height of 1.78 m after three growing seasons, while Pakistan 1184, with an average height of 1.54
 
m, showed the best survival rate of 95% (Anon 1987). 

FIELD PLANTINGS 

Acacia nilotica and Prosopis cineraria were aerially seeded in the riverain forest of Sind. After
one month, 48 seedlings per 3.35 m2 
were counted over the area seeded first. The operation,considered a success, sowed a total of 2,030 ha, at a cost of $US 200/ha (Kermani 1974). 

The effect of root length on survival and growth of nine-month old E.camaldulensis seedlingsraised in polythene tubes was studied. Special polythene tubes were designed to accommodate rootsof 18, 30, 45, and 60 cm length. Plants with root length of 30 cm showed the highest survivalrate. The heights obtained after a period of seven months (more than 1 m in all cases) did not

differ significartly (Sheikh 1978).
 

E.camaldulensis was also tested under different plant spacings and irrigation regimes on a shortrotation at Chichewatni. While no difference was noted between performance under flood andtrench methods of lirigation, it was observed that the area planted at a spacing of 1.5 m x 1.5 myielded 95 m3 /ha, while those planted at 2.25 x 2.25 m yielded only 61 m3 /ha, and trees planted at3 x 3 m produced 38 m3 /ha after 4.5 years. The same results were obtained in the irrigatedplantations of Pirawala and Bahawalpur. Wider-spaced trees showed higher weed infestation (Sheikh1982). These observations on the effect of spacing were confirmed by those of another, small-scale 
study (Sheikh 1984). 

In a species evaluation study conducted in Setharja on saline soi!s varying in Ph from 8.5 to 9.5,A. nilotica performed best, with 100% survival and an average height of 2.6 m after one year. E.camaldulensis also performed well in that study, and again on the waterlogged soil of the Shorekot 
plantation (Sheikh 1986). 

PLANTING AND MANAGEMENT 

Forests of Dalbergia sissoo, Morus alba, Salmalia malabarica, Acacia nilotica, hybrid Poplars, andEucalypts have been grown on the wastelands of the Indus plain that have come under irrigation,an area of 0.2 million ha. Foresters in this area are concerned with irrigation issues such aslayout, flow, and water distribution, in addition to silvicultural operations managerlent, exploitation 
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and regeneration. After areas of 20 - 24 ha have been levelled and prepared, trees are plantedeither in trenches or in level plots. In the case of Dalbergia sissoo, 6 - 9 month old root shootcuttings are planted at a spacing of 2 x 3 m. Acacia nilotica is generally patch- or line-sown,while Eucalyptus stock is raised in polythene tubes. 

Dalbergia sissoo is thinned at 5, 10, and 15 years, with a final felling at 20 - 22 years, when
the trees have an average diamter of 30 cm. 
This leaves 25 trees/ha to become timber trees on arotation of 40 ­ 60 years. The average total yield from thinnings amounts to 100 m3 /ha,another 90 - 100 m3/ha 
with

available from the final felling. Acacia nilotica and E. camaldulensis areworked on a rotation of 15 - 30 years, with no trees left to become timber trees (Sheikh 1986). 

Five species, including E. camaldulnnsis and Leucaena leucocephala,were tested under salineconditions (Ph 8.5) at Military Dairy Farm, Risalpur. After one and a half years, Leucaena showeda better survival rate of 66% compared to 56% for Eucalyptus. Eucalyptus grew fastest, reaching an 
average height of 1.5 m (Anon 1987). 

Spacing tests of Dalbergia sissoo showed that trees planted at 4 x 4 m spacing grew faster, bothin height and diameter, than trees planted at either 3 x 3 m or 2 x 2 m. However, the trees inthe cloc,3st spacing had more length of clear bole and relatively fewer and thinner branches (Anon
1987). 

BLOCK PLANTATIONS BY FARMERS 

A study focusing on the system of Acacia nilotica block plantation practiced in Sind province,
known as "hurres", showed that the practice benefits the farmer by improving agricultural land and
subsequent agricultural yields. The system provides a financiai return of about $US 100/ha/yr fromthe sale of the wood, with a cost/benefit ratio of 1:1.72. The wood, much used for pit props in
the mining industry, fetches high prices in the timber and fuelwood markets as well.
 
"Hurries" are grown at spacings as close as 0.9 x 0.9 m. Although the plantations showed good

diameter growth up to 5 years of age (2.3 cm annually), the rate subsequently declines due to cropcongestion. The report suggests that growth could be enhanced with the introduction of pruning,

cleaning and thinning practices
 

The study outlined areas for furt her research, and emphasized the need for forest department
encouragement of the practice (Sheikh 1986). 

TREE/CROP INTERFACE 

Farmers are often reluctant to grow trees on farmland in the fear that they will compete withcrops for moisture and nutrients, and that they will act as disease carriers, thereby reducing the
yield of agricultural crops (Sheikh 1972). 

Studies using scattered trees of Acacia nilotica and Dalbergia sissoo in farmer's fields set out todetermine the effect of tree shade on wheat yields. It was found that the trees did adverselyaffect wheat yields, particularly on plants within 2 m of the trees (Sheikh and Haq 1978). 
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Another experiment was conducted to study the effect of E. camaldulensis as a shelterbelt oncotton and maize production. The shelterbelts were planted with three rows of trees in each belt,at an in-row spacing of 1 m and 2m between each row. In 5.5 years the tree attained an averageheight of 15 mand an average diameter of 15 - 20 cm. Findings showed that within 10 m of thebelts, both cotton and maize production were adversely affected by shade and root competition forwater and nutrients. Beyond 10 m, however, the belt was found to have a positive effect on crop
yield (Sheikh and Haq 1986). 

In the Thai desert, Dalbergia sissoo was planted perpendicular to the prevailing wind as ashelterbelt for wheat crops. Six-month old Dalbergia root shoot cuttings were planted in threebelts spaced 122 m apart, with 3 rows per belt. The cuttings were planted at an in-row spacing of3 m, with 2 m between each row. With a 90% survival rate, the trees gained an average height of4 m In3 years. When wheat yield at various distances from the belts were measured, it was foundthat although yields near the belt (0-3 m) were low (1,000 kg/ha) compared to those further fromthe belt (2,000 kg/ha at 35-40 m; 1,450 kg/ha at 55-60 m), the farmer obtained a net increase of 1quintal/ha. With the increase in tree size there was a reduction in average wheat yield. 

Another study in the , ame desert region measured the effect of Dalbergia sissoo on wheatyields, with similar results. Inno case was the average yield with the trees less than the control
 
crop (Sheikh and Haq 1986).
 

In Sind province, the forest department leased land for three years to study the effect ofagricultural crops such as cotton, wheat, sesamum and sorghum on Acacia nilotica production. Itwas reported at the end of that time that the tree crop yield Iron i the agricultural land was
greater than the average vield from the land where no cropping was done. The report concluded
that the trees had benefined from the additional irrigation, land cultivation and fertilization. The
trees did not depress the agricultural crop yields (Kermani 1980). 

WATER REQUIREMENTS FOR OPTIMUM GROWTH 

A number of experiments have been undertaken to study the optimal irrigation regimes forvarious tree species. One study, begun in Peshawar in 1986, tested E.camaldulensis, Dalbergiasissoo, Acacia nilotica and four other species to determine the effect of irrigation frequency ongrowth. The trees were irrigated at intervals of 10, 20, 3C, and 40 days. E. camaldulensis
demonstrated the best growth under most frequencies of irrigation. The trees irrigated at 10- and20-day intervals showed the best growth for all species (Anon 1987). 

GROWTH AND YIELD DATA 

Provisional yield volume tables prepared for Acacia nilotica, Dalbergia sissoo, and Eucalyptuscamaldulensis, are summarized in Table 1 (Hafeez 1973, Hussain and Glennie 1978, Hussain andAbbas 1974). For Eucalyptus, the figures are based on three spacings: 1.5 x 1.5 m,3 x 1.8 m, and
3x 3 m. 
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Table 1. Mean annual increment (MAI) per hectare, according to site quality and rotation cycle. 

MAI (m3 /ha) 
Site QualitySpecies Rotation Period (years) 1 II I1 

Acacia nilotica 20 10.3 8.4 6.4
Dalbergia sissoo 20 11.2 8.4 5.9
Eucalyptus camaldulensis 10 22.2 15.0 9.1 

RECOMMENDA)IONS 

Of the four priority species, Dalbergia sissoo and Acacia nilotica have been more extensively
planted than E.camaldulensis and Azadirachta indica. Areas for further research include seed 
source trials, species water requirements, and species comparison trials. Seed orchards and desert 
research and demonstration centers should be established and supported. 
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MULTIPURPOSE TREE SPECIES RESEARCH IN ARID

AND SEMI-ARID REGIONS OF INDIA
 

J.S.P. Yadav 

Program Specialist, USAID/India 

In the arid and semi-arid regions of India, multipurpose trees offer adrought-resistant, low­labor supplement or alternative to agricultural crops for fodder, fuel and food. Studies havecompared survival and growth rates ofpriority exotic and indigenous species on degraded soilsthe tree/crop interface in agroforestry systems. Leucaena leucocephala, Acacia rilotica andProsopis juliflora have shown promise. This paper reviews Indian research on these soecies inagroforestry systems and under desert and saline conditions. More studies are needed on soiltree/crop interactions, and on management practices. 

INTRODUCTION 

Arid and semi-arid regions occupy vast areas of India and are characterized by scanty anderratic rainfall, aprolonged dry season, high temperatures, poor ground water quality, degradedsoils, and shifting sand dunes. These conditions are further aggravated by uncontrolled grazingahuge livestock population and reckless deforestation, both of which accelerate the desertificatioprocess. Under these conditions, agricultural crops fail altogether or produce very low yields, anthe local people live at asubsistence level. The proverb, "Forests precede civilizations but desertsucceed them" applies to these regions and emphasizes the need for growing multipurpose treesthese fragile ecosystems, either inblock plantations or as a component of agroforestry systems.Multipurpose trees provide timber, fuel, fodder, food, fertilizer, and other products on the onehand, and minimize the hazards of run-off, erosion, drought and related environmental deteriorati 
on the other. 

Inrecent years, India has experienced an acute shortage of fuelwood and fodder. The fuelworequirement in 1980 was about 184 million m3 , as compared with an availability of only 17 millionm3 , and is expected to rise to about 225 million m3 by the year 2000. Likewise, the present annuproduction of fodder isapproximately 40 million tons, providing hardly one-third of therequirements of 414 million livestock. According to the estimates of the National Dairy ResearchInstitute, the shortfall in 1985 amounted to 258, 5,and 26 million tons of green fodders, grasses,and crop residues, respectively. With the realization that growing multipurpose trees willcontribute immensely to alleviating fuelwood and fodder shortages, the Prime Minister of India haset a target of afforesting 5million ha annually with fodder and firewood tree species. 

SPECIES SUITABIUTY 

The arid and semi-arid zones of India are endowed with avariety of soils that differ greatly indepth, texture, structure, nutrient retention capacity, salinity/sodicity, calcareousness, and othercharacteristics. The signiicant soils belong to vertisols and related black soils, alfisols and relatered soils, aridisols, and entisols. These properties have a significant effect on the success of treeplantations. 
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Many tree species can be grown on arid and semi-arid tracts, depending upon moisture
availability and local soil, climate, and socioeconomic conditions. The selected species should, In
addition to providing various tree products, be able to: 

o thrive well under moisture stress and harsh climatic conditions 
o grcw on Inhospitable soils of the given area 
o develop root systems under conditionc of Impervious subsoil 
o establish easily, grow fast, and respond positively to local management
 

practices
 
o fix nitrogen and improve soil fertility 
o interact favorably with other crops in agroforestry systems 
o resist pests and diseases 
o yield a favorable cost-benefit ratio and generate employment opportunities 
o Improve the local micro-climate and ecological environment 

Suitable species have been identified and are listed in Table 1according to rainfall distribution 
(Singh et al. 1987). 

Table 1. Trees suitable for locations in India with different rainfall distribution. 

Locations with good 

annual raifall 


(Varanasi, Rewa, 
Bhubaneswar, Ranchi) 

Alnus nepalensis 
Bauhinia purpurea 
Casuarina equisetifolia 
Dalbergia sissoo 
Emblica officinalis 
Gmelina arborea 
Grevia optica 
Grevillea robusta 
Hardwickia binata 
Melia azedirach 
Morus alba 
Poplar species 
Sesbania species 
Terminalia species 

Locations with 
moderat3 rainfall 

(Indore, Akola, Solapur 
Hyderabad, Anantpur, 
Bangalore, Bellary) 

Acacia nilotica 
Ailanthus excelsa 
Albizzia lebbek 
Azadirachta indica 
Butea monosperma 
Casuarina equisetifolia 
Dalbergia sissoo 
Eucalyptus species 
Leucaena leucocephala 
Tamarindus indica 
Tamarix articulata 

Locations with poor
 
annual rainfall
 

(Dantiwala, Jhansl, 
Hoshiarpur, Hissar, 
Jodhpur, Rajkot) 

Acacia nilotica 
A. catechu 
A. albida 
A.aneura 
A. senegal 
Colobhospermum mopane 
Eucalyptus camaldulensis 
Parkinsonia aculeata 
Prosopis cineraria 
Prosopis juliflora 
Pithecellobium dulce 

FIELD TRIALS ON MULTIPURPOSE TREES
 

An agroforestry system is any sustainable land management system that integrates a symbiotic
combination of trees, annuals and animals and enables diversified production on available land 
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resources. Leucaana leucocephala, which Is fast-growing and nitrogen -fixing, has received 
considerable attention in recent years for fodder and fuel use and is also being tested as a 
component of agroforestry systems. Inan alley-cropping experiment conducted without Irrigation at
Hyderabad, Leucaena leucocephalawas observed to reduce the yields of the following four crops
grown Inthe alleys, by the respective percentages: castor (62%), pigeon pea (61 %),scrghum (48%),
and pearl millet (30%) (Singh et al. 1987). In the third year, however, an increase of 14% was 
recorded in the yield of pearl millet as compared to the crop grown ."..side the alley (see Table 2). 

Table 2. Response of arable crops in alleys with Leucaena /eucocephalaat Hyderabad. 

Crop 1984 1985 1986 Percent 
Grain % Grain % Grain % mean 
kg/ha reduc- kg/ha reduc- kg/ha rediic- reduction 

tion tion tion 

Sorghum 548 49 636 68 909 11 48 
Pearl millet 720 53 997 51 2026 +14 30
 
Pigeon Pea 227 61 9 65 .... 61

Castor 284 149
56 77 211 47 62
 

It has been observed that Leucaena adds organic matter and nitrogen, particularly in the upper
15 cm of the soil, whereas Eucalyptus hybrids deplete soil nitrogen content. Shakarnarayan (1984)
reported an increase in the amount organic matter, nitrogen and phosphorus under the growth of 
14-year old Prosopis cineraria, as compared to the bare site and Prosopis juliflora growth of the 
same age (see Table 3). 

Table 3. Changes in soil fertility status under P. cineraria, P. juliflora, and bare field. 

Tree Community 0.M. ('%) N_.(% P220 5) 
0-15 15-30 0-15 15-30 0-15 15-30 
(cm) (cm) (cm) (cm) (cm) (cm) 

Prosopis cineraria 0.57 0.29 0.042 0.026 0.425 0.375
Prosopis juliflora 0.38 0.31 0.033 0.029 0.287 0.325 
Bare field 0.37 0.21 0.020 0.020 0.287 0.350 

The effect of lopping Leucaena leucocephala for green leaf manure with an intercrop of sorghum
was examined in an experiment conducted on black soil (vertisol) at Solapur. Green manuring
Increased the green yield and nitrogen uptake of sorghum (see Table 4)(Venkateswadu 1986). 
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Table 4. Effect of alley cropping with Leucaena leucocephala on grain yield of post-rainy sorghum 
grown Invertisol at Solapur. 

System Grain Yield Total N Uptake 
(t/ha) (kg/ha) 

No leucaena; no lopping 1.17 31.6 
No leucanea; lopping 1.46 39.2 
Leucaena; no lopping 0.94 24.6 
Leucaena; lopping 1.33 35.1 

LSD (0.25) 0.183 

In a field study of eight top feed tree species planted in 1986 at 10m x 10m spacing on 
degraded soil, Korwar and Osman (1986) observed fastest growth for Leucaena leucocephala (see 
Table 5). Acacia senegal, A.aneura, A.nilotica, and Leucaena leucocephala showed higher survival 
rates than the other species. 

Table 5. Average height and survival rates for eight top feed species. 

Species Height (cm) Survival (%) 

Acaci albida 71 29
 
Acacia aneura 82 71
 
Acacia mangium 73 31
 
Acacia nilotica 76 65
 
Acacia senegal 75 73
 
Leucaena leucocephala 107 69
 
Prosopis cineraria 73 23
 
Sesbania grandiflora 73 11
 

Variations in growth or tree species often reflect variations in soil characteristics. Acacia 
nilotica, however, shows a fairly consistent performance even on sites of varying soil 
characteristics. The data in Table 6 Isbased on an experiment conductad at Bellary, Karnataka 
(heavy black clay soil), Vasad, Gujarat (ravine land) and Agra, U.P. (eroded alluvial soil) (Prajapati 
et aL 1984). 

TREE PLANTATIONS IN DESERT AREAS 

About 11% of India's land area is desert, of which 90% is located in the northwestern region. 
Approximately 60% of India's arid area is found in Rajasthan and requires an intensive afforestation 
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program, particularly on wastelands, marginal lands, sand dunes, community land and farm lands. 
SIM-horticultural and silvi-pastoral systems also have great potential. 
Table 6. Growth performance of eight-year old Acacia nilotica plantations at three different
 
locations.
 

Growth Character Bellary Vasad Agra 

Height (cm) 922 965 845Mean annual increment (cm) 95 99 88Girth at breast height (m) 15.4 13.5 13.2Fuelwood yield (t/ha) 30.2 26.1 27.1 

Tree plantations on sandy tracts of Rajasthan provide not only fuel, fodder and timber, but alsoreduce the hazard of wind erosion. Prosoais cineraria isan excellent fuel and fodder tree. Ittolerates moisture deficiency, drifting sands, grazing and extreme climatic conditions, and is capableof enriching soil and supplying highly nutritious leaf fodder. Grow, extensively by farmers as acomponent of agroforestry systems, it is amenable to lopping and interacts positively with
associated annual Intercrops. The combination of Pennisetum typhoides with P.cineraria is a
 
common practice in many areas.
 

Acacia tortalis, an exotic tree, has shown very high survival and growth rates in arid tracts of
Rajasthan, Gujarat, and Haryana. In its later growth stages itcompetes with companion arable
crops for moisture and nutrients. Acacia nilotica, Salvadora persica, Zizyphus mauritania, Tamarixsp. and Prosopis Juliflora have also been found suitable foi-semi-arid areas with partial shifting

sand dunes.
 

The data on comparative performance of some Indigenous and exotic species in the desert areaof Rajasthan are presented in Table 7 (Muthana 1984). This shows that the fast growth of someIndigenous species compare favorably with that of exotic species. 

TREE GROWrH ON SALT-AFFECTED AREAS 

Large areas of the arid and semi-arid regions of India (about 7million ha) are affected bysaline and alkaline soils. Much of this is common village l3nd and available for tree plantation.Based on detailed field studies, Yadav and Singh (1970) established a range of soil salinity andsodicity tolerance for certain tree species. 

The work done on highly deteriorated alkali land at Karnal shows that treating the soil in theplanting pit (90 cm x 90 cm) with gypsum and FYM, along with little fertilizer application, resultedInsatisfactory establishment arid growth of ProsopisJul/iflora, Acacia ni/lotica and Eucalyptus hybrid(see Table 8)(Yadav et al. 1975). Planting tree seedlings in augur holes (15 cm x 180 cm) followingtreatment of the soil with gypsum + FYM has also been tested (Sandhu and Abrol 1981). Mehta(1987) has reported that treatment of alkali soil In pits, using 10 kg sand and 5 kg pyrites, 
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produced satisfactory growth of Prosopis juliflora,Albizzia lebbek and other species in the Hardol 
district of Uttar Pradesh. 

Table 7. Comparative performance of some indigenous and exotic tree species. 

Species 	 Year of Establishment Mean Growth (cm) 
Planting (%) Height Annual 

Increment 

Indloenous 

Acacia nilotica 1973 42 300 89.8 
Ailanthus excelsa 1963 77 537 39.5 
Albizzialebbek 1970 85 198 51.4 
Azadirachta indica 1962 100 576 40.0 
Cassia siamea 1973 100 349 97.1 
Dalbergia sissoo 1972 92 342 68.6 
Hardwickia binata 1962 100 489 33.7 
Prosopis cineraria 1962 100 317 19.0 
Tecomella undulata 1962 92 432 27.9 

Exotic 

Acacia tortiis 1962 100 704 95.7 
Eucalyptus camaldulens.s 1961 73 941 62.5 
Eucalyptus melanophloia 1961 82 1179 75.3 
Eucalyptus tereticomis 1961 55 1038 62.8 
Prosopis juliflora 1965 31 858 65.8 

Table 8. Height increment (cm) of tree species on alkali soil (Sept. 1974 to Sept. 1975), five years 
after planting. 

Soil Statement 	 Acacia Eucalyptus Prosopis Albizzia Terminalia
 
nilotica hybrid juliflora lebbek arjuna
 

Original soil 40 33 46 15 25
 
FYM 76 62 81 46 68
 
Gypsum 88 91 92 62 85
 
Gypsum + FYM 102 120 102 71 95
 
Soil replacement 107 119 100 87 98
 
Fertilizer 91 103 94 57 80
 
No fertilizer 75 74 76 56 69
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Field experiments conducted in Haryana on a highly saline soil with a high water table of saltyground water (Tomar and Gupta 1984) revealed that Acacia nilotica, Prosopis Julfflora and Tamarixarticulata exhibited greater height Increment when planted on raised ridges, whereas Acacia tortills,Leucaena leucocephala and Terminalia arluna showed better performance with subsurface planting. 

According to Pathak et al. (1987), fruit trees like PsIdlum guajava, Cassia carandes, Syziglumcumin!, Grewia subinequalis and pomegranate have performed well under conditions of highexchangeable sodium content. The experience gained at FaizIahad sh.wvj Mhat tolerant fruit trees
should be included in farm forestry practices on alkali lands. 

CONCLUSIONS 

Scientific information on the selection of tree species best suited to the specific edaphic,climatic and socioeconomic conditions of degraded lands ir the arid and semi-arid areas Is verylimited. Nursery techniques, planting and propagation methods, water and fertilizer management,germplasm collection and evaluation, and genotic improvement all require further study. Growingtree species on problem soi!s (e.g., saline and alkali soils, sand dunes, heavy black soils, erodedlands, soils with calcic or other impervious layer in the subsoil) need special attention. Indigenousmultipurpose trees that are better adapted to the local environment and socioeconomicinfrastructure should receive major emphasis. Detailed studies are needed on the rooting patternsof different plants, and on competition between woody perennials and annuals, with the objective of
preparing suitable agrofores- nodels. 

DISCUSSION 

Regarding soil manipulation, the question was raised that since green manuring from treecuttings contributes to soil nutrient content and nitrogen fixation, wouldn't it help to improve thecondition of alkaline soils? Given the returns to the farmer's labor, though, a rice crop would
 serve better to provide green manure and soil reclamation than tree cuttings.
 

REFERENCES
 

Korwar, G.R., and M.Osamn. 1986. Grazing studies with introduction of topfeed tree species in improved pasture. CRIDA 
Annual Report: 49-50. 

Mehta, K.K. 1987. Experiences of growing crops and irees on salt-elected soils of hardoi district of Uttar Pradesh.
Proceedings of the National Seminar on Agroforestry, N.D. University of Agricultural Technology, Faizabad. 

Muthana, K.D. 1984. Selection of species for fuelwood plantation in aril' and semi-arid areas, in Agroforestry in arid and 
semi-arid zones. K.A. Shankaranarayrcn, ed. CAZRI, Jodhpur: 243-52. 

67
 



EXISTING MPTS RESEARCH 

Pathak, R.K., S.N. Dixit, and R.Dwlvedl. 1987. Prospect of cultivation of aonla, ber and bael In salt-affected soils of 
wasteland In India, Proceedings of the National Seminar on Agroforestry, N.D. Univ. Agri. Tech., Faizabad. 

Prajapatl, M.C., B.M. Malhotra, and J.P. Singh. 1984. Arboretal studies on tree species. CSWCR&TI Annual Report, Dehra 
Dun: 111-112. 

Sandhu, S.S. and I.P. Abrol. 1981. Growth response of Eucalyptus tereticornis and Acacia nilotica to selected cultural 
treatments in hlghly sodic soil. India Journal of Agricultural Science, 51:437-43. 

Shankarnarayan, K.A. 1984. Influence of Prosopis cineraria and Acacia nilotica on soil fertility and crop yields, in 
Agroforestry inArid and Semi-arid Zones, CAZRI, Jodhpur: 59-66. 

Singh, R.P., K.Vijayalakshmi, G.R. Korwar, and Mohd. Osman. 1987. Alternative land use systems for dry lands of India. 
Res. Bull. CRIDA, Hyderabad: 3-4. 

Tomar, O.S., and R.K. Gupta. 1984. Performance of tree species in saline soils, CSSRI Annual Report, Karnal: 82-86. 

Venkateswarlu, J. 1986. Efficient resource management for drylands, Souvenir: 15 years of dryland agriculture research, 
CRIDA, Hyderabad: 42-58. 

Yadav, J.S.P., O.P. Sharma, and B.M. Sharma. 1975. Effect of different soil treatments on performance of forest species on 
saline sodic soil, CSSRI Annual Report, Karnal: 36-37. 

Yadav, J.S.P. and K.Singh. 1970. Tolerance of certain forest species to varying degrees of salinity and alkali, Indian 
Forester, 96:587-99. 

68 



RESEARCH ON MULTIPURPOSE TREE SPECIES 
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Agroforestry systems have long been practiced informally in Sri Lanka. As part of the Master 
Plan for Forestry in Sri Lanka, government agencies have begun formal experimentation on 
multipurpose tree species (MPTS) and agricultural crops. Experiments on priority species
established by the Forest Department in 1985 focus on intercropping forest species with food and 
spice crops and tobacco. Experiments conducted at the Coconut Research Institute have yielded
preliminary results on the effects of intercropping other MPTS under established coconut palm trees 
for different end uses. 

INTRODUCTION 

As inmost developing countries inAsia, the forest resources of Sri Lanka are rapidly dwindling. 
During the past three decades total forest tree cover has been reduced by half. This isattributed 
mainly to si,,fting cultivation, accelerated development programs, and population growth. 

InSri L..anka, 1he agricultural sector contributes 28% of the GDP and rT akes up about 60% of 
total export earnings, employing 50% of the work force and generating nE arly 30% of government 
revenue. The wide range of climatic conditions that prevail inthe country permit the cultivation 
of avariety of crops. Paddy rice isgrown throughout the country. Tea, ribber, and coconut 
predominate inthe wet zone. Spice crops such as coffee, pepper, nutmeg, and cardomom are grown
Inhome gardens inthe wet and intermediate zones. Food crops dominate farming inthe dry and 
Intermediate zones. Farming Isintensive and highly commercialized inthe northernmost portion of 
the country (See Figure 1). 

The phrase "fuelwood crisis", used to explain tropical deforestation in many forestry essays, does 
not appear to apply to Sri Lanka, according to the Master Plan for Forestry inSri Lanka (1986).
It has been found that 80% of the country's fuelwood needs, and 50% of industrial wood needs, are 
supplied by non-fores: wood resources such as private gardens, homesteads, roadside and avenue 
trees and farms. 

A number of government agencies inSri Lanka, particularly the, )rest Department, have 
recognized the significance of this finding and are strengthening their activities to promote tree 
planting through a number of programs already active in m!ny other Asian countries. The main 
programs involve community and social forestry, farmers' woodlots, and mixed crop plantations of 
trees and agricultural crops on small farms. This last system, practiced for many decades in an 
Informal manner, has now assumed the new name of agroforest,-y. The selection of appropriate 
species Iscritical to the success of these newly styled forestry ventures. 
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Figure I. Map Of Sri Lanka Showing The Differem Climaic Zones 
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The traditional practice of planting long rotation monocultures of Eucalyptus and Pinus species
Is now restricted to industrial plantations. Despite the utility of these species for producing wood 
for an expanding population In the developing world, environmentalists oppose the planting of such 
exotics, citing their alleged ill effects on the environment. In view of this debate, the forestry
sector has sought more acceptable alternative species. As a result, tree scientists have become 
Interested in the popularization of multipurpose tree species (MPTS). 

The IUFRO Research Planning Workshop on MPTS was held InSri Lanka in 1984. This 
workshop paved the way fcr the establishment of the Forestry/Fuelwood Research and Development
(F/FRED) network, which is funded by the U.S. Agency for International Development (USAID) and 
managed by Winrock International with the cooperation of the countries in Asia. Sri Lanka joined
this network in 186 to benefit from the research experiences in other countries and to share 
Innovations in MPTS research. 

A number of Sri Lankan institutions are currently conducting research programs on MPTS. The
 
main institutions involved are: 1)the Forest Department, 2) Minor Export Crops Department, 3)

the Agriculture Department, and 4) the Coconut Research Institute. The research activities of each
 
institution aim to increase productivity of both agricultural and forest crops, although the species
used and the configuration of the trials vary depending on each institution's specialty and the local
 
climatic conditions. This paper will focus on the research conducted by the Forest Department and
 
the Coconut Research Institute.
 

FOREST DEPARTMENT ACTIVITIES 

In 1982 the Forest Department, with the assistance of the Asian Development Bank (ADB),
embarked on the Community Forestry Project, which included a strong agroforestry research 
component and a farmers' woodlot component. Both of these are closely linked to farm forestry,
and the Research Division is making a concerted effort to develop viable systems models for 
duplication on farms. 

Agroforestry research trials are being conducted at Agaratenna. The station covers about 80 ha 
and is largely grassland (predominantly Guinea grass). The altitude of the trial sites varies from 
650 m to 790 m. Some silvicultural trials are also being conducted there, predominantly on 
nitrogen-fixing tree species (NFTS). 

All of the research programs at Agaratenna started in 1986, except for one trial established in 
1985. The station is located in the agroclimatic mid-country intermediate zone, which receives 
rainfall sufficient to establish plantations only during the northeast monsoon period. Trials are 
planted only in November and December. 

1986 Program: Intercropping Forest Species and Food Crops 

A trial intercropping forest species and food crops used existing plots of forest species
established in December 1985. Eight tree species were planted on ,0 approximately half-acre plots.
Five crop species -- cowpea, brinjal, chillies, capsicum and tomato --were planted in seven blocks 
in December 1986 in between one-year old trees. Two Gliricidia plo[s of closer spacings (1.5 x 1.5 
m and 2 x 2 m)were found unsuitable for cultivation of crops due to heavy shade, and were 
therefore planted with pepper as a future demonstration plot (See Table 1). 
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Table 1. Species studied Inexisting trials, NFTS and non-NFTS, with spacings. 

Species Spacing (m) 

Leucaena spp. 5.0 x 1.5
 
Calliandra calothyrsus 5.0 x 1.5
 
Eucalyptus cama/dulensis 5.0 x 2.0
 
Eucalyptus grandis 5.0 x 2.0
 
Acacia mangium 5.0 x 2.0
 
Acacia auriculiformis 5.0 x 2.0
 
Gliricidiasepium 5.0 x 1.5
 
Gliricidiasepium 2.0 x 2.0
 
Gliricidiasepium 1.5 x 1.5
 

Table 2 shows the height and diameter at breast height (DBH) at one and a half years for each 
of the species. 

Table 2. Height and diameter at breast height after 1.5 years. 

Species Height (m) DBH (cm) 

Leucaena spp. 8.4 6.23 
Calliandra calothyrsus 5.3 6.17 
Eucalyptus camaldulensis 7.8 6.17 
Eucalyptus grandis 4.7 4.26 
Acacia mangium 4.2 4.48 
Acacia auriculiformis 6.0 6.14 
Gliricidia sepium 5.8 5.28 

The food crop species were planted at the end of each year under rainfed conditions. None of 
the tree species were pruned in the first year. The following results were obtained for the food 
crops. 

Tomato was planted under partial shade of Gliricldia. A severe fungal attack, which chemical 
spraying could not satisfactorily control, affected the crop in its younger stage. Shade conditions 
favored the spread of the disease, and affected plants subsequently died before any yield could be 
obtained. 

Brinjal (variety SM 164) was successfully grown under Leucaena spp. and Eucalyptus 
camaldulensis. The crop was planted 0.5 m from tree rows at a spacing of 60 x 60 cm. The yield 
for two plots with different tree species was about 9,000 kg/ha for each (plots received only about 
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75% full sunlight). The yield obtained from the same field under full sunlight was about 12,000
 
kg/ha.
 

Capsicum (variety CA-8) was grown under Leucaena at 60 x 60 cm spacing with ayield of 4,000
kg/ha (75% sunlight), as compared to open field yield of 5,500 kg/ha. 

Chillies (variety MI-2) grown with Leucaena at a spacing of 90 x 30 cm produced a green pod

yield of 500 kg/ha. Some of the green pods were sun-dried and sold as dry pods (4kg of green

pods = 1 kg dry pods). Open field plots yielded 500 kg/ha (green pods).
 

Cowpea (var. Arlington) was grown Inplots of Acacia auriculiformis, A. mangium, Calliandra
calothyrsus and Eucblyptus grandis. Shade of the E.grandis plot was low compared to other plots.
The yield was around 1,200 kg/ha in all blocks. The plots received about 60-80% direct sunlight.

Yield under full sunlight was 1,300 kg/ha.
 

This trial will be continued in the next few years. In the first year no organic matter was

added to the soil, and therefore the various plots differed on'y in the amount of sunlight received.

In the second year, however, all tree species except Eucalyptus spp. will be pruned to provide the

plots with more sunlight and organic matter. 
Crop yields from those plots will be compared with
 
open field plots.
 

Iretcroppgn Forest Species and Spice Crops 

A long-term trial intercropping forest species with minor exported spice crops was planted (see

Table 3). Forest species were planted in the first year, with pepper and coffee to be planted in

the second year after the establishment of shade. Yield of spice crops and height and diameter
 
growth of trees will be measured.
 

Table 3. Species and spacing of forest species and spice crops intercropping trial. 

Species Spacing (m) 

Leucaena leucocephala 3 x 3
 
Gliricidiasepium 
 3 x 3
 
Eucalyptus tereticornis 3 x 3
 
Pepper (Piper nigrum) on Gliricidia
 
Coffee (Coffea spp.) 
 3 x 3 interplanted 

Home Garden Models 

Two home garden models were established, with spice crops to be planted in the second year
after the establishment of shade, as in the trial above. The models will assess economic
productivity of fuelwood and fruit species and the salable yield of crops and spices. 

Model One occupies 0.25 ha and contains the following species (quantities in parenthesis): E.
tereticomis (92), Artocarpus (4), Arecanut (32), mango (8), papaya (38), banana (38), coffee (54), 

73 



EXISTING MPTS RESEARCH 

pepper or Glirickila (50), and avocado (4), totaling 320 plants. Intercropplng will start in the 
second year. 

Model Two contains 157 trees on 0.16 ha, with 22 species of fuelwood, timber, fruit and MPTS,
with coffee and pepper to be planted later. This model will test the adaptability of various fruit 
species In the prevailing climatic conditions, and will be used as a demonstration plot In the future. 

lntercropping Forest Species with Tobacco 

Forest species (Eucalyptus tereticorr;s and Gliricidia seplum) have been planted In three rows at 
a spacing of 1 m, with trees 3 m apart in staggered rows and 10 m between rows. Alleys were 
clean-weeded and tobacco was planted in December 1986. It is expected that soil erosion on steep­
sloped tobacco plantations can be controlled somewhat by planting closely-spaced tree rows. Tree 
rows eventually form natural terraces and provide fuelwood for tobacco farmers. Trees will be 
pruned as required to avoid sunlight competition with the tobacco. 

Intercropping Gliricidia, Tea, and Cardamon 

Land with degraded tea and heavily-overgrown Gliricidla was selected for a trial Intercropping
Gliricidla, tea and cardamon (Eletaria cardamon). Every second row of tea was removed and 
replaced with cardamon. Crop productivity and market values will be recorded In the experiment. 

1987 Research Program 

Research trials on NFTS began in collaboration with the Nitrogen Fixing Tree Association 
(NFTA). The trial established at Kurunegala in the Intermediate climatic zone (mean annual rainfall 
of 1250 mm) records the relative performance of different species (See Table 4). Several non-NFTS 
were included in the experiment for comparison. 

New trials involving NFTS are expected to be established in the next planting season, with 
further agroforestry trials on alley cropping using different combinations of trees and crops, and 
silvicultural trials testing provenances of Gliricidla Incoliaboration with Oxford Forestry Institute. 

Further Research Needs 

Research on NFTS by the Forest Department InSri Lanka is supported by the Agriculture 
Department and the University at Peradeniya. Further research should compare and quantify the 
benefits of planting NFTS pure and in mixture with non-NFTS. Other areas for research include 
the biological nitrogen fixation capability of species, the effectiveness of bacteria and fungi 
symbiosis, nodule formation, environmental stress factors, and character of litter and mulches of 
NFTS. 

COCONUT RESEARCH INSTITUTE ACTIVITIES 

Several research projects are in progress on MPTS in coconut plantations at the Coconut 
Research Institute (CRI). The main objectives of these trials are to: 

1)develop economically feasible farming systems suitable for increasing copra production using 
MPTS under different environmental conditions; and 
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2) develop cropping systems that will Increase the productivity of coconut lands in areas suitable 
for multiple cropping with forestry/fuelwood crops. 

Table 4. NFTS Species Trial at Kumbalpola after one year, planted November 1986. 

Species Code No. Total height (m) Survival (%) 

Acacia auriculiformis 269
Acacia mangium 276 

3.15 100 
2.44 100Acacia nilotica 282 0.77 100Albizzia falcataria 
1.4Albizzia proceia 

10 100253 2.62Cassia siamea 80 
1.99Calliandra calothyrsus 

76 100267 
Enterolobium cyclocarpum 

2.52 100 
1.98Gliricidia sepium 

277 100 
2.26Leucaena leucocephala 

248 100K8
Leucaena leucocephala K 636 

3.12 100 
1.99 100Leucaena leucocephala K 743 3.37Pithecollobium dulce 100 

436 1.91Prosopis alba 90275 0.48Samanaea saman 90
25 1.40Casuaina equisetifolia 100F.D. 1.93 100Eucalyptus camaldulensis F.D. 3.48 100Eucalyptus tereticornis 2.13Dalbergia sissoo 
F.D. 100F.E£ 

Gliricidia sepium 2.10 100F.D. 3.34Eucalyptus alba 100F.D. 3.21 100Pinus caribea F.D. 0.33 40 

Research Projects 

One study aims to evaluate Leucaena leucocephala and Gliricidia sepium under coconut indifferent agro-ecological zones and soil types. The climatic zones studied ranged from Wet zone,
Wet Intermediate zone, to Dry Intermediate and Dry zones. 
The soil types included ultisols andentisols (sandy and sandy loams). The tree crops are planted as double rows of 2 x 0.9 m in thecoconut avenue, at a density of around 1,900 plants/ha (adequate space for the coconut manurecircle). Lopping is done at intervals of three months (at 1 m height) after one year.Preliminary results show that Leucaena and Gliricidla produced green matter of 7-10 tons/ha duringthe first year, and 12-16 tons/ha during the second year. Firewood production was 8-15 tons/haduring the first year and 14-20 tnns/ha during the second year. It was evident that Gliricidia iswell adapted to the various climates and soil types tested, whereas Leucaena performed better indry areas and preferred light soils. 

Another experiment tests Leucaena and Gliricidla as sources of green manure. The first part ofthis experiment tested the utility of Gliricidia for rehabilitation of low-yielding plantations.Trenches of 30 cm wide and 30 cm depth were dug 30 cm away from the coconut bole to prune 
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older roots. Gliricidia loppings were then placed Inthe trenches and buried. Copra yields were 
observed to Increase significantly after three years as a result. 

The second part of this experiment Involved the Incorporation of Leucaena and Gi icidia around 
palms for green manure. Fresh loppings of each species were Incorporated at a 2-meter radius 
around the palm, to a depth of 22 cm. Improvement In the soil physical structure was seen within 
a short time. It Is anticipated that the treatment may serve as a substitute for nitrogen fertilizer, 
reducing fertilizer costs by around 40 percent. 

A third experiment at CRI explores the use of Leucaena and Gliricidia in a 
coconut/pasture/cattle system. Two rows of Leucaena were planted 2 m apart in the coconut 
avenue. Gliricidia and Leucaena were planted 1m apart alternately along the fence. Mixtures of 
grasses and legumes were grown under the coconut trees where cattle are reared at the rate of 4 
animals/ha. Results revealed significant increases in live weight gains of more than 300 g/day in 
bull calves and heifer calves fed with Gliricidia and Leucaena. Those crops served as dry season 
feeds and also supplied mulch for coconut palms. 

A further study examined production of fuel and timber of Leucaena leucocephala grown in 
different planting systems under coconut, and ts effect on nut production. 

The following planting systems were used: 

a) Two rows of Leucaena, 2 m apart with In-row spacing of 0.6 m under coconut 

b)Single row of Leucaena, planted with within-row spacing of 0.6 m 

c) Leucaena double-row planting in alternate rows under coconut 

d) Leucaena single-row planting inalternate rows under coconut 

e) Control (without Leucaeria) 

Thus far, no adverse effects have been observed with any of the systems. The system of Leucaena 
doubie-rows Inalternate rows appears to produce better Leucaena plants as well as better coconut 
plants. 

Finally, CRI is conducting an evaluation of NFTS in the Intermediate zone. Twenty introduced 
NFTS are being tested for local adaptabili,'y in the Low Country Intermediate zone of Sri Lanka. 
The experiment was planted in June, 1985. Preliminary results have identified the following six 
species as promising, based on satisfactory yields of green matter and fuelwood: 

Leucaena leucocephala (K636) 
Gliricidiasepium 
Acacia auriculiformis 
Acacia mangium 
Enterolobium cyclocarpum 

Future research will continue to explore the potential for intercropping other MPTS with 
coconut trees. 

76 



SRI LANKA 

REFERENCES
 

Community Forestry Research Reports - Sri Lanka, 1987. (Mimeograph) 

Forestry Master Plan, Sri Lanka. 19I6. Finmida/Government of Sri Lanka/World Bank-assisted project. 

Liyanage, V. 1987. Personal communication. 

77 



RESEARCH ON MULTIPURPOSE TREE SPECIES
 
IN THE SEMI-ARID REGIONS OF NEPAL
 

K.P. Prajapati 

Dean, Institute of Foretry, Pokhara, Nepal 

Nepal's topography gives rise to awide spectrum of climates, with semi-arid conditions occurring 
in the Western Taral. The introduction of multipurpose tree species (MPTS) Is being promoted in 
response to tree scarcity caused by irregular fellings. Dalbergia sissoo is the most ImportantMPTS 
for Nepal, usuallypropagated by stump planting. Eucalyptus camaldulensis has recently been 
Introduced on small farms. Although irregular budgeting has constrained MPTS research in the 
past, anew national research plan is being developed. 

INTRODUC'ION 

Nepal Isa small country situated inthe middle Himalayas having an area of 147,485 sq. mi. 
(Land Resources Mapping Project 1986). The country can be divided into seven natural zones which 
occur in the following sequence from south to north: 

1)Taral 
2)Siwalik hills 
3)Mahabharat lekh 
4)Midlands 
5)Himalaya 
6)Inner Himalaya 
7)Tibetan-Marginal mountains 

The Tarai constitutes only 17% of the total land area; thus the mountain region embraces the 
largest area inNepal. The complex arrangement of land forms results indifferences inexposure to 
sunlight and monsoon winds and makes for acute climatic differences between adjacent areas. 
Hence the wide variety in climate -- from the summer tropical heat and humidity of the Tarai to 
the colder, dry continental and alpine winter climate of the middle and northern sections. 

Moving from south to north, there isgenerally adecrease in precipitation, rocks become 
stronger and the rate of erosion decreases. Western Nepal receives less summer rainfall (760-1,140 
mm) than the eastern part of the country (1,780-2,160 mm) inthe period from April thru July, 
although western Nepal receives more rainfall inwinter than eastern Nepal. 

The semi-arid tropics of Nepal are found Inthe western Taral, where the temperature sometires 
reaches 37 to 42 degrees C. During the hottest periods the region suffers ahot wind, ocally 
called 'loo.' 

There are approximately 1.5 miiiion land holdings inNepal, with an average holding size of 1.23 
ha. The average family size issix to eight persons, according to the 1981 census, and the 
population isgrowing at a rate of 2.5%. Livestock pressure Isalso high (7.5 head of cattle per 
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household), with many unproductive animals. About 50% of the country's farmers are full- or ,art­
time tenaot farmers. 

Until a few decades ago Nepal was rich in forsts, and people's wood needs were met by theadjoining forests. Due to Irregular and Indiscriminate fellings, however, local situations now rangefrom adequate wood supplies in some areas to acute scarcity Inother areas. In the expandingregions of wood scarcity, attention has been focused on raising multipurpose tree species (MPTS).The formorly robust forests of Shorea robusta In the Western Taral forests have now either
completely disappeared or possess only dry deciduous typas with scattered trees.
 

Surface soils In the region are generally sandy loams, and have a medium-textured subsoU, oftencalcareous. These are neutral to mildly alkaline, varying Indepth from shallow to moderately deep.So temperatures at 30 cm depth run as high as 28-29 degrees C in the months of May to
September (Climatoloqical Records of Nepal 1984). 

MULTIPURPOSE TREE SPECIES 

The MPTS that figures most prominently in the semi-arid region of Nepal is Dalbergia slssoo.Bambusa sp. and Dendrocalamus sp. are also important. Eucalypts have not yet been Introduced onany appreciable scale in the region, although small farmers in other regions have begun to grow
them. 

About 30 species of bamboo occur in Nepal. Some (e.g., Bambusa sp.) are planted by villagersaround their settlements, primarily for basket-making. Until recently, most of them had not been
documented. A research team of the HMG's Forest Department Is now identifying and documenting

these species.
 

Azadirachta indica is found on the Tarai up to an elevation of 900 m (Jackson 1987). Farmers
plant this species extensively, although not on a commercial scale. To date little research has been
 
done on its growth rate.
 

More Isknown about Dalbergia sissoo, which is popular and widely planted. Its low main'enancerequirement makes it popular for plantation along field boundaries. For concentraied plantations,
the following site qualities are now recognized for this species (White 1987): 

Site Quality 1- foams, silty-clay Ioams, sandy loam; water table no deeper than 8 m; or, MAI
(stemwood volume over bark): 8-16 m3/ha. 

Site Quality 2 ­silty oams, sandy-clay oams, loamy sand; water table Inaccessible to plant
roots; or, MAI: 3-8 m3/ta. 

Site Quality 3 - sandy, silty-loamy sands, stones, gravels; variable shallow topsoil; water table 
Inaccessible; or, MAI: 0-3 m3/-a. 

The Department of Medicinal Plants is now micro-propagating D. sissoo, Eucalyptus camaldulensis
and bamboo, and field trials using tissue culture seedlings are to begin soon. 

Many areas have been cleared for urban settlements or agriculture, making large areas are nolonger available for planting on a large scale. Demands on existing forest resources can no longer 
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be sustained. Social forestry, therefore, offers the only solution to future needs. The CommunityForestry organization is gradually widening its scope of work. Because there are limits, however,
to what government agencies can do, their primary role must be that of a catalyst. IfMPTS areto make a significant Impact InNepal, they will have to be Incorporated into the lifestyle of the 
farmers. 

The Institute of Forestry has recently encouraged socioeconomic studies to determine popularattitudes concerning the use and planting of trees. These studies will contribute to the formulation
of strategies for fostering tree planting on private and community lands. 

Adraft master plan for research, prepared with help from the World Bank and the government
of Finland, Is now under discussion. Agroforestry studies and improved management of importantIndigenous fodder trees, such as Artocarpus lakoorhaand Bauhini3 purpurea, have been given highpriority, along with new plantings of specips preferred by farmers for both fuelwood and fodder.
Funding constraints, however, hamper research efforts such as further field trials. 
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GERMPLASM RESOURCES 

A key to understanding the genetic variability and environmental requirements of trees is to testgermplasm of documented quality and origin Inknown environments. To have significant long-termvalue, therefore, experimental trials require standard supplies of well-documented MPTS germplasm. 

Nepal does not have significant germplasm resources of Acacia nilotica or Azadirachta Indica,but the Department of Forests has developed seed orchards for Dalbergla s/ssoo and, withAustralian support, is collecting and testing seed for the development of Eucalyptus camaldulensls 
reserves, 

In India, research on Acacia nilotica has studied three varieties of the species: telia, vedlana
and cupressiformls. Of these, cupressiformls has shown the most promise. Provenance trials onAzadirachta Indica have only recently begun. The species flowers in March-May, and has exhibitedgood germination when sown Immediately after fallen seeds are collected. Its viability Is severelylimited, however. Dalbergla slssoo grows by roadsides In the provinces of Punjab, Uttar Pradesh,Benga! and Assam. The Goada variety of Uttar Pradesh has tested most promisingly In provenancetrials. Eucalyptus camaldulensis has shown mixed results Instudies In India. The EucalyptusCentre of Hyderabad has conducted provenance trials since 1979. International provenance trials
have taken place In Kothagum, Andhra Pradesh since 1982. 

The following presentations provide an attempt to identify the sources and availability ofgermplasm for the F/FRED priority species In Pakistan and Australia, and outline relevant 
considerations. 
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GERMPLASM RESOURCES OF ACACIA NILOTIA, DALBERGIA SISSO0,
AND EUCALYPTUS.CAMAL ULEN$I IN PAKISTAN 

KM. Siddiqui 

Director, Forest Products Research Division
 
Pakistan Forest Institute, Peshawar
 

Genetic research at the Pakistan Forest Institute (PF!) has followed an integrated approach ofexplorationand collection, screening and evaluation, conservation, and utilization. Acacia nilotIcaDalberga sissoo, and Eucalyptus camaldulensis are species well suited to Pakistan that have been
includedin this research. This paper briefly describes the distribution and silvicultural
characteristics of each, and outlines PFI's species identificationand improvement activities. 

INTRODUCTION
 

Considering &germplasm resource to be "agenetically determined trait of economic significance,
an Individual that carries such atrait, or acollection of such individuals" (Oldfield 1984), it isImportant that trees possessing such economically significant traits should be selected for ex-sit:,
and In-situ conservation. 

Genetic improvement of wild timber species In&veloping countries requires the same integrated
approach that has been applied inagriculture, which essentially consists of: exploration andcollection, screening and evaluation, conservation, and utilization. Since the ealy 1960's, thePakistan Forest Institute (PFI) InPeshawar has undertaken studies on germplasm resources ofconiferous and broad-leaved species following these steps. These studies have been carried outwith the assistance of the U.S. Department of Agdiculture (USDA), the Danish Forest Seed Center(DANIDA) and the Food and Agriculture Organization (FAO). In 1979, FAO initiated aglobal
project for the better use and conservation of arboreal genetic resources for rural areas. Pakistan
participated with seven other countries, with financial assistance from the International Board on

Plant Genetic Resources, to gather Information and genetic material for the purposes of evaluation

and conservation. For the arid and semi-arid areas, the project focused on fuel, fodder and shelter
 
trees, which for Pakistan Included Acacia nlotica and Prosopis cineraria. 

Dalbergia sissoo and Eucalyptus camaldulensis also figure prominently InPakistan's industrial andfuelwood uses, and are planted inIrrigated plantations inthe provinces of Punjab and Sind. Robust
and adapted to harsh environments, these species are planted by the provincial forest departments
on state- and privately-owned lands, and along roadsides and canal banks. The wood is useful forfurniture, fuel, fence posts and poles, while the trees provide shade, shelter and Improved sol
conservation. 

aLBGL4 S/SSOO ROXB. (SHISHAM) 

Dalbergla sissoo Is a large deciduous troe with a liqht crown that is found throughout Pakistan. 
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Itgrows fast, although its crooked stem rarely produces straight logs of desirable length. 
Dalbergia furnishes one of the most Important timbers In India and Pakistan and provides excellent 
fuel. In rura areas, its leaves are also used for fuel when they shed in late autumn. 

Ditbution 

Dalbergla Is found throughout the sub-Himalayan tract from the Indus to Assam, and In
 
Himalayan valleys usually up to 1,000 m elevation but ascending as high as 1,500 m. (Troup 1921).

The species occurs along rivers on the plains. Dalbergia grows best on alluvial sol In river beds
 
throughout Its natural range, and appears as a straggling bush at its highest sites in northern
 
Pakistan.
 

Sivitulral characteristics 

Dalbergiasissoo demands strong light; in typically dense stands, the weaker trees are crowded 
out. Although leaves are sometimes affected by severe frost, it Is frost hardy. The seedlings are 
drought-sensitive, and trees grown in Irrigated plantations die In periods of non-Irrigation. It 
requires well-drained soil. The species is prey to the fungal pest Fomes lucidus. 

Dalbergia reproduces easily through seed, coppice shoots and root suckers, with seed ripening in 
December and January. Planting by root-shoot cuttings (stumps) is the most common method, done 
to supplement coppice regeneration. In Pakistan's irrigated plantations, it is grown both as a pure 
crop and mixed with mulberry, with an average annual timber and fuelwood yield of 6.5-13.0 m3 /ha
during early years. Dalbergia isgrown on a rotation of 20-22 years, with standards of 44 and 66 
years age (Siddiqui 1979, Ghani 1974). 

Germplasm resources 

Dalbergiasissoo exhibits great diversity Ingrowth rate and stem form in plantations. Anumber 
of straight-stemmed trees w6re selected InNorth West Frontier Province and Punjab as a step
toward species improvement. Altogether, 425 trees were marked InMardan, Piranwala, Chichawatni, 
Changamanga, Dapher, Muzaffargarh, Faisalabad, and Bahawalpur. Research efforts established seed 
and clonal orchards InPeshawar, Chichawatnl and Mirpur Methalo. Dalbergla has also been 
Included in broad-leaved species trials at Nowshehra, Gatwala and Miani. Growth characteristics of 
the half-sibling progenies have yielded estimates of heritability (Vidakovic and Siddiqul 1968, 
Vidakovic and Ahsan 1970, Rehman and Hussain 1986). These estimates were generally low and 
varied with test sites, seed sources and progenies. 

ACACA NILOTICA SYN A APABICA WILLD. BABUL) 

Acacla nilotica is a moderate-sized, almost evergreen tree with a short trunk, spreading crown, 
feathery compound leaves, and stipular spines on the branches. The cupressiformls variety is the 
most commonly recognized of three, and Is planted by farmers Inarid and semi-arid areas of 
Pakistan for its shape and shade (Siddiqu1 1975). 

The most economically Important tree in the dry plains of India and Pakistan, A. nilotica has a 
whitish and large sapwood. The heartwood is pink, turning reddish brown on exposure, and Is hard 
and durable ifwell seasoned. Uses for the wood Include mining pit props, construction, carts, 
farming implements, boat construction, and fuel. The bark Is used in tanning leather. Pods, twigs 
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and leavme serve as fodder for cattle, goats and sheep. Babul plantations produce honey. Itsthorny branches provide good fencing materil on farms, and Its ability to fix nitrogen Improvesthe &ol. Lac Isgrown on the trees in Sind Province. 

Wbbirlxlion 
Acacia nIlotica appears to be indigenous to the Sind Province of Pakistan and central regions ofIndia. Although the species Isfrost-tender, Itgrows in almost all of the drier regions of Pakistan,including the northern districts where severe frost is common. Itdoes not occur In hilly regions. 

liiutrlchwraerbdra 

Although Acacia n/loticaoccurs indry regions, It requires Irrigation to thrive Inarid climates.In the low rainfall regions of Sind, trees depend on river flooding. The species occurs mostcommnonly on Inundated riverain alluvium and black cotton soils. With considerable soil moisture,babul appears to be capable of growing on saline soil. 

Babul Isa gregarious tree, occuring In pure starxls or as the prevalent species in mixedpopulations. Itdemands strong Ilgh;, regenerating naturally and cultivated easily by seed. In mostlocalties the seed ripens In July. The coppIcing ability of A. nilotica varies greatly. 

Gry resomres 
Trees have been selected for Improved frost resistance. Plantations and nursery stock Innorthern Pakistan are particularly susceptible to frost damage (Siddlqu 1975). The IBPGR/FAOproject iunched In1981 studied the following three methods of Improving Acacia and Prosopis

svecla: 

a)	Acacia nlotica seed of Indigenous and exotic origins were tested against other species withseed provided by DANIDA. Six sources of Acacla nIotica from India were compared withfour indigenous sources provided by Ghazl Ghat, Attock, D.I. Khan and Patoki. Field plantingof these tri=ls has taken place at Dhabeji inSind and :.i Oagar Kotali in Punjab. 

b) Seventy-five Acacla nilotlca var. cupressform/s trees were selected and marked in nine
locations In three provinces for suitability for farm use. 
 From selected progenies, two
seedling orchards have been established at Miani and Kharlan for afforestation.
 

c) A n/otica performance has been compared with that of other broad-leaved species underdifferent ecological conditions, with results that place it among the best performers. 

EUCLYPTUS C4AALDULENSJS DEIN. 

Eucalyptus camaldulensls Is native to Australia and was one of the first species of eucalypts tobe Introduced abroad, Introduced to Pakistan In 1867 (SiddIqul etal. 1979). It Is Australia's mostimportant inland hardwood, with uses ranging from honey production to shelterbelts to sawn wood.A large evergreen with a thick smooth red-gum type bark, It does not usually grow straight. Thewood of E. camalduiens/s grown In Pakistan Is light grey sapwood and reddish-brown heartwood,good for pulp and paper, fence posts, and fiberboard and ,m:ticleboard. After careful seasoning itsupplies good furniture, construction materials, firewood and charcoal (Siddlqul otai. 1984, 1986). 
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Dietion 

From Australia, the species was Introduced to many countries In Asia, Africa, North and South 
America, and Europe In the latter half of the last century. It Is now widely planted, with the 
plantatoxt area and wood productitn on these continents now greater than that of Its natural 
forests InAustralia. 

Slicubral Charctedsfcs 

In its natural habitat, E.camaldulensis grows under a variety of ecological conditions and thus 
shows great diversity In its morphological features (Pryor 1967). In Pakistan, the species grows 
best on exposed sites and Is planted extensively Inboth linear and Nck plantations, on both 
Irrigated and rainfed sites. Plants 6-12 months old are raised Inplastic nursery contalmrs. The 
seed ripens InJuly and August. Its good coppicing ability has generally not been exploited. With 
the combined effects of genetic diversity and Impure seed, the tree crop of E. camaldulensls Isnot 
uniform, with reported annual yields ranging from 15-20 m3/ha. 

Germplasm Resources 

E. camaldulensis Is found to grow in varied environments of both sub-tropical and tropical 
regions of Pakistan. It has been found growing on saline and water-logged soils, and under arid 
conditions. Many species trials conducted in Pakistan Indicate its suitability for afforestation 
(Siddiqui etal. 1979, Pryor 1967, Qadd 1970, and Khan 1955). 

Genetic Improvement of the species has come about through procurement of quality seed from 
Australia, selection of plus trees from existing plantations, and the subsequent establishment of 
progeny trials and seed stands. 

Species elimination trials using seed supplied from Australia 20 years ago Indicated that of the 
56 species, E.camaldulensis grew best InPakistan (Hafeez and Sheikh !972). Preliminary results 
from later trials also suggest that E.camaldulensis Is better suited for conditions in Pakistan than 
E.grandis and E. urophylla. The Alice Springs provenance has shown highest growth rates 
(Siddlqul et al. 1979). Seed stands of p-oven provenances exist at PFI and at Speena shaga.
Progeny trials were established at Chichawatnl and Jamrud, with plans for the best progenies to be 
Included Infuture breeding programs. 

The wide genetic diversity of this species, with tremendous variation at the nursery stage, has 
made the tasks of differentiation and classification very difficult. Only now Isgenetic uniformity 
being achieved at PFI. With the wide range of Australian provenances and the pending taxonomic 
classifications, E.camaldulcnisis offers great potential for exploration, identification and 
experimentation. 

DISCUSSION 

Regarding the genetic variety of E.camaldulensis, Itwas noted that provenance selection should 
be given higher research priority than breeding for Improved stock, given the relative difficulties of 
plant breeding. 
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GENETIC RESOURCES OFE CAMALDUI NSI 

S.J. Midgley, KG. Eldridge and J.C. Doran 

CSIRO Diision of Foret I:search 

Eucalyptus camaldulensis has the largest distribution and range of variability of any of theeucalypts. Wdely planted as an exotic, itprovides wood products for industrialand domestic use.Consmerablevariationhas been found with respect to growth, wood properties, leaf ollcontent and'olerance to droLxlht,salt or frost at the provenance level. Intra-provenance variation Is Importantand Is being Increasinglyunderstood and utilized. Information from well-conducted trials ofabroad range ofprovenances Is essential for optimal use of the species. The problems of seed
availabilityfrom a wide range of provenances are discussed.
 

INTRODUCTION 

The most widely dlstdbuted of the eucalypts, Eucalyptus camaldulensis Dehnh., Is also one of themost variable (Figue 1). In the hot, dry Inland of Australia, ItIsconfined to watercourses where
itcan rely on ground water stored from Infrequent flooding. In less arid regions, E.camaldulensis
sometimes spreads away from its typical riverine habitat to occupy plains and hill slopes. It can befound on the margins of salt lakes and on a variety of sol types, most typically sandy alluvial.Except for a few populations in southern Australia that occur on shallow soils over limestone, the
species is not adapted to calcareous soils. E. camaidulensis grows Intemperate and tropical
climates with rainfall from 200 to 1100 mm annually, with summer rains in the north and winter
rains Inthe south of the continent. The most extensive natural stands are found along the banks
and wide flood plains of the Murray-Darling river system in the inland of southeastern Australia.
In this region, large trees, often more than 200 years old, are cut for sawn timber, railway sleepers

and charcoal. 

E.camaldulensi Isperhaps the world's most widely used tree species for plantings in arid andsemi-arid lands. In addition to extensive (but largely unrecorded) plantings for shade and shelterIn many parts of the world, over 500,000 ha of plantations have been established (Anon, 1979),mainly Inthe Mediterranean Region and particularly in Spain and Morocco. Seed for theseplantings comes largely from local land races established using southern Australian provenances.Planting in the tropics, especially Insoutheast Ada and Brazil, is Increasing with greateravailability of the climatically-adapted northern provenances. This Increase Is reflected by the highworld demand for seed from these northern provenances, vith an estimated 2 tons of seed currentlyexported annually from northern Queensland alone. (The seed Isquite small; each ton yields about600 million germinants.) Another measure of the Importance of E. camaldulensis Is the large and ,,, ,*,1j uumairu for small quanthies of seed for research. In the two and a half years sinceJanuary 1985, the CSIRO Tr .sSeed Centre InCanberra has sent 71 kg of E.camaldulensis to 348researchers .n 79 countries. About 30% of the 1,700 seedlots went to India, Nepal and Zimbabwe. 
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Fgure 1. Natural distribution of E.camaldulens/s, with better-known araas highlighted. 
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rhe success of this species as an exotic isattributed to: 

o its superiority to other trees in wood production on dry, infertile sites; 

o its tolerance of extreme drought and high temperature, combined with rapid growth when water 
is available; 

o deep peoetration of roots; 

o tolerance of periodic waterlogging and soil salinity; 

o some tolerance of frost; 

o good coppicing abilfty; and 

o utility of its wood. 
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The primary observed uses for the wood have been for poles, posts, firewood, and charcoal. InArgentina, Israel, Mexico and Spain it is used for hardboard and particle board; In Burma,California, Morocco, Portugal and Spain it serves as paper pulp. In India, Nepal, Pakistan andTanzania it is grown in agroforestry systems and Isa good source of honey. 

The ease with which the seed can be stored, supplied and germinated has contributed to thesuccess of this species as an exotic. Doran et al. (1987) reported that E.camaldulensis seed storedwell, with no apparent loss in viability after nearly 10 years. 

BIOGEOGRAPHY 

Two forms of E.camaldulensis -- northern and southern -- have been recognized. The northernform typically has rounded operculi on the flower buds, broad glaucous juvenile leaves, fairlystraight stems, white bark, and seedlings which normally bear lignotubers. The southern form hasrostrate operculi, narrow non-glaucous juvenile leaves, rather crooked stems, grey bark, andseedlings in which lignotuber development is rare. Despite the contrast between forms in incidenceof lignotubers, there appears to be no difference between them in ability to coppice after felling.
All provenances tested have coppiced well. 

No distinct boundary appears to exist between the northern and southern forms; most studiessuggest both clinal and mosaic patterns of variation. There is evidence of discontinuous variationin the species from one drainage basin to another, as there is less chance of gene flow betweenbasins than within each (Turnbull, 1973). Varietal or sub-specific names are not used in E.camaldulensis, and plantation foresters seem content to describe their plantation by the name of theplace where the seed was originally collected; for example, 'Albacutya camaldulensis' and 'Petford 
camaldulensis.' 

Eucalyptus camaldulensis is closely related to other well-known species, such as E.tereticornis,E. brassiana and E. exserta. It has long been recognized that where the distributions of E.camaldulensis and E. tereticornis make contact, there are zones of introgresslon where the .hape ofbuds and fruits is intermediate between the two species. This occurs in eastern Victoria and insouthern, central and far-north Queensland, for example. There is speculation, largely based on theoperculum shape of the floral bud and the presence of black-seeded individuals, that stands nearPetford commonly referred to as being E.camaldulensis are actually an intermediate form occurring
in a zone of gradual change between the two species. 

In plantations outside Australia, E.camaldulensls has been shown to hybridize readily with E.grandis, E.tereticomis and other species of the sub-genus Symphyomyrtus (Griffin et al.,forthcoming). Natural hybrids between E.camaldulensis and E. alba are common in northern 
Australia. 

PROVENANCE VARIATION 

As might be expected, given its broad range of natural habitats, E.camaldulensis demonstratesconsiderable variation. Eldrldge (1975) has reviewed results of provenance trials in detail. In thepast, the features which limited wider use of the species were poor growth in summer-rainfall areas(due to the use of poorly adapted provenances), Insufficent frost tolerance, intolerance of very 
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calcareous soils, and crooked stems. Each of these properties varies within and between 
provenances, and the Importance of provenance choice Is now recognized. 

Provenance variation has been recorded In: 

o growth rate 
o wood properties 
o tolerance to salinity 
o drought tolerance 
o frost tolerance 
o leaf oil content and polyphenols 

Growth Rate 

In general, southern provenances (e.g., Lake Albacutya) have shown superior growth in the
 
Mediterranean winter-rainfall zone, and the northern provenances (e.g., Petford, Katherine, Gibb
 
River) have performed better in the tropical summer-rainfall zones.
 

A major international series of provenance trials was Initiated by the Food and Agriculture
Organization (FAO) in 1964 on over 30 provenances covering most of the natural range of the 
species. Seed was distributed to 18 countries, and by 1970 24 cooperative trials had been 
established. Marked va;iation in performance between provenances has been reported (Lacaze 1977),
with the ianking of provenances dependent on climatic and edaphic conditions of the planting site. 
The large differential is indicated by the fact that in a tropical area at Afaka in Nigeria, volume 
yield at age five for the best provenance was three times that of the worst. Observations at this 
site at 13 years confirmed the variation and ranking pattern reported at 5 years (Otegbeye 1985)
and demonstrated that provenance variation contributed greatly to the observed var!,qtion of height
and girth. At Gan Hadar in Israel, in a Mediterranean climate, the difference involume ratio at 
age 10 was 8 to 1 (Lacaze 1977). Major findings from this FAO trial included: 

o Lake Albacutya provenance performed very well in Mediteranean zones, in both vigor and form; 

o Katherine and Petford provenances performed well In the tropics. 

Davkison et aL (1975) recorded the success of northern Australia- provenances in Bangladesh,
where considerable provenance variation occurred. In one case, the ,oestprovenance (Petford) after 
5 years had an MAI (stemwood volume over bark) of 17 m3/ha/yr, and the worst (Fitzroy Crossing,
W.A.) had an MAI of 2.2 m3/ha/yr. Similar results have been achieved in Nepal, where suitable 
provenances have been identified from north Queensland (Emu Creek, Lappa Junction, Wrotham 
Park, Irvinebank) for further planting and investigation (Whte 1986a). 

Wood Properties 

E. camaldulensis shows a wide variety in wood properties between properties. In the FAO trial 
In Italy, basic density at 10 years varied from 443 kg/m 3 to 593 kg/m 3 . In Zimbabwe at almost 8 
years, basic density varied from 487 to 576 kg/m 3 among provenances. Asignficant decrease in 
density followed provenance origin from north to south (Barrett and Carter 1976). 
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Trials in India and Pakistan (Ghosh eta. 1977, Siddiqui et al. 1979) yielded variations in wooddensity and growth rate similar to those of the Italian trials. Particularly high values for basicdensity of tropical provenances (610 to 640 kg/rn3 ) were found in Sri Lanka by Vivekanandan 
(1978). 

El Lakany et al. (1980) examined fibre length of 7 provenances at 2 years. They found asignificant difference between provenances, but no indication of a consistent difference between
northern and southern forms. 

Tolerance to Salinity 

E. camaldu/ensis has been highly regarded for its tolerance of soil salinity. While it has beenknown that some populations have greater tolerance than others (Karschon and Zohar 1975), well­controlled experiments of genetic variation in salt tolerance have only recently been established.Table 1 shows the considerable variation between provenances (Thomson et al. 1987). 
Table 1. Ranking of E.camaldulensis provenances in order of decreasing tolerance of NaCI, in
glasshouse trials. 

NaCI concentration (mM) causing mortality'l-

Provenance 
 State Mean S.E. Homogeneous subsets2 

DeGrey River WA 636 11 aSilverton NSW 613 13 a bWiluna WA 608 12 a bPentecost River WA 587 11
Emu Creek QId 

b c 
565 12 c dQuilpie QId 532 13 d e
Kangaroo Island 
 SA 522 12 e fLake Albacutya Vic 510 12 e fWhiteheads Creek Vic 507 13 e fMinlaton SA 503 14 e f gDouglas Vic 499 13 e f g
Katherine 
 NT 490 13 f gMoree NSW 466 12 g 

'Seawater is equivalent ca. 550 mM2Provenances which do not share a common letter have means that are significantly different at
the 5%level 

Sands (1981) examined the salt tolerance of three southern provenances and found that at 400mM, all the seedlings from Lake Albacutya were healthy despite reduced growth; almost all theShepparton seedlings died; Port Lincoln seedlings showed intermediate performance. 

The salinity level in the root zone at the site of origin, while important to differences in NaCItolerance in eucalypts generally, does not correlate with NaCI tolerance in E.camaldulensis.Localized selection for tolerance occurs for plants growing on more saline sites, although some 
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populations growing in soils of low salt content (e.g., the DeGrey River population) also show highlevels of tolerance. While salt-tolerant trees may be found Innon-saline environments, it is moreeffective to concentrate searches for salt-tolerant genotypes in environments where salinity is
likely to exert a strong selective force (Thomson et al. 1987). 

Drought Tolerance 

Studies have shown that the Lake Albacutya provenance has physiological adaptions to droughtunder experimental conditions (Awe et al. 1976, Moreshet 1981, Grunwald and Karschon 1982).rapid proliferation of seedlings was thought to grant it greater tolerance of moisture stress than 
Its 

other provenances, although the studies do not explain why, in arid areas of northern Nigeria(Jackson and Ojo 1973) and near the Kalahari Desert in Zimbabwe (Barrett and Carter 1970, R.D.Barnes in personal communication), the Katherine provenance has proved the most drought resistant
of several tested, including Lake Albacutya. Katherine provenance also performed well on difficultsites in Bangladesh (Davidsn-n et al. 1985). Other particularly drought-tolerant provenances include
Silverton, Alice Springs, Newcastle Waters and Mundiwindi. 

Frost Tolerance 

E.camaldulensis survives winter frosts to about -10 degrees C in the higher reaches of streams
in southeastern Australia, and about -7degrees C in the semi-desert areas near the center of the

continent. In both areas, severe radiition frosts follow a series of increasingly cold nights. 

Seedlings of southern provenances have been found to be more resistant to winter frosts than
northern provenances (Larsen 1967, Pryor and Byrne 1969). 
 Awe and Shepherd (1975) investigatedfrost tolerance of four provenances in controlled experiments. After hardening to simulate winter
conditions, the two southern provenances (Moree and Nalhalia) proved more resistant to damage ina frost chamber. Without hardening, however (as in spring frosts), the two northern provenances(Katherine and Agnew) showed more resistance and would be useful in many regions too warm forhardening, where sudden frost follows a period of mild weather. White (1986a) recorded chilldamage to leaves and buds of E.cama/dulensis following abrupt changes in minimum temperature inthe Tarai of Nepal. Under these conditions, Gilbert River provenance sustained less damage thanPetford, which in turn suffered less damage than Katherine or Gibb River provenances. 

Further screening should be done to find provenances with greater frost tolerance. 

Leaf O1 Content and Polyphenols 

Studies have shown significant differences in the chemistry of leaf extracts among the provenances. Banks and Hillis (1969) found the polyphenol composition of mature leaves, seedlingleaves and seeds to be distinctive for the northern and southern forms, and within these majordivisions further groupings that followed the drainage system pattern. 

The more economically important leaf oils obtained from eucalypts are complex mixtures ofvolatile organic compounds, and include cineole (used in pharmaceuticals), phellandrene (used in themanufacture of disinfecta, its and germicides), and citronellal (used in the perfume industry). The'medicinal' oils, containing more than 70% cineole and no phellandrene, are in greatest demand and 
command the best prices. 
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The oil yield from the leaves and the proportion of the different constituents vary considerably

according to the species, age, and condition of the leaves. To be commercially Interesting, a
species should contain more than 2% fresh weight oil, with composition high in one or two
Important chemicals. Among the hundreds of eucalypt species, fewer than 20 have been exploited
for their essential oils. Due to the lack of Information on cineoDle-producing eucalypts in the
tropics, world cineole production has depended mostly on temperate species. In recent studies,
however, some tropical provenances of E. camaldulensis, Including Petford, were found to have

surprisingly high levels of cinenle (K.J. White, J.C. Doran In personal communications). Further
work needs to explore how cineole can be simply and cheaply extracted to obtain an Important

additional product.
 

SELECTION OF PROVENANCE MATERIAL FOR TESTING 

The Commonwealth Scientific and Industrial Research Organization's (CSIRO) National Tree Seed
Centre Isoften requested to select a range of provenance mater!al of E.camaldulensis for trial.
Factors considered when making such a selection usually Includo: 

a) climate jf the test site; 

b) results and experience with E.camaldulensis elsewhere under similar soil and climatic
 
conditions;
 

c) results with other species tested at or near the experimental site; and 

d) availability of seed. 

Techniques described by Booth (1987) can be used to identify areas in Australia with cl!matic

conditions similar to those of locations abroad. 
 While climatic matching is not a complete response
to the task of provenance selection, itcan supplement consideration of the above factors.
 

The following are examples of common site-match" -g requests and general recommendations. 

o For sites in the seasonally-6/ tropics: Petford, Katherine, and Gibb River 

o For temperate areas with winter rainfall: Lake Albacutya, Lake Coorong, Lake Hindmarsh 

o For saline sites: De Grey, Wiluna, Silverton 

INTRA-PROVENANCE VARIATION 

Recent research shows that as much variation exists among families of individual provenances asbetween provenances. This information has brought about tl'a modification of seed collection
techniques, resultin;g in more collections maintained as IrvJ!,idual tree collections. 

Outstanding families are common within provenances that may rank 3,4 or 5 Ina test of 20 provenances. By keeping families separate, superior material can be easily Identified and used, and 
Inbreeding of the introduced population can be limited. 
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AVAILABILITY OF SEED AND SEED COLLECION 

Availability of quality seed of known origin often limits the introduction and testing of a new 
species. Fortunately, In the case of E. camaldulensis, CSIRO's National Tree Seed Centre currently
has 157 different bulk seedlots Instock, and a further 798 seedlots maintained as seed from 
Individual parent trees. This collecton has devt!oped over 25 years, and has its foundations In the 
1964 FAO-sponsored collections. Subsequent FAO support and major collaborative collections--with 
organizations such as Brazil's Agricultural Research Corporation, France's Centre Technique
Forestier Tropical, U.S. Department of Agriculture, and the Australian Development Assistance 
Bureau -- have assisted in developing this collection. 

To meet CSIRO's strict standards for seed colloction, parent trees are at least 100 m apart and 
precisely described with respect to botanical identity, collection location, habitat, soil, date of 
collection and number of parent trees. Aseed certificate providing information on geographic
origin, viability, and the number of trees sampled accompanies all seed distributed by the Tree Seed 
Centre. This information is computerized to minimize transcription errors and improve handling
efficiency. Researchers requiring additional seed origin Information can request copies of the 
original provenance record sheets completed during the ccllection. Recipients of CSIRO seed are 
urged to use thL unique 5-figure seedlot number which accompanies the seed. This number provides
the key to the record-keeping system and is now commonly used for international eucalypt 
research.
 

Seed distributed by the Tree Seed Centre ispriced according to a formula based on the cost of 
collection and processing, and is relatively expensive. Prospective purchasers should be aware,
however, that excessive economy in obtaining seed may jeopardize the results of their research 
programs, and the value of resulting plantations. CSIRO has a long-standing policy of exchanging
seed whenever an appropriate arrangement can be made (Turnbull and Doran 1984). 

COMMERCIAL SUPPLY 0,­.SEED 

The Tree Seed Centre .prima,-y aim is to provide authenticated and representative samples of 
Australian tree seed to researchers. Furthe," seed requirements may be secured through commercial 
seed suppliers o. State forest services. The safeguards to employ when dealing with commercial 
seed companies are described by Turnbull (1983). Purchasers must give the dealer an accurate 
specification of the seed required and confirm that the dealer is in a position to meet the 
specification before an agreement is concluded. For example, most commercial seed collectors in 
Australia can specify the origin of the seed they supply. Australia has no tree seed certification 
scheme, however, and it isrecommended that the buyer obtain details of the seed origin before 
purchase. Buyers should not assume that the seed of eucalypts or other Australian genera will 
necessarily be supplied from trees growing in Australia. Seed from exotic plantations is now 
common in the seed trade. 

While there is no immediate threat, concern has been expressed at the conservation of natural 
stands of important provenances. FAO-sponsored collections of Petford, Katherine and Gibb River 
provenances, performed in 1977, have served to establish ex situ conservation stands in Nigeria and 
Thailand under a joint FAO/UNEP project (Anon 1984). Resource conservation stands established in 
1985 by the Zimbabwe Forestry Commission may be future sources of high quality seed for Petford 
and other provenances. 
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AUSTRALIA
 

TREE IMPROVEMENT AND FUTURE STRATEGIES 

For an effective long-term program o; genetic Improvement of a eucalypt plantation, Eldridge(1978) suggested that, among other things, researchers examine the base population to see ifit isthe best provenance, and whether it contains enough variability for continuous selection overseveral generations. The possibility that original provenance material may have been based upon
seed from Nly a few Individuals highlights obvious genetic dangers Inusing thinned provenancetrials as we stands. Moreover, due to significant Inter-family variation, many of the retainedtrees may belong to even fewer families. Thus the base may be Inadequate for a breeding program
to servce a large plantation program. Incraas1nlJy, researchers are returning to the origins oftheir most promising provenances and making broad-based collections from 50 or more individuals inolder to form an adequate foundation for breeding. 

Techniques for clonal propagation of E. camaldulensis through cuttings are well established andrepresent the final step in matching a species to particular sites. It is prudent to make extensive provwmance and family asses3ments before pursuing the cuttings option, and to bear in mind theneed to complement a clonal program with a carefully-planned crossing program. 

Intensive sampling of natural stands of E.camaldulensis Isvital to futuro research, and is
expensive. Detailed planning is required, together with full cooperation with an individual or
Institution Inthe proposed collecting areas. Tumbull (1983) stresses the need for project plannersto consider seed supply during feasibility studies and to initiate seed procurement from external sources 1-2 years before the nursery phase. Failure to allow adequate time for seed procurement 
can place a program at risk. 

International donor agencies and governments should recognize that seed supply Is crucial to thesuccess of tree planting projects, and that sponsorship of special seed collection expeditions Isa 
legitimato and productive use of their funds. 

Users should reduce or eliminate dependence on external seed supplies at the earliest
opportunity. The simplest way to grow seed Is to establish seed production areas by heavily

thinning suitable stands of wide genetic base. Using stands of appropriate composition cansignificantly Improve plantations from first-generation introductions, which inevitably reflect theInbreeding of natural stands. Self-sufficiency In seed supply helps stabilize planting programs and,
in deve~oplng countries, can save valuable foreign exchange. 
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CLOSING REMARKS 

John C.Cool, Natural Resources Management Program, Winrock International 

This morning I am encouraged that an Integration of Information and perspectives has occurred 
at this workshop. Although itIs unfortunate to dichotomize between biological and social 
sclentists, Iwould argue that the rules of rigorous biological science aro much better defined than 
those of the social sciences. On the other hand, I hear the biological scientists saying, 'We need 
to know ifwe are going to reach our target group and how to be more effective In relating what 
we do to the end user" - Inthis case, the resource-poor rural farmer. 

Given the demographic tidal wave described by the Chief Minister of Sind Inhis opening
address, the Issue of farmer size within the target group, In terms of land area controlled, may not 
be as Important as the fact that they are resource-poor. Almost every country is likely to 
experience a doubling of its rural labor force during the next 25 years. Many of these people are 
not farmers at all, but are suppliers of rural labor. We should Include in our calculations the 
landless and near-landless, and those who will be born Into the population with no assured access 
to land. They, also, might comprise a target group. 

It is exciting that the forestry profession is beginning to get the recognition that it deserves. 
I hope this will mean that the profession will be able to attract superior young people and sensitize 
them to the fact that biology Is only one dimension of forestry, that other dimGnsions of forestry
also demand their attention d iring their formative period. 

Watershed management cannot be Ignored. I have written some things about the great Indus 
food nachine. This basin that Is the backbone of Pakistan has the potential to produce food, fiber 
and forest products for a population much larger than the 100 million that currently depend on t. 
It is a global resource, one that requires a vision of management much broader than household 
agroforestry. 

There are opportunities to make conceptual breakthroughs Indiscussions of degraded land and 
the large numbers of under-utilized rural poor In the next jeneration. There are negative factors 
to be considered. First, 65% of the land area of Pakistan is arid, semi-arid, or otherwise degraded.
Some of that will never be productive, but a significant portion could be brought into productive 
use. A second factor is the rapidly growing rural population. How can something positive be made 
from these two negative factors? Perhaps the answer lies In foresters' imaginative efforts to begin 
to give rural people a set of Incentives: secure land tenure, a market price that guarantees them a 
profitable Investment of their time, and leasehold arrangements that make it possible for the rural 
poor to become productive managers of degraded lands. 

This lies well beyond the scope of F/FRED's activities. Still, it is important that participants in 
the F/FRED network understand why this particular set of activities on which they are embarking 
can make a major contribution to all the rations of Assa. For the same applies, in varying ways, 
to all the countries Involved In the F/FRED network. The question Is,what can the network do 
Immediately? There is a tendency to overload F/FRED, to ask it to do much more than it was 
designed to do. The network must define clearly its capacities and work within them to do a 
rigorous scientific job of generating usable knowledge based on the kind of cross-national 
comparative studies that form the core of F/FRED. 

This should not constrain the F/FRED network from suggesting agendas for others, including the 
national forestry communities and the socioeconomic talent pool. As part of this project, or as a 
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follow-on, some attention might be given to increasing the pool, not just of technical capacity inthe realm of forestry, but overall, by bringing younger professionals inand giving them theopportunity to use F/FRED as a learning vehicle. This is the best graduate program in which someyoung professionals could be involved. Some of the best and brightest people doing master's degreework inrelated fields might do research inassociation with F/FRED as part of their thesis effort. 
I feel quite optimistic about the commitment of this group of professionals to recognize themonumental scale and complexity of their task but, nonetheless, to build some bridges and not losesight of the ultimate objective of the resource-poor rural population. 

Given that as our goal, we must be aware that time isacritical element. Scientifically, onemight argue that the replication and validation of the network trials should take 5years, 7years,
10 years, but there isa need at every stage to ask the question, "So what?" What have we
learned that has relevance to the problems which our political leaders face, to the problems ofmaintaining stability in our nation? All of this rests, finally, on what this program can deliver tomake asignificant difference to the well-being of resource-poor rural people. 

Yar Mohammad Khan, Chief Conservator of Forests, North West Frontier Province, Pakistan 
Who is interested incooperation on arid and semi-arid network research? This workshop has
dealt primarily with resecrch organizations and institutes, but feedback from the end-user is
needed. Research isfor application by end-users. Inthis research, farmers are the most importantlink inthe chain. They must be encouraged to cooperate and provide information on what isimportant to them for research. Inthis type of cooperation, then, we need not only foresters, but
also land-use experts, soil scientists, and the farmers themselves.
 

The social and economic factois of this research are important. Unless we have goodinformation about the social setting, projects will not be successful. When we have the end result,
who will provide inputs to the farmers? Inputs of water, fertilizer, and seed must be taken into
account before innovations can be applied. It also may be useful to consider the organization offarmers in community groups or cooperatives that may be more able to apply research results. Thefarmers' perceptions of apractice's economic viability will determine its acceptance. 
How do we transfer the results of our research? For that we need the extension service. Ourinformation system requires communication with the farmer for orientation and validation of
research. We must have an effective method for technology transfer to the farmer.
 

Ta-Wei Hu, Chairman, Department of Forestry, Chinese Cultural University, Taipei, Taiwan 

My colleagues here have already expressed the needs of farmers, and discussed how to meet:hese needs with a feasible network. I come here from the other world, so to speak --theF/FRED network that developed last year for the humid and sub-humid tropics. When we beganhere in Karachi, I felt that many controversies might hamper the development of a network trialfor the arid and semi-arid zone. But after the discussions of the past few days, apicture of anetwork and the basis for a trial have emerged. 

The farmers of different countries have many needs. It isnot possible for us to meet all theseneeds at one time. So we must find a place and a time to make astart. Right here is the place, 
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right now isthe time for us to start our international network trials. They may give.a meaningful
result, a meaningful answer to the questions of which species and varieties should be planted, and
which managements are most appropriate to the needs of farmers in different areas. 
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FIELD TRIP SUMMARY
 

The workshop Included aone-day

field trip to the Miani Forest Research
 
Station and the "hurrli plantations near
 
Hyderabad.
 

"Hurries", block plantations of Acacia
 
nlotlcagrown Inmarginal irrigated plots

of cotton plantations, have been grown by

farmers Inthe Sind province since the
 
1850's, when the practice was Introduced
 
as a condition of small land grants to
 
farmers. A nilotica seed is scattered over
 
a marginally productive
 

Sharns-UI-Haq Memon, Sind Forest 
Department, explains the practice of'hurries" to workshop participants as 
farmrs look on. 

plot and receives only runoff from the 
other Irrigated cotton parcels. For the
first season, the seedlings grow among
the cottor crop. Later the stand Is 
thinned and the cut trees are used for 
goat fodder. After five or six years the 
farmer will find abuyer for his .rve 
crop and itwill be harvested. The plotiiZ.. 
 iIs then cleared of stumps and the

."; .reclaimed land planted with cotton for 
the next season of the rotation. The 
harvested timber Isoften used for pit 
props Inthe nearby mines. There Is 
also a local market for the wood as fuel.A "hurr" stand of A.nlotlca,with 

harvested trees Inforeground. 
At the Miani station, foresters with 

the Sind Province Forest Deparment
described species assessment and 
provenance trials on MPTS species,
Including the F/FRED priority species. 
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Appendix III 

MUL1IPURPOSE TREE SPECIES RESEARCH FOR SMALL FARM USE 
IN THE ARID AND SEMI-ARID TROPICS 

Program 

Monday, November 16 

10:00- 10:10 Opening Ceremony
 
Recitation from the Koran
 

10:10-11:10 Welcome Addresses 
M.I. Sheikh 
T.C. Niblock 
A.Jan 
G.A. Shah 
B.J. Sarhandl 

11:10-11:40 Break 

11:40- 12:30 Structure and Overview of F/FRED (T.C. Niblock) 

12:30- 14:00 Lunch 

14:00- 14:40 Results and Lessons from the Humid and Semi-Humid Zone 
(K.G. MacDicken) 

14:40- 15:00 F/FRED Committee Structure (I- Medema) 

15:00- 15:30 Break 

15:30- 16:00 The Social Science Component of the F/FRED Project (C.B. Mehl) 

16:00- 16:30 F/FRED Global Research Activities (F.B. Cady) 

16:30- 17:00 Towards a Socioeconomic Database on Small Farm Use of MPTS 
(D.Bajracharya) 

Tuesday, November 17 

08:00- 10:00 Existing MPTS Research for Small Farms in the Arid and Semi-Arid Tropics:
An Overview (K.Oka, moderator)
 

Sri Lanka (K.Vivekanandan)
 
India (J.S.P. Yadav)
 
Pakistan (M.I. Sheikh)
 
Nepal (K.P. Prajapati)
 

10:00- 10:30 Break 
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10:30- 12:00 Social and Economic Considerations (C.B. Mehl, moderator)
Present and Prospective Uses of Tree Species In India's Semi-arid
 
Tropics (T.S. Walker)
 
Traditional Sources of Advice for Farmers Planting Trees (J.Qureshl)
 

12:00- 13:30 Lunch 

13:30- 15:10 Germplasm Resourcos for Acacia nilotica, Dalbergia sissoo, Eucalyptus 
camaldulensis, and Azadirachta indica (K.G. MacDIcken, moderator) 

Nepal (R.Joshi) 
India (G.Cheema) 
Australia (S.J. Midgley) 
Pakistan (K.Siddiqul) 

15:10- 15:30 Break 

15:30- 16:30 Network Field Trial Design (F.B. Cady) 

16:30- 17:00 Summary and Discussion (T.W. Hu, moderator) 

Wednesday, Novembcr 18 

7:00- 18:00 	 Fik?!d Trip to Farm Forest "Hurri° Plantations and the Miani Forest
 
Research Station near Hyderabad
 

Thursday, November 19 

8:00- 09:00 Definition of Small Groups (C.B. Mehl and T.W. Hu) 

9:00- 10:30 Small Group Meetings on Network Field Trials 

10:30- 11:00 Break 

11:00- 12:00 Small Group Reports 

12:00- 13:00 Lunch 

13:00- 14:00 Planning Session for Future Network Activities 

14:00- 14:30 Summary 
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