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ITINEFURY, INSTITUTIONS liND PERSOKNEL VISITED . . . . . ; . 

This report follows a two-weeks ' consultancy for  International 
k g r i c u l m  Develwment Service in March 1983. Limited t ravel  was mde 
t o  Pokhara, R a v ,  Hetauda, and h i l l s  ,around Kathandu. Extensive 
consultations were held with forestry and a g r i c u l k d .  research and 
extension personnel in Nepal. 

The primary objective of this consultancy was t o  a s s i s t  i n  ,the deve- 
lopment of a strategy t o  exploit t rees  of the  germs Leucaena. This was 



interpreted broadly t o  include species of nitrogen-fixing t rees  with 
similar versa t i l i ty  for  s m a l l  farm use in Nepal (as fodder, fuelwood, 
green manure 1. 
2. ABSTRhCI! 1ND RECOMMENDATIONS 

2-1 Abstract (Numbers in parentheses refer  t o  paragraphs in Chapters 
of the report) 

Deforestation rates of the tropics (3-1 ) and in Nepal (3-2) are 
ci ted tha t  suggest severe fuelwood and t r ee  fodder def ic i t s  within few 
years. Excessive animal populations (3-3) create a feed burden tha t  
cannot be met i n  ths future without greatly expanded fodder production. 
The "sacredness1' of trees i s  posed as an ancient but timely philosophy 
(3-3). Nepal's energy needs are reviewed, and the central role  of wood 
emphasized (3-4). Animal t r e e  fodder needs a r e  placed a t  300,000 ha. (3-4) 
and fuelwood needs a t  1.1 million ha. (3-2). 

Fanning systms tha t  integrate fodder/fuelwood trees with food crops 
are considered a mandate f o r  Nopal (3-5). 

A review is made of fodder t r ee  species i n d i p a u s  t o  th i s  country 
(3-6); it i s  clear tha t  hunting and gathering can not long continue, and 
that trees w i l l  disappear unless they are protected or intentionally 
lanted as fodder. The major exotic fodder t rees in Nepal are cited 

f3-71, and the i r  almost universal capacity t o  f i x  nitrogen underscored. 

hucaena i s  considered an outstanding gems for fodder t ree  and 
f'uelwood evaluations in small farm systems of Nepal (Chap. 4). I t s  
adaptabili ty and neral limitations below 1500 m are reviewed (4-1) 
and its uses (4-2f Important species ard variet ies  of the pnus  are 
cited, and the value of L. diversifol ia  i n  midland-highland t e s t s  noted 
(4-3). Seed sources f o r  leucaena (4-4) and methods of establishment (4-5) 
a re  summarized; protection of the young plant  from browsing animals i s  
underscored as the single most serious problem i n  much of Asia, where 
the gems has come in to  wide popularity (with over 30 tons of seed 
marketed annually, about 600 million trees were t h y  t o  survive). 

Current evaluations of leucaena i n  Nepal ( 5-1) and farming systems 
approaches suitable there (5-2) are considered; the extreme importance 
of Compost t o  upland cropping and the exceptional d u e  of leucaena as 
green manure are underscored. It i s  recommended that & ? o f  bl.estry 

be $d$kate d w j 3 h  .fod- ,a a 2 omp onent in farming systems 
5 3  and 2-2). Consultant i t inerary (Chap. 6) and reference citations 

conclude the report. 

2-2 Recommendations 

It is recommended tha t  an agroforestry component be incorporated in 
farming systems ac t iv i t i e s  of Nepal (5-3). A t  this .time, s p e c s i c  focus 
i s  recommended on L o w  H i l l s  and Terai, primarily in- con junction with 
upland crop systems. Leucaena would be the tree/shrub of choice, but 



experimental work in i t i a t ed  with other nitrogen-fjxing trees notably 
with hi &$and adaptability, 

Proposed leucaena management schemes f o r  Nepal (5-2) are many, 
ranging from plantings solely f o r  such uses as forage, fuelwood, green 
m a n u r e ,  and s o i l  stabilization--and w i t h  t h i s  suspected order of p r io r i ty  
t o  s m a l l  farmers. However, I view the green mmm m e  as one having greatest 
ultimate impact an eoonany of Nepal; fodder is t o  be sure a c r i t i c a l  need 
of high concern t o  farmers; fuelwocd needs i n  a decade will be incredibly 
aevere in same areas, 

Tm major projects are proposed (5-3). One is  based on leucaena as a 
I-& tall hedge, densely planted, on margins of terraces, o r  along 
contaurs and on terraces ('lavenue croppingt1 ) with row crops l i k e  maize 
between.. Green manure ef fectivenes s would be ewrlua.ted/demonstratd a8 a 
contribution, in varying proportions, t o  t radi t ional  compost. Some 
f'uelwood and fodder use is expected, and slope stabilization would be a 
major feature af the design; but impraved crop yields through the high- 
Nitmgen su~plement t o  compost would be a central target. 

A s e e d  project would more generally r e f l ec t  the f l e x i b i l i t y  of 
lqpaena in smaU fann management; the plants  would be grown a s  small 
t rees  t o  be lapped f o r  fodder and harvested periodically f o r  fuelwood. 
Trees wwld be spaced about 1 sq. m. per  t ree,  nonnally lopped annually 
tc p-de bow small! fuelwocd and fodder (e. g., in m i d  dry season). Tree 
l q a t i o n  could include marginal lands, around buildings, d o n g  t r a i l s  a.rd 
reeds, Protection d w n g  establishment is a primary concern, and 
tmmsplanting of vigorcus young t rees a t  onset of monsoon would be very 
$#iicious. O p t i m a &  t rees would be considered experimentall f o r  sindlar 
managemenhas Q w c i d i a  sepium in lowlands, black locust f Robinia 
pt%ud-+b highJ.ands, No single fodder t r e e  can embrace a l l  of Nepal's 
ecolaeal  gates, and loca l  preference f o r  use of indigenous species 
must be r e  ected (but appears t o  presage many years of adaptive research, 
se t t ion  3-6 7 . 
3, FORESTS AND FODDER TREES OF NEPAL 

3-1 Tropical Deforestation 

Closed ferests  (by definition = 20% or more forest cover) of the 
tropics were estimated in 7975 t o  include 1260 million ha. By the end 
of this century, these forests  will have dwindled by 38%, t o  780 million 
ha. ( F ~ o b o r l d  ~ a n k )  , These losses impinge i n  major ways on fodder use 
as nell as fuelwood resources. I n  regions of heavy overpopulation of 
c a t t l e  and g*ats, as in  Nepal, fodder t rees can only survive through the 
intervention and di rec t  care of man. The ten-fold increase in petroleum 
prices of the past decade have increased fuelwod demands, and many 
national o r  regional estimates of forest  depletion rates may be 
considered very conservative. 

Nepal i s  a $and of about 15 million hectares, about 20% of th i s  
abays timberline, Closed forests  of Nepal a re  currently estimated a t  4.5 
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million ha, about 29% of t o t a l  land area. Historically,  f o ~ s t s  m y  
have covered about 70% of this country, a l o s s  of over half  the fores t s  
in  the past. Present losses  a r e  estimated t o  occur a t  a r a t e  of 100,000 
ha/year, with World Bank predictions of complete fo re s t  l o s s  in the h i l l s  
by about 2000 AD and in the Terai  by 2010 ( ~ a ~ u e  1981). 

The remnant fo re s t  a t  the  end of the century w i l l  be l a r g e l y  
inaccessible  (as indeed much of it is now), on nomgricultural  lands 
(of ten acid oxisols), having species l i k e  p ine  with no fodder value; a 
remnant i s  a l so  expected t o  occur in guarded natural  fo res t s  and preserves. 
A natural  outcome of such deforestation is the  loss  of native tree species, 
adapted t o  the climate but no t  ts the hman pressures of t h i s  eouptry. 

Reforestation e f for t s  i n  Nepal have been focussed on pines, notably 
Pinus roxbur~hi  & on non-agriculturd. red h i l l s .  l i f t  estimated 3000 ha 
has been planted a n n u d l  a f i n e  s t a r t  toward a most challenging goal. 
One estimate ( ~ o r l d  B ~ n k  3' of the complete f o r e s t  needs fo r  fuelwood 
alone by 2000 kn is  1.1 mill ion ha, o r  61,000 Wyr. These f o r e s t  needs 
seem generally w e l l  defined and known in Nepal, and receive both concern 
and extensive internat ional  a t t en t ion  and support. It is my impression, 
however, t h a t  the focus i s  f a r  too heavily on prcducing fo re s t s  t o  cover 
h i l l s  r a the r  than on growing t rees  as  an adjunct  t o  farming systems t o  
serve human and animal needs. 

3-3 S~ .c red  Cows and Trees 

The estimated l ivestock population of Nepal in 1979/80 was 6.2 
mill ion ca t t l e ,  2.7 m buffalo, 0.6 m sheep and nearly 4 m goats. Despite 
t h e i r  recognized importance f o r  milk and power, most c a t t l e  a r e  very 
poor i n  breeding, feeding, and disease resistance,  and const i tu te  an 
excessive f e d  burden. As symbol of man's i d e n t i t y  with a l l  l i f e ,  the 
cow i s  viewed a s  sacred t o  Hindus. I t  is a problem of staggering 
magnitude t o  introduce the concept t h a t  one heal-thy animal can produce 
t e n  times the  milk o r  5 times the work, but  it is being done (e. g., Bhara- 
t i y a  Agro Industries Foundation, h e ,  ~ n d i a ) ,  cu7d must occur i f  Nepal 
i s  t o  e f fec t ive ly  control  deforestation. I n  the  meantime, fodder needs 
c l ea r ly  seem, i n  the  public eye, of greater  importance than fuelwood 
needs. This w i l l  change within a decade or more, as fuelwood shortages 
a r e  ce r ta in  t o  becomc severe. 

Gautam the Buddha, Nepalese founder of Buddhism 2500 years ago, 
recognized the importance if not sacredness of trees akin t o  tF& of 
c a t a e .  He charged followers t o  plant  a t  l e a s t  one t r e e  every 5 years. 
It would  require tkt Nepalese plant  a t  l e a s t  10 t rees  per  year per  
person t o  achieve the oal  imagined by World Bank ( 1. I mill ion ha., 
assuming 2500 trees/ha f . A c r i t i c a l  concept, however, is t h a t  a t r e e  be 
protected from the animals u n t i l  mature, and this is not understood in 
most of South Asia by laymen. Aggressive protection i s  mandated. I n  any 
t r e e  plant ing area  with fodder trees, measures presently viewed a s  severe 
w i l l  be essen t ia l  t o  succes s-i. e., t e the r ing  of dl animals, expulsion 
of f e r a l  animals, including monkeys; fencing w i l l  be mandated f o r  



experinants (solar-powered e l e c t r i c  fences might be considered). But no 
program w i l l  succeed unless accompanied by an education and extension 
program emphasizing t h a t  a fodder t ree ,  l i k e  a corn plant o r  rice: plarrt 
cannot be fed ad l ibitum t o  animds, wild o r  cultivated. 

3-4 Wood Needs of Ne~al  

The wood needs of developing countries has been estimated a t  0.8 m3 
pe r  person, of which about h d f  is needed d i r e c t l y  in cooking, and I/& 
f o r  heat, 1/4 f o r  other wood uses around home and farm. I f  l e s s  than 0.4 m 3  
per  person is available, food qual i ty  can deter iorate  and impact d i r e c a y  
on health. Nepalt s f'uelwood use alone i s  estimated a t  .91 d ,  higher because 
of cooler temperatures and extensive use f o r  "trekLe;-s". T h i s  consti tutes 
about 8% of a l l  energy cons tion, and . more than 95% of t o t a l  wood 
use in rural areas (Haque . Dung and p l a n t  residues account f o r  a 
very m a l l  amount of energy, while petroleum fuels  make up 8.6% cf energy 
needs. 

Fuelwood dl remain the pr inc ipa l  source of energy f o r  rural people 
i n  Nepal f o r  many decades. Although hydropower reserves of Nepal a r e  
great, t he  investment t o  provide in f ras t ruc ture  bringing e l e c t r i c i t y  t o  
the  average farmers i s  beyond comprehension. There is a c l ea r  mandate t o  
teach farmers t o  r a i s e  f u e l  just  as  they r a i s e  food. I t  is  the  n r e  farm 
t h a t  does not  have unused o r  marginal por t ions  i d m l  f o r  a few fuelwood 
t rees .  

3-5 N a a , l l s  Fodder Tree Needs 

Large animals consume about 2 T. dry  mat ter  annually, perhaps ten 
times t h a t  of a human being i n  NepLd. Nepal's animals derive an estimated 
3% of t h e i r  feed from trees ,  with most of t h i s  use occurring during the 
d ry  winter season. Seasonally deciduous t r e e s  a r e  thus of l e s s  value. Using 
an estimated 10 mill ion l a rge  animal un i t s  f o r  Nepal, t h i s  would amount 
t o  7 million tons (dry) of feed from t r ee s  alone (a sta gering 1,~00,000,000 
backpacks of 50 kg each). With our best  leucaena yields f15 - 20 ~ /ha /y r  
of edible dry matter f ram hedges harvested 4 times/yr), these feed needs 
could only be met by 'If odder forest' '  land a r ea s  in excess of 300,000 ha. 

Reflecting on needs of this magnitude, Panday (1981) and others urge 
g r e a u y  expanded growth of fodder t rees .  Their  use is recommended on 
erosion-prone h i l l s lopes  and marginal areas of  small farms. Immediate 
needs a l so  include: 

. Improvement of fodder quality, with emphasis on t rees  

. Reduction of animal populations and emphasis on buffalo . Stall-feeding ("a necessity") 

I t  is  c lear  t o  me t h a t  farming sys tem integrat ing fodder t rees  a d  
food crops a re  mandated, and t h a t  any t r e e  planting t h a t  does not involve 
the  fodder option or  companion pastoral  grazing i s  unwise. 



3-6 Fodder Tree S ~ e c i e s  of N e ~ a l  

Very many t rees  serve as animal fodder in S.C. Asia, probably a 
greater divers i ty  than a n y w h e ~  e lse  in the world. Trees a re  disrobed 
s t a r t l i n g l y  t o  serve a s  animal feed, with the  hope t h a t  the monsoon 
will restore leaves normally. Aliinost any l i s t  of fodder t rees  can be very 
misleading, as ruminant animals, notably goats, will u t i l i z e  almost any 
p lan t  as feed. The following fodder trees,  most of them indigenous, a re  
of recognized importance in Nepal (panday,. 1981; Kessler 1981; Van 
Swinderen, 1978). Nitrogen-fixing species a r e  annotated (NIT), and 
highly favored species a re  noted with an aster isk:  

TERAI ( t o  1000m) 
Albizia lebbek (NFT) 

"Bauhinia purpurea (legume, but not NFT) 
Boehmeria rugulosa 

-- E-variegata (NFT) 
Garuga pinnata 

Vern r iMia  tomentosa-a favored, large leaved species 
Zizyphus incurva 

'LCMB I l I u S  ( t o  1500m) 
Alrrus n e w e n s i s  (NFT) 

*Artocarpus 1a.kooch.a 
Bassia butyrachea 

*Bauhinia longifolia,  B. variegata (legumes, but not NFT) 
Celt is aus t r a l i a  
Erythrina arbores cens 

*Ficus spp. (cunia, lacor, %emoralis, *roxbur&i) 
Grewia spp. ( t i t i a e f  olia, oppositif o l i a )  
b i t sea  polyantha (a  prized wood), L. c i t r a t a  
h c h i l u s  gamblei 
Prunus cerasoides 
Quercus spp, ( glauca, incana, l a n w o s  a) 

*Sarauria nep lens i s  
%hima w d l i c h i i  
Shorea robusta 

HXXIdUD ( t o  3030 rn) 
Bras siopsis glomerulaw; 5. hainla 
Castanopsis tribuloides, C, spp. 
Machilus odoratiss ima 
Quercus spp. (semicarpif olia,  lamellosal .  

; *salix spp. 

Many of these species can provide fuelwood, but lack high-quality 
- fodder; t h i s  would include native species l i k e  Acacia catechu, Betula spp., 

Caskmops is  spp., Rhododendron spp., Schim wcillachi, Shorea robus ta, 
some of them a lso  inq3rtant timber trees.  Many of the species above are 
multipurpose, with useable t inbar   i it sea), foods (iirtocarpus, ~ a u h i n i a )  
and medicinal uses. Notably a t  higher elevations, many of these t rees  
require 10-20 years t o  reach a f odder-useable age, and over-lopping can 
quickly k i l l  sme  of them. 



These species are collected f o r  forage i n  classic hunting- 
ggthering tradition; they are  not raised & foram. This dis t inct ion 
must be stressed; just  as  wild animals can browse many of the species 
of my native Rockies, none t o  my knowledge have been grown commercially 
as  fodder trees. 

3-7 'Fkotict Fodder Trees 

The diversi ty  of Nepalese f lora  intimates t o  the uninitiated tha t  
there would be no need f o r  introduced 'exotic '  species; no such judgement 
would of course be made f o r  food crops. Extensive research i s  needed t o  
convert any species in to  a commercial crop, and none of those l i s t e d  have 
ye t  been subject t o  such research. No sound fodder t r ee  program can 
afford t o  ignore trees tha t  did not happen t o  originate in Nepal, given 
good judgement of potential  weediness. Among these are species that have 
been introduced ( ~ a ~ u e ,  1981), or are  known from North India, and 
normally have fodder use : 

TERAI 
Albizia fa lca tar ia  (NFT) 
Albizia procera (NFT) 
Cajanus ca jan (NF?) 
Dalbergia sissoo (NFT) 
Leucaena leucocephala (NFT ) 
Parkins onia acvleata (m ) 
Pithe cellobiurn dulce (NTT ) 
Prosopis spp. (NFT), notably P. alba, P. pallida 
S e s b n i a  grandiflora (NFT) 

m HIWS 
Acacia meamsii ( m )  
Albizia mollis (NM:) 
Erythrina spp. (NFT) 
Leucaena divers i f  o l i a  (NFT ) 
Mom alba, M. nigra 
Robinia pseudaacacia (NFT) 

HIGHLAND 
Acacia decurrens (m) 
Moms alba 
Populus sp. 

Some of these species, l i k e  the Sesbania, Robinia, and Acacia are  
we= known in nearby India as fodder t rees ,  Other trees t h a t  appear 
worthy of evaluation include: 

Llnus species ( glutinosn, hirsuta, rubra) (NFT) ; mid-highland 
Glir ic idia  s epiwn (NFT ) ; lowland 
Inga jiniquil, I. Vera (NFT); midland 
Mimosa scabrella ( m )  

Although these introduced species are  referred to  as 'exotic' the 
primary food crops of Nepal were once 'exot ict  also. Nonetheless, a 



sens i t iv i ty  to  th i s  concern about introduction must be an in t r ins ic  
part  of any program designed t o  modify farming systems t o  improve food 
and feed supplies of th is  long-isolated country. 

4-1 M a ~ t a b i  l i t v  and Zunltati . . ons 

Leucaena is  a recent introduction t o  Nepal, although it has been 
known over a century in India and has become widespread and h i g u y  
valued there. Much needs t o  be known about the adaptability of leucaena 
in a country with the incredibly diverse ecosystem of Nepal. Firs t ,  a 
definition: 

"Leucaenal1 is used here only for  L. leucocephala (Lam. ) de W i t .  

Leucaena leucocephala has been recorded i n  the l i t e ra tu re  under 
several (incorrect) botanic names; notably L. ~ I R U  ( ~ i l l d . )  Benth., 
L. l a t i s j l i a u a  (L.) W-To G i l l i s ,  and L. salvadorensis Standley. Its 
most universal common name i s  "leucaena", but many countries use 
different,  local names including i i l - ip i l ,  P t ipi l- ipi l ,  lepile,  
and bay- (Philippines); lamtorcr Indonesia 
(Latin ~merica); koa haole (~awaii) ;  
tangatan (Guam); as well as horse tamarind, white popinac, and leadtree 
( i n  various former Bri t ish colonies). 

Leucaena is native in Mexico and Central America (20-30 N la t i tude)  
from sea coast t o  about 1500 me It is c lear ly  l e s s  aggressive a t  high 
elevations, and is not hown from the rain forests  . I know of only one 
area in which it can be considered weedy--the North end of the coralline 
plateau of Yucatan, 750-1 25Omm rainfal l ,  under 100m; the variet ies  there 
are of the seedy "common" type, which we do not recommend f o r  Nepal. 

Limited t e s t s  i n  Nepal, and more extensive tests  in North India, 
suggest tha t  leucaena w i l l  not be a competitive forest t r ee  above 1000m 
in Nepal, but may i n  f a c t  be a very useful f o r a e  as high as 2000m and 
frosts.  However, I recommend major studies be held t o  regions below 1500m. 
There i s  one addition83 nridland/highland species k t  should be in any 
studies in Nepal-Leucaena diversifolia, and it w i l l -  be considered 
separately. 

kucaena is a multipurpose t r e e  tha t  tends t o  s e t  the pace fo r  
t ropical  trees; it is  an excellent fuelwood, a superb fodder f o r  ruminant 
animals, a good feed t o  be used cakicusly with non-ruminants, a valuable 
source of posts and s m a l l  timber, an N-rich green manure, a good source 
of pulp f o r  paper, a nitrogen-nurse and shade tme, md a good shrub/ 
t r e e  f o r  s tabi l izing hi l ls lop es (NAS, 1983; Brerqbaker and Hut ton, 1979). 
This versa t i l i ty  is of l e s s  in teres t  t o  large-scale forastry, w i t h  a 
one-product mentality, than t o  s m a l l  farmer-where the ve r sa t i l i ty  is  i n  
f a c t  its primary interest.  It is thus a t r e e  tha t  tends t o  excite l i t t l e  
in teres t  among tradi t ional  foresters, but much among agriculturists.  



I n  Nepal, the fodder, green manure, and fuelwood value of leucaena- 
i n  that  order-would seem t o  be of primary interest  t o  the small farmer. 
Fuelwood interests should become dominant i n  time, if deforestation 
continues and animal populations are reduced. Some examples of these uses : 

FODDER; Leucaena is an historic fodder of importance in ruminant 
animal feeding; despite concerns t o  the contrary, cat t le  and goats can 
be maintained on a salt-supplemented d ie t  of 10@ leucaena, and make good 
gains. Normal feeding would be about 30% of dry wight. Foliage cut every 
2-3 months will average around 25% protein, and dry matter yields 
( lodand moist tropics) of 10-20 tonsha  are recorded. Common management 
in  So. Asia is from hedges a t  75-100 un spacing, dipped t o  75-100 cm 
in height. Such hedges grow 100-150 cm between cu-trtings, thus never become 
so tall, fo r  example, as t o  shade corn during grain dry matter formation. 
Thus ,  it is common now t o  consider intercropping the leucaena with food 
crops , 

GREEN MANURE; Harvested as noted above f o r  fodder, leucaena will 
return 400-500 wyr of N, with about 300 kg of K20 and 40 kg of P205. 
I f  allowed simply t o  drop. leaves, a f'ull stand of leucaena produces 
leaf' l i t t e r  of 8-10 T/ha/yr which contains abmt  100 kg of N. The 
potential of this use is greatly undervalued i n  -the tropics; only in 
more temperate regions have the uses of compost and green manure been 
well studied. Nonetheles s, leucaena i s  well known as a "shade treett  or 
''nurse treet1 t o  many other trees, a role in which N-rich green manure i s  
of f i r s t  importance. 

WEWOOD; Leucaena wod. bum with 4640 cal/@n (DM basis), contains 
about 4% moisture (3-5 3m) and has a specif ic  gravity of .+. 55, It 
makes an excellent fuelwood, with low ash and smokiness. Dense plantations 
(1x1 m) average 60 d/h,a/yr in our extensive tr ials ,  or est. 30 d under 
farm conditions ( 1 T can be equated t o  a barrel af oil). I n  dense 
plantings,, the 4 year old t ree  ( a t  25 C mean 10-14 m high, 
10-15 cm dia., and weighs only about 25-40 wood only); the 
valuable foliage can be saved fo r  fodder or manure use. A family of 6 needs 

abmt i! 1n3/ha/~ in Nepal fo r  fuel, a need tha t  can be ful ly  met by about 
1600 m of trees, of which 400 ane cut each year (l/day) for  fuel 
(assumed 25 C mean temp. and short dry season). Fcdder yield a t  wood 
harvest (assuming no interim fodder harvest) should be aruund 5-8 k8 
(dry) per tree, or 2-3 T (dry) per year--valuable either as feed or 
compost. 

4-3 S ~ e c i e s  and Varietieg 

There are 10 species of leucaena (~rewbaker 1983), of which only two 
have be en field-tested thoroughly; these a re  L. leucocephda ( "leucaena" ) 
and L. diversif olia (~chlecht.) Benth., the 1att:er a mid- or high-land 
species. kucaena i s  described in de ta i l  in th i s  report; preliminary 
test ing is suggested d s  o f o r  L. diversif olia, a c h  has been introduced 
on a limited scale i n  Nepal. L. dive is highly variable, and we have 
been releasing seed only of "giantIt or arboreal varieties that  can 
outyield leucaena in wood a t  higher, cooler elevations (limited studies) 



and a$e W h   hil la^ L1 wood yield a t  low eleqaticglrr r Forage yields 
appew W h  l e b ~ )  but have not beeri evaluatedr 

fi, d%~ers i f  o l i a  and anothep cold-tole~ank spedes) f;f pUrvemlentsJ 
have been b e t e d  In North Ind* but Utfle has yet been mitten abmt 
&emv L, Nv~ is long knom h Indonesia f o r  its cold tolerance fop 
high devatiana hem, Both speoies are largely omss poIl3,raatingl W e  
IeUoa- %s sd fed j  both oross vi%h Ie~oaena, apparenUy ftleelyr The 
hybrMs are %I fact of mich h t e r e s t  t o  W l  Wt are q?&%e steri;le and 
w d d  l i ed  Co be vegetatively cloned, d e s s  hybr3d seed o m  be 
prodwed irs qUanBi%y. 

There are wards of 1000 varieties of Ieucaeria i n  vari- ? eoll!ec€i.ons, tK h perhaps 200 wefi eval~ated r We have about of the 
%ypes in field trials aa fWlwood8, Well knoa  g i d  

Mexico), K28, K67, and ?P72 (~alvador), K29 (~onduras), 
K132 (E. ~ex ico )  and K636 (NO. &IC%CO) from our colleotims, plus %he 
Atistraliahbred ~ g h a m ' ~ ,  a Why mrfety excellent fo r  grazing and 
fom@ Wer Lelteaena oarht i les  na%kdly f a  3 m j o r  types the b Why and s e d y  shntbs of the " csnmor~ *el1, %he arboreal "@an% or 
SdVador" type&$ and iritermed%a%e Perli Qpes 

h~caezla fee& are markebd h amw~ ranging tp~ard of 30 tom 
annually ( a t  29,000 s eeds/"ltg, this is 600 million seedsb, India Ps a primary 
wsatlrce, Major seedsmfi are  listed below: 

AU STW 
Kiagston MIX.?. Maria went fty. Ltd., P - 0 .  Box 44 kyborough 
469, a d .  va&ekest ~8 

3-H. W U a m s  and Saris Pty. La., P-0- Box 10% w t ~ n b a h  
2434, VaH.9 Not spedff ed 

B i U n L  
Nmo M. Sohsa Gosta, BAMEG, eaiza Post& 295, (XP 35.700, Sete 

Lagao~, Minasl C e d s .  V o . ;  K8, Pertt, pltts 22 other 
accessions Jn s d  amW, 

: I 

%mu 
Bkt iya  ~&ndust&es Fdundatim, Kamdhe* Seoiabti Bapat 

Marg, Pune+llOl6, Maiharasm. Vws. 3 K8, W g h a m ,  HawafW 
Indian CbaWland and Fodder Re$, Ins*., Jhensf, U-P. a4003. 

V e e r ,  Not: spedfied 

P d *  Nursery a d  Seed Stores, P-0- Box 91, P d f t e ,  p*O* 
Pre~rnaga~, Dehra Dm, U-P- 2.@307. V a m  Not: specfffed 

R e g i d  Reseacch lab (GSIR), Canal We, J m  Tad. Vars.; K8, 
K28, K29, K67, kingham 



\ 
UASfiDDC Fodder Pro j . , Univ. Agric. Sciences, Hebbal, %angalore 

m024, Vars.; Not specified 

w 
General Mgr., National Seed Co. of Malad, LM,, Pm 0. BOX 30050, 

Lflongwe 3. Vars.; Not specFfied 

MEXICO 
Ing, m e m o  Sanchez Rodriguez, Banco de h, SeB., CaUe 

58 #389, Merida, Yucatan. Vars. ; Kg, K S ,  Pe- ~uca lan  
(others as sma;ll l o t s  fo r  research purposes) 

PHIWPXNES 
Ms. Pelem Abreu, Magsaysay Foundation, 1640 Roxas Blvd., 

Manila, Vars,; "Hawaiian Giant" 

TAIWAN, R0.C. 
Sheng Feng h c a e n a  farm, 99-4 'Pung-an Street, Taipei. Vws. ; K8, 

K28,  K29, K67, K72, Pem, Cunningham 
y* coo, a t k e  Fu-Hsiung Li, Fu-jen 2nd St., ~ a i e n ,  Vas ; 

K8, K28, K29, K67, K72 

UNITB) KINGDOM 
K i n g s  Plants Ltd., Woodcote Grove, llshley Rd., Epsam, Surrey 

KT18 a, Var.; K67 

U. S.A. 
b u e  Inc., P. 0. 731 Kahaku, Hawaii 96731. Vam .; K8, K28, K29,  

K67, K72, K132, k x 1  ("commonn) 

Tree Seed8 Internatl., 2402 Esther COW%, Silver Springs, * 
20910, Vars.; K8, K28, K67 

WEST INDIES 
Caribbean Agic. Res. and Dev, Inst i tute,  Forage Legume Project, 

P. 0- 1099, St. Johns, Antigua. V a r .  ; (hnningham 

Several good references (NU, 1983; Brewbaker and Hutton, 1979) 
document the management of leucaena, including fwthcom' manuals on 
leuoaena forage and wood production f r m  mTA (NFTA, 1983 4 . Seeds are 
readily stored and geminated following scarificaticm. I n  the field, hot 
water treatment is most convenient-simply pouring vigorously boiling 
water over seeds (1 part seeds to 3+ parts water), stirring as it cools 
fo r  3-5 minute% and decanting water. Seeds can be planted d i r e c a y  or 
following drying. 

Rhizobial frea&nenb are usually wise, if  often unnecessaqj a 
t e s t  can be made in l o c a l  s o i l  in about 2 months. Inoculant is avai- 
lable from Ejhartiya Agro-industries Foundation, M i a  see section 4-4). 
Seeds can be planted directly to the soil, or  t o  pots thin and long 
preferred; plasf i c  tubes 3 cm dia. and 15 cm long are ideal), fo r  l a t e r  



transplanting, The seedlings are ready t o  transplant i n  about 12 weeks. 

Leucaena does not thrive i n  acid so i l s  (pH below 5); where subsoil 
i s  l e s s  acid, a small application of lime i s  advised. Phosphate can be 
a major l imitation in early growth, and should normsJly be applied, if 
available, a t  planting. Nitrogen will accelerate early growth, notably 
of seedlings in nursery, but is not essential,  

Major pest problems in Asia are commonly ,!+-legged ones, ranging from 
ra t s  to  elephants. Protection of the palatable forage from browsing 
animals i s  perhaps the single most serious problem in much of Asia. Few 
pest or disease problems have proved of concern in leucaena, B bark canker 
t h a t  leads t o  gumnosis occurs under moisture s tress  on the common leucaenas 
in India, but is rare on giants; it is caused by Fusarium oxysporum, Weeds 
are strong competitors with young trees of all kinds, and ring-weeding 
i s  advised f o r  3-6 months a f t e r  transplanting. 

Leucaena can be seeded di cay ;  forage plantings use narrow plant 9 s (75,~0/ha, o r  !5-$0/m ), and t r e e  p lant ing  are also quite 
dense spat? 10,000h, o r  I-;?/m ). AS1 large p l an t i ng  s h d d  be proceeded 
one year by a trial planting, t o  determine some of the local  problems to 
be deal t  w i t h .  Goats and cattJ-e clearly are the major "problemtt in 
establishment in Nepal. 

We have provided seeds through the past decade t o  many people in Nepal, 
and I have seen only a few examples of these tests. To the South and West 
i n  India, leucaena has been very extensively tested, and has been the 
subject of national symposia (~nd i a ,  1982) and major exploitation. This 
experience clearly should be accessed by Nepalese scientists.  Among the 
t e s t s  which I have seen or know of (names of collaborators are in 
Section 7 of this  report): 

. Inst. Forestry, Hetauda; I n  collaboration with U. Ham- they have 
planted out a spacing trial a t  Kamaghiri, around 240 m elevation (1730mm 
ra infa l l )  on the Temi. A t  age of 9 months, t h i s  t r i a l  looks excellent; 
it needs a fence and guard t o  keep out the deer arYl other animals. They 
also have large plantations of about 10 var ie t ies  nearby, with excellent 
performance considering the h d a n i m a l  pressures. One planting along 
the  road f r m  Hetauda, a t  age 2.5 years, i s  over 10 m in height. 

. Inst ,  Agric. and Animal  Sci,, Rampur; A few giant leucaenas around 
campus have performed well, and major fodder/soil stabilization 
plantings are under consideration fo r  the campus farm, Again, random animal 
feeding poses problems, and l iv ing fences with sane barbed wire may be 
mandated, Growth in this  region i s  expected t o  be very good. 

, GADP Livestock Devdopment Farm, Pokhara; Scattered t e s t s  of leucaena 
here have been made, and performance was not considered good on the rocky 
Pokhara plain, It i s  not clear tha t  nodulation ws ensured, nor tha t  any 
detailed t e s t s  were made. 



, World Neighbors Project, BoudhaJlahanipatil a t  about 3500 f t ,  leucaena 
performing well considering animal pressure. Nursery is working splendidly, 
seedlings distributed t o  farmers with same acceptance and much original i ty 
i n  use. It  i s  clearly a preferred animal fodder; it does not s tabi l ize 
bun& of corn terraces unless planted as a very close hedge on the edge. 
Where terrace sides are l e s s  steep, trees can be planted on the side 
with a grass l i ke  permis etum. No use i s  made yet  as component of compost, 
nor as  fuelwood, but trees are being grown with the l a t t e r  use i n  mind. 

. K h u m a l t a r ,  Livestock Division; Leucaena frost-3d3ls t o  the ground in 
winter but grows back well in summer ( a  casual test, based on seedlings 
l e f t  in  a m e r y  wer-winter). They have good seedling production and 
growth, but have had mixed reception from growers. 

. Others; Correspondence indicates a var ie ty  of tests wlth our I ' g i a n t s " ,  
primarily- . as fodder trees, in other parts of Nepal and notably i n  the 
~ e r &  and low hi l l s .  

5-2 Pro~osed Managem&Patterns f o r  New& 

Leucaena has been adapted into many types of forest  and cmpping 
systems, among which the following seem appropriate fo r  evaluation in 
Nepal : 

. H E D W A G E D  FORAGE; Wide use i s  made of leucaena a s  a low hedge, 
cut every 8-12 weeks f o r  animal. feed; hedges cut to 75 cm in height, 
planted in rows 75 cm apart, plants 20 cm apar t  or less; if f e r a l  animal 
grazing is too severe, hedge can be managed t o  a laeight of 2 m, fo r  
example, allowing some browsini of lower branches. 

. FUEWOOD~ODDER BLOCKS; Small block plant ing ,  on marginal areas, 
harvested every 1-4 years f o r  wood and fodder (or  green manure) are 
common i n  the tropics, and recommended i n  Nepal. Trees are spaced I x lm,  
rarely wider; if boundary/fence plantings a r e  desired, it is bet ter  t o  
plant  3-5 rows 93 cm. apart-perhaps linking the outer row with wire or 
thorny branches t o  r e s t r i c t  animal ingress. Leucamxi firewood is best 
if 2 or more years old (i. e., drier). It i s  the rare farm lacking small 
areas tha t  are d i f f i cu l t  t o  farm, irregular, or otherwise marginal f o r  
crops but suitable f o r  tre es . 
. DOORYARD/SHADE TREES; Leucaena is a common dooryard t r e e  i n  SE A 3 i a  

(largely trimmed small as food or feed), and Latin America (largely 
lopped fo r  animals). Trees are grom 3-5 p a r s  before aggressively lopped, 
"Giant" varieties are essential. Seediness i s  only a problem If grazing 
animals are absent. 

. SHRUBS OR TREES ALONG TERRACE MARGINS OR BUNDS; Soil  s tabi l izat ion 
i s  a major need along rainfed terraces, and research adapted leucaena t o  
this use is needed. Leucaena is widely used (emgo, ~ndonesia) on mcdest 
slopes f o r  h i l l  stabilization, planted so l id ly  along the contour every 
3-5 m. Cut annually, forage is fed and wood burned, with s m a l l  branches 
l ined along the 'hedge t o  aid terracing. Nepal's maize terraces could 
often be stabilized in this manner also, with leucaena densely spaced on 



margin of terrace, but cut as short  hedge. Goat feeding. will be a problem, 
and c a t t l e  in dry season. 

GIEEN MANWE; During corn growth, the following green manure manage- 
ment schene is recmended: 

larim leucaena following dry season f o r  fuelwood 

2JJhen corn is knee high, tr im leucaena again t o  75 cm height, 
adding foliage as green manure along corn rows 

+When corn achieves tassel,  again t r i m  leucaena-this time as 
fodder, or t o  add t o  compost l a t e r  

,!+After corn harvest, again foliage can be harvested to add t o  the 
cornpost or use as fodder 

It is in  this use a s  a supplement t o  compost, t o  increase N f o r  
subsequent corn fe r t i l iza t ion ,  t h a t  leucaena and similar plants might have 
t h e i r  major role in Nepal, through increased crop yields. Some calculations 
of expected corn yield gains based on our experience i n  Hawaii (~vensen  
and ~rewbaker) occur in Section 5-3 of this report. 

ROADSIDE mTINGS; Leucaena is not an a t t rac t ive  tree,  t o  be looked 
at; but as a f'uelwood source along roadsides and t r a i l s ,  with 2-4 year 
wood harvesting, it i s  excellent. With the animal and fuelwood pressures 
expected in Nepal, this i s  t o  be recommended as  District-level o r  
Panchayat-level projects . 
. CCMNNITY FQRESTS; Assuming soc ia l  schemes do permit panchayat mzina- 

gement and use, Leucaena should be usef'ul a t  the  appropriate elevations. 
Much of the fores t  planting of Nepal appears t o  be on non-agricul tud.  
red soi ls ,  probably acid arad hi@y P-deficient, an3 establishment of 
most t rees  is  d i f f icu l t ,  but the pines a re  weU chosen. It would be 
preferred t h a t  community fores ts  involve t r e e s  w i t h  fodder and fuelwood 
value, i n  addition t o  a prospective income as timber, "Energy forests" 
of leucaena a re  being planted in several countries f o r  biomassfueled power 
plants or  gasifiers, but this does not seem appmpriate presenay in Nepal. 

H I W A B I U Z A T I O N ;  I n  lower elevations, leucaena should be considered 
i n  any plantings f o r  hill s tab i l iza t ion  as a companion t r e e  t o  non-legumes, 
o r  f o r  quick growth W e  slower trees, e.g., Dalbergia sissoo, are coming 
along, Its a b i l i t y  t o  shade out grass and reduce f i r e  damage is of consi- 
derable merit; f i r e  wi171 be an increasing menace in NepeiL's ravaged 
h i l l s ides ,  Spaced a t  3 3 %  perhaps on contour, leucaena might aid 
s tab i l iza t ion  while native species slowly grow back, 

5-3 Amof orestrv Pro i ec t  f o r  Nm&, 

The following agrof orestry project is proposed: 

TITLE: Fodder Trees in Farming Systems of Nepal 

OBJECTIVES : 
General-To i n i t i a t e  research on t r e e  plantings as an i n t e g m l  p a r t  

of small farm cropping systems i n  Nepal 



Specif ic  : 
1. Focus on Leucaena fo r  the Low H i l l s  and Terai  
2 .  Introduce L. a s  a hedge fo r  f odder/green manure and s o i l  

s t ab i l i z e r  along terraces  
3. Introduce L. as  a f odder/fuelwood t r e e  on marginEd 

farmlands, fencer ows , and around buildings 

Farming systems' research nust not ignore, i n  the  future,  fuelwood 
and fodder needs ar r u r a l  poor; fodder t r ee s  l i k e  leucaena c l ea r ly  deserve 
a place i n  fsxming systeins' s tudies for  Nepal. What kinds of prog~qatic 
p ro jec t s  can cambine such a philosophy with immediate g o d s  i n  agr icu l tu ra l  
improvement? iunong the needs me:  

. Ln acceptance of the need for  ,agrofarestry components i n  farming/ 
cropping systems' reseasch; 

. h defini t ion of woody species t h a t  are  adapted, l oca l l y  acceptable, 
high i n  perf armance, and versa t i l e ;  . k long-range program of l o c a l  evaluation, adaption t o  farmer needs 
uld. fmm t rad i t ions ,  and extension education 

Leucaena for  the Low H i l l s  and Tera i  would appear t o  be an excellent  
choice; i t s  value as fodder is quickly recognized, i t s  value a s  fuelwood 
should be ea s i l y  learned, and liltimately the  be t te r  farners  w i l l  be able 
t o  see i t s  power as  a green manure supplement t o  compost i n  Nepal. It 
should ,'adapt and grow well with minimal inputs. Some hard lessons have 
ci1reci.d~ been learned about it i n  Nepal, 2nd it would not be premature t o  
assemble i n  19% a short  Workshop dn i ts  use i n  Nepal. 

I favor two major approaches t o  the introduction of leucaem i n  
cropping systems; both t r e a t  it as perennial  and as  a fodder source : 

1 . HEDGE YULNLGE~IENT : L. i s  planted densely ( 2  rows 25 cm apart ,  l an t s  15 - -  
cm, apar t  i n  rows d i r ec t l y  ~ c e d e d  a t  beginning of carn p l a n t i n g ~  7 a s  a 
narrow hedge along mzrgins or bunds of upland te r races  (not f a r  paddy). 
Use of hedges within the t e r r a c ~ ,  or as  p,wt of the terrace-building process, 
can be used on wider terrr-ces where they do not i n t e r f e r e  with animal-drawn 
plows; such avenue cropping (or  2 l ley  cropping) has been resemched 
extensively ct Inrz and elsewhere. Hedges a r e  trciified t o  acceptable height, 
depending on animals of the  farm ;Tea; 1 meter i s  preferred, but 2 19 i s  
acceptable and 3 m possible. Hedge i s  lopped rout inely  cs fodder or green 
mnnure. 

1-J GFEEN P L i W  USE: Green mmwe i s  added t o  standard compost and 
oompased with unsupplenente d compost on corn. Ratios fo r  experimental 
purposes might be O t  1, 1 t3, 1 : 1 and I t 0  L:Compost. Woody stems =we 
added oarefully hack along hedge for  s o i l  s t ab i l i z a t i on  on s k ~ p e s .  Hqdges 
a r e  lopped c:?refully a t  time of corn f a s se l i ng  t o  prevent s h n d b g p f  . 
corn leaves above ear, c r i t i c a l  t o  ear dry matter accumulation. 

BEST AVAKABLE COPY 



Some 0iLcula.tiom : assume present corn yield = lm7t/ha, using 8  h ha 
of compost a t  50% moisture with .92% N on DM basis (following Mathem and ' 

Van Der veen), thus = 33.8 k s / h a  of N. The same amount of leucaena leaves 
a t  50% moisture with 3.5% N on Dm basis provide I@ k$ha of N, I n  uur 
trials yield response is l i n e a r  with N i n  t h i s  range, with regression 
coeff. of 0.034 T/ha e r  kg N (as leaf-derived form) / h ~  (~vensen and 
Brewbaker, unpublished!; thus we would estimate expected yields of : 

0 Leucaena : 100% compost 1.7 T/ha 
25% Leucaena : 7 9  compost 2.5 T/ha 
50% Leucaena : 5% compost 3.2 T/ha 

10@ Leucaena : 0% compost 4.7 T/ha 

Care is wisely taken t o  cover compost from excessive rain, protect 
it (if leucaena) from browsing; some work a t  Penadeniya, S r i  Innka, i s  

ss-straw covers, a b i t  l i k e  thatched m f s ,  above the 
i s  also being tried).  

1-2 Fodder &mest:  It is probable tha t  fodder use will be more 
immediately acceptable t o  most farmers than will manure. However, 
what has been described as a system i n  1-1 can be used d i rec t ly  and solely 
as  animal fodder. Assuming heavy use in dry seasan, wood production w i l l  
not  be great, but s m a l l  s t icks fo r  fue l  are obvious s ide product. Here, 
one would work especially t o  make the hedge an attractive element i n  
s o i l  stabilization, reducing erosion, def ining boundaries, f i l l i n g  the 
l i t t l e  corners of terraces tha t  can't eas i ly  be plowed, etc. 

2. FODDER TREE MANAGEMENT. Lmcaena i s  grown i n  small blocks o r  rows on 
50-100 cm center, along margins of land, around buildings, especially 
around compost areas. Seedlings are grown i n  plast ic  tubes (as Livestock 
people in  huma altar) during dry seas on, transplanted a t  age 3-4 months 
in monsoon, protected from browse a t  l e a s t  the f i r s t  9-12 months. 

T -  ,LLL - c a  be managed by lopping, pref e rsbly  above 2.5 m, with 
intention to cut f o r  fuelwood i n  3-4 yrs . An alternative is t o  lop  
t rees  t o  1 m in height a t  end of each year, providing about e q d  ants. 
(DM) of wood and foliage annually ( i n  sol id stands in Hawaii, this is 
about 8T foliage and 1 2 1 5  T wood/ha as  DM), Trees on 1x1 m spacing 
become f a i r l y  branched (3-8), but they are big and not eas i ly  lopped w i t h  
machete. Such lopping would logical ly occur i n t o  the dry season as 
fodder needs become acute. We have cut such trees back every year f o r  
8 years now, getting about 8 m height growth armdJ2y. 

Note: Leucaena diversifol ia  can be tes ted  fo r  this use a t  
elevations above 1000 m, but we guess it t o  be much l e s s  effective as a 
hedge. Other species t i i L  deserve consideration for  similar use are: 

Gliricidia sepim; grows eas i ly  from cuttings; good feeding and fue l  
values ; lodands 

Robinia pseudoacacia; good fue l  and f a i r  fodder; midlands ( w e l l  
studied i n  Himachal Pradesh, where it gets high marks). 

BEST AVAILABLE COPY 



6. ITINERI1RY, INSTITUTIONS AND PERSONNEL VISITED 

20 Mar.; Kathmandu; arrival 
21 Mar.; Kathmandu to Pokhara (with D. Lipinski, PCV) 

Hill! Food Prodtn Proj.--F. Gorrez, J. Plus je 
h d i  Bhumdi LCP s i t e  
Rurd Dev. Ctre., United Missions 

22 Mar.; Pokhara to  Rampur 
Livestock Dev. Farm, h e  P a t a n d .  Von Bargen 
Inst. Agric. and Animal Sci., Rampur--M.D. Thome, W. Combs 
Seminar t o  Faculty and Students, IMS 

23 Mer.; Rampur to Hetauda 
N a t l .  Maize Dev. Program, Rampur--V. Sharma, T. Nishra 
Ratna Nagar IQP s i t e  
Inst. Forestry, Hetaudn-4. Tuladhar, M. Karki, D. Amos, R. 
Seminar t o  Faculty and Students, Inst. For. (u. ~ r i t h u w )  

24 Mar.; Hetauda to Tamaghiri to Kathmandu 
Tamaghiri Leucaena trials, Inst. Forestry tri&--A. Tuladhar 

25 Mar.; Kathmandu, Lele 
Lele ICP site--Visit of FA0 Reg. D i r .  Puri 
Crops Program--I. Bolo, M. M d a  
C m .  Forestry-E. Pelinck, P. Manandhar 

26 Mar. ; Holiday 
27 Mar. ; Kathmandu 

Dept. Agric.- A. M, Pradhananga, A-N- Bhattarai 
K h a l t a r  ICP; I. Bolo, M- Van Der Veen 
K h u m d t a r  Livestock; LP- S h a m  
Peace Corps ,.; -24. Frame 

I 

28 Mar.; Kathmandu (trekking) to  Boudhaaahanipatj. 
World Neighbors-T. Arens, Gopal N j k a r m i ,  B i r   had^ Chhetri 

, 29 Mar.; Bahanipati back to Kathmandu 
30 Mar. ; Kathmmdu 

Dept. Agric., Ext. Service-F. Moin Shah, Ram Chandra h p t a  
Fore s t r y  Servioes , Ltd . -D evend ra Amatya 
U t d .  Mission of Nepal--J. Williamson 

31 Mar.; Kathandu 
N e p a l  - UK Silvic. Res. Unit-Peter Howland, Gerry Neville, Tom Hawkins 
Nepa - Swiss Proj.; K-K- Panday 
Dept, Agric.--P-P- Gorkhaly, D i r .  Gen'l. 
Seminar, Dept. of Agric.--Agric., Forestry, Evestock 

01 Apr. ; Kathmandu 
USAID--Gary Alex 
Dept. Agric., Livestock Div.-Thir Bahadur Sin& ( ~ i r .  ~en ' l . ) ;  

Shree Govind Shah, Heraub B. Rajbhandari (D~P. D i r .    en.) 
Departure for D d h i  
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