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1. The Nepalese context 
The Nepalese context in relation to breeding for improved farmland trees may be simplified into 
eight headings (based on Lillesø et al. 2001a): 
(1) A large number of trees are utilised by rural small holders in Nepal for multiple purposes and 
in multiple ecological zones. Well-adapted seed sources may ensure a reliable yield for farmers, 
while maladapted seed sources may result in loss. The size of such loss or ‘values forgone‘ by 
applying non adapted seed sources has not been established at present, but a risk for large losses 
obviously exist, (2) Trees provide the rural communities with wooden products, serve as a cash 
crop and provide jobs in local sawmills and small manufacturing industries. This is especially the 
case in the low land where transport is less complicated, (3) Trees provide fodder that is of 
crucial importance for cattle feeding, and - through manure and bedding – provide a key input of 
nutrients to the agricultural system. Improved trees in the farmlands are a key to improved 
agriculture. Also, fruits are of crucial importance for human nutrition. (4) Many fruit trees have 
complicated pollination systems, scattered distributions in the farmland and are often propagated 
from vegetative propagation, (5) Extraordinary large ecological variation exists within small 
geographic distances in Nepal. The distribution and production of species varies drastically with 
the extreme topographic variation in the country (from alpine to tropical). Special attention must 
thus be given to ecological considerations, and GxE interactions may reduce gain substantially 
for many species unless improvement is performed according to a multiple breeding populations 
approach, (6) Infrastructure is poor in large parts of Nepal. Travel by foot is important and 
movement of seedlings often limited to short distances. Delivery programmes are most likely to 
function if based on decentralised propagation, (7) Experience with tree improvement in Nepal 
was very limited prior to the initiation of the tree improvement programmes in 1994, and training 
and capacity building were required, (8) Tree seed is not traded on effective markets. Structures 
for exchange of seed and information are lacking and this increases the need for integrating 
considerations for delivery systems when designing the improvement strategy.   
 
2 Tree plantings in the heterogeneous landscapes 
Most farmland tree species grown for fodder and fruits are relatively fast growing, but their 
genetic potential is under-utilised as largely undomesticated varieties are grown. It is well known 
that improved growth, quality and adaptation can be achieved by carefully selecting the best seed 
sources when raising seedlings for a given planting (Foster et al. 1995). Genetic potential can 
therefore be released to the benefit of rural people, if a proper species-site and seed sources-site 
matching is performed, and if the species are brought into a careful (but unsophisticated) 
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domestication process. A Tree Improvement and Silviculture Centre (TISC) has been formed in 
Nepal to meet the challenge of  implementing a programme for breeding and delivery of 
improved planting material  to the benefit of rural small holders. 
An important step in implementation of the breeding and delivery programme was development 
of a Tree Planting Zones system based on ecological mapping (Lillesø et al. 2001b). This was 
done in the form of an ArcInfo data base that combines available GIS data with information from 
available vegetation surveys and existing vegetation maps (Lillesø et al. 2005). The planting 
zone system is intended for delineation of both breeding and deployment zones. Planting sites 
with similar environmental conditions are thus grouped together into zones (in some cases a 
given tree planting zone may consist of several physically separate areas with similar ecological 
conditions). The idea is that specific seed sources can be developed for – and applied in - a given 
planting zone increasing the likelihood of fast growing, healthy trees. The system of “Tree 
Planting Zones” is thus intended to become part of a tree seed distribution system aiming at 
contributing to improved living conditions for the rural small holders in Nepal, even for species 
that has not yet been improved through selection and breeding. 

 

3 Species selected for domestication though genetic mobilisation and seed source 
establishment 
Many of the species that are of potential interest for the farmers for planting have become rare in 
the natural forest and are only to an extremely limited extent available on the market (Lillesø et 
al. 2001a). The limited distribution of species and their non-availability on the market appear to 
have created a situation where farmers in a given area can only select among a relatively small 
number of the species that have potential for that area. Because farmers in different areas use 
different species, the total number of species used by farmers is large. Domestication strategies 
should therefore include development of seed sources for a correspondingly large number of 
species with different degrees of intensity.    

The farmers use the large number of species for different purposes, and at different time of the 
year. There is no straightforward way of selecting high priority species for farmers’ 
domestication in Nepal. A combined approach for developing initial priorities can include (1) 
identification of species suitable for specific conditions and providing valuable products (‘asking 
the scientists’), (2) preference studies (‘asking the farmers’), (3) market surveys and letting the 
markets determine which species that have a potential demand (‘asking the market’). In the 
longer run, introduction of new seed sources and exchange of information between farmers may 
be a valuable tool for identification of farmers’ preferences. It will in the end be up to the market 
to decide whether these species in the long run will attract sufficiently interest from the farmers.  

In Nepal, the initial selection of species for domestication was based on the two first tools, 
‘asking the scientists’, and ‘asking the farmers’. This lead to initiation of so-called BSO 
programmes for the following 7 species:  Dalbergia sissoo, Bauhinia purpurea, Bauhinia 
variegata, Choerospondias axillaris, Michelia champaca, Bassia butyraca, and Phyllanthus 
emblica.  These species were mainly selected due to the small holders’ recognition of their high 
value as timber, fodder and/or fruit trees. It is the intention that this species list should increase 
over time.  

In addition, a number of species were targeted by establishment of so-called Farmland Seed 
Sources (cf. section 4 below), mainly in cooperation with two private seed enterprises that buy 
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the seed from the respective tree owners (Dhakal et al 2005a) These species were: Artocarpus 
lakoocha, Bauhinia purpurea, Bauhinia variegata, Boehmeria rugulosa, Choerospondias 
axillaris, Ficus auriculata, Ficus glaberrima, Ficus glomerata, Ficus hispida, Ficus lacor, Ficus 
neriifolia, Ficus semicordata, Ficus subincisa, Grewia optiva, Litsea cubeba, Litsea monopetala, 
Saurauia napaulensis, Azadirachta indica, Cryptomeria japonica, Eucalyptus camaldulensis,  
Flemingia macrophylla, Melia azedarach, Morus alba, Pinus patula, Tectona grandis. 

A further number of seed sources were identified in forests belonging to different Forest User 
Groups (FUGs). These covered the following species (Dhakal et al 2005a): Acacia catechu, 
Albizia lebbeck, Albizia procera, Alnus nepalensis, Bombax ceiba, Cinnamomum tamala, 
Dalbergia latifolia, Fraxinus floribunda, Garuga pinnata, Michelia champaca, Phyllanthus 
emblica, Pinus roxburghii, Pinus wallichiana, Prunus cerasoides, Taxus baccata, Pterocarpus 
marsupium, Toona ciliata.  

 

4 Supplying tree seed to meet the immediate demand 
Urgent seed insufficiency can easily lead to a perception, that the main challenge is to provide 
sufficient quantities of seed of the desired species in a sufficiently decentralised ways to make the 
seedlings easy accessible to the targeted farmers. That is a 100% focus on providing seedlings of the 
right species into the hands of the farmers. Under such conditions, genetic quality of the seed is 
rarely taken into account. Seed procurement is normally seen as an important activity that can be 
handled independently from the question of good genetic quality.  The potential value of tree 
improvement and gene conservation may be recognised, but being a task for specific tree 
improvement and gene conservation activities – not something that should be the concern of tree 
seed providers.  Such a perception of seed procurement is understandable given that many NGOs, 
governmental organisations and tree plantings projects face severe deficits of seed from species that 
can improve the livelihood for millions of farmers. However, the problem with the above ‘first seed 
procurement-then-genetic-improvement’ approach is that seed procurement in most cases will have 
substantial and direct influence on the genetic quality, whether purposely or not. This is because 
seed procurement involves a number of activities that has the potential to trigger strong genetic 
processes such as genetic bottlenecks (that can cause inbreeding depression and random genetic 
drift in present or later plantings), movement between ecologically different environments (that can 
lead to poorly adapted trees and initiate strong selection processes), or collecting seed from trees 
with unusual phenotypes (that can lead to over representation of specific traits in the distributed 
seedlings). If approached positively, these genetic processes may actually be used as an almost free 
engine for improved genetic quality and productivity. If ignored, they may decrease the productivity 
of the trees and thereby provide the farmers with suboptimal trees.  

TISC have tried to accommodate the genetic factors by developing a strategy for immediate seed 
supply based on identification of two types of ‘above-average’ seed sources suitable for immediate 
seed collection.  These two types are (i) Farmland Seed Sources (trees scattered in the farmland), 
and (ii) FUG seed sources (trees in forest managed by Forest User Groups). The basic idea is to 
reduce risk of mal-adapted trees by working within planting zones, reduce the risk of negative 
genetic selection by collection seed only of trees that are of above average performance, and reduce 
the risk of genetic bottlenecks by including seed collected from a fair number of un-related trees in a 
given seed-lot.  



 

 106

The issue of ‘relatedness’ between seed trees is complicated as many tree species in Nepal have 
been planted by the farmer from cuttings/seeds/wildlings from an unknown (but most often 
small) number of mother trees. In some cases the farmer can provide information on the origin, 
but it may be difficult to infer on the genetic basis of specific trees, and information often lack 
altogether. There is no simple and quick solution to the risk of high relatedness among trees on 
farmland. When establishing new improved seed sources, the problem can be handled through 
the design and breeding strategy, but for the trees that must serve for immediate production one 
must accept that the seed may be somewhat inbred as trees may be pollinated by close relatives. 
The problem with ‘risk of relatedness’ of the trees in the farmland can be partly addressed by 
including trees from a number of different farms. The idea behind this approach is that seed trees 
on different farms are likely to be less related than seed trees on the same farm, because farmers 
often have propagated trees by grafting (or seed collection) from older trees on their own or 
neighbouring farms. Collection of seed from a number of different farms therefore reduces the 
risk of procuring seed with very low level of genetic diversity. It will not reduce the average 
level of inbreeding in a given seed lot ‘here and now’, but it will increase the level of diversity 
and thereby reduce the risks involved in using trees over a large area that represents a genetically 
narrow base. Also, tree planting farmers may use their new trees for future seed collection. At 
that time they will benefit from being able to collect non-inbred seed because they planted trees 
from a genetically diverse seed source.  

In order to be classified as selected seed source, the farmland seed source should meet a number 
of general criteria. These include (i) Basic documentation, (ii) Minimum number of healthy and 
vigorous trees have been identified, (iii) Minimum requirements on the distribution of these seed 
collection trees - in order to ensure that seed are collected on trees that have other trees of the 
same species growing within pollination distance (reduce risk of collecting selfed seed, see Table 
1, below), (iv) all seed trees must be ‘good trees’ as evaluated by local farmers using the species 
(reducing the risk of negative genetic selection), (v) in case of unknown origin: seed trees should 
be distributed on several farms, depending on normal propagation method (see Table 1, below). 

 

5 Improved seed sources through recurrent selection: The Breeding Seed Orchard concept 
The tree improvement programme in Nepal was from the beginning in 1994 planned to build on 
the principles of the so-called BSO (Breeding Seed Orchard) concept developed by Barnes and 
co-workers in Africa (Barnes, 1984;1995). Due to the heterogeneous environments in Nepal, 
Domestication is intended to be implemented in a multiple population approach (cf. Namkoong 
et al 1980). A BSO is a seedling seed orchard that serves multiple purposes: (i) genetic test 
comparing trees within and between progenies, (ii) seed orchard for collection of improved seed, 
(iii) breeding population for selection of next generation plus trees. The BSO must be designed 
accordingly in order to accommodate all functions (Barnes, 1995; Dhakal et al 2005a). The 
approach has been identified as potentially suitable for many programmes in developing counties 
(Graudal & Kjær, 2001), and is especially appealing to the Nepalese context as it is based on low 
input, combines substantial gains with relative high level of genetic diversity in the plantings, 
and fits well into a decentralised delivery system (Kjær et al. in progress) . This expectation is 
supported by the results so far from Nepal, which suggest that the approach will lead to 
substantial genetic improvement for both Dalbergia sissoo (main product: timber) and Bauhinia 
purpurea (main product: fodder for cattle) (Jha et al 2006; Kjær et al. in progress).    
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Table 1: Recommended sizes for a classified farmland seed sources in Nepal according to TISC 
standards   
 
SOURCE: (Slightly modified after 
Dhakal et al. 2005) 
Species  characteristics 
 

Minimum 
number of 
selected, 
superior trees 
 

Minimum number 
of trees that must 
have contributed 
to a given seedlot 

Minimum 
number of 
farms involved 
in collection to 
a given seedlot 

Trees that farmers normally propagated 
by cuttings or grafting (e.g. Ficus) 50 30 15 
Trees that farmers propagated from 
either seed or cuttings/grafting 50 25 10 
Trees that farmers normally propagated 
from seed from multiple sources 50 20 5 
Predominant pollinator Maximum distance from the seed trees to other 

trees in the farmland seed source 
Beetles 100 meters 
Insects 200 meters 
Wind 200 meters 
Bats, birds, large bees 200 meters 
Fig wasps 1000 meters 
Note: Numbers are selected in order to obtain acceptable Ne given a number of assumptions 
 
A number of steps are involved in the Nepalese seed source programme: (i) Survey gene pool for 
target species based on field observation within defined ecological zones, (ii) Selection of trees 
in the landscape and seed(/graft) collection, (iii) Establishment and maintenance of BSOs at one 
or multiple sites, (iv) Assessment and analysis of BSOs, (v) Genetic thinnings in the BSO 
leaving superior trees, (vi) Distribution of the improved seed. Each of the steps must be adapted 
to the specific species. The Nepalese programme operates with two levels of BSOs: intermediate 
level – where progenies are kept separate in the BSO, and simple level – where progenies are 
mixed prior to planting. In simple level BSO, genetic progress relay on simple phenotypic 
selection for ‘ideotypes’ (=best tree) in the BSO. However, as family structure is maintained in 
the intermediate level BSOs, these can be assessed for multiple characters; genetic parameters 
can be estimated, and combined within and between family selections performed. The 
assessment and estimation step can easily become a bottleneck in the programme if all BSOs are 
to be assessed, genetic analysis performed and result implemented for genetic thinning. 
Therefore, it is anticipated that most of the selections in the BSOs will be based on phenotypic 
selection ‘within progenies’ as this will be a simple operation (=select best tree within each plot). 
Such a strategy can simplify the selection procedure dramatically, and the loss in potential gain 
compared to a combined within and between selection regime will be small as long as long as 
heritabilities are not very low (Kjær et al in progress).  Still, it is valuable to maintain family 
structure in at least some of the BSO for a given species, because it allows inference on genetic 
parameters of importance for guiding effective selection. It is e.g. valuable to be able to predict 
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expected response (and correlated response) following selection for a given set of traits. Also, 
unforeseen events can happen. One of the intermediate level BSOs of Dalbergia sissoo (located 
at Sunsari, Eastern part of Nepal) has e.g. suffered from a severe attach of Aristobia horridula 
beetles killing a large fraction of the trees. Based on observation in the BSO, Dhakal et al. 
(2005b) could identify a clear genetic pattern with large differences between the Sissoo 
progenies in their degree of infestation. On the other hand, simple level BSO offers them selves 
to recurrent selection in decentralised BSOs spread over the country.   

Will it work? 
The experience from the Nepalese low input breeding programme has so-far been that technical 
shortcomings and biological obstacles do exists, but these can be addressed and handled without 
major problems. However, two key challenges remain to be addressed:     

• Will the seed get into the hands of the farmers? 

• Can financial sustainability and cash flow be maintained ensuring the programme to 
develop according to the plans? 

The overall success of the programme is likely to depend more on these two issues that on the 
technicalities related to the development of the low input approaches. However, compared to 
other types of tree improvement programmes, we see the Nepalese low input programme as a 
god point of departure for obtaining good delivery and sustainability as well as good gains.  

Acknowledgements: to many people who have been involved in the TISC programme in Nepal. 
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